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Nas vyzkum je zaméreny na rtizné typy technologickych strest (oxidativni, osmoticky a chemicky stres vyvolany xenobiotiky) a u¢in-
nost procest, kterymi se kvasnic¢né buriky mohou pfed nimi chranit. Stresové faktory mohou ovlivnit bunééné metabolické procesy, ener-
getiku, a strukturu a funkce bunéénych membran pivovarskych kvasinek. U¢inky strest a odpovedi kvasinek na tyto stresy mohou mit
velky vliv na technologické procesy a kvalitu hotového vyrobku. Nase studie byly provadény s laboratornimi i primyslovymi kmeny pivo-
varskych kvasinek. U laboratornich kmenu Ize jednotlivé typy odpovédi na stresy snadno interpretovat a vytvofit vhodny model pro pro-
cesy pozorované u produkénich kmenl pivovarskych kvasinek. Pokusy s primyslovymi kmeny byly provadény v laboratornich (kvasné
testy) a v redlnych provoznich pivovarskych podminkach, které pfimo poukazuji na problémy zptsobené moderni pivovarskou tech-
nologii.

Sigler, K. — Matoulkova, D. — Gabriel, P. — Dienstbier, M. — Gaskova, D.: Yeast and stress: from the laboratory to the brewery.
Kvasny Prum. 56, 2010, No. 2, p. 100-104.

Our research concerns the effects of various types of exogenously applied stress (oxidative, osmolarity and xenobiotic-induced) that
can be encountered by yeast cells in the brewery on cell metabolic processes, energetics, membrane functions and structure and the
function and efficacy of processes protecting the cells against the stress. These effects, and the response of cells to the stresses, can
have a major influence on the technological processes and the quality of the final product. The experiments were performed both on lab-
oratory strains in which individual types of response are easy to interpret and form a suitable basis for the processes observed in brew-
ery yeast, and on brewery strains in laboratory (brewing trials) and actual brewery setting that directly point to the problems caused by
modern brewing technology.

Sigler, K. — Matoulkova, D. — Gabriel, P. — Dienstbier, M. — Gaskova, D.: Hefe und Stress: Aus den Laborbedingungen in die Braue-
rei Kvasny Prum. 56, 2010, Nr. 2, S. 100—104.

Unsere Forschung ist auf die verschiedene Type von technologischen Stressen (oxidativer, osmotischer und chemischer Stress, durch
Xenobiotics verursacht) und auf die Auswirkungen von Prozessen, mit welchen die Hefezellen sich verteidigen kénnen, gezielt. Die
Stressfaktoren kénnen die Zell — metabolische Prozesse, Energetik, Struktur und Funktion von Zellmembranen der Brauhefe beeinflus-
sen. Unsere Studien wurden mit den Labor- und Industriestimmen von Brauhefen durchgefiihrt. Die einzelnen Typen von Antworten auf
Stress sind leicht bei den Laborstdmmen zu interpretieren und ein geeignetes Modell fir die bei den Produktionsstdmmen der Brauhefe
beobachtete Prozesse zu bilden. Versuche mit den Industriestimmen wurden unter Laborbedingungen (Géartests) und unter Betriebs-
bedingungen in den Brauereien durchgefihrt. Die Betriebsbedingungen haben direkt die durch moderne Brautechnologie verursachten

Probleme gezeigt.

Klicova slova: kvasnice, pivovarsky provoz, stres, vitalita, acidlifi-
kacni sila, vyroba piva

1 UVOD

Soucasny trend v intenzifikaci a pouzivani novych technologii v pi-
vovarském procesu s sebou pfinasi mnoho typl strest, které plsobi
na pivovarské kvasinky. Pfikladem je vysoky hydrostaticky tlak, kte-
rému jsou kvasinky vystaveny pfi kvaseniv cylindrokénickych tancich
(CKT). Béhem propagace musi kvasinky celit oxidativnimu stresu,
pred opakovanym zakvasenim mohou byt vystaveny kyselému stresu
(odstraniovani bakterialni kontaminace kyselym promyvanim). Che-
micky stres je zplsoben nékterymi latkami obsazenymi v chmelu
a sladu, a hromadénim toxickych vedlejSich produktt kvaseni. Né-
které pivovary pouzivaji centrifugaci pro shromazdéni neflokulentnich
kvasinek a vystavuji je tak mechanickému stresu. Chladovy Sok pro-
délavaji kvasinky na konci kvasSeni. VSechny tyto stresy ovlivriuji me-
tabolickou a reprodukéni schopnost kvasinek a odrazeji se také v mor-
fologickych zménach. Pouzivanim vysoce koncentrovanych mladin
(technologie HGB; high gravity brewing) jsou kvasinky vystaveny pa-
sobeni vysokého osmotického tlaku, zménam v mife aerace (oxida-
tivni Sok), etanolovému stresu a dalSim faktordm, které maji na burnky
nepfiznivy vliv. Studovali jsme odpovédi kvasinek na nékteré z téchto
stresU, jak u kmenu laboratornich slouzicich jako modelové orga-

Keywords: yeast, brewery, stress, vitality, acidification power, beer
brewing

1 INTRODUCTION

The current intensification and use of new technologies in the brew-
ing process bring about many types of stress for yeast cells. For in-
stance, beer brewing in cylindro-conical tanks (CCT) exposes cells
to high hydrostatic pressures. During propagation, yeast undergoes
oxidative stress, before repitching it may be exposed to acid stress
to remove bacterial contaminants, chemical stress may derive from
some of the substances contained in hops and malt, as well as from
the accumulation of toxic fermentation byproducts, some breweries
use centrifugation for cropping of nonflocculent yeast (mechanical
stress), towards the end of fermentation the yeast experiences cold
shock, etc. All these stresses affect yeast metabolic and reproduc-
tive ability and are also reflected in a number of morphological
changes. The use of high gravity (HG) worts exposes yeast cells to
high osmotic pressures and to changes in the rate of aeration that
may cause oxidative stress, to high ethanol levels and other factors
that may have an adverse effect on yeast. We studied several of these
stresses in terms of the response of yeast cells both on laboratory
strains serving as models, and on actual brewery yeast under con-
ditions of beer production.
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nizmy, tak u pivovarskych kvasinek v realnych podminkach vyroby
piva.

2 ODPOVEDI KVASINEK NA STRES
V LABORATORNICH PODMINKACH

Modelové pokusy s laboratornimi kmeny byly zaméfeny na tfi hlavni
body — odpovéd kvasinek na oxidativni stres, ucinky oxidativniho
stresu na H*-ATPasu (EC 3.6.3.6), hlavni enzym zodpovédny za bu-
nécnou energetiku kvasinek, a aktivitu membranovych proteint zod-
povédnych za ochranu bunék proti cizim — potencialné Skodlivym —
latkam, které mohou byt obsazeny v novych substratech pouzivanych
v souc¢asné technologii.

Oxidativni stres

Prestoze obsahuji obecné malo vicenasobné nenasycenych mast-
nych kyselin nachylnych k oxidaci, podléhaji membranové lipidy Sac-
charomyces cerevisiae oxida¢né-indukované a antioxidaéné-supri-
mované peroxidaci [1,2]. V tucich rozpustné antioxidanty, jako jsou
vitaminy A a E, mohou hrat vyznamnou roli ve struktufe membrany.
Zmirnuji napfiklad kyslikem indukované ristové defekty pozorované
u mutantd kvasinek, které postradaji dulezité antioxidaéni enzymy
Cu,Zn-superoxiddismutasu (Cu,Zn-SOD) a Mn-superoxiddismutasu
(Mn-SOD), EC 1.15.1.1. Cytosolicka Cu,Zn-SOD i mitochondrialni
Mn-SOD slouzi bufikdm S. cerevisiae jako ochrana proti superoxi-
dovym radikalim. Nase prace ukazala, Zze na rozdil od Cu,Zn-SOD,
jejiz hlavni roli je ochrana proti oxidativnimu stresu, se Mn-SOD po-
dili na ochrané bunék proti dal$im typim stresu — vysoké osmolarité,
teplotnimu $oku a stresu zpisobenému metaloidy (arsen) [3].

Uginky stresu na enzymy zodpovédné za energizaci
membrany

Membranova H*-ATPasa vytvari transmembranovy protonovy gra-
dient, ktery pohani transport Zivin do bunék. H*-ATPasa je citliva na
oxidativni poSkozeni indukované kovy (napf. zelezem), které mohou
byt pfitomny v pivovarské vodé a jinde v prostredi [4,5]. Inaktivovany
enzym ma niz8i schopnost generovat protonovy gradient [6,7]. H*-
ATPasa je inaktivovana rovnéz latkami, které narusuji bunécné va-
kuoly [8]. Na druhou stranu mUze byt aktivovana sacharidy (napf. glu-
kosou).

Méreni chemickych strest vyvolanych cizimi latkami

Cizi latky pfitomné v prostiedi ¢asto usmrti kvasniéné bunky de-
polarizaci a permeabilizaci jejich plazmatické membrany, prvni bu-
nécné struktury, se kterou se setkaji. Buriky se proti témto zasahlim
branipomocitzv. PDR-pump (PDR, pleiotropic drug resistance) mem-
branovych protein(, které cizi latky rozpoznaji a vypudi je z bunék.
Vyvinuli jsme metodu umoziujici sledovani ucinkl téchto pump a za-
roven zivotné dllezitého membranového potencidlu s vyuzitim fluo-
rescenéniho potenciometrického barviva 3,3’-dipropylthiokarboxycy-
anin (diS-Cs(3) [9] (obr. 1).

Monitorovanim ¢asového pribéhu vstupu barviva do bunék (tzv.
barvici kfivky) l1ze méfit zmény membranového potencidlu (obr. 2)
a také ¢innost PDR pump (obr. 3).

Zména membranového potencialu zpdsobena napf. pusobenim
protonoforu se okamzité zobrazi na tvaru barvici kfivky.

PDR-pumpy vypuzuji barvicku z US bunék, proto se tyto buriky
barvi méné ve srovnani s AD burikami bez pump. Velmi silné posko-
zeni jsme simulovali permeabilizaci bunék pusobenim horka. U US
bunék zpUsobila teplotni permeabilizace vstup barvicky do bunék
a zvyseni vinové délky fluorescence. V kultufe AD bunék obsahuji-
cich vysokou koncentraci barvi¢ky zapficinila permeabilizace vystup
barvi¢ky z bunék.
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Obr. 1 3,3’-dipropylthiokarboxycyanin (diS-Cs(3)) / Fig. 1 3,3™-dipro-
pylthiokarboxycyanin (diS-Cs(3))

2 LABORATORY TESTS OF YEAST
STRESS RESPONSES

Model experiments on laboratory strains concerned three main top-
ics — the response of yeast to oxidative stress, effects of oxidative
stress on the H*-ATPase (EC 3.6.3.6), the main yeast enzyme re-
sponsible for cell energetics, and the function and activity of mem-
brane proteins responsible for protecting the cells against foreign —
potentially harmful — compounds that can form part of new substrates
used in present-day technology.

Oxidative stress

Our studies showed that membrane lipids of Saccharomyces cere-
visiae, although they are generally poor in oxidation-prone polyun-
saturated fatty acids, are subject to perceptible oxidant-induced and
antioxidant-suppressed lipid peroxidation [1,2]. Lipid-soluble antioxi-
dants such as vitamin A and E, which can act within the membrane
structure, alleviate, for instance, oxygen-induced growth defects ob-
served in yeast mutants lacking the important antioxidant enzymes
Cu,Zn-superoxide dismutase (Cu,Zn-SOD) and Mn-superoxide dis-
mutase (Mn-SOD), EC 1.15.1.1. Superoxide dismutases, both cy-
tosolic Cu,Zn-SOD and mitochondrial Mn-SOD, serve S. cerevisiae
cells for defence against superoxide radical. Our study showed that
unlike the Cu,Zn-SOD, whose maijor role is oxidative stress defense,
Mn-SOD also plays a role in protecting the cells against other
stresses — high osmolarity, heat and metalloid (arsenic) stress [3].

Effects of stress on yeast membrane energizing enzymes

Membrane H*-ATPase, which produces the transmembrane pro-
ton gradient that drives the transport of nutrients into the cells, is sen-
sitive to oxidative damage induced by metals such as iron, that can
be present in brewery water and other components of the environ-
ment [4,5]. Inactivated enzyme has a lower ability to generate the pro-
ton gradient [6,7]. The H*-ATPase is also inactivated by agents that
disrupt cell vacuoles [8]. On the other hand, it is activated by sac-
charides such as glucose.

Measuring the types of chemical stress imposed by foreign
substances

Foreign substances present in the environment often kill yeast cells
by depolarizing and permeabilizing the yeast plasma membrane,
which is the first structure they encounter. To protect the cells against
these attacks, cells have in their membrane proteins, so-called PDR
pumps (PDR, pleiotropic drug resistance) that recognize these for-
eign substances and export them from the cells. For monitoring the
action of these pumps as well as the vitally important membrane po-
tential, we developed a method using the fluorescent potentiometric
dye 3,3’-dipropylthiacarboxycyanine (diS-Cs(3) [9] (Fig. 1). By moni-
toring the time course of probe uptake by the cells — the so-called
staining curves — we were able to measure changes in membrane
potential (Fig. 2) and also the action of PDR pumps (Fig. 3).
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Obr. 2 Odpovéd diS-C3(3) na zménu membranového potenciélu po
pfidavku protonoforu karbonylkyanid 3-chlorfenylhydrazonu (CCCP)
ke kultufe kvasinek postradajicich PDR-pumpy. Dolni kfivka — pFidani
CCCP v ¢ase 0, horni kfivka, pfidani CCCP po 20 min./ Fig. 2 Res-
ponse of diS-C3(3) fluorescence to a change in membrane potential
of yeast cells having no PDR pumps to an addition of protonophore
carbonylcyanide 3-chlorophenylhydrazone (CCCP). Lower curve —
CCCP addition at time 0, upper curve — CCCP addition after 20 min.
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Obr. 3 Uginek plisobeni PDR-pump na koncentraci diS-C3(3) v bu-
kach. Horni kfivka, kmen bez PDR-pump; dolni kfivka, kmen s PDR-
pumpami / Fig. 3 Effect of the action of PDR pumps on diS-C3(3)
concentration in cells. Upper curve, strain without PDR pumps, lo-
wer curve — strain with PDR pumps.

NaSe predchozi prace ukazaly, ze aktivita hlavnich PDR-pump je
zavisla na rustové fazi [10]. B€hem exponencidlni faze rlstu je vy-
soka, u diauxickych a post-diauxickych bunék prudce klesa. Zavisi
také na typu uhlikového zdroje [11,12]. NaSe vysledky dale ukazuiji,
ze PDR-pumpy mohou hrat vyznamnou roli pfi interakci kvasniénych
bunék s antibiotiky a antiseptickymi latkami [13] a také napf. s hof-
kymi slozkami chmele &i rostlinnymi rlstovymi hormony je¢mene.

Dulezitost bunécéné stény a membranovych komponent pro
udrzovani kvasinek v optimalnim stavu

V$echny zminéné prace poukazuji na dulezitost plazmatické mem-
brany pfi udrzovani kvasnié¢nych bunék v optimalnim stavu. Zaméfili
jsme se proto na membranoveé lipidy, obzvlasté na minoritni, ale velmi
dllezité slozky jako jsou mastné kyseliny s velmi dlouhymi fetézci
(very long chain fatty acids, VLCFA), tedy kyseliny s fetézcem slo-
zenym z vice nez 22 atomua uhliku. Kvasinky maji velmi vysokou
schopnost syntetizovat VLCFA, coz nasvédcuje tomu, ze tyto mastné
kyseliny jsou pro buriku velmi ddlezité. S. cerevisiae obsahuje kromé
béznych C10 — C18 mastnych kyselin také VLCFA, které tvofi pfi-
blizné 1-2 % z celkovych mastnych kyselin. Hlavnimi kyselinami jsou
26:0 a 2-OH-26:0 kyseliny. Nejvétsi mnozstvi VLCFA je obsaZeno ve
fosfolipidech a glykolipidech a také ve formé esterd se steroly, které
jsou dulezitou slozkou bunécéné stény kvasinek. VLCFA s fetézci o 26
uhlicich maji velky vyznam pfi zachovavani struktury a funkce jaderné
membrany. Mutace genll zodpovédnych za syntézu mastnych kyse-
lin vedou ke vzniku morfologickych defektl kvasniénych bunék.

Podobné jako aktivita PDR-pump je i zastoupeniVLCFA zavislé na
rlstové fazi; a nejvyssi je ve stfedni exponencialni fazi a témér nu-
lové u bunék ve stacionarni fazi rlistu [14].

3 KVASINKY A PIVOVARSKE
TECHNOLOGICKE STRESY

V8echny vy$e uvedené typy strest a dalsi, které jsou spojené s pro-
voznimi podminkami v pivovaru, mohou mit negativni vliv na vitalitu
kvasinek. Snizena vitalita kvasinek se nasledné projevi na snizené
kvalité hotového vyrobku.

Technologicka ¢ast naseho vyzkumu zahrnuje vyhodnoceni t¢inkd
provoznich stresd na vitalitu kvasinek a kvalitu hotového piva. Vita-
lita byla stanovena pomoci tzv. acidifikaéniho testu (AP test), ktery je
zaloZen na sledovani déju probihajicich na membrané.

Méreni acidifikacni sily kvasinek

Kvasinky, a napf. také mlécéné bakterie, okyseluji vnéjsi prostredi
béhem fermentaénich procest (kynuti tésta, vyroba syru, vina, piva).
Acidifikace prostfedi, k niz dochazi pfi resuspendovani bunék v no-
vém médiu ¢&i po pfidavku metabolického substratu, mize slouZit jako
uziteény indikator normalniho pribéhu kvaseni. Test acidifikaéni sily
(AP test) je rychla a jednoducha metoda umoznujici stanovit, jak
rlizné typy stresu ovlivni vitalitu bunék [15,16,17].

AP test je relativné rychla metoda, kterou Ize aplikovat se zafize-
nim bézné dostupnym ve vétsiné potravinarskych laboratofi (centri-
fuga a pH metr s kompenzaci teploty). Test je vyuzivan pro hodno-
ceni technologické kvality kultur pivovarskych kvasinek [18], pfi
vyrobé& mostu, v pekarském oboru a pfi vyrobé syra zalozené na pou-

A change in membrane potential caused, e.g., by a protonophore
is immediately reflected in the shape of the staining curve.

As found in laboratory yeast strains, PDR pumps export the dye
from US cells and cause their weaker staining when compared with
AD cells lacking the pumps. The damage caused by a very strong
stress was simulated by permeabilizing the cells by heat. In US cells
permeabilization by heat causes dye inflow and an increase in fluo-
rescence wavelength. In AD cells lacking the pumps, which contain
a high concentration of the dye, it causes dye outflow.

Our previous studies showed that the activity of major PDR pumps
depends strongly on the growth phase [10]. It is high during the ex-
ponential phase of growth and drops sharply in diauxic and post-di-
auxic cells. It depends also on the type of the carbon source [11,12].
Our current research shows that PDR pumps may play an important
role in the interaction of yeast cells with antibiotics and antiseptics
[13] as well as, e.g., with hop bitter compounds or plant growth hor-
mones contained in barley.

Importance of cell wall and membrane components in
maintaining yeast cells in an optimal state

All these studies pointed to the vast importance of the yeast plasma
membrane in keeping the cells in an optimal condition. We therefore
examined the plasma membrane lipids in detail, especially concern-
ing minor but potentially very important constituents such as fatty acids
with very long chain (VLCFA), i.e. acids with more than ~22 carbon
atoms. Yeast was found to have an unprecedented ability to synthe-
size VLCFAs, which thus seem to be very important for the cell. S. cere-
visiae contains, apart from the common C10-C18 FAs, also VLCFAs,
which make up about 1-2% of all FAs. The major acids are 26:0 and
2-OH-26:0 acids. The highest amount of VLCFAs was found in phos-
pholipids or glycolipids, and also as esters with sterols which are
known to form an important part of the yeast cell wall. C26 VLCFAs
is also important for maintaining the structure and function of the nu-
clear membrane. Mutations of the genes responsible for fatty acid syn-
thesis in yeast bring about morphological defects in yeast cells.

Like the activity of the PDR pumps, the proportions of VLCFA
strongly depend on the growth phase and are the highest in mid ex-
ponential phase and near zero in stationary cells [14].

3 YEAST AND BREWERY
TECHNOLOGICAL STRESSES

All the above types of stresses, as well as other stresses encoun-
tered in the brewery, may have a negative effect on yeast vitality,
which is then reflected in the lowered quality of the final product.

The technologically oriented part of our research concentrated on
the evaluation of effect of these brewery-sited stresses on yeast vi-
tality and on the quality of the final product. Vitality was determined
by the so-called acidification power (AP test), which is again based
on following membrane-sited phenomena in the cells.

Measuring yeast acidification power

Yeast and also, e.g., lactic acid bacteria acidify outer medium dur-
ing fermentative processes, i.e. during dough leavening, cheese or
wine making and during beer brewing. This external acidification tak-
ing place on resuspending cells in a new medium or adding
a metabolic substrate may serve as a useful indicator of normal fer-
mentation. The acidification power (AP) test based on measuring this
acidification [15,16,17] provides a fast and simple means of assess-
ing how various stresses affect the vitality of cells.

The test, which is relatively fast and requires only a centrifuge and
a temperature-compensated pH meter available in most food indus-
try laboratories, has been used as a rejection criterion for assessing
the technological quality of starter cultures in breweries [18], cider
production, bakery products manufacture and cheese making based
on lactic acid bacteria. We optimized the test[19] and used itin a brew-
ery setting for assessing the effects of different technological pro-
cesses on yeast [20] and predicting its performance in wort fermen-
tations performed in cylindro-conical tanks (CCT). Pitching rate, wort
composition, ambient conditions in CCT, and other technological fac-
tors were found to vary much more than the vitality of the pitching
yeast. A method was developed for a contact-free optical pH mea-
surement of AP, which allows the simultaneous testing of several sam-
ples and minimizes the hands-on time in sample processing [21].

Effect of technological stresses on yeast and beer quality
In a continuation of our studies, yeast vitality expressed as acidifi-
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Tab. 1 Vliv fermentace v podminkach zvySené osmolarity na maximalni po€et bunék ve vznosu, dobu fermentace, objem sedimentu na konci
kvaseni, acidifikacni silu kvasinek a celkovy zakal mladého nefiltrovaného piva. Hodnoty uvedené v tabulce jsou priimérem ze dvou hodnot.
Kvaseni probihalo pfi teploté 12 °C / Table 1 Effect of fermentation at increased wort osmolarity on maximum suspended cell count, time of
fermentation, sedimentation at the end of fermentation, yeast acidification power and total haze of green unfiltered beer. The values are
means of two values. Fermentation trials were perfomed at 12 °C

Kvasinky a stres: z laboratornich podminek do pivovaru

Podet bunék Konec kvaseni / End of fermentation ©
Kvaseni cell count Cas/ Time | Sediment ° AP ¢ Celkovy zékal
Fermentation (106/ml)2 (h) Total haze*f
(EBC/106 cells/ml)
12° 1. zakvaSeni/ 1% pitching 70.7 65 6.0 2.66 8.63
12° 2. zakva$eni/ 2 pitching 68.6 94 1.8 2.54 8.50
12° 3. zakvaseni/ 3 pitching 64.0 100 2.3 2.52 8.59
16° 1. zakvaSeni/ 15 pitching 68.9 70 9.0 2.62 8.60
16° 2. zakva$eni/ 2 pitching 60.5 112 45 2.49 8.51
16°/12° kontrolni / control 70.1 100 1.8 2.53 8.90
20° 1. zakvaSeni/ 1% pitching 56.3 84 9.3 2.57 8.46
20° 2. zakvaSeni/ 2" pitching 46.4 156 6.3 2.41 8.54
20°/12° kontrolni / control 64.2 102 1.6 2.53 8.64

Pozn. / Note? Maximalni pocet bunék ve vznosu / maximum suspended cells count; ® kvaseni bylo ukonéeno po dosazeni 4 % (v/v) kon-
centrace alkoholu / the fermentation was terminated when alcohol level reached 4 % (v/v); ° uvadi se v ml sedimentu kvasnic v kalibrované
zkumavce ve spodni ¢asti kvasného valce / determined as the volume (ml) of yeast sediment in graduated test tube; ¢ AP = acidifikacni
sila/acidification power, jednotky pH / pH units; ¢ hodnoty jsou normalizovany na 108 bunék / values are normalized per 10° cells; ' byl mé-
fen pouze zakal H90, nebot hodnoty zakalu H12 jsou Spatné klasifikovatelné, coz je dano mnohonasobnym rozptylem svétla v pfitomnosti
kvasni¢nych bunék / only H90 was measured because H12 values are ambiguous due to the manifold light scattering in the presence of ye-
ast cells

Tab. 2 Koncentrace senzoricky aktivnich latek na konci 2. a 3. (kontrolniho) kvaseni. Hodnoty uvedené v tabulce jsou primérem ze dvou hod-

not / Levels of flavor substances at the end of 2@ and 3 (control) fermentation. The values are means of 2 values

Kvaseni / Fermentation diacetyl pentanedione DMS acetaldehyde
(ug/) (mg/)
12° 2. zakva$eni / 2 pitching 84 65 31.5 30.5
12° 3. zakvaseni / 3“ pitching 85 74 22.0 26.8
16° 2. zakvaseni / 2 pitching 118 135.5 17.5 17.7
16/12° 3. zakvaSeni/ 3 pitching 122 117 24.0 27.7
20° 2. zakvaseni / 2 pitching 101.5 104 13.5 11.9
20/12° 3. zakvaSeni/ 39 pitching 130 118.5 20.5 23.3

ziti bakterii mlééného kvaseni. AP test jsme optimalizovali [19] a pou-
zili v provoznich podminkach pro stanoveni vlivli rGznych technolo-
gickych procesu na kvasnice [20] a pfedpovéd jejich chovani pfi kva-
Seni v CKT. Zakvasna davka, slozeni mladiny, teplota v CKT a dalsi
technologické faktory jsou mnohem vice proménlivé neZli vitalita na-
sadnich kvasnic. Sou¢asné méfeni nékolika vzorkl a tedy zkraceni
doby pfipravy vzorkd umoznuje modifikace AP testu zalozena na
optickém méfeni pH [21].

Vliv technologickych stresd na kvasinky a kvalitu piva

Vitalita kvasnic (resp. jejich acidifikaéni sila) byla jednim z faktort
méfenych v nasi studii zabyvajici se ucinky osmolarity mladiny na
kvalitu kvasnic, priibéh kvaseni a vlastnosti mladého piva [22].

Cisty G¢inek zvysené osmolarity mladiny na dobu fermentace, vi-
talitu a sedimenta¢ni schopnost kvasnic, chutové latky a zakal piva
byl stanoven pomoci kvasnych testl v 12° mladiné s pfidavkem sor-
bitolu do osmolarity odpovidajici mladiné se stuprnovitosti 16°a 20°.
Sledovano bylo vzdy prvni a druhé nasazeni kvasnic v mladiné s riz-
nou stupnovitosti (tj. 12°/12°, 16°/16° a 20°/20°) a vSechny ftfi ,vari-
anty“ kvasnic byly nasledné nasazeny do 12° mladiny (tzv. kontroIni
kvaseni).

Kvaseni v 16° a 20° mladiné zpomalilo buné¢né déleni a prodlou-
Zilo dobu kvaseni (tab. 7). Opakované nasazeni tento efekt prohlou-
bilo. Kvasnice v 16° a 20° mladiné sedimentovaly se zpozdénim, ob-
jem sedimentu na konci kvaseni byl vSak az dvakrat vy$Si ve srovnani
s kvaSenim v kontrolni 12° mladiné. Pfi tfetim nasazeni do kontrolni
12° mladiny jiz nebylo pozorovano zpozdéni sedimentace, a objem
sedimentu byl téméF shodny u vSech tfi variant kvasnic.

Pro pivo vyrabéné pfi vysSi osmolarité byla charakteristicka zvy-
Sena koncentrace diacetylu a pentandionu a nizsi hladina dimethyl-

cation power (AP) was one of the factors measured in our study of
the effect of wort osmotic pressure on the quality of yeast, fermen-
tation course and characteristics of the resulting green beer [22].

The net effect of increased wort osmolarity on fermentation time,
yeast vitality and sedimentation, beer flavor compounds, and haze
was determined in fermentations with 12° all-malt wort supplemented
with sorbitol to reach osmolarity equal to 16° and 20°. Three pitch-
ings were performed in 12°/12°/12°, 16°/16°/12°, and 20°/20°/12°
worts. The 3rd “back to normal” pitching into 12° wort restored the
yeast AP and reproductive abilities while the extended fermentation
time remained.

Fermentations in 16° and 20° worts lowered yeast proliferation and
increased fermentation time (Tab. 1). Repitching aggravated these ef-
fects. Yeast sedimentation in 16° and 20° worts was delayed but the
sediment volume increased about two times at fermentation end rel-
ative to that in 12° wort. Third “back-to-normal” pitching abolished the
delay in sedimentation and reduced its extent, which became nearly
equal in all variants. Fermentation at increased wort osmolarity de-
creased yeast vitality by a maximum of 10%. Under our experimen-
tal conditions the haze in both green beer and in beer after a 20-day
maturation, especially the chill haze pointing to the future colloid sta-
bility of the product, increased with increasing yeast generations, high
osmolarity having no substantial effect. However, beer from high-os-
molarity fermentations exhibited a faster clarification during matura-
tion.

Beer brewed at increased osmolarity was characterized by in-
creased levels of diacetyl and pentanedione and lower levels of
dimethylsulfide and acetaldehyde (Tab. 2). Esters and higher alco-
hols displayed small variations irrespective of wort osmolarity or
repitching.
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sulfidu a acetaldehydu (fab. 2). Odchylky v koncentracich esterl
a vyssich alkoholll zavisely na osmolarité mladiny ¢i poctu zakvaseni.

DalSim pfedmeétem nasi prace bylo méfeni vlivu teplotniho stresu
na kvasinky v klasickém pivovarském procesu a pfi kvaseni v CKT.
Mnozstvi invertdzy uvolnéné z periplazmatického prostoru kvasnic-
nych bunék slouzilo jako indikator stavu kvasinek. Tento enzym se
uvolriuje z lyzovanych bunék pouze pfi vyssich teplotach. Spolu s opti-
malniteplotou kva$eni je koncentrace invertazy v pivu pozitivné ovliv-
flovana také promyvanim kvasnic [23].

4 ZAVER

Nékteré ze stresq, jimz jsou kvasinky vystaveny béhem vyrobnich
procesl — oxidativni stres, chladovy Sok, osmoticky, chemicky, nut-
riéni stres a jiné — byly studovany jak v modelovych systémech (la-
boratorni kmeny v laboratornich podminkéach), tak s technologickymi
kmeny v pivovarském provozu. Nase dalsi studie se budou zabyvat,
kromé jiného, sledovanim vlivu kombinaci rliznych strest pusobicich
na kvasinky béhem pivovarského procesu.

Podékovani

Tato publikace byla zpracovana z pfevazné ¢asti za podpory Vy-
zkumného Centra 1M0570 Ministerstva Skolstvi, mladeze a télovy-
chovy.

LITERATURA / REFERENCES
. Krasowska, A., Piasecki, A., Murzyn, A., Sigler, K.: Assaying the
antioxidant and radical scavenging propertles of aliphatic mono-
and di-N-oxides in a test with SOD-deficient yeast and by a che-
miluminescence test. Folia Microbiol. 52, 2007, 45-51.

2. Krasowska, A., Sigler, K.: Cell-protective and antioxidant activity
of two groups of synthetic amphiphilic antioxidants — phenolics
and amine N-oxides: a review. Folia Microbiol. 52, 2007, 585-592.

3. Dziadkowiec, D., Krasowska, A., Liebner, A., Sigler, K.: Protec-
tive role of mitochondrial superoxide dismutase against high os-
molarity, heat and metalloid stress in S. cerevisiae. Folia Micro-
biol. 52, 2007, 120-126.

4. Stadler, N., Hofer, M., Sigler, K.: Mechanisms of Saccharomyces
cerevisiae H*-ATPase inactivation by Fe?*, H,O, and Fenton re-
agents. Free Radical Res. 35, 2001, 643—653.

5. Stadler, N., Vachova, L., Hofer, M., Sigler, K.: Role of strategic
cysteine residues in oxidative damage to the yeast plasma mem-
brane H+-ATPase caused by Fe- and Cu-containing Fenton rea-
gents. Folia Microbiol. 48, 2003, 589-596.

6. Holoubek, A., Vecef, J., Opekarova, M., Sigler, K.: Ratiometric flu-
orescence measurements of membrane potential generated by
yeast plasma membrane H*-ATPase reconstituted into vesicles.
Biochim. Biophys. Acta 1609, 2003, 71-79.

7. Holoubek, A., Vecef, J., Sigler, K.: Monitoring of the proton elect-
rochemical gradient in reconstituted vesicles: Quantitative mea-
surements of both transmembrane potential and intravesicular pH
by ratiometric fluorescent probes. J. Fluoresc. 17, 2007, 201-213.

8. Krasowska, A., Chmielewska, L., Adamski, R., Luczynski, J., Wi-
tek, S., Sigler, K.: Antifungal effects of new lysosomotropic agents
onyeast and yeast-like cells. Cell Mol.Biol. Lett.9, 2004, 675—683.

9. Gaskova, D., Cadek, R., Chaloupka, R., Vacata, V., Gebel, J., Sig-
ler, K.: Monitoring the kinetics and performance of yeast mem-
brane ABC transporters by diS-C3(3) fluorescence. Int. J. Bio-
chem. Cell Biol. 34, 2002, 931-937.

10. Cadek, R., Chladkova, K., Sigler, K., Gaskova, D.: Impact of the
growth phase on membrane potential and activity of MDR-pumps
of S. cerevisiae: effect of pump overproduction and carbon source.
Biochim. Biophys. Acta 1665, 2004, 111-117.

11. Malag, J., Sigler, K., Gaskova, D.: Glucose-induced MDR pump
resynthesis in respiring yeast cells depends on nutrient level. Bi-
ochem. Biophys. Res. Commun. 337, 2005, 138—-141.

12. Malag, J., Urbankova, E., Sigler, K., Gaskova, D.: Activity of ye-
ast multidrug resistance pumps during growth is controlled by the

We also studied the effect of temperature stress in both classical
brewing process and in the CCT process on yeast cells by using as
an indicator of yeast state the amount of invertase released from the
periplasmic space of yeast cells. The release of the enzyme from
lysed cells takes place only at higher temperatures. In addition to op-
timum temperature, the invertase level in beer is also positively af-
fected by yeast washing [23].

4 CONCLUSION

Some of the stresses encountered by yeast cells during industrial
processes such as beer brewing — oxidative stress, cold shock, os-
motic and chemical stress, nutritional and other stresses have been
explored in model systems (laboratory yeast strains in a lab setting),
and, using strains of brewer s yeast, also in the brewery. Our future
studies will aim, among other things, at exploring combinations of dif-
ferent stresses occurring during the brewing process.

Acknowledgements
The work was supported for the most part by the Research Cen-
ter 1M0570 of the CR Ministry of Education, Youth and Sports.

Translated by Karel Sigler

carbon source and the composition of growth-depleted medium:
diS-C3(3) fluorescence assay. Int. J. Biochem. Cell Biol. 37, 2005,
2536—-2543.

13. Hendrych, T., Kodedova, M., Sigler, K., Gaskov4, D.: Characteri-
zation of the kinetics and mechanisms of inhibition of drugs in-
teracting with the S. cerevisiae multidrug resistance pumps Pdr5p
and Sng2p. BBA Biomembranes 1788, 2009, 717-723.

14. Rezanka, T., Sigler, K.: Odd-numbered very long chain fatty acids
in the microbial, plant and animal kingdoms. Progr. Lipid Res. 48,
2009, 206—238.

15. Opekarova, M., Sigler, K.: Acidification power: Indicator of meta-
bolic activity and autolytic changes in Saccharomyces cerevisiae.
Folia Microbiol. 27, 1982, 395-403.

16. Sigler, K., Hofer, M.: Mechanisms of acid extrusion in yeast. Bio-
chim. Biophys. Acta 1071, 1991, 375-391.

17. Sigler, K., Hofer, M.: Biotechnological aspects of membrane func-
tion. Critical Reviews in Biotechnology 17, 1997, 69-86. CRC
Press, Boca Raton.

18. Sigler, K., Hollerova, 1., Srogl, J., Kadlecova, J.: Vitalita a viabilita
nasadnich kvasnic: metody posuzovani a vliv bunéénych systému
pro stresovou resistenci. Kvasny Prum. 51, 2005, 3-7.

19. Sigler, K., Mikyska, A., Kosar, K., Gabriel, P.,, Dienstbier, M.: Fac-
tors affecting the outcome of the acidification power test as a me-
asure of yeast quality: critical reassessment. Folia Microbiol. 51,
2006, 525-534.

20. Gabriel, P., Dienstbier, M., Matoulkovd, D., Kosaf, K., Sigler, K.:
Optimized acidification power test of yeast vitality and its use in
brewing practice. J. Inst. Brew. 114, 2008, 270-276.

21. Gabriel, P, Dienstbier, M., Sladky, P,, Sigler, K.: A new method of
optical detection of yeast acidification power. Folia Microbiol. 53,
2008, 527-533.

22. Sigler, K., Matoulkova, D., Dienstbier, M., Gabriel, P.: Net effect
of wort osmotic pressure on fermentation course, yeast vitality,
beer flavor and haze. Appl. Microbiol. Biotechnol. 82, 2009,
1027-1035.

23. Srogl, J., Matasov4, L., Vernerova, H., Sigler, K.: Faktory ovliv-
fAujici aktivitu invertasy béhem kvaseni, dokvasovani a v hotovém
pivu / Factors affecting invertase activity during beer brewing, se-
condary fermentation and in the finished product. Kvasny Prum.
53, 2007, 134-138.

Recenzovany clanek
Do redakce doslo: 2. 11. 2009
Prijato k publikovani: 25. 11. 2009




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile (None)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 100
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.33000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 100
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.32000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 400
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /GRE <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUS <>
    /SUO <>
    /SVE <>
    /TUR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /CZE <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


