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Tento struény prehled popisuje odpovédi kvasinek na riizné typy strest, kterym mohou byt vystaveny. Stresy a reakce kvasinek jsou
zde charakterizovany z pohledu genetickych znakd, biochemickych pochodt, vypinani a zapinani signalnich drah béhem stresovych
odpovédi, a vyslednych zmén bun&éné fyziologie a/nebo struktury. Clanek obsahuje struény vyéet riznych druhl stresi, jak environ-
mentalnich, tak stresli zpisobenych sou¢asnou pivovarskou technologii. Hlavni pozornost je vénovana pivovarskym kvasinkam, rozdiliim
mezi nimi @ mnohem vice studovanymi laboratornimi kmeny a vlivu téchto odliSnosti na zpusoby, jakymi pivovarské kvasinky zahajuji
a uskute€nuji odpovedi na stresové podminky.

Sigler, K. — Matoulkova, D.: Stress responses in brewing yeast. Kvasny Prum. 57, 2011, No. 7-8, p. 277-284.

Even in nature, yeast cells are exposed to a combination of stressful conditions. When used for industrial production, as in brewery,
they are subject to additional manmade stresses [1], and/or the natural environmental stresses are intensified. During the brewing process
yeast cells are challenged, e.g., by variations in temperature, oxygen concentration and pH, hypo- and hyperosmotic stress, hydrostatic
and chemical stress (ethanol, malt and hop phenolics, malt antimicrobial compounds, adjunct components, CO, overpressure, etc.), and
changing levels of nutrients. Other stresses, include, e.g., acid washing to remove bacteria before repitching, or centrifugation causing
hydrodynamic stress. To lower operating costs, reduce processing times and maximize revenue [2] breweries adopt and evolve contin-
uously new systems that potentially amplify and/or extend the existing stresses. Here we tried to summarize briefly the main features of
both environmental and brewing stresses, characterize the types of stress responses of yeast cells, and point out the specificities of
brewing yeast strains and the conditions of their use for beer production, and the way in which they reflect in the stress responses of
brewing yeast.

Sigler, K. — Matoulkova, D.: Die Brauhefe und ihre Reaktion auf Stress. Kvasny Prum. 57, 2011, Nr. 7-8, S. 277-284.

Diese Kurzlbersicht beschreibt Hefereaktionen auf die verschiedene Stresstype, mit denen ausgesetzt werden kdnnen. Aus der Sicht
der genetischen Charakter, biochemischen Prozesse, Aus- und Einschaltung der Signalbahnen wahrend Stressreaktionen und aus den
resultierenden Anderungen der Zellphysiologie und/oder Struktur werden die Hefestresse und Hefereaktionen charakterisiert. Dieser Ar-
tikel enthélt eine kurze Liste von verschiedenen Stressen, die durch die Umwelt oder durch die zeitgenossische Brautechnologie verursacht
sind. Die Hauptaufmerksamkeit wird den Brauhefen, den Unterschieden unter deren, den wesentlich mehr studierenden Laborstammen
und dem Einfluss der Unterschiede auf Verfahren, mit dem die Brauhefe die Antworten auf die Stressbedingungen beginnt und realisiert,

gewidmet.
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1 UVoD

V podminkéach pfirozeného prostfedi jsou buriky kvasinek vysta-
veny rdznym stresim a jejich rznym kombinacim. Pfi pouziti v prG-
myslové vyrobé, jako je napf. pivovarstvi, je spektrum stresovych fak-
tor( rozsSifeno o technologické stresy [1] nebo dochazi k zesileni
pfirozenych stresovych faktord. B€hem pivovarského procesu plsobi
na kvasinky zmény teploty, koncentrace kysliku, zmény pH, hypo-
a hyperosmoticky stres, hydrostaticky a chemicky stres (alkohol, sla-
dové a chmelové fenolické latky, antimikrobialni latky sladu, surogaty,
pretlak CO, atd.) azmény v obsahu zivin. Mezi dal$i stresy patfi napf.
kyselé myti (pro odstranéni bakterialni kontaminace) nebo hydrody-
namicky stres (zplsobeny odstfedovanim kvasnic). Neustaly vyvoj
novych systéml, které snizuji provozni naklady a vyrobni dobu a ma-
ximalizuji vynosy [2], mUze vést k rozsifeni spektra existujicich stre-
sovych faktorli a zvySeni jejich intenzity. Nasledujici text obsahuje
struény souhrn hlavnich ryst environmentalnich a technologickych
stres(i a odpovédi kvasinek na tyto stresy. Pozornost je vénovana ze-
jména specifickym vlastnostem pivovarskych kvasinek, podminkam
jejich pouziti pfi vyrobé piva a zplsobim, jakym tyto specifické vlast-
nosti pivovarskych kvasinek ovliviiuji jejich reakci na stres.

Keywords: laboratory yeast, brewing yeast, stresses, stress re-
sponses

1 INTRODUCTION

Even in nature, yeast cells are exposed to a combination of stress-
ful conditions. When used for industrial production, as in brewery,
they are subject to additional manmade stresses [1], and/or the nat-
ural environmental stresses are intensified. During the brewing pro-
cess yeast cells are challenged, e.g., by variations in temperature,
oxygen concentration and pH, hypo- and hyperosmotic stress, hy-
drostatic and chemical stress (ethanol, malt and hop phenolics, malt
antimicrobial compounds, adjunct components, CO, overpressure,
etc.), and changing levels of nutrients. Other stresses, include, e.g.,
acid washing to remove bacteria before repitching, or centrifugation
causing hydrodynamic stress. To lower operating costs, reduce pro-
cessing times and maximize revenue [2] breweries adopt and evolve
continuously new systems that potentially amplify and/or extend the
existing stresses. Here we tried to summarize briefly the main fea-
tures of both environmental and brewing stresses, characterize the
types of stress responses of yeast cells, and point out the specificities
of brewing yeast strains and the conditions of their use for beer pro-
duction, and the way in which they reflect in the stress responses of
brewing yeast.
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2 OBECNE ODPOVEDI KVASINEK NA STRES

Pfi vystaveni riznym stresiim spoustéji kvasinky obecnou streso-
vou odpovéd nebo odpovéd na environmentalni stres [3] — genetické
preprogramovani, které vede k do¢asnému zastaveni normalnich
bunéénych procesl a k iniciaci exprese genl kédujicich stresové pro-
teiny (molekularni chaperony, transkripéni faktory, membranové pre-
naSece a proteiny ucastnici se opravy, degradace, detoxikace a me-
tabolizmu zivin). Toto bunécné preprogramovani zahrnuje odstranéni
bilkovin nutnych pro zajisténi normalniho rlstu a bilkovin poskoze-
nych vlivem stresu, a syntézu proteinti indukovanych stresem. Inten-
zivni proteolyza je nutna pro zasobeni bufiky aminokyselinami pro
syntézu novych protein( na ukor jiz nepotfebnych vegetativnich pro-
teinG [4]. Hlavnim typem stresové odpovédi je nespecificka (celkova)
stresova odpovéd na podminky prostredi, aktivovana oxidativnim,
pH, teplotnim a osmotickym stresem a nedostatkem dusiku [5].

Stresové podminky aktivuji transkripéni kontrolni elementy, mezi
néz patfi elementy teplotniho Soku (Heat shock elements, HSEs),
elementy stresovych odpovédi (stress response elements, STRES)
a AP-1 responzivni elementy (AP-1 responsive elements, AREs). Na
elementy HSEs se véaze transkripéni faktor teplotniho Soku, ktery vy-
vola akumulaci abnormalnich protein(. Elementy STREs se podileji
na transkripéni aktivaci vyvolané celou radou stresovych podminek,
zatimco elementy AREs se vazou na transkripéni faktor Yapip.
Funkce téchto tfi typd kontrolnich elementd se prekryvaji — znaéna
¢ast kazdé z odpovédi neni specificka pro urcity podnét, ale pfedsta-
vuje obecnou odpovéd na vSechny stresové podminky. N&které stre-
sové proteiny kédované geny s HSE-regulaci jsou nezbytné pro rist
kvasinek v podminkach mirného stresu. Produkty genli aktivovanych
elementy STRE jsou zfejmé dulezité pro preziti téZkych stresovych
podminek a geny pod kontrolou ARE jsou funkéni b&hem oxidativniho
stresu a pfi reakci bunék na toxické prostredi, napf. na pfitomnost
iontt tézkych kovli [6]. Zahajeni odpovédi (za ucasti priblizné 900
genl) je Casto kratkodobé a exprese gend, které se ji Uc¢astni, stejné
jako mnozstvi transkriptd, se vétSinou vrati na pavodni Groven (tj. pfed
pusobenim stresu). V odpovédi na stres se bunécny aktinovy cyto-
skeleton rychle depolarizuje a rovhomeérné rozprostre uvnitf buriky.
Po adaptaci na nové podminky prostfedi probéhne repolarizace cy-
toskeletonu navozujici lokalni rlst, a nasledné bunécéné déleni [3].

3 ODPOVED NA TEPLOTNI SOK

Odpovéd na teplotni $ok zahrnuje syntézu proteinl teplotniho Soku
(Hsp) jako je Hsp104, Hsp70, Hsp60 a Hsp26. Hsp104 se ucastni re-
solubilizace a reaktivace agregovanych proteint. Hsp-proteiny indu-
kované urcitym stresem Cini buriky tolerantnimi k ostatnim stresiim.
Cast HSp-proteinu je indukovana pfi pfechodu bunék do stacionarni
faze; nékteré Hsp-proteiny jsou exprimovany konstitutivné v kvasin-
kach, které vyuzivaji napf. ethanol jako zdroj uhliku pfi respirativnim
metabolizmu. Stresové odpovédi se Uc€astni trehalosa, ktera slouzi
jako rezervni materiél zejména vegetativné rostoucich kvasinek a za-
roven jako stresovy metabolit. Akumulace trehalosy v bunkach za-
braruje tepelné denaturaci bunécnych bilkovin [7]. Nahromadéni tre-
halosy zpuUsobi zvySeni vnitrobunééné osmolarity, a tim aktivaci
protein-kinazové drahy PKC1, ktera se podili na zachovani bunééné
integrity (viz dale) [8]. Syntézu trehalosy vyvolavaji rizné stresy (tep-
lota, aerace, koncentrace Zivin a metabolitd aj.). Rychly metabolicky
obrat trehalosy tvofi ¢ast bunééné ochrany proti oxidativnimu stresu.
Syntézu trehalosy indukuje také ethanol. Trehalosa se podili na sni-
zovani propustnosti membrany a zvysSuje toleranci bunék k ethanolu.
Odpovéd bunék na teplotni Sok mliZze vést az k zastaveni rlstu bunék
a v krajnich pfipadech k odumfeni bunék.

4 REAKCE NA OSMOTICKY STRES

Odpovéd bunék na zvySenou osmolaritu probiha pfes kinasovou
kaskadu nazyvanou HOG-MAP (high osmolarity glycerol / mitogen-
activated protein; protein aktivovany glycerolem / mitogenem pfi vy-
soké osmolarité; pozn. mitogen je latka navozujici bunééné déleni).
Tato hlavni draha regulujici adaptace bunék zahrnuje produkci os-
molytu glycerolu, a je uvadéna v ¢innost spiSe zménou turgoru nezli
vodnim stresem jako takovym [9]. Akutni odpovéd zfejmé zavisi také
na normalni funkci vakuol (smr&tovani a normalizace objemu), ktera
také prispiva k rezistenci postdiauxickych nebo stacionarné rostou-
cich bunék proti osmotickému stresu [10]. BE€hem hypoosmotického
pfechodu buriky stimuluji rizné MAP-kinasové kaskady, bunécné

2 GENERAL STRESS RESPONSES IN YEAST

On exposure to various stresses yeast cells launch a general or
environmental stress response [3], genetic reprogramming that leads
to a transient arrest of normal cellular processes and initiation of ex-
pression of genes encoding stress proteins (molecular chaperones,
transcription factors, membrane transporters and proteins involved in
repair, degradation, detoxification and nutrient metabolism). This cel-
lular reprogramming involves the elimination of proteins necessary
for normal growth and stress-damaged proteins, and synthesis of
stress-related proteins. Intensive proteolysis is needed to supply the
cell with all amino acids for the synthesis of new proteins at the ex-
pense of no-longer-needed vegetative proteins [4]. The major type of
stress response is the nonspecific general (global, environmental)
stress response activated by oxidative, pH, heat and osmotic stresses
and nitrogen starvation [5].

Stress conditions activate transcriptional control elements including
heat shock elements (HSEs), stress response elements (STREs) and
AP-1 responsive elements (AREs). HSEs bind heat shock transcrip-
tion factor that causes the accumulation of abnormal proteins. STREs
participate in transcriptional activation by a number of stress condi-
tions while AREs bind the transcription factor Yap1p. The functions of
the three types of control elements overlap — a substantial part of
each of the responses is not specific to the stimulus but represents
a common response to all the stress conditions. Some stress proteins
encoded by HSE-regulated genes are necessary for growth of yeast
under moderate stress, products of STRE-activated genes appear to
be important for survival under severe stress and ARE-controlled
genes may mainly function during oxidative stress and in response
to toxic conditions, such as those caused by heavy metal ions [6].
The initiation of the response (which involves the participation of ~900
genes) is often transient and the expression of the genes forming
parts of it, as well as trancript levels, usually return to near the pre-
stress levels. In response to cellular stress, cellular actin cytoskeleton
becomes rapidly depolarized and is distributed evenly within the cell.
After adaptation to the new environment the cytoskeleton becomes
again repolarized to promote localized growth and subsequent cell
division [3].

3 HEAT SHOCK RESPONSE

The heat shock response includes the synthesis of heat shock pro-
teins (Hsps) such as Hsp104, Hsp70, Hsp60, and Hsp26. Hsp104
functions in resolubilization and reactivation of aggregated proteins.
Hsps induced by a particular stress agent render the cells cross-tol-
erant to other stresses. A subset of Hsps is induced as cells enter
stationary phase; some Hsps are constitutively expressed in yeast
grown on respiratory carbon sources such as ethanol. Another part
of the response is trehalose, a reserve compound stored mainly in
vegetative resting cells and a stress metabolite. Yeast proteins are
protected from denaturation by high temperatures by trehalose accu-
mulation [7] that, rather than the temperature increase as such,
causes an increase in intracellular osmolarity that activates the cell
integrity protein kinase C1 (PKC1) pathway (see below) [8]. Trehalose
is synthesized in response to a number of stresses (temperature, aer-
ation, nutrition, metabolite concentration and others). Rapid trehalose
turnover also forms part of cellular protection against oxidative stress.
Also ethanol stress induces the synthesis of trehalose, which plays
a role in reducing membrane permeability and increasing ethanol tol-
erance. Heat stress response was observed to cause a shift from ex-
ponential growth to growth arrest and ultimately to cell death.

4 OSMOTIC STRESS RESPONSES

The response of yeast to high osmolarity proceeds via the HOG-
MAP (high osmolarity glycerol mitogen-activated protein; mitogen is
a substance that induces mitosis) kinase cascade pathway, the major
route governing cellular adaptations, which involves the production
of the osmolyte glycerol and seems to be actuated by a turgor change
rather than by the water stress as such [9]; the acute response ap-
pears to depend on normal function (shrinkage and recovery) of the
vacuole, which also contributes to the resistance to osmotic stress of
postdiauxic/stationary phase cells [10]. Upon a hypoosmotic shift
yeast cells stimulate a different MAP kinase cascade, the cell integrity
pathway, which brings about a rapid export of glycerol and an adjust-
ment of cell surface properties [11].
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drahy zpUsobuijici rychly export glycerolu a Upravu vlastnosti buné¢-
ného povrchu [11].

Buniky ve stacionarni fazi jsou mnohem vice osmotolerantni nezli
buriky v exponencialni fazi rlistu. Jednou z pfi¢in je syntéza osmo-
protektivni trehalosy, jejiz produkce je zahajena v obdobi pomalého
rGstu nebo hladovéni bunék. Osmoticky kompatibilni latky, jako je gly-
cerol, jsou pfi pisobeni stresu syntetizovany a rychle asimilovany po
jeho odstranéni. Prostiedi s vysokou osmolaritou mize prodlouZit
délku Zivota kvasinek, protoze biosyntéza glycerolu zvySuje hladinu
NAD* a dochazi tak k vyrovnavani redoxniho stavu bunék a tim k pro-
dlouzeni zivota [12].

5 ODPOVEDI NA OSTATNI TYPY STRESU

VétSina membranovych pump, které zajistuji rezistenci bunék proti
pusobeni latek s toxickymi Ucinky, tzv. PDR-pumpy (pleiotropic drug
resistance; rezistence k pleiotropnim latkam), se z bunék po ukoncéeni
exponencialni faze ristu ztraci [13]. Nékteré z takovych pump (napf.
Pdr15p) jsou vSak silné exprimovany po ukonéeni exponencialni faze
a jejich exprese je indukovana za stresovych podminek (teplotni Sok,
nizké pH, pfitomnost slabych kyselin, zvySena osmolarita) [14]. To-
lerance k ethanolu je u kvasinek spojovana s aktivitou superoxiddiz-
mutasy aktivované manganem (Mn-SQOD) [15].

Odpoveéd na chladovy $ok zahrnuje Upravu viskozity membrany, na-
sledovanou zvy$enim aktivity antioxida¢nich enzymu superoxiddismu-
tasy aktivované meédi a zinkem (Cu,Zn-SOD) a katalasy, a zvySenou
syntézou proteinll teplotniho Soku a enzym( metabolizmu glykogenu
atrehalosy.V burikach se akumuluje trehalosa a poskytuje jim ochranu.

6 PIVOVARSKE KVASINKY A JEJICH
ODPOVEDI NA TECHNOLOGICKE STRESY

PFi posuzovani stresovych odpovédi u pivovarskych kvasinek je
nutné brat v tvahu rozdily mezi pivovarskymi a laboratornimi kmeny.
Jednim z hlavnich rozdild je stuperi ploidie. Laboratorni kvasinky jsou
haploidni nebo diploidni, zatimco produkéni kmeny byvaji polyploidni
nebo aneuploidni.VysSi stupen ploidie je pro kvasinky vyhodou, nebot
dalsi kopie dulezitych genli mohou zajistit zlep$eni prabéhu kvaseni.
Polyploidni kvasinky jsou také mnohem vice stabilni nez haploidni,
nebot k jejich zménam je nutny vyssi pocet mutaci [16]. Primyslové
kvasinky se od laboratornich odli$uji také rGstovymi podminkami.
Zdroje uhliku obsazené v mladiné jsou mnohem komplexnéjsi a vice
variabilni nezli slozky jednoduchych laboratornich médii. Hlavnimi
cukry mladiny jsou maltosa (45—-65%), maltotriosa (~15%), sacharosa
(~5%), glukosa a fruktosa (~10%), a nezkvasitelné dextriny
(~20-30%). Pivovarské kvaseni navic probiha anaerobné za zvysené
osmolarity mladiny, tedy v podminkach mnohem vice stresujicich ne-
zli jsou podminky laboratorni. Pivovarské kmeny jsou vice citlivé na
zvySené teploty a jejich metabolické drahy a membranové struktury
jsou pfizplisobeny rastu pfi nizsich teplotach.

Rust v laboratornim glukosovém médiu je aerobni, zatimco v mla-
diné, s vyjimkou kratké periody na zacatku fermentace, jsou rlstové
podminky anaerobni a respirativni rlist bézny v laboratornich pod-
minkach, neni v mladiné unosny vzhledem k absenci kysliku. Kva-
sinky jsou pfi kvaseni mladiny navic vystaveny vysokym koncentracim
CO, a pfi pouziti cylindrokénickych tank( také vysokému hydrosta-
tickému tlaku. Buriky rostouci aerobné v glukosovém médiu vstupuji
do stacionarni faze rlstu po vycerpani zkvasitelnych cukrt, zatimco
kvasinky pfi fermentaci mladiny zahajuji tuto fazi rdstu hlavné z da-
vodu absence kysliku. Zkvasitelné cukry tedy nelimituji rlist bunék
v mladiné b&éhem stacionarni faze, a fermentace (spiSe nez respirace)
pokracuje i béhem této faze.

Bunéény cyklus kvasinek se sklada ze &tyr fazi, GO/G1 (klidova
faze a postmitoticka faze), S (syntéza DNA), G2 and M (mitosa) [17].
Sebrané pivovarské kvasinky jsou obvykle v G1 fazi, které je nejdelsi
a zahrnuje syntézu proteinl a RNA potiebnych pro syntézu DNA
v dalsi fazi cyklu. Béhem typického kvaseni mladiny se bunky déli
pfiblizné dvakrat nebo tfikrat [18].

Dulezitym rysem pivovarskych kvasinek je schopnost flokulovat,
€0z je vyuzivano pfi jejich separaci z mladého piva. Kvasinky neflo-
kuluji v pfitomnosti zkvasitelnych cukrd v mladiné. Flokulace je za-
hajena ke konci exponencialniho rlstu, kdy cukry mladiny nesoupefi
s bunécnymi cukernymi zbytky o bunécné povrchové lektiny (floku-
liny). PFi pouziti technologie HGB (high gravity brewing; pfiprava vy-
sokoobsaznych varek) je flokulace ¢asto slaba. Je podporovana etha-
nolem v koncentraci do 10 % a také pfitomnosti kysliku.

Stationary phase cells are much more osmotolerant than exponen-
tial phase cells, due partly to the synthesis of trehalose, which acts
as osmoprotectant; its synthesis starts during periods of slow growth
or starvation. Compatible solutes such as glycerol are synthesized
and then rapidly assimilated when the osmotic stress is removed. In-
terestingly, high osmolarity has been observed to extend the yeast
life span since the biosynthesis of glycerol apparently increases NAD+
levels, thereby adjusting the redox state of the cells, and promotes
longevity [12].

5 OTHER STRESS RESPONSES

Most of the very important membrane-sited pleiotropic drug resis-
tance (PDR) pumps that protect cells against toxic actions of various
chemicals by exporting them out of the cell disappear after exponen-
tial growth [13]. Yet, as reported by Wolfger et al. [14], some of these
pumps, namely Pdr15p, are strongly expressed when yeast cells exit
the exponential growth phase and are strongly induced by stress con-
ditions such as heat shock, low pH, weak acids or high osmolarity.

Ethanol tolerance of yeast cells has been associated with the ac-
tivity of manganese-activated superoxide dismutase (Mn-SOD) [15].

Cold shock response involves adjustments in membrane viscosity,
followed by increased activities of Cu / Zn-SOD and catalase and in-
creased synthesis of heat shock proteins and enzymes of glycogen
and trehalose metabolism. Trehalose accumulates in the cells and
protects them.

6 BREWING YEAST AND ITS RESPONSES
TO BREWING STRESSES

When assessing the stress responses of brewing yeast strains one
should be aware that they differ in many respects from laboratory
strains. One of the major differences is ploidy. Laboratory strains are
either haploid or diploid, while brewery strains are polyploid or ane-
uploid. This is an advantage since extra copies of important genes
can improve their fermentation performance. Polyploid yeasts are also
more stable than haploid yeasts because more mutations are needed
to change them [16]. Other features in which industrial yeast strains
differ from laboratory ones concern their growth conditions. The car-
bon sources in wort are much more complex and varied than in the
simple laboratory media. Major saccharides in wort include fer-
mentable maltose (45-65%), maltotriose (~15%), sucrose (~5%), glu-
cose and fructose (~10%), and nonfermentable dextrins (~20-30%).
Moreover, brewery fermentations proceed under anaerobic condi-
tions at high external osmolarity of the wort and these conditions are
generally much more stressful that those encountered in the labora-
tory. Brewery strains are more thermosensitive than laboratory ones
and their metabolic pathways and membrane structure have been al-
tered to promote growth at lower temperatures.

Growth in glucose-containing laboratory media is aerobic while,
with the exception of a short period early in the fermentation, growth
conditions in wort are anaerobic and respiratory growth common un-
der laboratory conditions is not sustainable due to the lack of oxygen.
In addition, cells in wort experience high CO, concentrations and, in
cylindro-conical vessels, also high hydrostatic pressure. For cells
grown under aerobic conditions in glucose-rich medium, entry into
stationary phase is the result of limitation of fermentable carbohy-
drates whereas cells grown in wort in brewery fermentation enter sta-
tionary phase chiefly as a result of lack of oxygen. Hence, fermentable
carbohydrates are not limiting in stationary phase cells grown in wort
and fermentation, rather than respiration, continues in wort in station-
ary phase cells.

The yeast cell cycle is divided into four phases, GO/G1 (gap), S (DNA
synthesis), G2 and M (mitosis) [17]. Cropped brewery yeast cells are
usually in the G1 phase, which is the longest, and the proteins nec-
essary for DNA synthesis are being prepared and RNA is synthesized
before the DNA synthesis. During typical brewery fermentation a yeast
culture divides approximately two to three times [18].

An important feature of brewing yeast is its flocculation that makes
it possible to separate yeast cells from green beer. Brewing yeast
does not flocculate in the presence of fermentable sugars in wort and
resumes flocculation towards the end of exponential growth, when
the wort sugars no longer compete with cell’s sugar residues for cell
surface lectins (flocculins). In HGB (high gravity brewing) worts floc-
culation is often poor. Flocculation is supported by ethanol in concen-
trations below 10% and also by oxygen.
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Flokulace je ur€ovana sloZzenim a strukturou bunééné stény. Mladé
burniky maji hladky povrch, zatimco vrascity a svrastély povrch starych
bunék flokulaci podporuje. Proces flokulace také usnadnuji vétsi roz-
meéry starSich bunék, které jsou nuklea¢nimi centry pro vznik flok(
[19].

7 STRESY A STRESOVE ODPOVEDI
PIVOVARSKYCH KVASINEK

Reakce pivovarskych kvasinek na stres jsou kmenové specifické -
jejich forma a intenzita se lisi v zavislosti na kmeni kvasinek. Genom
kvasinek vykazuje béhem kvaseni znaénou pfizplsobivost, obzvlasté
pfi fermentaci HGB mladiny, a pfi vysSich teplotach a v rdmci odpovédi
na stres genom prochazi preskupenim a amplifikaci gent [20].

7.1 Stresové odpovédi spojené s propagaci

V prlibéhu propagace nastavaji nejvétsi zmény transkripce gent
v prvnich 8 hodinach od inokulace. BEhem této doby, pro kvasinky
stresujici, je aktivovano mnoho gent zodpovédnych za stresové od-
povédi [21]. Pivovarské kvasinky jsou schopné udrzovat stresovou od-
povéd v prvnich fazich kvaseni. S pokraujicim kvasenim je ale stre-
sova odpoved potlacovana [22]. Transkripéni odpovéd zahrnuje
up-regulaci odpovédi na Spatné slozené proteiny (unfolded protein res-
ponse, UPR) a down-regulaci glykozylace, ktera indikuje zmény en-
doplazmatického retikula (ER), nebot 70 % proteint zpracovavanych
v ER a Golgiho komplexu kvasinek je glykozylovano. Pojmem up-re-
gulace je oznacovana regulace vedouci ke zvySeni odpovédi na urcity
podnét, down-regulace naopak snizeni odpovédi (napf. ubytkem re-
ceptort apod.). Represe glykozylace je sekundarnim stresem, ktery
ovliviiuje expresi glukosou reprimovatelnych gen(, G€astnicich se re-
zervniho metabolizmu a regula¢niho mechanizmu UPR [23].

7.2 Pfechod z aerobni na anaerobni fazi ristu

Prechod z aerobni faze riistu (propagace) do anaerobni (fermen-
tace) a opacny pfechod se u spodnich kvasinek projevuje vyraznymi
zménami v rlstové rychlosti nebo rychlosti produkce ethanolu
[24,25]. P¥i pfechodu z anaerobniho rlstu k aerobiose se rychle zvy-
Suje specificka aktivita CuzZn-SOD, pfi opac¢né tranzici se jeji aktivita
snizuje. Aktivita katalazy neni ovlivnéna. Zména anaerobni faze ristu
na aerobni dale zpUsobuje zvySeni aktivity citratsyntazy a Mn-SOD,
opacny prechod snizuje Mn-SOD aktivitu, ale neovliviiuje ¢innost cit-
ratsyntazy. Anaerobné rostouci bunky vykazuji po vystaveni kysliku
rychlou ztratu viability.

7.3 Chemické stresy a jejich ucinky

Mezi chemické stresy, které plisobi na kvasinky béhem fermentace
mladiny, patfi ethanol, chmelové fenolické latky, antimikrobialni pep-
tidy a proteiny pochéazejici z jeémene a sladu [26,27,28], slozky riiz-
nych surogatd, CO, a slozky mladinovych kalu.

Kone€na koncentrace ethanolu pfi bézné fermentaci dosahuje
3-6 %, pfi technologii HGB muze pfesahnout 10%. Pivovarské kva-
sinky toleruji 7-9 % ethanolu (v/v), ale za vhodnych nutri€nich pod-
minek (tj. v pfitomnosti vhodného zdroje dusiku, sterolu a nenasyce-
nych mastnych kyselin) mohou produkovat az 16 % ethanolu [29].
Ethanol inhibuje rist kvasinek a zplsobuje redukci velikosti bunék,
snizuje rychlost respirace, pfijmu glukosy a fermentace, zpusobuje
pokles vnitrobunééného pH, ztratu protonmotorické sily na membrané
a zvySuje propustnost membrany. Ethanol také indukuje vznik mutaci
mitochondrialni DNA, které se projevuji snizenou rychlosti kvaseni
a nezadoucimi chutovymi zménami piva [30]. Obecné ethanol v kon-
centraci nad 10 % (v/v) inhibuje rust kvasinek a v mnozstvi 20% in-
hibuje fermentaéni schopnost kvasinek [31]. Vystaveni kvasinek vlivu
10% ethanolu nebo 20% sorbitolu po dobu 15 minut zplisobuje smr-
Sténi kvasinek, zvrasnéni jejich povrchu, abnormalni morfologii bu-
nécné stény a snizeni viability.

Mezi chmelové latky patfi napf. alfa- a beta-horké kyseliny a dalsi
latky jako fytoestrogeny a prenylflavonoidy s rdznymi biologickymi
ucinky [32]. Alfa- a beta-horké kyseliny jsou antioxidanty, které ode-
biraji volné radikaly a inhibuji rdst nékterych pivo-kazicich bakterii,
nikoliv vSak kvasinek. Alfa-horké kyseliny funguji jako protonofory na-
rudujici transmembranovou protonmotorickou silu.V koncentraci ~ 35
mg/| inhibuji vétSinu mléénych bakterii kazicich pivo, zatimco rlst
kvasinek je ovlivnén az pfi koncentraci ~ 0,5 g/l, tedy vice nez 10 x
vy$Si neZli je koncentrace inhibujici bakterialni rast [33]. Takovych
koncentraci alfa-kyselin neni dosazeno ani pfi vysokém chmeleni.
Protonofory aktivuji membranovou H*-ATPazu kvasinek [34, Sigler
et al., nepublikované vysledky], enzym nezbytny pro bunéénou ener-

The major determinant in flocculation is cell wall composition and
structure. Young cells have smooth surface while the wrinkled and
corrugated surface of old cells aids flocculation. The larger size of
older cells may facilitate flocculation since these cells act as nucle-
ation centers for floc formation [19].

7 STRESSES AND STRESS RESPONSES
IN BREWING YEASTS

The stress responses of brewing yeast have been found to be
strongly strain-specific and their form and intensity can vary widely
from strain to strain. In addition, yeast genome shows marked plas-
ticity during fermentation, especially in high specific gravity wort and
at higher than normal temperatures and, in response to stress the
genome undergoes rearrangements and gene amplification [20].

7.1 Propagation-associated stress responses

During brewery propagation, the greatest changes in gene tran-
scription were found to occur in the first 8 hours after inoculation.
A number of stress response genes are activated during this time.
The period immediately after pitching seems to be particularly stress-
ful for yeast but yeast cells are able to cope with it [21]. Brewery strains
are capable of mounting a stress response at the early stages of fer-
mentation but, as the fermentation proceeds, the response is re-
pressed [22]. The transcriptional responses were found to include up-
regulation of unfolded protein stress response and downregulation of
glycosylation, which indicates marked changes in endoplasmic retic-
ulum (ER) since 70% proteins processed in yeast ER and Golgi in
are glycosylated. Upregulation leads to the enhanced response to
a stimulus, while downregulation brings about reduction of the re-
sponse (e.g. decrease in the number of cell receptors). Repression
of glycosylation is a secondary stress that affects expression of glu-
cose-repressible genes, genes involved in reserve metabolism and
the unfolded protein response [23].

7.2 Aerobic/anaerobic transition

Data on the physiological effects of the transition from aerobic prop-
agation to anaerobic fermentation and the reverse transition (from
anaerobiosis to aerobiosis) on bottom-fermenting brewing yeast
[24,25] showed that neither type of transition led to significant changes
in growth rate or the rate of ethanol production. A rapid increase in
the specific activity of CuZn-superoxide dismutase occurred on tran-
sition from anaerobiosis to aerobiosis, and a decrease in activity on
the reverse transition, while catalase activity remained unchanged by
the transitions. The transition from anaerobiosis to aerobiosis caused
increases in citrate synthase and Mn-superoxide dismutase, the re-
verse transition caused a decrease in Mn-superoxide dismutase ac-
tivity, while citrate synthase remained unchanged. Anaerobically
grown cells showed a rapid loss of viability on exposure to oxygen
while aerobically grown cells were unaffected.

7.3 Chemical stresses and their effects

Among chemicals acting on yeast cells during wort fermentation
are, e.g., ethanol, hop phenolics, antimicrobial peptides and proteins
from barley and malt [26,27,28], constituents of various adjuncts, CO,
and trub (wort sludge) components.

The final ethanol concentration in usual fermentations is 3—6%, un-
der HGB conditions it may exceed 10%. Brewer’s yeast is reported
to tolerate 7-9% ethanol (v/v), while under suitable nutritional condi-
tions, i.e. when suitable nitrogen source, sterol and unsaturated fatty
acid source is provided, it can produce up to 16% ethanol [29]. Ethanol
inhibits growth and causes cell size reduction, lowered respiration
rate, glucose uptake and fermentation, lowered intracellular pH, loss
of protonmotive force across the plasma membrane and increased
membrane permeability. It also induces petite yeast phenotype, which
is associated with lowered fermentation rate and unfavorable flavor
changes [30]. In general, ethanol inhibits yeast growth above 10%
v/v; the fermentation capacity is inhibited at 20% ethanol [31]. A 15-
min exposure of lager yeast to 10% ethanol or to 20% sorbitol was
found to cause cell shrinkage, cell wall crenation and aberrant mor-
phology and lowering of viability.

Hop compounds include, e.g., alpha- and beta-bitter acids and
other compounds such as phytoestrogens and prenylflavonoids with
a wide range of biological effects [32]. Alpha- and beta-bitter acids
are antioxidants that can quench free radicals and inhibit the growth
of some beer spoiling bacteria but not yeast growth. Alpha-bitter acids
are protonophores that abolish the transmembrane protonmotive
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getiku a vyzivu. Tolerance kvasinek k alfa-hofkym kyselinam zahrnuje,
mimo jiné, aktivni vylu€ovani téchto latek z bunék PDR pumpami [33].
Béhem starnuti vyznam tohoto mechanizmu klesa, protoze po diau-
xické zméné aktivita H+-ATPazy [35] i PDR pump ustava [13].

Mladinové kaly jsou slozeny z tukd, proteind a inaktivnich bunék
[18]. Stimuluji fermentaéni aktivitu kvasinek, nicméné u kalovych tan-
noidll adsorbovanych na bunéény povrch byl prokédzan negativni vliv
na vitalitu kvasinek [36].

Nahrazky (surogaty), uhlikaté zdroje nepochazejici z je€ného
sladu, jsou pouzivany pro Upravu barvy a chuti piva a pro zlepSeni
pénivosti piva. Tekutymi nahrazkami je napf. glukosovy sirup, hydro-
lyzaty Skrobu, smési cukrll a dextrin(, vytazky z je€mene, pSenice,
a karamely, mezi pevné nahrazky patfi pSenice, kukufice, ryze, triti-
kale ve formé suSenych vloCek, mleté obili, mouka nebo krupice. Na-
hrazky ovliviuji vyZivu kvasinek a tedy i tvorbu ethanolu a senzoric-
kych latek.

Oxid uhli¢ity je popisovan jako “parahormon” ovliviiujici mnoho bu-
nécnych procesl. Pfetlak CO, inhibuje metabolizmus kvasinek a je-
jich Zivotaschopnost. S volnymi aminoskupinami bilkovin vytvafi kar-
bamaty a ovliviiuje tim jejich strukturu a funkci [37]. CO, inhibuje
nékteré enzymy a aktivuje jiné. Vytézek bunék, rdstova rychlost a ko-
necna koncentrace mnoha senzoricky aktivnich latek se snizuje se
stoupajicim mnozstvi CO, béhem kvaseni. Pfetlak CO, muze byt také
pfic¢inou zvétsSeni velikosti bunék [38]. Houbové adenylatcyklazy fun-
guji jako senzory CO,. RGzné koncentrace CO, mohou ovlivnit fer-
mentaci, protoze existuje pfimé propojeni adenylatcyklazové aktivity
a glykolyzy [39]. Vysoké hladiny CO, indukuji u nerostoucich pivovar-
skych kvasinek stresové odpovédi. Snizeni koncentrace rozpusté-
ného CO, pfi manipulaci s kvasinkami je tedy vhodné pro zachovani
jejich vitality [40].

V prabéhu kvaseni mladiny byla pozorovana antimikrobialni aktivita
latek pochazejicich ze sladu. Zrna sladovnického je€mene obsahuiji
proteiny podobné thaumatinu (thaumatin-like proteins; TLPs; vytvareji
se v nékterych rostlinach jako odpovéd na infekci), které interaguiji
s buné€nou membranou a sténou kvasinek a inhibuji metabolické
déje uvolfiovanim bunéénych slozek; jejich icinek mize byt pro buriku
letalni [28,41]. Dal§imi sladovymi peptidy s toxickym u€inkem na kva-
sinky jsou napf. thioniny [42], které také permealizuji buriky. Pivovar-
ské kvasinky jsou k inhibi¢nim G¢inkiim peptidd a/nebo proteinli vice
citlivé nezli kmeny laboratorni [26].

7.4 Nutriéni stres

Nutriéni stres vyvolava podstatné prebudovani bunéénych po-
chodl. Kvasinky, vystavené stresim spojenym s technologii HGB
(nizka dostupnost dusiku zpusobend pfidavkem nahrazek mladiny),
mohou uvolfiovat bunééné proteazy s cilem urychlit asimilaci mladi-
novych peptidd.

7.5 Oxidativni stres

Oxidativni stres, vyvolany napf. provzdusnénim kvasinek pred fer-
mentaci, navozuje velmi rychle (b&hem 45 minut) drastickou odpovéd
na oxidativni stres spolu s akumulaci trehalosy. Hladina transkrip&nich
faktord, které se Ucastni detekce kysliku, je zvy$ena hlavné béhem
prvnich 3 hodin [43].V poc¢atecnich fazich kvaseni je také rychle aku-
mulovan ergosterol, ktery je dulezity pfi obnoveni fermentaéni kapa-
city bunék po jejich skladovani [44]. KvaSeni s prodlouzenou aeraci
probiha pfi niz§im pH, vysledné pivo obsahuje vice pyruvatu, méné
SO, a acetaldehydu [45].

Reaktivni formy kysliku (reactive oxygen species; ROS) produko-
vané za aerobnich podminek jsou primarni pfi¢inou bunécéného star-
nuti a mohou hrat roli pfi degeneraci bunék béhem jejich opakovaného
nasazeni v provoze [6]. PoCet nasazeni je dan tzv. replikativni délkou
Zivota, kterd je ur¢ovana zejména antioxidacnim potencidlem a citli-
vosti bunék k oxidativnimu stresu.

Priblizné 85-95 % antiradikalové aktivity je tvofeno neenzymatic-
kymi termostabilnimi latkami tvoficimi 1 % suSiny kvasinek [46]. To-
xicky ucinek kysliku je zplsoben hlavné superoxidem a reaktivnimi
formami kysliku odvozenymi ze superoxidu. Hlavni ochrannou funkci
proti ROS zastava Cu,Zn-SOD [24,25], zatimco Mn-izoenzym této
superoxiddismutasy ochraruje bunku i proti vysoké osmolarité a tep-
lotnimu stresu a stresu vyvolaném metaloidy [47]. Syntéza Cu,
Zn-enzymu de novo neni vzdy tak rychla, aby zajistila plnou ochranu
buriky.

Hladina bunéénych antioxidantud a transkripce genli kédujicich an-
tioxidanty, ktera je regulovana STRE-elementy, je nejvy$&i po vstupu
bunék do exponencialni faze rlistu. Snizena citlivost k oxidativnimu
stresu je dana Ubytkem zkvasitelnych cukrl, spiSe nez iniciaci respi-
race [15]. Odpovéd na oxidativni stres je zahdjena v rdmci obecné

force. Concentration of ~35 mg/l inhibits most beer-spoiling lactic acid
(G+) bacteria while inhibition of yeast growth occurs at ~ 0.5 g/l of
the acids, i.e. > 10 times more than the concentrations inhibiting bac-
terial growth [33]. These concentrations of alpha-bitter acids are not
attained even at high hopping. Moreover, it has been shown that
protonophores activate the H*-ATPase of the yeast plasma membrane
[34, Sigler et al., unpublished results], a yeast enzyme crucial for cell
energetics and nutrition. Tolerance of yeast to iso-alpha-acids in-
volves, apart from other mechanisms, active export from the cells by
PDR pumps [33]. During aging the importance of this mechanism de-
creases as after diauxic shift the activity of both the H*ATPase [35]
and the PDR pumps drops [13].

Trub (wort sludge) consists of fats, proteins and inactive cells [18].
It stimulates yeast activity and fermentation, but trub tannoids ad-
sorbed on cell surface were reported to lower yeast vitality [36].

Adjuncts, carbon sources not derived from malted barley, are used
to adjust beer color, flavor, and to improve foam performance. Liquid
adjuncts are, e.g., glucose syrup, starch hydrolysate, sugar/dextrin
mixtures, extracts from barley, wheat, and caramels, solid adjuncts
include wheat, maize, rice, and triticale in the form of dried flakes,
milled grain, flour or grits. They affect yeast nutrition and thereby also
ethanol formation and flavor substances.

CO, has been described as a ,parahormone” affecting many cell
processes. CO, overpressure inhibits metabolism and reduces yeast
viability. CO, forms carbamates with free amino groups of proteins
and this affects protein structure and function [37]. Some enzymes
are inhibited by CO, while others are activated. Cell yield and growth
rate as well as the final concentration of many flavor compounds de-
crease on increasing CO, concentration during fermentation. In-
creased CO, pressure has also been shown to cause cell size in-
crease [38]. Fungal adenylate cyclases function as CO, sensors.
Different levels of CO, may thus influence yeast fermentation since
there is a direct link between adenylate cyclase activity and glycolysis
[39]. High ambient CO; levels induce stress response in non-growing
brewery yeast and lowering of dissolved CO, level in yeast handling
is thus beneficial to cell vitality [40].

Malt-associated anti-yeast activity was observed during brewery
fermentations. Malting barley grain contains thaumatin-like proteins
(TLPs; produced in some plants in response to an infection), which
interact with the yeast cell membrane and cell wall and inhibit yeast
metabolic activities by causing leakage of cell constituents; they can
exert a lethal effect [28,41]. Other malt peptides with toxic action on
yeast include, e.g., thionins [42], which also cause permeabilization
of yeast cells. Brewery yeast was found to be more sensitive to the
inhibitory impact of malt derived antimicrobial peptides and/or pro-
teins than laboratory yeast [26].

7.4 Nutritional stress

Nutrient limitation evokes a significant remodelling of cell pro-
cesses. Brewing yeast, when exposed to stresses associated with
HGB brewing (low nitrogen availability caused by the addition of ad-
juncts), can release proteases into wort to facilitate the assimilation
of wort peptides.

7.5 Oxidative stress

Oxidative stress brought about, e.g., by oxygenation of brewery
yeast prior to fermentation, causes a very fast (within 45 min) and
drastic response together with trehalose accumulation. Transcription
factors involved in oxygen sensing were found to be mainly increased
in the first 3 h [43]. The initial stages of lager fermentation were also
found to involve a rapid accumulation of ergosterol, which is an im-
portant factor in restoring the fermentation capacity of the cells after
storage [44]. Fermentation with extended aeration was found to pro-
ceed at lower pH, the finished beer containing more pyruvic acid, less
SO, and acetaldehyde [45].

Reactive oxygen species (ROS) produced under aerobic conditions
are the primary cause of cellular ageing and may play a role in yeast
deterioration during repitching [6]. The number of pitchings is likely to
be determined by the replicative life span, which is largely determined
by the antioxidant potential and sensitivity to oxidative stress.

Some 85-95% of the free radical scavenging activity arrives from non-
enzymatic thermostable compounds constituting 1% of brewing yeast
dry weight [46]. The toxic effect of oxygen was found to be due to su-
peroxide (or ROS species derived from it). The chief protective role
against ROS is played by Cu,Zn-superoxide dismutase [24,25]. while
the Mn-isoenzyme also plays a role in protecting the cells against high
osmolarity, heat and metalloid stress [47]. The de novo synthesis of the
Cu,Zn-enzyme is not always rapid enough to confer full protection.
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stresové odpovédi na podminky limitujici bunéény rlist a nemusi byt
nutné vysledkem diauxického pfechodu jako takového. Obecna od-
povéd na stres muze byt iniciovana i v nepfitomnosti kysliku nutného
pro respiraci.

7.6 Osmoticky stres

Vnitrobunééna osmolarita kvasinek pfi plném turgoru (vnitfnim
tlaku) odpovida 540-570 mOsm/I [48,49], zatimco osmoticky tlak 12°
mladiny je pfiblizné 800 mOsm/I. Plazmolyza snizujici viabilitu kvas-
niénych bunék zacina pfi zvySeni osmolarity na ~ 1200 mOsm/I [50,
51]. Pfi pouziti technologie HGB nebo VHG jsou kvasinky vystaveny
osmolarité 1500-1800 mOsm/l, ktera mize indukovat hyperosmo-
ticky stres ovliviujici bunééné struktury (vakuolu, plazmatickou mem-
branu, bunéénou sténu), zpozduje sedimentaci kvasinek a prodluzuje
¢as fermentace 0 15-90 %, v zavislosti na generaci kvasinek.V nasich
experimentech vykazovalo pivo pfipravené z mladin s vy88i osmola-
ritou (odpovidajici 16 % a 20 % mladinam) vyssi hladiny diacetylu
a pentandionu a niz8i koncentrace dimethylsulfidu a acetaldehydu
nezli pivo pfipravené z 12 % miladiny [52]. Odchylky v koncentraci es-
terd a vy$Sich alkoholl nesouvisely s osmolaritou mladiny nebo s po-
étem nasazeni kvasinek. Zakal mladého piva a vycifeni piva béhem
zréni nebyly zvySenou osmolaritou ovlivnény. Chladovy zékal piva
stoupal s po¢tem opakovaného nasazeni kvasinek.

Propagace kvasinek ve vysokoobsaznych mladinach ma negativni
vliv na kvasinky béhem nasledujicich HGB kvaseni (10% ztrata via-
bility v 17,5 % mlading). Je zajimavé, Ze pfi pouZiti vysokoobsazné
mladiny pro propagaci kvasinek se objem bunék zvysio 30 % v 17,5 %
mladiné v porovnani se 7,5° mladinou [53]. Pfi osmoadaptaci kvasinek
se uplatiuji membranové aquaporiny [54], které mohou ovlivnit flo-
kulenci a hydrofobicitu kvasinek.

7.7 Mechanicky stres

Pfi mechanickém michani nebo recirkulaci CO, béhem pivovarské
fermentace mohou byt burniky kvasinek poSkozeny vlivem zvyseného
hydrodynamického stresu [1]. Dal$im zdrojem mechanického stresu
je vertikalni talifova odstfedivka pouzivana v nékterych provozech
pro sbér neflokulujicich kvasinek z mladého piva a separaci horkych
a studenych kall. Proces odstfedovani snizuje viabilitu kvasinek
a zpusobuje pokles vnitrobunééného pH (ukazatele fyziologického
stavu). Dochazi k vyCerpani glykogenu a trehalosy a z bunéénych
stén se uvoliuje mannan, ktery vytvari nefiltrovatelny zakal [2].

7.8 Hydrostaticky tlak

Vysoky hydrostaticky tlak v cylindrokénickych tancich ma podobny
vliv na kvasinky jako pfetlak plynu [55] a poSkozuje buriky stejné jako
vysoka teplota nebo oxidativni stres [56]. Odolnost bunék k vysokému
Iwahashi et al. [57] prokazali, Ze hladina Hsp104 je mnohem niz§i
u bunék vystavenych vysokému hydrostatickému tlaku. Vysoky tlak
tak mlze byt zodpovédny za represi stresovych odpovédi béhem kva-
Seni mladiny (viz vy$e).

7.9 pH stres

Pokles pH mladiny z ~5,5 na ~4,0 béhem kvaseni vyrazné ovliviiuje
produkci aromatickych latek — produkce dimetylsulfidu se snizuje, za-
timco mnozstvi diacetylu narusta [58]. Acidifikace mladiny také mlze
ovlivnit rdstovou rychlost a replikativni délku Zivota kvasinek. Kyselé
myti ovliviiuje proteiny plazmatické membrany, zejména v pfitomnosti
ethanolu — nové vznikajici buriky vykazuji nizkou miru preziti.

7.10 Opakované zakvaseni

Stresy popsané vyse v textu jsou znasobeny opakovanym nasa-
zenim kvasinek —kazdé nasledné pouziti kvasinek pfispiva ke snizeni
jejich viability, vitality a fermentaéni schopnosti [18]. S opakovanym
zakva$enim dochazi k postupnym zménam fyziologie, flokulace, po-
vrchového naboje a viability kvasinek.
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The greatest increase in cellular antioxidants and transcription of
stress response element (STRE)-regulated antioxidant-encoding
genes occurs following entry into the stationary phase. The reduced
sensitivity to oxidative stress occurs in response to the loss of fer-
mentable sugars rather than the initiation of respiration [15]. The ox-
idative stress response seems to be initiated as part of a general stress
response to growth-limiting conditions and is not necessarily a result
of the diauxic shift as such. Importantly, general stress response may
be initiated even in the absence of the oxygen needed for respiration.

7.6 Osmotic stress

Yeast intracellular osmolarity at full turgor pressure is 540-570
mOsm/I [48,49] while the osmotic pressure of 12° wort is ~ 800
mOsm/I. Plasmolysis of yeast cells, which lowers viability [50], starts
at~ 1200 mOsm/I[51]. HGB or VHG (very high gravity) wort osmolarity
is 15600-1800 mOsm/I, which may induce hyperosmotic stress that
affects cell structures (vacuole, plasma membrane, cell wall), lowers
yeast proliferation rate (lower suspended yeast counts), delays yeast
sedimentation, and extends fermentation time by 15-90 % depending
on yeast generation. In our experiments [52], beer brewed at in-
creased wort osmolarity (16° and 20°) had higher levels of diacetyl
and pentanedione and lower levels of dimethylsulfide and acetalde-
hyde than beer brewed from normal 12° wort. Esters and higher al-
cohols displayed small variations irrespective of wort osmolarity or
repitching. Increased wort osmolarity had no appreciable effect on
the haze of green beer and accelerated beer clarification during mat-
uration. Chill haze increased with repitching.

Yeast propagation in HG worts has a deleterious effect on yeast
during subsequent HGB fermentation (10% viability drop in
17.5° wort). Interestingly, when high gravity worts are used during
propagation, the yeast cell volume increases (by 30% in 17.5° wort
relative to 7.5° wort) [53]. Yeast osmoadaptation involves the action
of aquaporins in the yeast membrane [54] that also affect cell floccu-
lence and hydrophobicity.

7.7 Mechanical stress

Mechanical agitation or re-circulation of CO, in anaerobic brewing
fermentations may cause damage to yeast cells through increased
hydrodynamic stress [1]. Another source of mechanical stress is the
disk stack centrifugation used in some breweries for cropping of non-
flocculant yeast, removing yeast from green beer, and separation of
the hot and cold breaks. It may lower both yeast viability and intra-
cellular pH (a marker of physiological state). Yeast glycogen and tre-
halose are depleted, mannan is released from cell walls and forms
unfilterable haze [2].

7.8 Hydrostatic pressure

High hydrostatic pressure in cylindro-conical tanks has similar ef-
fects as gas overpressure [55] and the damage it causes to yeast is
the same as that due to high temperature and oxidative stress [56].
Barotolerance is the lowest in the exponential and highest in the sta-
tionary growth phase. Iwahashi et al. [57] showed that the levels of
Hsp104 are greatly decreased in cells previously exposed to high hy-
drostatic pressure. High pressure thus may be a causative factor in
the repression of the stress response in beer fermentation (see
above).

7.9 pH stress

Wort pH, which drops from ~5.5 to ~4.0 during fermentation, affects
strongly the production of flavor compounds — the production of
dimethyl sulfide is reduced while production of diacetyl strongly in-
creases [58]. Wort acidification can also affect yeast growth rate and
replicative lifespan. Acid washing can affect plasma membrane pro-
teins, especially in the presence of ethanol, newly formed cells exhibit
poor survival rates.

7.10 Repitching

The stresses mentioned above are exacerbated by serial pitching —
each subsequent pitching usually contributes to lowering of viability, vi-
tality and fermentative ability [18]. Yeast physiology, flocculation, surface
charge and viability gradually change with multiple serial repitching.

Acknowledgements
This review was written within the frames of the Research Center
1MO0570 funded by the CR Ministry of Education, Sports and Youth.


frantik
Note
kurzívy zvednout tak, aby byly zarovnány řádky vlevo a vpravo


Pivovarské kvasinky a reakce na stres

KVASNY PRUM.
57 /2011 (7-8)

283

LITERATURA / REFERENCES

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Boswell, C. D., Nienow, A. W., Gill, N. K., Kocharunchitt, S., Hewitt
C. J.: The impact of fluid mechanical stress on Saccharomyces ce-
revisiae cells during continuous cultivation in an agitated, aerated
bioreactor; its implication for mixing in the brewing process and ae-
robic fermentations. Food Bioprod. Process. 81, 2003, 23-32.

. Chlup, P. H., Bernard, D., Stewart, G. G.: Disc stack centrifuge

operating parameters and their impact on yeast physiology. J. Inst.
Brew. 114, 2008, 45-61.

. Gasch, A.P.:The environmental stress response: a common yeast

response to diverse environmental stresses. Curr. Top. Genet. 1,
2003, 11-70.

. Hilt, W., Wolf, D. H.: Stress-induced proteolysis in yeast. Mol. Mic-

robiol. 6, 1992, 2437-2442.

. Ruis, H., Schuller, C.: Stress signaling in yeast. BioEssays 17,

1995, 959-965.

. Gibson, B. R., Lawrence, S. J., Leclaire, J. P. R., Powell, C. D.,

Smart, K. A.: Yeast responses to stresses associated with indu-
strial brewery handling. FEMS Microbiol. Rev. 31, 2007, 535-569.

. Yancey, P. H.: Organic osmolytes as compatible, metabolic and

counteracting cytoprotectants in high osmolarity and other stres-
ses. J. Exp. Biol. 208, 2005, 2819-2830.

. Mensonides, F.I. C., Brul, S., Klis, F. M., Hellingwerf, K. J., de Mat-

tos, M. J.T.: Activation of the protein kinase C1 pathway upon con-
tinuous heat stress in Saccharomyces cerevisiae is triggered by
an intracellular increase in osmolarity due to trehalose accumu-
lation. Appl. Environm. Microbiol. 71, 2005, 4531-4538.

. Tamas, M. J., Thevelein, J. M., Hohmann. S.: Stimulation of the

yeast high osmolarity glycerol (HOG) pathway: evidence for a sig-
nal generated by a change in turgor rather than by water stress.
FEBS Lett. 472, 2000, 159—-165.

Nass, R., Rao, R.: The yeast endosomal Na*/H* exchanger, Nhx1,
confers osmotolerance following acute hypertonic shock. Micro-
biology UK 145, 1999, 3221-3228.

Hohmann, S.: Osmotic stress signaling and osmoadaptation in
yeasts Microbiol. Mol. Biol. Revs. 66, 2002, 300-372.
Kaeberlein, M., Andalis, A. A., Fink, G. R., Guarente, L.: High os-
molarity extends life span of Saccharomyces cerevisiae by a me-
chanism related to calorie restriction. Mol. Cell. Biol. 22, 2002,
8056-8066.

Cadek, R., Chladkova, K., Sigler, K., Gaskov4, 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: 111117, 2004.

Wolfger, H., Mamnun, Y. M., Kuchler, K.: The yeast Pdr15p ATP-
binding cassette (ABC) protein is a general stress response factor
implicated in cellular detoxification. J.. Biol. Chem. 279, 2004,
11593-11599.

Gibson, B.R., Lawrence, S.J., Boulton, C. A., Box, W. G., Graham,
N.S., Linforth, R.S.T., Smart, K. A.: The oxidative stress response
of a lager brewing yeast strain during industrial propagation and
fermentation. FEMS Yeast Res. 8, 2008, 574-585.

Hammond, J. R. M.: Yeast genetics, in: Brewing Microbiology, eds.
Priest, F. G., Campbell, I., 3rd Ed., Kluywer Academic/Plenum
Publishers, New York 2003.

Muro, M., Izumi, K., Imai, T., Ogawa Y., Ohkochi M.: Yeast cell
cycle during fermentation and beer quality. J. Am. Soc. Brew.
Chem. 64, 2006, 1151-154.

Powell, C. D., Quain, D. E., Smart, K. A.: The impact of brewing
yeast cell age on fermentation performance, attenuation and flo-
cculation. FEMS Yeast Res. 3, 2003, 149-157.

Barker, M. G., Smart, K. A.: Morphological changes associated
with the cellular ageing of a brewing yeast strain. J. Am. Soc. Brew.
Chem. 54, 1996, 121-126.

James, T. C., Usher, J., Campbell, S., Bond, U.: Lager yeasts pos-
sess dynamic genomes that undergo rearrangements and gene
amplification in response to stress. Curr. Genet. 53, 2008, 139-152.
Gibson, B.R., Graham, N. S., Boulton, C. A., Box, W.G., Lawrence,
S. J., Linforth, R. S. T., May, S. T., Smart, K. A.: Differential yeast
gene transcription during brewery propagation. J. Am. Soc. Brew.
Chem. 68, 2010, 21-29.

Brosnan, M. P, Donnelly, D., James, T. C., Bond, U.: The stress
response is repressed during fermentation in brewery strains of
yeast. J. Appl. Microbiol. 88, 2000, 746—755.

Li, B-Z., Cheng, J-S., Quiao, B., Yuan, Y-I.: Genome-wide transc-
riptional analysis of Saccharomyces cerevisiae during industrial
bioethanol fermentation. J. Industr. Microbiol. Biotechnol. 37,
2010, 43-55.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

Jones, H. L., Margaritis, A., Stewart, R. J.: The combined effects
of oxygen supply strategy, inoculum size and temperature profile
on very-high-gravity beer fermentation by Saccharomyces cere-
visiae. J. Inst. Brew. 113, 2007, 168—184.

Clarkson, S. P, Large, P. J., Boulton, C. A., Bamforth, C. W.: Synt-
hesis of superoxide dismutase, catalase and other enzymes and
oxygen and superoxide toxicity during changes in oxygen con-
centration in cultures of brewing yeast. Yeast 7, 1991, 91-103.
van Nierop, S. N. E., Axcell, B. C., Cantrell. I. C., Rautenbach, M.:
Quality assessment of lager brewery yeast samples and strains
using barley malt extracts with anti-yeast activity. Food Microbiol.
26, 2009, 192-196.

Broekaert, W. F.,, Cammue, B. P. A, De Bolle, M. F. C., Thevissen,
K., Desamblanx, G.W., Osborn, R.W.: Antimicrobial peptides from
plants. Crit. Rev. Plant Sci. 16, 1997, 297-323.

Gorjanovi¢, S., Beljanski, M. V., Gavrovié-Jankulovi¢, M., Gojgi¢—
Cvijovi¢é, G., Pavlovi¢, M. D., Bejosano, F.: Antimicrobial activity of
malting barley grain theumatin-like protein isoforms, S and R. J.
Inst. Brew. 113, 2007, 206—212.

Casey, G.P., Magnus, C.A., Ingledew, W. M.: High-gravity brewing:
effects of nutrition on yeast composition, fermentative ability and
alcohol production. Appl. Environ. Microbiol. 48, 1984, 639—-646.
Castrejon, F., Codon, A. C., Cubero, B., Benitez, T.: Acetaldehyde
and ethanol are responsible for mitochondrial DNA (mtDNA) re-
striction fragment length polymorphism (RFLP) in flor yeasts. Syst.
Appl. Microbiol. 25, 2002, 462—467.

Pratt, P. L., Bryce, J. H., Stewart, G. G.: The effects of osmotic
pressure and ethanol on yeast viability and morphology. J. Inst.
Brew. 109, 2003, 218—-228.

Krofta, K., Nesvadba, V., Poustka, J., Novakova, K., Hajslova, J.:
Contents of prenylflavonoids in Czech hops and beers. Acta Hor-
ticult. 668, 2005, 201-206.

Hazelwood, L. A., Walsh, M. C., Pronk, J. T., Daran, J-M.: Invol-
vement of vacuolar sequestration and active transportin tolerance
of Saccharomyces cerevisiae to hop iso- -acids. Appl. Environm.
Microbiol. 76, 2010, 318-328.

Pereira, M. B. P, Tisi, R., Fietto, L. G., Cardoso, A.S., Franca, M. M.,
Carvalho, F. M., Tropia M. J., Martegani, E., Castro, I. M., Brandoa,
R. L.: Carbonyl cyanide m-chlorophenylhydrazone induced calcium
signaling and activation of plasma membrane H*-ATPase in the ye-
ast Saccharomyces cerevisiae. FEMS Yeast Res. 8, 2008, 622—630.
Nso, E., Goffeau, A., Dufour, J. P.: Fluctuations during growth of
the plasma membrane H*-ATPase activity of Saccharomyces ce-
revisiae and Schizosaccharomyces pombe. Folia Microbiol. 47,
2002, 401-406.

Mathieu C., van der Berg, R., Iserentant D.: Prediction of yeast
fermentation performance using the acidification power test. Proc.
Eur. Brew. Conv. 23, 1991, 273-278.

Lorimer, G. M.: Carbon dioxide and carbamate formation: the ma-
kings of a biochemical control system. Trends Biochem. Sci. 8,
1983, 65-68.

Lumsden, W. B., Duffus, J. H., Slaughter, J. C.: Effects of CO, on
budding and fission yeasts. J. Gen. Microbiol. 133, 1987, 877-881.
Blieck, L., Toye, G., Dumortier, F., Verstrepen, K. J., Delvaux, F.
R., Thevelein, J. M., Van Dijck, P. V.: Isolation and characterization
of brewer s yeast variants with improved fermentation perfor-
mance under high-gravity conditions. Appl. Environ. Microbiol. 73,
2007, 815-824.

Majara, M., O Connor-Cox, E. S. C., Axcell, B. C.: Trehalose:
a stress protectant and stress indicator compound for yeast ex-
posed to adverse conditions. J. Am. Soc. Brew. Chem. 54, 1996,
221-227.

van Nierop, S. N. E., Axcell, B. C., Cantrell, |. C., Rautenbach, M.:
Optimised quantification of the antiyeast activity of different barley
malts towards a lager brewing yeast strain. Food Microbiol. 25,
2008, 895-901.

Okada, T., Yoshizumi, H.: The mode of action of toxic protein in
wheat and barley on brewing yeast. Agric. Biol. Chem. 37, 1973,
2289-2294.

Verbelen, P. J., Depraetere, S. A., Winderinckx, J., Delvaux, F. R.,
Delvaux, F.: The influence of yeast oxygenation prior to brewery
fermentation on yeast metabolism and the oxidative stress res-
ponse. FEMS Yeast Res. 9, 2009, 226-239.

Higgins, V.J., Beckhouse, A. G., Oliver, A.D., Rogers, P.J., Dawes,
I. A.: Yeast genome-wide expression analysis identifies a strong
ergosterol and oxidative stress response during the initial stages
of an industrial lager fermentation. Appl. Environm. Microbiol. 69,
2003, 4777-4787.



28

KVASNY PRUM.
57 /2011 (7-8)

Pivovarské kvasinky a reakce na stres

45. Pearlstein, K. M.: Pilot-scale studies on extended aeration at fer-

mentor fill. ASBC Journal 46, 1988, 108—111.

46. Bourdaudhui, G., Dillemans, M., Van Nedervelde, L., Debourg,

A.: Improved yeast resistance to stress using antioxidants extrac-
ted from Saccharomyces cerevisiae. Proc. 29th EBC Congress,
pp. 586-597, Dublin 2003.

47. Dziadkowiec, D., Krasowska, A., Liebner, A., Sigler K.: Protective

role of mitochondrial superoxide dismutase against high osmola-
rity, heat and metalloid stress in S. cerevisiae. Folia Microbiol. 52,
2007, 120-126.

48. Conway, E. J., Armstrong, W. McD.: The total intracellular concent-

ration of solutes in yeast and other plant cells and the distensibility
of the plant-cell wall. Biochem. J. 81, 1961, 631-639.

49. Levin, R. L.: Water permeability of yeast cells at sub-zero tempe-

ratures, J. Membr. Biol. 46, 1979, 91-124.

50. White, P. A., Kennedy, A. I., Smart, K. A.: Osmotolerance and the

51.

adaptive osmotic stress response in ale and lager brewing yeast.
Proc. 29th EBC Congress, pp. 563-574, Dublin 2003.

Arnold, W. N., Lacy, J. S.: Permeability of the cell envelope and
osmotic behavior in Saccharomyces cerevisiae. J. Bact. 131,

52.

53.

54.

55.

56.

57.

58.

Sigler, K., Matoulkovd, 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.

Cahill G., Murray, D. M., Walsh, P. K., Donnelly, D.: Effect of the
concentration of propagation wort on yeast cell volume and fer-
mentation performance. J. Am. Soc. Brew. Chem. 58, 2000, 14—-20.
Carbrey, J. M., Bonhivers, M., Boeke, J. D., Agre, P.: Aquaporins
in Saccharomyces: characterization of a second functional water
channel protein. Proc. Natl. Acad. Sci. USA 98, 2001, 1000—-1005.
Reid, G. C.: A review of CO, toxicity in brewer’s yeast. Proc. 2nd
Conv. Inst. Brew., 1989, 212—-239.

Iwahashi, H., Fujii, S., Obuchi, K., Kaul, S. C., Sato, A., Komatsu,
A.: Hydrostatic pressure is like temperature and oxidative stress
in the damage it causes to yeast. FEMS Microbiol. Lett. 108, 1993,
53-58.

lwahashi, H., Obuchi, K., Fujii, S., Komatsu, Y.: Effect of tempe-
rature on the role of Hsp104 and trehalose in barotolerance of
Saccharomyces cerevisiae. FEBS Lett. 416, 1997, 1-5.
Haukeli, A.D., Lie, S.: Conversion of a-acetolactate and removal

1977, 564-571.

of diacetyl: a kinetic study. J. Inst. Brew. 84, 1978, 85-89.

77. zasedani MEBAK v Kulmbachu

Ve dnech 15. az 16. dubna 2011 probéhlo
v Kulmbachu 77. zasedani komise MEBAK.

Jednani se zucastnilo 19 delegatl, z toho
3 hosté. Hostiteli zasedani byl IREKS Kulm-
bach.

V zasedacim séle IREKS pfivital jménem
firmy pfitomné pan Soiné.

Bez pfipominek byl schvalen protokol
ze 76. zasedani MEBAK konaného ve dnech
16. az 16. fijna 2010 v Rheinfeldenu.

Dr. Tenge, zastupce Spaten-Franziskaner
Brau, pozéadal z pracovnich divodd o uvol-
néni z ¢lenstvi v MEBAK. Jménem pfitom-
nych mu za jeho dlouholetou Uspésnou praci
v MEBAK podékoval Dr. Jacob.

Ro¢ni zprava o ¢€innosti byla jednomysiné
schvalena a je vyvéSena na internetovych
strankach MEBAK www.mebak.org.

Na pfisti zasedani MEBAK bude pozvan
zastupce vydavatelstvi Hans Carl Verlag
a bude s nim projednana otazka mozné pre-
zentace analytickych metod MEBAK na jejich
internetové strance.

Bez pfipominek byla pfijata ucetni uza-
vérka za rok 2010.

Edi¢ni ¢innost MEBAK probiha uspokojivée.
Svazek Il je jiz vyprodan a zacina prodej
svazku Suroviny. Nicméné byl vyjadfen nazor,
Ze je nutné prodej zlepsit, nebot veskera ¢in-
nost MEBAK je financovana pravé z edi¢ni
¢innosti. Dr. Jakob byl povéfen, aby prodisku-
toval s vydavatelstvim Hans Carl Verlag moz-
nost obnovit pfifazeni Cisla ISBN svazkim
MEBAK, coz by zlepSilo i jejich citovanost
u odborné verejnosti. Pro zlepSeni informova-
nosti odborné vefejnosti jsou na internetovych
strankach Hans Carl Verlag vyvéSeny odkazy
na internetové stranky MEBAK, obdobné
tomu bude v budoucnosti i na strankach Né-
meckého pivovarského svazu. Byl vysloven
i ndzor, Ze by mohly i jednotlivé vyzkumné in-
stituce na svych domovskych strankach umis-
tit internetové odkazy na stranky MEBAK.

Byly dokonéeny prace na svazku Mladina,
pivo a michané napoje. S ohledem na
enormni rozsah tohoto svazku, Citajici 600
stran, bude jesté nutné provést snizeni sta-
vajiciho rozsahu unifikaci a zkracenim chro-
matografickych metod a nékterymi dal$imi re-
dakénimi upravami.V prabéhu léta by mél byt
svazek pfipraven k zavére¢né korekture.

Prace na novém znéni stanov MEBAK
stéle probihaji.

Dr. Coelhan seznamil pfitomné s vysledky
kruhového testu na stanoveni prekurzor( di-
methylsulfidu (DMS-P). | kdyz se podafilo
optimalizaci laboratornich podminek docilit
zlepSeni opakovatelnosti metody, stale pretr-
vavaji problémy s hodnotou reprodukovatel-
nosti dosazenou mezi jednotlivymi laborato-
femi v prlibéhu kruhového testu. Je otazkou,
zda Ize docilit lep&i vysledky pfi pouziti me-
tody zalozené na vyluhu studenou vodou
nebo metodou pracuijici s kongresni sladinou.
Vyzkumné prace proto na daném problému
stale usilovné pokracuiji.

Obdobné pokraduji prace na pfipravova-
ném svazku MEBAK vénovaném in-line tech-
nikdm méfeni.

Z vysledkd porovnani metod 1ISO 3310/1 :
2000 a starsi metody MEBAK pro stanoveni
podilu na situ vyplyva, Ze se obé metody lisi
zejména v podilu pluch a podilu hrubého
Srotu. U ostatnich podili byla pozorovana
shoda. Proto nyni probihaji pokusy s rGznym
obsahem vody.

Dr. Schmidt informoval pfitomné o slouceni
skupiny AHA (skupina pro analyzy chmele)
se subkomisi pro chmel EBC. Kalibra¢ni stan-
dard ICE3 vykazuje velmi dobrou stabilitu. Vy-
sledky kruhového testu pro stanoveni polyfe-
nolt a flavonoidi naproti tomu nepfinesly
ocekavané vysledky. Varia¢ni koeficient pre-
sahl akceptovatelnych 10 %, a proto nebylo
doporuceno zarazeni navrhované metody do
analytiky EBC. V uplynulém obdobi probéhly
téZ tfi kruhové testy zamérené na stanoveni
obsahu konduktometrické hodnoty a obsahu
a-horkych kyselin ve chmelu. VSech téchto
porovnavacich zkouSek se zucastnila Us-
pésné i nase laboratof AZL (pozn. autora).

Dr. Coelhan referoval o zavérech mezilabo-
ratorniho porovnani vysledk( stanoveni ob-
sahu Zeleza v pivu metodami AAS, ICP-MS
a ICP-OES. Vysledky se od sebe znaéné lisily
anezbyva, nez se dané problematice dale in-
tenzivné vénovat. Z toho dlivodu bylo navr-
Zeno rozsifit spolupraci s dalSimi laborato-
femi.

Z vysledkl ziskanych pfi optimalizaci me-
tody stanoveni kationtl v kifemelinach vy-
plyva, ze na rozdil od délky tfepani ma vliv
na koneéné vysledky zejména pouzita tep-
lota. PFi vyluhu do piva byly ziskany uspoko-
jivé vysledky pfi stanoveni obsahu hliniku
v kfemeliné, naopak v pfipadé vapniku, zZe-

leza a arsenu byly vysledky neuspokojivé.
Proto bylo zatim Dr. Kleinem doporu¢eno
pouzivat pfednostné metodu ftalatového vy-
luhu a pfi ziskavani vyluhu pracovat pfi 20 °C.
Pokusy v této oblasti dale pokraduiji.

Dr. Klein dale predstavil pfistroj pro zkou-
Seni spravného nastaveni korunkovacky. Tzv.
Torque-Tester, pfistroj vybaveny senzorem
pro méfeni krouticiho momentu, je schopen
rychle poskytnout vysledky, na jejichz za-
kladé Ize provést spravné nastaveni pfitlacné
sily korunkovacky.

Problémy s méfenim zmén pfitomnych pfi-
rozenych a umélych barviv u michanych na-
poji béhem jejich starnuti byly prfedmétem
pfednasky Dr. Harmse. Dle ziskanych po-
znatk(l poskytovalo méreni provadéné pouze
pfi vinové délce 430 nm nevyhovuijici vysledky.
Naopak metoda pracujici s tzv. diferenénim
spektrem, kdy jsou promérovany vinové délky
v rozsahu 350 az 700 nm, byla schopna po
Etyfech dnech u forsirovanych piv vykazat vy-
hodnotitelny signal a sledovat tak barevné
zmény zplsobené rozkladem barviva.

Prof. Methner pfednesl| sdéleni o vlivu re-
dukton(l na oxida¢né-redukéni vlastnosti
piva. Cim vétsi podil tmavého sladu je pouzit
pfi vyrobé piva, tim vice reduktont je tvofeno
v mladiné. Tomu odpovida stoupajici reakéni
potencial méreny dle MEBAK nebo Chapona.
Naproti tomu ale stoupa mnozstvi radikall
v pivu v pfitomnosti kysliku se stoupajici tep-
lotou prazeni u pouzitych specidlnich sladu.
Vysledky pokusu ukazaly, Ze pfidavek roz-
toku obsahujiciho reduktony vedI k urychleni
Fenton- a Haber-Weissovych reakci. Zrych-
lend redukce Fe®+ na Fe?* vede k aktivaci kys-
likového radikélu a nasledné ke zvySeni ob-
sahu dal$ich vznikajicich reakénich radikald.
Na rozdil od sou€asnych predstav se tedy
zda, Ze reduktony pfispivaji k urychleni oxi-
dativnich zmén v pivu a soucasné zplsobuji
snizovani obsahu pfirozenych antioxidantu
napt. SO,. To vede k tomu, ze piva s vy$8§im
obsahem specialnich (barvicich) sladd vyka-
zuji, v porovnani s pivy vyrobenymi za stej-
nych podminek avSak ze sladu svétlych, nizsi
antioxidacni potencial.

PFisti zasedani komise MEBAK je plano-
vano na 6. az 7. fijna v Mnichové.

Ing. Jifi Culik, CSc.
¢len MEBAK
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