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Clanek je struénym shrnutim problematiky skladovani nasadnich kvasnic v pivovaru. Pfi opakovaném pouziti kvasnic jsou podminky
jejich skladovani pfed dalSim nasazenim stézejni pro kvalitu finalniho produktu. V prehledu jsou uvedeny faktory ovliviujici viabilitu
a vitalitu kvasnic béhem jejich skladovani, vliv zplsobu a teploty skladovani na pribéh nasledujiciho kvaseni, diskutovano je michani
kvasnic v pribéhu jejich uskladnéni a oSetreni kvasnic kyselym pranim.

Kopecka, J., Kubizniakova, P., Fidrich, L., Matoulkova, D., 2017: Storage of pitching yeast in brewery. Kvasny Prum. 63, No. 2,
pp. 52-56

This article deals with the issue of pitching yeast storage in brewery. The storage conditions before its repitching are a key factor for
the quality of the final product. A short overview of factors affecting viability and vitality of yeast during its storage is given, as well as the
effect of the way and temperature of its storage on the following fermentation. The stirring of yeast during the storage and acid washing
treatment are also discussed.

Kopecka, J., Kubizniakova, P., Fidrich, L., Matoulkova, D., 2017: Die Lagerung der Einsatzhefe in der Brauerei. Kvasny Prum. 63,
Nr. 2, S. 52-56

Der Artikel stellt eine kurze Zusammenfassung der Problematik einer Hefelagerung in der Brauerei dar. Fur die hohe Finalqualitat des
Bieres bei der wiederholten Hefeanwendung sind die Hefelagerbedingungen vor ihren weiteren Einsatz sehr wichtig. In der Ubersicht
sind die Viabilitat- und Vitalitat der Hefe wahrend der Lagerung beeinflussten Faktoren, der Einfluss des Verfahrens und der Lagerungs-
temperatur auf den Verlauf des nachsten Garungsprozesses angefuhrt, weiterhin wird die Mischung der Hefe wahrend des Lagerungs-

prozesses und Hefebehandlung durch saure Waschen diskutiert.
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1UvoD

Opakované pouzivani nasadnich pivovarskych kvasnic s sebou
pfinasi nutnost jejich skladovani za vhodnych podminek. Podmin-
ky skladovani by mély zajistit zachovani viability (zivotaschopnosti)
a vitality kvasnic a zaroven zabranit jejich kontaminaci. Skladovani
kvasnic je pro kvasni¢né bunky obdobim hladovéni a mélo by tedy
byt co nejkratsi. Maximalni doba skladovani nasadnich kvasnic je
zavisla na podminkéch skladovani, mikrobiologické &istoté kvasnic,
generaci kvasnic (j. poCtu jejich nasazeni v prfedchozich fermenta-
cich) a jejich fysiologickém stavu v okamziku staZzeni z mladého piva
a lisi se také v zavislosti na daném kmeni (Boulton a Quain, 2001;
Murray et al., 1984). Fysiologicky stav kvasnic, oznacovany také poj-
my ,vitalita“, ,aktivita“ nebo ,fermentacni schopnost®, ma pfimy vliv
na kvalitu hotového piva (Boulton a Quain, 2001; Guido et al., 2004).

Cilem této prace je podani struéného literarniho prehledu proble-
matiky skladovani nasadnich kvasnic v pivovaru.

2 PODMINKY SKLADOVANI KVASNIC

Pfi opakovaném nasazeni jsou kvasnice po ukonc&eni hlavniho
kvaSeni stazeny z kvasné nadoby a umistény do skladovaci nado-
by, kde by mély byt za vhodné teploty skladovany po co nejkratsi
dobu pred dal$im pouzitim (O’Connor-Cox, 1997; 1998b; Stewart,
1996). V praxi to ale funguje tak, ze jsou kvasnice skladovany i po
dobu delsi nez 3 dny (Sall et al., 1988). Pfi skladovani je vitalita
kvasinek ovliviiovana zejména teplotou (McCaig a Bendiak, 1985b;
O’Connor-Cox, 1998a; Somani et al., 2012), dobou hladovéni (Mar-
tens et al., 1986), oxidativnim stresem (Boulton, 1991; Maemura et
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1INTRODUCTION

Storage under suitable conditions is necessary for reusing pitching
yeast. The storage conditions should preserve viability and vitality of
yeast and also prevent their contamination. The storage represents
a period of yeast cell starvation should thus be shortened as much
as possible. The maximum storage period depends on storage con-
ditions, microbiological purity of yeast, yeasts generation (i.e. num-
ber of pitches in previous fermentations) and their physiological state
at the moment of siphoning of green beer. The period also varies
according to strain used (Boulton and Quain, 2001; Murray et al.,
1984). Physiological state of yeasts, also identified as “vitality”, “ac-
tivity” or “fermentative ability”, has a direct effect on the beer quality
(Boulton and Quain, 2001; Guido et al., 2004).

The aim of this work is to give a short overview of the storage of
pitching yeast in brewery.

2 YEAST STORAGE CONDITIONS

After the main fermentation, the yeast to be repitched is siphoned
from the fermentation container and placed in a storage container
where it should be stored at a suitable temperature for the short-
est time before another use (O’Connor-Cox, 1997, 1998b; Stewart,
1996).

In practice, the yeast is stored for more than 3 days (Sall et al.,
1988). During the storage its vitality is affected mainly by temperature
(McCaig and Bendiak, 1985b; O’Connor-Cox, 1998a; Somani et al.,
2012), the starvation period (Martens et al., 1986), oxidative stress
(Boulton, 1991; Maemura et al., 2007; McCaig and Bendiak, 1985a;
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al., 1998; McCaig a Bendiak, 1985a; Sall et al., 1988), michanim
(McCaig a Bendiak, 1985a). Uvedené stresové faktory neplsobi od-
délené — jejich ucinky se kumuluji (Gibson et al., 2007). Vliv streso-
vych faktord je znasoben opakovanym nasazenim — kazdé nasled-
né pouziti kvasnic a skladovani pfispiva ke snizeni jejich viability
a vitality (Powell et al., 2003). Mimo fazi skladovani jsou kvasnice
vystaveny podminkam hladovéni také v pozdni fazi hlavniho kvase-
ni. S opakovanym zakvasenim tak dochazi k postupnym zménam
fyziologie, flokulace, povrchového néboje a viability kvasinek (Sigler
a Matoulkova, 2011).

Zivotaschopnost kvasinek je ovlivnéna i obsahem hofkych latek
v pivu. Kvasinky stazené z piva s nizsi horkosti vykazovaly vétsi Zi-
votaschopnost nez ty, které byly pouzZity pro piva s vy§S§im obsahem
chmelovych latek (Edgerton, 2005).

2.1 Kvasinky a zasobni cukry

V prubéhu skladovani jsou kvasinky zavislé na endogennich zaso-
bach uhlikatych latek. Kvasinky vyuZzivaji dva typy zasobnich cukrd
— glykogen a trehalosu.

Glykogen ma strukturu podobnou Skrobu — glukosa je v ném va-
zéna o-(1,4)-glykosidickou vazbou s vétvenim a-(1,6) (Imai, 1999).
Obsah glykogenu presahuje 40 % suSiny bunky a je ovliviiovan
podminkami kvaSeni a skladovani a také zavisi na vlastnim kmenu
kvasinek (O’Connor-Cox et al., 1996). Jako zdroj energie je glyko-
gen vyuzivan pfi biosyntese lipidQ, sterolt a vysSich mastnych ky-
selin, zejména v lag fazi v nasledujici fermentaci (Bolat, 2008; Sall
et al., 1988). K akumulaci glykogenu v burnkach dochazi ve stfedni
az pozdni fazi kvaseni. V pribéhu skladovani mezi jednotlivymi na-
sazenimi kvasnic se spotfebovava az 40 % glykogenu (Heggart et
al., 2000). Pfi nevhodnych podminkach skladovani kvasnic dochazi
k jeho zvySené spotfebé. V nasledujicim kvaseni pak nizky obsah
glykogenu v kvasnicich vede ke snizeni jejich viability, porucham flo-
kulace, zpomaleni kva3eni, a tim k niz8i produkci alkoholu a prokva-
Seni mladiny a k vy$$i produkci vicinalnich diketon(, acetaldehydu,
oxidu sifi¢itého a DMS (Bolat, 2008; Heggart et al., 1999; Pickerell
etal., 1991).

Trehalosa je neredukujici disacharid slozeny ze dvou molekul glu-
kosy, které jsou k sobé& napojeny svymi redukujicimi konci, je tedy
isomerem maltosy. Trehalosa slouzi jako rezervni materidl a zaro-
ven jako stresovy metabolit. Akumulace trehalosy v burikach zabra-
nuje tepelné denaturaci bunécnych bilkovin a funguje jako stabiliza-
tor plasmatické membrany v podminkach bunééného stresu (Bolat,
2008; O’Connor-Cox et al., 1996). Syntesu trehalosy vyvolavaji rliz-
né stresy, kterym jsou pivovarské kvasinky vystaveny — teplota, ae-
race, koncentrace zivin a metaboliti aj. (Yancey et al., 2005).

2.2 Sbér kvasnic a zpUsob jejich skladovani

Skladovani kvasnic Uzce souvisi s podminkami jejich sbirani (od-
stfelu), a zejména s jeho nacasovanim. V okamziku sedimentace
kvasnic je vhodné jejich odstranéni z kvasné nadoby — kvasnice,
které sedimentovaly, se jiz nebudou podilet na zkvasovani zbytko-
vého cukru. Prodluzovani doby skladovani kvasnic na dné kvasné
nadoby muze vést k jejich poskozeni a odumirani (O‘Connor-Cox,
1997). Nepfiznivymi faktory, plisobicimi na kvasnice na dné kvasné
nadoby, jsou vysoka hustota bunék, nedostatek zivin, vysoké kon-
centrace ethanolu a oxidu uhli¢itého, a v pfipadé CKT také vyso-
ky hydrostaticky tlak (Barker a Smart, 1996; Loveridge et al., 1997;
Smart et al., 1995).

Po ukonéeni kvaseni v CKT jsou kvasnice nékdy z operacnich
ddvodu skladovany pfimo v kénusu CKT — takovy zpUsob vede k vy-
staveni kvasnic raznym typlm stresu, zejména teplotnimu, ethano-
lovému a vlivu kyselého pH. Kumulativni plsobeni téchto stresovych
faktord muze poskodit fysiologicky stav kvasnic (Lawrence et al.,
2013). Pfi protrahovaném skladovani kvasnic v konusu CKT zagi-
naji buniky degradovat zasobni zdroje energie (zejména glykogen),
a stavaji se tak méné vhodnymi pro opakované nasazeni (Hodgson,
1997). Skladovani kvasnic v kénusu CKT muze vést ke znaénym
vykyviim teplot danych vysokou hustotou bunék a uvolfiovanim tepla
pfi bazalnim metabolismu bunék. Mezi stfedem koénusu a jeho sté-
nou mlze byt rozdil teplot az 5 °C (Boughton, 1983). Vyssi teplo-
ta v kénusu CKT urychluje poSkozeni bunék nebo jejich odumirani
zplsobené ethanolovym stresem (Casey a Ingledew, 1986; Sigler
a Matoulkova, 2011).

V optimalnim pfipadé jsou kvasnice ihned po stazeni z kvasné
nadoby zchlazeny a dopraveny do skladovaci nadoby. Cilem tohoto
kroku je rychlé ochlazeni kvasnic na teplotu, pfi které se metabolis-
mus zpomali na minimum. Nejvhodnéjsi systém pro rychlé chlazeni
je in-line chladi€, kterym jsou kvasnice ochlazeny na teplotu 2—4 °C

Sall et al.,, 1988), and by stirring (McCaig and Bendiak, 1985a).
These stress factors do not affect the yeast separately — their effects
are cumulated (Gibson et al., 2007). The repitching increases the
effect of stress factors — every following usage and storage of yeasts
contribute to the decrease of their viability and vitality (Powell et al.,
2003). Beside the phase of storage yeast is exposed to starvation
also in the late phase of main fermentation. The repitching results in
gradual physiology changes as well as in yeast flocculation, surface
charge and viability (Sigler and Matoulkova, 2011).

The vitality of yeast is affected also by the content of bitter com-
pounds in beer. The yeast siphoned from beer with lower bitterness
was found to exhibit higher vitality than that which was used for beers
with higher content of hop compounds (Edgerton, 2005).

2.1 Yeast and reserve carbohydrates

During storage, yeast is dependent on endogenous resources of
carbonaceous substances. The yeast utilizes two types of reserve
carbohydrates — glycogen and trehalose.

Glycogen structure is similar to starch — glucose units are linked
together by a-(1,4)-glycosidic bond with a-(1,6) branching (Imai,
1999). Glycogen content exceeds 40% of cell dry weight and it is af-
fected by the fermentation and storage conditions and also depends
on the yeast strain (O’Connor-Cox et al., 1996). Glycogen is used as
the source of energy for the biosynthesis of lipids, sterols and higher
fatty acids, especially during the lag phase in the following fermenta-
tion (Bolat, 2008; Sall et al., 1988). Glycogen accumulation in cells
occurs in the middle to late fermentation phase. During storage and
between yeast pitchings about 40 % of glycogen is consumed (Heg-
gart et al., 2000). Unsuitable storage conditions lead to its higher
consumption. The low content of glycogen results in a decrease of
viability, flocculation defects, retardation of fermentation and further
in lower alcohol production, over-fermenting of wort and higher pro-
duction of vicinal diketones, acetaldehyde, sulfur dioxide and DMS
in subsequent fermentations (Bolat, 2008; Heggart et al., 1999; Pick-
erell et al., 1991).

Trehalose is a nonreducing disaccharide composed of two mole-
cules of glucose, which are bound by their reducing ends; it is an iso-
mer of maltose. Trehalose is a reserve compound and also a stress
metabolite. Accumulation of trehalose inhibits thermal denaturation
of cell proteins and also acts like plasma membrane stabilizer under
cell stress conditions (Bolat, 2008; O’Connor-Cox et al., 1996). Tre-
halose is synthesized in response to a variety of stresses to which
brewer yeasts are exposed — temperature, aeration, content of nutri-
ents and metabolites and others (Yancey et al., 2005).

2.2 Collecting yeast and its storage

The storage of yeast is closely linked with the conditions of its
harvesting (blasting of the yeast), especially its timing. At the mo-
ment of yeast sedimentation it is appropriate to remove the cells
from fermentation container — sedimented yeast does not partici-
pate in fermenting residual carbohydrates. Extension of the storage
time of yeast on the bottom of the fermentation container may result
in yeast damage and death (O‘Connor-Cox, 1997). Yeast resting
on the bottom of fermentation container is affected by adverse fac-
tors like the high density of cells, lack of nutrients, high concentra-
tion of ethanol and carbon dioxide and high hydrostatic pressure
in case of CCT (Barker and Smart, 1996; Loveridge et al., 1997;
Smart et al., 1995).

After the end of fermentation in CCT, yeast is sometimes stored
for operational reasons in the cone of CCT — this method results
in the exposure of yeast to various stresses such as high tempera-
ture, ethanol and effect of acid pH. Cumulative effects of these stress
factors may damage the yeast physiological state (Lawrence et al.,
2013). During a protracted yeast storage in the cone of CCT cells
begin to degrade their reserve energy sources (mainly glycogen) and
become less suitable for repitching (Hodgson, 1997). Storing yeasts
in the cone of the CCT may result in temperature fluctuations be-
cause of high cell density and the heat released by basal metabolism
of cells. A temperature difference of as much as 5 °C may arise be-
tween the center and the wall of the cone (Boughton, 1983). Higher
temperature in the CCT cone accelerates the damage of cells and
their death caused by ethanol stress (Casey and Ingledew, 1986;
Sigler and Matoulkova, 2011).

Ideally, yeast is cooled off and transported to the storage container
directly after siphoning from the fermentation container. The purpose
of this step is cooling off to the temperature at which metabolism
slows down to a minimum. Optimal system for fast cooling is the in-
line cooler, in which yeast is cooled off to 2—4 °C and transported to
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a dopraveny do skladovaci nadoby. Casteéného zchlazeni kvasnic
Ize dosahnout také pfidavkem odplynéné chladné vody, ktera zaro-
ven zfedi koncentraci ethanolu v kvasniéné hmoté. Toto fedéni ma
smysl pouze tehdy, kdyZ jsou kvasnice pfed dalSim pouzitim skla-
dovany vice nez 24 hodin (O’Connor-Cox, 1998a). Michani kvasnic
s vhodnou kapalinou se provadi také pfi zakvasovani praskovitymi
kvasnicemi, které je nutné sebrat centrifugaci. Proces odstfedovani
snizuje viabilitu kvasinek a zpusobuje pokles vnitrobunééného pH
(ukazatele fysiologického stavu). Dochazi k vy€erpani glykogenu
a trehalosy a z bunécnych stén se uvolfiuje mannan, ktery vytvari
nefiltrovatelny zékal (Chlup et al., 2008).

Skladovani kvasnic pod pivem je spojovano se vznikem respirac-
né-deficientnich mutant (RD mutanty) (McCaig a Bendiak, 1985a;b).
Respiracné-deficientni mutace vznikaji v mensi mife samovolné;
zvySené procento mutaci se tvofi napf. vlivem plsobeni ethanolu
(Bandas a Zakharov, 1980; Casey a Ingledew, 1986). Skladovani
kvasnic pod pivem za souc¢asného plsobeni vyssi teploty, které jsou
vystaveny kvasnice uprostied biomasy, muze vést k hromadéni RD
mutantl (Jenkins et al., 2009).

2.3.Teplota skladovani

Stejné dullezité jako rychlé dosazeni optimalni skladovaci teploty
je i jeji udrzeni béhem celé doby skladovani. Pfi skladovani kvasinek
za vy$sich teplot mGze dochazet k prodlouzeni lag faze pfi nasled-
ném kvaseni, vy§8§imu pH mladého piva, slabsimu prokvaseni a tzv.
autofermentaci, kdy jsou spotfebovany zasobni uhlovodiky (glyko-
gen a trehalosa) za souc¢asné produkce CO,a ethanolu, a snizuje se
zivotaschopnost kvasnic (McCaig a Bendiak, 1985b). S vysSi teplo-
tou se také zvysuje toxicita ethanolu (Casey a Ingeldew, 1986).

Spodni i svrchni kvasinky vykazuji shodnou miru tolerance k niz-
§im teplotam. Teplota v rozmezi 3—-4 °C je obecné povazovana za
idedIni pro dlouhodobgjsi skladovani kvasnic (Boulton a Quain,
2001; Heggart et al., 1999). Spravny postup zchlazeni kvasnic, jejich
uchovavani za vhodné teploty a promichavani nezarucuji, ze kvasni-
ce mohou takto byt uchovavany ,vé€né*“. | pfi udrzovacim metabolis-
mu vyZzaduji buriky energii a rezervy glykogenu jsou tak sice pomalu
ale jisté vycerpavany (McCaig a Bendiak, 1985b; O’Connor-Cox et
al., 1996). Protrahované skladovani kvasnic navic vede k porucham
flokulace kvasnic (Rhymes a Smart, 1997).

Na nerostouci buriky uchovavané pfi nizké teploté neplisobi etha-
nol toxicky, pfi delsim plsobeni se v§ak jeho pfitomnost mlize pro-
jevit poSkozenim bunéénych membran (Casey a Ingledew, 1986).
RGzné kmeny vykazuji rGzny stupen rezistence k ethanolu, nejvhod-
néjSi je proto zbyteéné neprodluzovat dobu skladovani kvasnic.
Morrison a Suggett (1983) uvadi jako optimum skladovani kvasnic
pfi 4 °C po dobu maximalné 24 hodin.

Vysoké koncentrace CO, pfi skladovani snizuji viabilitu kvasnic
(Cahill et al., 2003). Debourg (2010) uvadi jako idealni podminky
skladovani kvasnic pfi teploté 1 °C, se zahrnutim kroku uvolnéni CO,
ze skladovacich nadob. Naopak ve studii autorského kolektivu So-
mani et al. (2012) nebyly u kmene S. pastorianus W34/70 pozorova-
ny rozdily ve viabilité, obsahu glykogenu a trehalosy u kvasnic ucho-
vavanych anaerobné ,pod pivem* pfi teploté 4 a 10 °C. Teplota 25 °C
byla prokazana jako nevyhovuijici. U kvasnic skladovanych pfi 4 °C
byla zjisténa niz8i glukosou indukovana acidifikace nezli u kvasnic
skladovanych pfi teploté 10 °C. Autofi uvadeéji, Zze skladovani kvasnic
mUze byt realizovano i pfi teplotach vyssich, nez je v praxi bézné.
Skladovani pfi teploté 10 °C je energeticky mnohem méné naroc¢né,
nezli udrzovani teploty 4 °C; podminkou je ovSem zachovani opti-
malniho fysiologického stavu kvasnic (Somani et al., 2012).

Ve své studii z roku 1985 uvadeéji McCaig a Bendiak, ze u kvasnic
skladovanych ,pod pivem“ pfi teplotach 10, 15, 20 a 25 °C doslo
k vyraznému snizeni obsahu glykogenu a Zivotaschopnosti. Final-
ni koncentrace diacetylu a DMS byla vy$&i pfi nasledné fermentaci
s kvasinkami uchovavanymi pfi 10 °C oproti kvasinkam skladova-
nym pfi 1 &i 5 °C. Fermentace s nasadnimi kvasnicemi uchovava-
nymi pfi vy$8ich teplotach (15, 20 a 25 °C) probihala odliné a bylo
dosahovano vyrazné nizSich hodnot prokvaseni (McCaig a Bendiak,
1985b).

2.4 Michani

Pro zajisténi homogenity kvasnic béhem jejich skladovani je po-
uzivano rdznych systému promichavani. Bunky ve stacionarni fazi
ristu jsou mnohem méné citlivé k mechanickému stresu (O’Con-
nor-Cox, 1998a). Obecné plati, Ze mechanické poskozeni kvasnic
béhem michani je dano nikoliv délkou a intenzitou michani, ale spi-
Se aktualnim fysiologickym stavem kvasnic a pH prostiedi (Lewis
a Poerwantaro, 1991; McCaig a Bendiak, 1985a). Odolnost bunék

storage container. The cooling of yeast may be partially secured by
degassed cool water, which also reduces the ethanol concentration
in the yeast mass. This dilution makes sense only when the yeast
is stored more than 24 hour before its further use (O’Connor-Cox,
1998a). Yeast is also mixed with a suitable liquid during pitching by
powdered yeast, which has to be collected by centrifugation. The
centrifugation process reduces yeast viability and causes a decrease
of intracellular pH (an indicator of the physiological state). It leads to
the depletion of glycogen and trehalose and to the release of man-
nans from the cell walls, which then forms unfilterable haze (Chlup
etal., 2008).

Storing yeast under beer is connected with the appearance of
respiratory-deficient mutants (RD mutants) (McCaig and Bendiak,
1985a;b). The respiratory-deficient mutations occur partly spontane-
ously; increased percentage of mutations is produced e.g. by the
effect of ethanol (Bandas and Zakharov, 1980; Casey and Ingledew,
1986). Storing yeast under beer at high temperatures which may
arise inside the yeast biomass may result in accumulation of RD mu-
tants (Jenkins et al., 2009).

2.3 Storage temperature

As important as the fast attainment of optimal storage tempera-
ture is the maintenance of this temperature during the whole storage
time. Storage of yeast at higher temperature may result in extension
of the lag phase during further fermentation, increase beer pH, weak-
er fermentation and the so-called auto-fermentation during which are
consumed all reserve carbohydrates (glycogen and trehalose), with
simultaneous production of CO, and ethanol and reduction of yeast
vitality (McCaig and Bendiak, 1985b). The toxicity of ethanol is also
increased at higher temperature (Casey and Ingeldew, 1986).

Bottom-fermenting and top-fermenting yeasts have an identical
level of tolerance to lower temperatures. Temperature in the range of
3—-4 °C is generally considered an optimal temperature for long-term
storage (Boulton and Quain, 2001; Heggart et al., 1999). However,
a proper yeast cooling procedure, storage at optimal temperature
and optimum stirring do not guarantee that yeast may be stored “for-
ever” in this way. Even cells during maintenance metabolism require
energy, and glycogen reserves are slowly but certainly depleted (Mc-
Caig and Bendiak, 1985b; O’Connor-Cox et al., 1996). Protracted
storage additionally results in damage to yeast flocculation (Rhymes
and Smart, 1997).

Ethanol has no effect on nongrowing cells stored at low tempera-
ture, but a prolonged exposure to it may cause damage of cell mem-
branes (Casey and Ingledew, 1986). Various strains have different
levels of resistance to ethanol and the storage time therefore should
not be unduly prolonged. Morrison and Suggett (1983) defined opti-
mal storage conditions at 4 °C for a maximum of 24 hours.

High concentrations of CO, during storage decrease the yeast vi-
tality (Cahill et al., 2003). According to Debourg (2010) optimal yeast
storage conditions are at 1 °C with the inclusion of a step allowing
the release of CO, from the storage containers. On the other hand,
Somani et al. (2012) did not observed any differences in viability
and the content of glycogen and trehalose in S. pastorianus W34/70
yeast strain kept anaerobically “under beer” at 4 °C and 10 °C. The
temperature of 25 °C was proved as unsuitable. Yeast stored at 4 °C
exhibited lower glucose-induced acidification than yeast stored at
10 °C. The authors also reported that yeast storage may be per-
formed at higher temperatures than is common in practice. Storage
at 10 °C is energetically much less difficult than storage at 4 °C; the
only requirement is the maintenance of optimal physiological state of
the yeast (Somani et al., 2012).

McCaig and Bendiak in their study from 1985 reported that yeasts
stored “under beer” at 10, 15, 20 and 25 °C displayed a significant
reduction of glycogen content and vitality. In subsequent fermenta-
tion, the final concentrations of diacetyl and DMS for yeast stored at
10 °C were higher than for yeast stored at 1 or 5 °C. Fermentation
with pitching yeast stored at higher temperatures (15, 20 a 25 °C)
proceeded differently and significantly lower fermentation extents
were attained (McCaig and Bendiak, 1985b).

2.4 Stirring

Various stirring systems are used to secure yeast homogene-
ity during its storage. Cells in the stationary phase of growth are
much less sensitive to mechanical stress (O’Connor-Cox, 1998a).
Mechanical damage of yeast during stirring is generally due to the
actual physiological state of yeast and environment pH rather than
to the length and intensity of stirring (Lewis and Poerwantaro, 1991;
McCaig and Bendiak, 1985a). Cell tolerance against mechanical
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vUci mechanickému poskozeni a jinym stresim muze byt i kmenové
specificka (Rhymes a Smart, 2001).

Mirné promichavani kvasnic béhem jejich skladovani zabranuje
vyskytu tzv. hot spots — mist s vy$8i teplotou zplsobenou metabolic-
kou aktivitou bunék (McCaig a Bendiak, 1985a). Nadmérné michani
sebranych kvasnic véak mize béhem nésledujiciho kvaseni vést
k prodlouzeni lag faze, nizkému prokvaseni a k uvolfiovani buné¢-
ného materialu, ktery negativné ovliviiuje Cirost piva a stabilitu pény
(Lewis a Poerwantaro, 1991; McCaig a Bendiak, 1985a; Pickerell
et al., 1991). V préaci Stoupise et al. (2002) byl sledovan vliv rotac-
ni rychlosti michani na fermentaéni schopnost svrchnich kvasinek
S. cerevisiae. Sebrané kvasnice byly vystaveny michani s rotaéni
rychlosti 550, 750 a 900 rpm. Se stoupajici rotaéni rychlosti docha-
zelo ke snizovani viability, vy$Simu zékalu piva, snizeni stability pivni
pény, zvyseni pH piva a mechanickému poskozeni bunék (Stoupis
etal., 2002).

2.5 Kyselé prani kvasnic

Kyselé promyvani kvasnic se pouziva pro dekontaminaci kvasnic.
NejcastéjSimi kyselinami jsou fosfore€na, sirova a vinna (Basafova
et al., 2010). Kyselé prani by mélo probihat pfi pH 2,2 po dobu 2-4
hodin, pfi teploté do 4 °C za neustalého michani pro zajisténi homo-
gennich podminek v celém objemu oSetfovanych kvasnic a ihned
po promyti by kvasnice mély byt pouzity pro dalsi nasazeni (Boulton
a Quain, 2001). Nékdy je kombinovan proces kyselého prani kyseli-
nou a okyselenym peroxodisiranem amonnym, ktery vykazuje vySSi
dekontaminaéni ucinky (Bruch et al., 1964). PouZiti kyseliny fosfo-
re¢né v kombinaci s peroxodisiranem amonnym pfi pH 2,8 je u€in-
né&jsi nezli samotna kyselina pfi pH 2,2 (Simpson, 1987).

Pfi niz&im pH a teploté nad 5 °C uz mize dochazet k poskozeni
kvasnic — kvasni¢né buriky musi vynaloZit energii na udrzeni vnitro-
bunééného pH a viability (Fernandez et al., 1993; Simpson a Ham-
mond, 1989). Bé&zné pivovarské kontaminanty, jako jsou mlééné
bakterie nebo divoké kvasinky, jsou pomérné rezistentni ke kyselé-
mu myti (Cunningham a Stewart, 1998). UCinek kyselého prani na
mlécné bakterie se zvySuje s obsahem chmelovych pryskyfic, které
se bézné vyskytuji v sebranych kvasnicich. Aplikace kyselého prani
by tedy méla probéhnout ihned po sbéru kvasnic, bez jejich pfedcho-
ziho promyvani vodou (Simpson, 1987).

Kyselé promyvani kvasnic muze pfindset i jiné vyhody nez mikro-
bialni dekontaminaci — bylo pozorovano zkraceni lag faze v nasledu-
jicim kva$eni a rychlejsi redukce diacetylu (a tedy zkraceni doby kva-
Seni) (O’Connor-Cox, 1998a), coz vSak mlze byt dano konkrétnim
kmenem kvasnic a nemusi to platit obecné (Cunningham a Stewart,
1998). Aplikace kyselého prani a sou¢asné opakovaného nasazeni
kvasnic do HGB mladiny (EPM 20 %) vede ke sniZeni Zivotaschop-
nosti kvasinek (Cunningham a Stewart, 1998). Rezistence kvasnic
k nizkému pH a dobry fyziologicky stav kvasnic pfed kyselym pranim
jsou zakladnim pfedpokladem uspésného kyselého prani (Cunning-
ham a Stewart, 2000).

Odlisné od kyselého myti kvasnic je tzv. kyselé kondicionovani
(,pFiprava“), jehoz cilem je deflokulace kvasnic pfi pH 3-3,3 a s tim
souvisejici jiz uvedené zkraceni lag faze v nasledujicim kvaseni
a rychlejsi odbouravani diacetylu (O’Connor-Cox, 1998a).
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and other stresses may be even strain specific (Rhymes and Smart,
2001).

Gentle stirring of yeast during its storage prevents the occurrence
of so-called hot spots — places with higher temperature caused by
the metabolic activity of cells (McCaig and Bendiak, 1985a). Exces-
sive stirring of harvested yeast may result in elongation of the lag
phase during the following fermentation, low fermentation and a re-
lease of cell material which has a negative impact on beer clarity and
foam stability (Lewis and Poerwantaro, 1991; McCaig and Bendiak,
1985a; Pickerell et al., 1991). Stoupise et al. (2002) monitored the
effect of rotational speed on fermentative ability of top-fermenting
yeast S. cerevisiae. Harvested yeast was exposed to stirring with
rotational speed 550, 750 and 900 rpm. Higher rotational speed re-
sults in a decrease of viability, higher beer haze, reduction of beer
foam stability, increasing beer pH and mechanical damage of cells
(Stoupis et al., 2002).

2.5 Acid washing of yeast

Acid washing of yeast is used for yeast decontamination. The
most commonly used acids are phosphoric, sulfuric and tartaric acid
(Basarova et al., 2010). Acid washing should be carried out at pH
2.2 for 2-4 hours at 4 °C with constant stirring to ensure homogene-
ous conditions in the whole volume of treated yeast; yeast should be
used for repitching immediately after washing (Boulton and Quain,
2001). Acid washing is sometimes combined with a treatment by
acidified ammonium persulfate, which has higher decontamination
effect (Bruch et al., 1964). Phosphoric acid used in combination with
ammonium persulfate at pH 2,8 is more effective than acid itself at
pH 2,2 (Simpson, 1987).

Lower pH and temperature above 5 °C may result in yeast dam-
age — yeast cells have to spend energy to maintain intracellular
pH and viability (Fernandez et al., 1993; Simpson and Hammond,
1989). Common brewery contaminants like lactic acid bacteria or
wild yeasts are relatively resistant to acid washing (Cunningham and
Stewart, 1998). The effect of acid washing on lactic acid bacteria in-
creases with the content of hop resins which commonly occur in har-
vested yeast. Acid washing should be done immediately after yeast
harvesting without its previous washing with water (Simpson, 1987).

Acid washing may also have benefits other than microbial decon-
tamination — it was reported to shorten the lag phase in the following
fermentation and faster reduction of diacetyl (and hence shortening
of fermentation time) (O’Connor-Cox, 1998a); however, this phenon-
emon may be strain-specific and it may not have general validity
(Cunningham and Stewart, 1998). Acid washing and simultaneous
repitching of the yeast to HGB wort (20 °C Plato) result in reduc-
tion of yeast vitality (Cunningham and Stewart, 1998). Yeast resist-
ance to low pH and good physiological state before acid washing are
necessary for successful acid washing (Cunningham and Stewart,
2000).

Different from acid washing of yeast is the so-called acid condition-
ing (“preparation”). Its purpose is deflocculation of yeast at pH 3-3.3
and shortening of the lag phase, and faster degradation of diacetyl in
the following fermentation (O’Connor-Cox, 1998a).
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