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Slaby, M. — Skach, J. — Fiala, J.: Hodnoceni nasadnich kvasnic modernimi metodami. Kvasny Prum. 56, 2010, €. 5, s. 226—233.

Byly studovany zmény fyziologického stavu kvasinek pfi opakovaném nasazeni za riznych podminek kvaseni. Studovany byly kla-
sické Geské kmeny uchovavané ve sbirce VUPS. Ridicimi parametry hlavniho kvageni byly maximalni teplota a tlak, resp. tlakem ovliv-
riovana koncentrace oxidu uhli¢itého. Fyziologicky stav kvasnic byl hodnocen jak pritokovou cytometrii na zakladé obsahu trehalosy
a glykogenu v burice, tak stanovenim acidifikacni schopnosti kvasinek.

Zjistilo se, ze v praci testované kmeny reaguji na zménu podminek diferencované. Pouzité metody stanoveni fyziologického stavu po-
skytuji vyznamné informace o fyziologickém stavu kvasnic a tvorbé glykogenu. Nezaznamenala se vSak souvislost ziskanych vysledku
s pribéhem kvaseni charakterizovanym rychlosti Ubytku extraktu mezi 48. a 96. hodinou kvaseni a délkou kvaseni potfebnou pro dosa-
zeni rozdilu mezi zdanlivym a dosazitelnym prokvasenim 8-10 %.

Slaby, M. — Skach, J. - Fiala, J.: Evaluation of pitching yeast by advanced methods. Kvasny Prum. 56, 2010, No. 5, p. 226—233.

Changes in the physiological state of yeasts during repeated pitching under different fermentation conditions were studied. Traditional
Czech strains kept in the culture collection of the Research Institute of Brewing and Malting (RIBM) were tested.

The control parameters for the primary fermentation were maximum temperature and pressure. The pressure is dependent on the
concentration of carbon dioxide. The physiological condition of yeasts was evaluated by means of flow cytometry based on the content
of trehalose and glycogen in the cell and by the determination of the acidification power (AP) of the yeasts.

It was found that the yeast strains tested reacted to changing conditions in different ways. The methods used for the study of the phys-
iological conditions also show important information about glycogen production. No significant relationship between the results obtained
and the fermentation process was found, when characterizing by the speed of extract reduction between the 48" and the 96" fermen-
tation hour and the time of fermentation needed for an attenuation difference of 8—10 %.

Slaby, M. — Skach, J. - Fiala, J.: Anwendung von modernen Methoden zur Auswertung der Brauhefe. Kvasny Prum. 56, 2010,
Nr. 5, S. 226-233.

Die Anderungen des physiologischen Zustands der Hefe, die unter verschiedenen Garungsbedingungen mehrmalig eingesetzt wurde,
sind verfolgt worden. Es wurden die in der Sammlung des Forschungsinstitutes fiir Brauereien und Méalzereien in Prag aufbewahrende
klassische Hefestdmme studiert. Physiologischer Hefezustand wurde durch Durchflusszytometrie auf Grund des Gehalts an Trehalosa
und an Glykogen in der Zelle und durch die Azidifikationsfahigkeit der Hefe ausgewertet.

Es wurde festgestellt, dass die getesteten Hefestdmme auf die Bedingungsénderungen unterschiedlich reagieren. Angewandte Me-
thode zur Bestimmung des physiologischen Zustands der Hefe bieten bedeutende Informationen tber den physiologischen Hefezustand
und Glykogenbildung an. Ein Zusammenhang zwischen den erworbenen Ergebnissen mit dem durch Extraktabnahmegeschwindigkeit
im Garungszeitbereich 48—96 Stunde charakterisierten Garungsverlauf und die fir die Erreichung des Unterschiedes zwischen dem

Scheinbaren und dem Wirklichenvergérungsgrad notwendige Garungszeit 8-10 % wurde jedoch nicht festgestellt.

Klicova slova: kmen kvasnic, hlavni kvaseni, trehalosa, glykogen,
acidifikacni test, prutokova cytometrie

1 UVOD

Kvalita ndsadnich kvasnic zasadnim zpUsobem ovliviiuje kvalita-
tivni parametry piva. Fyziologicky stav ma dopad na tvorbu vicinal-
nich diketonli (VDK), organickych kyselin, esterd, vy$sich alkohold,
aldehydu, nejen béhem hlavniho kvaseni, ale i béhem dozravani
a v fadé pfipadl i béhem skladovani. Zdravotni stav nasadnich kvas-
nic se promita i do kvality sbiranych kvasnic na konci kva$eni, jez
jsou nadale nasazovany. Proto je této problematice trvale vénovana
pozornost vyzkumu i praxe.

Pro hodnoceni vitality a viability nasadnich kvasnic bylo vypraco-
vano mnoho metod, jejichz souhrn pfehledné uvadi Heggart a kol.
[1]. Stanoveni acidifika¢niho testu je podle tohoto prehledu jednim
z osmi postupu stanoveni vitality, zaloZzenych na méreni metabolické
aktivity. Pro méfeni vitality je zde uvadéno celkem 16 metod, pro sta-
noveni viability pak 8 metodik. Kolik se jich ale pouziva v nasich pi-
vovarech? V Ceské republice se pouziva po&itani Zivych/mrtvych bu-
nék. V nékolika malo pivovarech se pouziva acidifikacni test, ale jiné
metody jsou v naSem pivovarstvi nepouzivané.

Keywords: yeast strain, primary fermentation, trehalose, glycogen,
acidification power test, flow cytometry

1 INTRODUCTION

The quality of pitching yeasts has a fundamental impact on quali-
tative parameters of beer. Their physiological condition influences the
production of vicinal diketones (VDK), organic acids, esters, higher
alcohols, and aldehydes not only during the fermentation but also
during the secondary ripening and in some cases even during the
storage. The health of pitching yeasts also influences the quality of
the skimmed yeasts at the end of fermentation, as they are used fur-
ther. Therefore a permanent attention is devoted in both, the research
and the practice to this issue.

For the vitality and viability evaluation of pitching yeasts plenty of
methods have been described. They are summarized by Heggart et
al. [1]. The acidification power test (APT), based on a measurement
of metabolic activity, is only one of eight possible approaches for the
determination of vitality.

The summary by Heggart introduces a total of 16 methods for the
determination of vitality and 8 methods for the determination of via-
bility. However, how many of them are used in Czech breweries? In
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2 ROZBOR PROBLEMATIKY

PFi kvaSeni tvofi kvasinky dva zasobni sacharidy, glykogen a tre-
halosu. Oba se akumuluji v kvasinkach az v pozdéjsich stadiich kva-
Seni [1].

Glykogen je zasobni polysacharid kvasinek a slouzi burice jako za-
sobarna glukosy, neboli jako zdroj energie i uhliku pro syntézu me-
tabolickych intermediatl. Strukturu ma podobnou $krobu, glukosa je
v ném vazana a-(1,4)-glykosidickou vazbou s vétvenim a-(1,6)-gly-
kosidickou vazbou [2]. Jeho obsah pfesahuje 40 % susiny burky. Ob-
sah glykogenu v kvasinkach je ovlivihiovan podminkami pfi fermen-
taci, skladovani kvasnic a také zavisi na vlastnim kmenu kvasinek [3].
V pribéhu skladovani mezi jednotlivymi nasazenimi kvasinek se spo-
tfebovavéa az 40 % tohoto zasobniho sacharidu [1].

Mnozstvi obsazeného glykogenu ve skladovanych kvasinkach
ovliviiuje rychlost rlistu kvasinek po nasazeni a celkovy vykon kva-
Seni. Obsah glykogenu v kvasinkach rychle klesa po nasazeni do
mladiny s kyslikem (az na 10 % suSiny buriky), zatimco Ubytek sa-
charidl obsazenych v mladiné je zanedbatelny. Glykogen tedy slouzi
jako zdroj energie pro syntézu sterolli a nenasycenych mastnych ky-
selin [2].

Obsah glykogenu pfi nasazeni ukazuje potencial kvasinek synte-
tizovat tyto nezbytné slou€eniny plazmatické membrany, které jsou
nepostradatelné pfi spravném déleni a rliistu kvasinek. Podminky pro
odbouravani glykogenu v kvasinkach béhem jejich skladovani jsou
bud pfitomnost kysliku, nebo nepfitomnost asimilovatelného cuker-
ného zdroje.

Nedostatek zkvasitelnych sacharidd v médiu mlize nastat pfi po-
zdnim sbéru kvasnic na konci kvaseni, ¢i pfi pfilis dlouhém teplém
skladovani kvasnic za pfistupu kysliku, kde je glykogen pouzit jako
zdroj energie pro nezbytné biochemické pochody buriky. Nevhodné
zachazeni s kvasinkami zplsobuije disimilaci glykogenu, jez neslouzi
k syntéze sterolll a nenasycenych mastnych kyselin [3]. Nizky obsah
glykogenu muze vedle del$i doby fermentace ovliviiovat také vyssi
obsah diacetylu a acetaldehydu, nebo oxidu sifi¢itého [1].

Jiné vyzkumy ukazuji, ze obsah glykogenu nema na kvaseni pFili§
velky vliv a Ze hned po zakva$eni mGze byt nahrazen glukosou z mla-
diny. Vztah glykogenu k rychlosti kvaseni je vlastnosti ur¢itych kment
kvasinek [2].

Mezi hlavni metody stanoveni glykogenu v kvasinkach patfi enzy-
maticka metoda, barveni jodovym roztokem, infraéervena spektro-
metrie a barveni fluorescenénim barvivem akriflavin nebo komer¢-
nimi sety od vyrobcl pFistroji (Partec Yeast control — glycogen) [4].

Trehalosa je neredukujici disacharid slozeny ze dvou molekul glu-
kosy, které jsou k sobé& napojeny svymi redukujicimi konci, takze je
isomerem maltosy. Trehalosa se nenachazi pouze v cytoplasmeé kva-
sinky, ale také je ¢aste¢né lokalizovana na bunécné sténé a mem-
brané bunky, kde je navazana. Kvasinka ma specifické pfenasece,
které transportujitrehalosu z cytoplasmy na plasmatickou membranu,
a to zejména v podminkach bunééného stresu.

Puvodné byla trehalosa povaZovana pouze za zasobni polysacha-
rid, podobné jako glykogen. Ukazalo se vSak, Ze trehalosa neni vy-
soce energetickd sloucenina jako glykogen, ale Ze slouzi zejména
jako stabilizator plasmatické membrany v podminkach bunééného
stresu [4]. Mezi obsahem trehalosy a resistenci v(i¢i dehydrataci,
mrazu, zahfivania osmotickému stresu Ize najit dobrou korelaci. Dalsi
stresové podminky, ve kterych pomaha k pfeziti bunice trehalosa, jsou
hladovéni a tolerance vic¢i ethanolu.

ZvySeny obsah trehalosy Ize pozorovat zejména u vicekrat nasa-
zovanych kvasinek. Také byla nalezena pozitivni korelace mezi ob-
sahem trehalosy a produkci vy$Sich alkohold, zejména isopropanolu
a isobutanolu. Je vyhodné sledovat obsah trehalosy u kvasinek pfed
dal$im nasazenim, coz mize slouzit zejména jako indikace streso-
vych podminek, kterym mohly byt kvasinky vystaveny [1].

Stresové faktory v pivovarském procesu

Vétsina technologickych operaci pfi kvaseni mladiny je pro kva-
sinky néjak stresujici. Na stresy, jimz jsou vystaveny, maji kvasnice
specifické odezvy projevujici se v bunééném slozeni nebo adaptaci
jejich metabolismu na vnéjsi podminky. Zékladni ¢ast mechanismu
odpovédi na stres tvofi aktivace genli oznaovanych jako ,heat shock
genes” vedouci k syntéze specifickych proteind ,heat shock proteins®
(HSPs). Pozdéji se zjistilo, ze HSPs jsou tvofeny i pfi jinych streso-
vych podminkach, nez je teplotni stres a jsou v bunikach pfitomny i za
nestresujicich podminek. Primarni funkci HSPs je rychla a G¢inna od-
povéd na prozivany stres [5,6].

Fyziologicky stav kvasnic je nejdUlezitéj§im parametrem pro tech-
nologii.

the Czech Republic mainly only a counting of vital/dead cells is used.
A few breweries use acidification power tests, but none of the other
methods were tried out.

2 ANALYSIS OF THE ISSUE

During the fermentation the yeasts produce two reserve saccha-
rides, glycogen and trehalose. Both of them accumulate in the yeasts
only in the later stages of the fermentation [1].

Glycogen is a reserve polysaccharide of the yeasts and serves as
a source of glucose or as a source of energy and carbon for the
biosynthesis of metabolic intermediates. Glycogen has a very simi-
lar structure to that of starch. The glucose is joined by a-(1,4)-glyco-
side linkage and branched with a-(1,6)-glycoside linkage chains [2].
The cells contain more than 40 % glycogen as a dry matter. The con-
tent of glycogen in the yeasts is influenced by the fermentation con-
ditions, the storage of the yeasts, and also depends on the yeast
strain [3]. Up to 40 % of glycogen is depleted during the storage be-
tween pitchings. [1].

The amount of glycogen in the stored yeasts has an impact on
a growth rate after the pitching and on the overall performance by fer-
mentation. After the pitching in the hop wort containing oxygen, the
glycogen content in the yeasts decreases rapidly (up to 10 % as dry
matter). However, the decrease of saccharides contained in the wort
is negligible. It follows that the glycogen serves as a source of en-
ergy by the biosynthesis of steroids and unsaturated fatty acids [2].

The content of glycogen at the beginning of pitching determines
the potential ability for biosynthesis of these essential components
of plasma membranes, which are necessary for the growth and mul-
tiplication of the yeasts. Factors that influence the burning of glyco-
gen in yeasts during their storage are either the presence of oxygen
or the absence of a source of fermentable saccharides.

The lack of fermentable saccharides can occur from the late skim-
ming of the yeast head at the end of fermentation or by too long a stor-
age at warm temperatures and at oxygen access. In this case the
glycogen is used as a source of the energy necessary for biochem-
ical processes in the cells. Inappropriate handling of the pitching
yeasts causes a reduction of glycogen, which is later missing for the
biosynthesis of steroids and unsaturated fatty acids [3]. The low con-
tent of glycogen can also influence the fermentation time and can in-
duce a higher production of diacetyl, acetaldehyde, or sulphur diox-
ide [1].

According to other studies glycogen hasn’t any big impact on the
fermentation and it can be replaced by glucose from the wort imme-
diately after the pitching. The relationship between the glycogen con-
tent and the speed of fermentation is an attribute of particular yeast
strains [2].

The most popular methods for the determination of glycogen in
yeasts are the enzymatic method, dyeing with an iodine solution, in-
frared spectrometry and dyeing with a fluorescent dye acriflavine, or
the commercial kit from instrument producer (Partec Yeast control-
glycogen) [4].

Trehalose is an isomer of maltose. It is a non-reducing disaccha-
ride composed of two glucose molecules linked by their non-reduc-
ing ends. Trehalose could not only be found in the yeast cytoplasm
but it is also partially localized in the cell wall and the cell membrane.
Originally, trehalose was considered only as a reserve saccharide
(similar to glycogen), however, it was shown that yeasts have spe-
cific transmitters, which transport trehalose from the cytoplasm to the
plasma membrane. Trehalose doesn’t supply energy but it stabilizes
the plasma membrane especially in the case of cell stress [4].

A positive correlation could be found between the trehalose con-
tent and the resistance against dehydration, frost, warming, starva-
tion, and osmotic stress. Trehalose also enhances the yeast toler-
ance against alcohol.

An increased content of trehalose was especially found in repeat-
edly used pitching yeasts. A positive correlation was also found be-
tween the content of trehalose and the production of higher alcohol
such as isopropanol and isobutanol. The determination of trehalose
content in yeasts before the next pitching can indicate the possible
previous stress conditions [1].

Stress Factors in a Brewing Process

Most of the technological operations during the fermentation of wort
cause some sort of stress in the yeasts. The yeasts react specifically
according to their cell composition or they adapt their metabolism to
external conditions. The basic part of the metabolic answer to stress
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Sledovani a predpovidani prabéhu kvaseni je krok, ktery je nutné
provadét klasickymi metodami jako je acidifika¢ni test, nebo je v této
dobé stéle vice doporu¢ovana metoda pratokové cytometrie. A to jak
pro vyzkumna pracovisté, tak i pro pivovary. Cilem této prace je zjis-
tit vypovédni hodnotu obou zminénych metod pro praktické ucely
a porovnat jejich vysledky.

3 POUZITE ANALYTICKE METODY

Popis vzorkll, jejich pfiprava a uchovani

Zkoumané vzorky byly znaceny podle klice X/Y —ZT, kde X je Cislo
kvasni¢ného kmene dle sbirky VUPS. Y oznacuje pocet nasazeni
u kvasnic, Z je maximalni teplota kvaseni, T je oznaceni pro vzorky
které byly kvaseny za tlaku 0,3 MPa. Kva$eni probihalo v mladiné
o koncentraci 12 %, pfipravené dvourmutovym zplsobem se sypa-
nim 100 % sladu. Vzorky kvasnic byly odebirany na konci hlavniho
kva$eni pfi rozdilu zdanlivého a dosaziteIného extraktu 8—10 %. Kvas-
nice byly pfed dal§im nasazenim uchovavany po promyti vodou pfi
teploté 0 °C po dobu 24 hodin.

Vzorky byly okamzité po odebrani tfikrat promyty ve studené de-
stilované vodé. Po tfetim odstfedéni byly resuspendovéany v ledovém
70% ethanolu a zamrazeny. Takto oSetfené kvasnice je mozné skla-
dovat po dobu nékolika mésicli beze zmén.

Pratokova cytometrie

Pritokova cytometrie je fluorescenéné opticka metoda, pfi niz je
provadéna dynamicka analyza vzorku unaSeného proudem nosné
kapaliny. Priitokovy cytometr je sloZzen z excita¢niho zdroje, méfici
cely, detektoru dopfedného rozptylu (forward scatter), detektoru bo¢-
niho rozptylu (side scatter), systému zrcadel, optickych filtri a néko-
lika fluorescenénich detektorl sefazenych podle vinovych délek. Ex-
citaénim zdrojem je bud laser dané vinové délky (nej¢astéji argonovy
s vinovou délkou 488 nm), nebo rtutova vybojka. U pratokovych cy-
tometrl se k excitaci pouziva prevazné ¢arového spektra od 365 po
546 nm [7, 8].

PFi prltokové cytometrii je nutné mit proméfovany vzorek bez
shlukll bunék nebo sraZzenin pfipadnych necistot. Vzorek je unasen
nosnou kapalinou do méfici cely, kde je ozafovan laserovym paprs-
kem nebo rtutovou lampou. V méfici cele z optického plastu dojde
k prichodu svétla burikami prochazejicimi jednotlivé kapilarou. Svétlo
se pak rozptyli, odrazi €i pfi urcité vinové délce vyvola fluorescenci,
jez se §ifi vSemi sméry od svého zdroje. Uhel rozptylu svétla ve sméru
toku paprsku detekuje tzv. ,forward scatter detektor”, jehoz odezva
je uréujicim parametrem velikosti bunék. Svétlo rozptylené pod uh-
lem 90° vzhledem ke sméru excitacniho paprsku je detekovano tzv.
~Side scatter detektorem®, jehoz signal odpovida granularité bunék.
Granularita odpovida jak rozptylu laserového paprsku zplisobenému
povrchovymi vliastnostmi buniky, tak rozptylu paprsku zplisobenému
odrazem od vnitrobunéénych struktur. Povrchové vlastnosti buriky
jsou hlavné jizvy po déleni na bunécné sténé a vnitrobunécné struk-
tury majici vliv na rozptyl paprsku jsou pfedevsim vakuoly, ale i jiné
organely v bunce. Svétlo excitaniho zdroje je vZdy nizSi vinove délky,
nez je vinova délka vyvolané fluorescence, jez je detekovana fluo-
rescenénimi detektory [9,10].

Metodou pratokové cytometrie se ziskavaji informace o rozlozeni
velikosti a granularity v populaci bunék a o intracelularnich kompo-
nentech jako jsou bilkoviny, nukleové kyseliny, sacharidy a jiné latky.
Téz Ize sledovat zmény v rychlosti rstu, uréit pocet mrtvych a Zivych
bunék v populaci, sledovat bunécny cyklus, méfit velikost i pocet bu-
nék nebo intracelularni pH ¢i dokonce bunky tridit podle zadanych
charakteristik. Obrovskou vyhodou metody je, Ze Ize ziskat informace
o velkém souboru bunék v kratkém ¢asovém Useku [8, 9, 10, 11, 12,
13, 14].

Hodnocené parametry

Vysledky jsou vyjadfovany dvou nebo tfidimenzionalnim histogra-
mem nebo bodovym diagramem pro dvé charakteristiky. Kazdy bod
diagramu odpovida jedné mérené castici, prekryv bodl v jednom
misté vyjadfuje zména barvy. Mezi nej¢astéji pouzivany bodovy dia-
gram v pritokové cytometrii patfi tzv. Dot plot diagram, ktery popi-
suje zavislost dvou korelujicich veli¢in, napfiklad velikosti bunék
(podle FSC) na intenzité fluorescence nékteré obarvené bunééné
komponenty. Tento typ vyhodnocovani umozfiuje sledovat segmen-
taci populace dle stejnych vlastnosti [12].

Hodnoceny jsou tyto parametry:
e relativni distribuce velikosti ¢astic ve formé histogramu FSC
e relativni distribuce granularity ¢astic ve formé histogramu SSC

is the activation of genes called heat shock genes. They initiate a syn-
thesis of specific proteins called heat shock proteins (HSPs). Fur-
thermore, it was found that HSPs are also produced under other
stress conditions than temperature stress and that they are present
in cells even in the absence of stress. The primary function of HSPs
is a fast and efficient answer to possible stress conditions [5,6].

The physiological condition of the yeasts is the most important pa-
rameter in beer technology. The monitoring and predictions for the
fermentation process are necessary steps. It must be carried out ei-
ther by the common acidification test or by, currently increasingly rec-
ommended, flow cytometry. This applies to both, research institutes
and breweries. The objective of this study is to evaluate both meth-
ods mentioned above.

3 ANALYTICAL METHODS

Samples

The samples studied were marked using a X/Y — ZT coding where
X is the number of the yeast strain according to the culture collection
of the RIBM, Y is the number of pitching repetitions, Z represents the
maximum fermentation temperature and T marks samples fermented
at the pressure of 0,3 MPa. The fermentation was carried out in the
hop wort with a concentration of 12 %, prepared by a two-mash de-
coction method and with 100 % malt grist. The samples were taken
at the end of the primary fermentation, after the attenuation differ-
ence of 8-10 % was reached. Before the next pitching the yeasts
were rinsed with water and stored at a temperature of 0 °C for 24
hours.

After the sampling the yeast samples were immediately rinsed 3
times with cold distilled water and centrifuged. Then they were sus-
pended in 70% iced ethanol and frozen. Yeast treated like this can
be stored for several months without any changes.

Flow cytometry

The flow cytometry is a fluorescent optical method, which simulta-
neously measures and then analyzes multiple physical characteris-
tics of single particles as they flow in a fluid stream through a beam
light. The flow cytometer consists of the excitation optics, commonly
an argon ion laser beam of 488 nm wavelength or a mercury lamp
to illuminate the particles in the sample, the flow chamber, forward
and side light scattering detectors and the collection optics with op-
tical mirrors and filters and several fluorescence detectors aligned
according to the wavelengths. For the excitation a spectral overlap
with the wavelength range from 356 to 546 nm is mostly used [7,8].

By using the flow cytometry it is necessary that the sample does-
n’t contain any suspended particles, clots or impurities. The sample
particles carried in the fluid stream are hydro-dynamically focused to
the plastic sheath (mess cell) before intercepting an optimally focused
light source (laser beam or mercury lamp). As the sample of interest
intercepts the light source it scatters light and emits fluorescence.
A forward scatter detector detects the scattered light at an angle to
the jet flow direction and provides information about the particle’s
size. Light measured at an angle of approximately 90° to the excita-
tion line is detected by a side scatter detector and provides informa-
tion about the granular content within a particle. The granularity
equates to both, the scattered light due to the surface properties and
the scattered light caused by a reflection from the intracellular struc-
tures. Properties of the cell surface relate mainly to scars on the cell
walls after cell divisions. Structures inside cells, which influence the
scattered light, are vacuoles or other cell organelles.

As more energy is consumed in absorption transition than is emit-
ted in fluorescent transition, emitted wavelengths will be longer than
those of the excitation source [9,10].

Flow cytometry generates data about the distribution of particle
sizes and the granularity in a cell population and about components
inside the cells such as proteins, nucleic acids, saccharides and oth-
ers. It also allows an identification of changes in the growth speed,
a counting of live and dead cells in the population, a monitoring of
a cell cycle, a measurement of the size and the number of cells, a de-
termination of an intracellular pH, and even a classification of cells
according to given characteristics. The potential for obtaining infor-
mation about a large amount of cells in very short time is one part of
the method benefits [8, 9, 10, 11, 12, 13, 14].

Evaluated parameters
The results are presented in two- or three-dimensional histograms
or as (mainly used) dot plot diagrams for two correlating character-
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» relativnidistribuce fluorescence rdznych vinovych délek FL1, ... FLn.

Koncentrace fyziologicky vyznamnych latek

Pomoci pratokové cytometrie Ize sledovat fadu fyziologicky vy-
znamnych latek kvasinek. V posledni dobé jsou v literatufe zminény
aplikace prltokové cytometrie, zejména pfi sledovani koncentrace
glykogenu, trehalosy, protein(i, neutralnich lipidG a sterolu. Stano-
veni téchto latek pratokovou cytometrii ma vyhodu, ze podava in-
formaci o rozlozeni koncentrace latky v jednotlivych burikach. Byla
zjisténa pozitivni korelace mezi velikosti bunék a koncentraci glyko-
genu na konci hlavniho kvaseni u kmene spodnich pivovarskych
kvasnic.

Pratokovy cytometr typ PAS Il

K vyhodnoceni charakteristik sledovanych spodnich pivovarskych
kvasinek byl pouZit pratokovy cytometr Partec PAS Il (Partec GmbH,
prednifirma v oblasti analytické cytometrie). PAS Il je vybaven dvéma
svételnymi zdroji, modrym argonovym laserem pro excitaci pfi vinové
délce 488 nm a dale rtutovou vybojkou 100 W pro excitaci pfi dalSich
vinovych délkach. Intenzita argonového laseru je regulovatelna v roz-
mezi 10-30 mW, pfi¢emz pro vSechny analyzy bylo pouzito nasta-
venina 10 mW.

Rozmezirychlosti analyzy ¢astic je u tohoto typu pfistroje 0-30 000
¢astic za sekundu. Béhem nize popsanych analyz byly pouzity pri-
tokové rychlosti v rozmezi 100—-400 astic za sekundu s pomérem
vzorku k mobilni fazi R nastavenym na hodnotu 2. Po kazdé analyze
byl kapilarni systém proplachnut roztokem azidu sodného v demine-
ralizované ultrazvukem odplynéné vodé filtrované pfes filtr Millipore
o velikosti pért 0,22 um a dale roztokem fosfatového tlumivého roz-
toku pfipraveného stejnym zplsobem. Pomér R byl béhem promy-
vani nastaven na hodnotu 10 litra [15].

Stanoveni kvasniéného glykogenu na pritokovém cytometru

Ke stanoveni odhadu obsahu kvasni¢ného glykogenu bylo pouzito
fluorescenéni barvivo Acriflavine, ktery se nespecificky vaze na gly-
kogen, a komeréni set firmy Partec GmbH pro stanoveni glykogenu
v kvasinkach [15, 16].

Stanoveni kvasniéné trehalosy na priitokovém cytometru
Ke stanoveni obsahu kvasni¢né trehalosy byl pouzit komeréni set
od firmy Partec GmbH.
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istics, for example cell size and fluorescence intensity from some dyed
cell component. Each dot on the diagram corresponds to one mea-
sured particle. An accumulation of measured data in one dot is shown
by a change in dot colour. The dot plot diagram allows a monitoring
of population segmentations according to their identical properties
[12].
The following parameters were monitored:
* Relative distribution of particles size in the form of a forward scat-
ter channel (FSC) histogram
* Relative distribution of particle granularity from a side scatter chan-
nel (SSC) histogram
* Relative distribution of fluorescence light with various wavelengths
from fluorescence (FL) channels FLA1,....... FLn.

Concentration of physiologically important compounds

By means of flow cytometry it is possible to determine a number
of physiologically important compounds in the yeasts. In the recent
research studies applications of flow cytometry especially for the de-
termination of glycogen, trehalose, proteins, lipids and sterols are de-
scribed. The determination by flow cytometry is favourable as it shows
concentration distributions of these compounds in individual cells.
A positive correlation between the cell size and the concentration of
glycogen at the end of a primary fermentation by using a strain of
brewery bottom yeast was found.

Flow cytometer type PAS Il

For the evaluation of brewery bottom yeasts the flow cytometer
Partec Pas Il (Partec GmbH, Gérlitz, D) was used. Partec is a lead-
ing company in the field of analytical cytometry. The PAS Il consists
of two light sources, a blue argon ion laser light for excitation at the
wavelength of 488 nm and a 100 W mercury lamp for excitation at
other wavelengths. The argon ion laser has an adjustable intensity
from 10 to 30 mW. The analysis speed varies from 0—-30.000 parti-
cles per second. For all the analyses described an intensity of 10 mW,
a flow velocity between 100 and 400 particles/second and a ratio of
sample to mobile phase (R) set at the value 2 were used. The capil-
lary system was first rinsed with a solution of sodium azide in water,
previously deionised, ultrasonically degassed and filtered through
a Millipore filter with a pore size of 0,22 m and then with a phosphate
buffer solution prepared in the same way. During the rinsing the ra-
tio R was set at the value 10 [15].
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Test acidifikacni schopnosti (APT)

Zakladni postup, na ktery se odvolavaji témeér vsechny prace z pi-
vovarské problematiky, publikovali Opekarova a Sigler [17] v roce
1982. Principem tohoto testu je méreni zmény pH prostredi, vyvolané
kvasinkami. Za velmi vyznamny vysledek je povazovano stanoveni
tésné korelace mezi AP a fermentaéni vykonnosti u nasadnich kvas-
nic pro 4 rizné kmeny. Dale je zajimava linearni korelace mezi AP
a specifickou absorpci kysliku. Hodnota AP je vyrazné ovlivnéna do
tfi dnd skladovani. Acidifikaéni test je vyhodny jako predpovéd kvas-
ni¢né vitality a koreluje s chovanim kvasinek pfi kvaseni, zvlasté pfi
skladovani kvasnic v meznich podminkach. Pfi testu se deset minut
méfi zména pH extracelularniho prostredi, poté se k suspenzi pfida
glukosa a méfi se dalSich deset minut. Po pfidani cukru pH kvasniéné
suspenze vyrazneé klesne.

Pokles pH je zplsoben vznikem elektrochemického gradientu pro-
ton(l pfes plasmatickou membranu pfi absorpci zivin. Gradient pH vy-
tvafi membranova ATPasa. Kromé ATPasy se na acidifikacni schop-
nosti podili téZ vyluc¢ovani metabolickych produkt(l, pfevazné slabych
kyselin do prostfedi [18]. Pfi nedostatku metabolizovatelného cukru
kvasinka pro udrzeni poméru extracelularniho a intracelularniho pH
vyuziva energii zasobnich polysacharidd, glykogenu a trehalosy. Za
pfitomnosti cukru v prostfedi k udrzeni této homeostaze vyuziva kva-
sinka jak endogenni, tak exogenni metabolismus.

Zména pH v prvnich deseti minutach po pridani kvasinek do vody,
v nepritomnosti vnéjSiho zdroje glukosy, se nazyva spontanni acidifi-
kacni schopnost. Oznacuje se jako pH10, vyjadfuje rustovou schop-
nost kvasinek [1] a souvisi s obsahem zasobnich polysacharidi v kva-
sinkové bunce. Po deseti minutach se méfidalsipokles pH, oznacovany
jako pH20. Glukosou indukovana acidifikaéni schopnost znadi aktivitu
kvasinek pfi kvaSeni a rychlost glykolyzy [2]. Zakladem reprodukova-
telnosti vysledku je pfesné méreni pH a velmi dobra kalibrace pH metru.
PFi dodrzeni nastaveni pH metru neovlivni vysledky ani kolisani v na-
vazce kvasnic o + 11 %. Proto neni nutné dodate¢né stanoveni susiny.

Na tuto metodu navazuje dal$i metoda, ktera je zalozena na ak-
tivni tvorbé a udrzovani protonového gradientu, méfeni intracelular-
niho pH fluorescenénimi sondami [18,19].

4 VYSLEDKY A DISKUZE

Vysledky zde uvedené jsou aritmetickym primérem tfi namére-
nych hodnot. Glykogen byl méfen pomoci dvou rtznych fluores-
cenénich barviv, acriflavinem a komerénim setem (Yeast control — gly-
cogen od firmy Partec GmbH), tato méfeni se od sebe liSila do 10 %,
coz je v mezich tolerance metody. Z dlivodu finanénich Uspor pfi dal-
Sich méfenich je v tabulkach a vysledcich uvadén pouze obsah gly-
kogenu ziskany méfenim pomoci acriflavinu.

Fyziologicky stav kvasnic byl v nasich testech zvolenymi metodami
zkouman za rdznych maximalnich teplot hlavniho kvaseni a za riiz-
ného tlaku pfi kvaseni, ktery modeloval podminky zvyS§eného hydro-
statického tlaku v modernich CKT, jehoz dusledkem je zvy$ena kon-
centrace oxidu uhli¢itého. Ta vyznamné ovliviiuje prabéh hlavniho
kvaseni. Byly zvoleny 2 hladiny maximalni teploty kvaseni: 10 a 12 °C
a dvé hladiny tlaku: atmosféricky a 0,3 MPa, ktery v podminkach na-
Seho pilotniho zafizeni zajistoval koncentraci oxidu uhli¢itého odpo-
vidajici koncentraci ve spodnich vrstvach béznych velikosti (vySek)
provoznich CKT. Ta podle naSich méreni dosahuje cca 7,0 g/l.

Vysledky stanoveni obsahu trehalosy v kvasinkéach po 1. a 3. na-
sazeni za danych podminek ukazuje obr. 1.

Je mozné pozorovat nékteré rozdily mezi jednotlivymi kmeny.
U kmene ¢. 3 je ziejmy vyrazny narUst obsahu trehalosy v pfipadé
vedeni hlavniho kvaseni za vy$Si teploty a zejména pak v kombinaci
se zvySenym tlakem. Po tfetim nasazeni za téchto podminek se ob-
sah trehalosy zdvojnasobil. Povazujeme-li zvySovani obsahu treha-
losy v burice za indikator pusobeni stresovych faktord, Ize usuzovat,
ze tento kmen nebude vhodny pro moderni technologie hlavniho kva-
Seni, charakterizované vy$Simi teplotami a pouzivanim vysokych
kvasnych nadob.

Naproti tomu u kmene €. 6 byl nejvyraznéjsi narlist obsahu treha-
losy zaznamenan pfi maximalni teploté kvaseni 10 °C a zvy$eném
tlaku pfi opakovaném nasazeni. To naznacuje, ze by kmen mohl byt
vhodny pro tepleji vedeni v CKT.

U kmene €.9 do$lo k vyraznému narlstu obsahu trehalosy ve vSech
pfipadech s vyjimkou 12 °C bez zvySeného tlaku. To by nasvédco-
valo tomu, Ze kmen je pomérné citlivy na nejriznéjsi stresové fak-
tory, pravdépodobné i na jiné, nez které byly v této studii zkoumany.

Posledni testovany kmen ¢&. 95 naopak nevykazuje zadny vyrazny
narlst. MUze to souviset s relativné vysokymi hodnotami na pocatku

Determination of glycogen in yeasts by flow cytometer

For the determination of glycogen content in yeasts a fluorescent
dye acriflavine with an unspecific adherence to glycogen and the com-
mercial kit from Partec GmbH (Yeast control-glycogen) were used
[15, 16].

Determination of trehalose in yeasts by flow cytometer
For the determination of trehalose content in yeasts a commercial
kit from Partec GmbH was used.

Acidification power test (APT)

The basic approach quoted in almost all studies on brewery top-
ics was already published by Opekarova and Sigler [17]in 1982. The
principle of this test is a measurement of pH changes caused by
yeasts. In this study a close correlation between AP and fermenta-
tion efficiency of pitching yeasts of four different strains was consid-
ered as an important result. Another interesting result is was linear
correlation between AP and specific oxygen absorption. The AP value
was influenced considerably during the first three days of the stor-
age. The acidification test is favourable as a prediction of yeast vital-
ity and it correlates with the yeast behaviour during the fermentation,
especially with yeasts stored under extreme conditions. The test was
performed as follows: pH changes in the yeast suspension were mon-
itored over 10 minutes, glucose solution was added, the pH changes
were measured for another 10 minutes

After glucose addition the pH of the yeast suspension decreases
significantly. The pH reduction is caused by the formation of an elec-
trochemical gradient of protons through a plasmatic membrane by
nutrient absorption. The ATPase generates the pH gradient. Apart
from ATPase the AP is also supported by extraction of metabolic prod-
ucts such as weak acids in the medium [18].

In the absence of metabolizable carbohydrates the yeasts utilize
the energy of reserve polysaccharides such as glycogen and tre-
halose for the retention of the proportion between extracellular and
intracellular pH. With the presence of carbohydrates in the medium
they use both endogenous and exogenous metabolism for the main-
tenance of this homeostasis.

The pH change during the first 10 minutes after suspending the
yeast cells in pure water without any addition of glucose is called
spontaneous (oxygen-induced) acidification. It depends on the con-
tent of reserve polysaccharides in the yeast cells and reflects the vi-
tality of the yeasts strains [1]. It is called pH10. After a further 10 min-
utes the next pH reduction called pH20 is measured.

Glucose indicated acidification represents the yeast metabolic ac-
tivity during the fermentation and the speed of glycolysis [2]. The ba-
sic requirement for good reproducibility of the results is an exact pH
measurement and a precise pH meter calibration. Under these con-
ditions the results are not influenced by a weight fluctuation of yeasts
within the range of + 11%. Therefore, no additional determination of
dry weight is necessary.

This method follows another method based on active formation and
retention of proton gradient and measurement of intracellular pH by
fluorescent probes [18,19].

4 RESULTS AND DISCUSSION

The results given represent an average from 3 measured values.
Glycogen was determined by two different methods; using a fluores-
cent dye acriflavine and the commercial set (Yeast control-glycogen
from Partec GmbH). The results obtained by these methods differed
up to the range of the method tolerance of 10 %. For the financial
reasons the following results given in the tables, were obtained only
by determination by means of acriflavine.

The physiological condition of the yeasts was examined during the
primary fermentation under different maximum temperatures and dif-
ferent pressures. Two maximum fermentation temperatures of 10 °C
and 12 °C and two pressures of atmospheric and 3 bars were cho-
sen. These conditions cause enhanced the concentration of carbon
dioxide, which significantly influences the process of primary fer-
mentation. In our pilot equipment the pressure of 3 bar ensured a CO,
concentration of 7.0 g/I, which corresponds to the concentration in
the bottom layer of common modern cylindro-conical tanks (CCTs)
with their higher hydrostatic pressure. The results for the trehalose
determination in the yeasts after first and third pitching under the con-
ditions described above are shown in Fig. 1.

The differences between individual yeast strains are noticeable.
Strain No. 3 showed a significantly enhanced content of trehalose
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testovani, ale tendence ke snizovani obsahu spiSe ukazuje na dob-
rou adaptabilitu kmene na podminky kvaseni. To naznacuje univer-
zalnost jeho pouziti, coz je v souladu s praktickymi zkusenostmi vy-
robni praxe.

V pripadé obsahu glykogenu se jedna o zakladni zasobni polysa-
charid, ktery si kvasni¢né bunky vytvareji a ktery hraje vyznamnou
roli pfedevsim v po¢ateénich fazich hlavniho kvas$eni. Z vysledkd na
obr. 2 je zfejmé, Ze rozdily u jednotlivych kmend mezi prvnim a tre-
tim nasazenim nejsou vyrazné a také poméry mezi jednotlivymi va-
riantami kvaseni se u kazdého kmene do zna¢né miry zachovavaji.
Za zajimavé je mozno povazovat to, ze kmen €. 3 ma zjevné tendenci
tvofit vice glykogenu, nez zbyvajici tfi zkouSené kmeny. Pfi tom se
u tohoto kmene mira tvorby glykogenu vyrazné neméni's podminkami
kvaseni. U kmenU ¢. 6 a 95 byla zjisténa nejvyssi tvorba glykogenu
za tlaku jak pfi maximalni teploté kvaseni 10 °C, tak pfi 12 °C.V pf¥i-
padé kmene €. 9 byl vyznamny vliv tlaku zaznamenan jen pfi maxi-
malni teploté kvaseni 12 °C. Vliv tlaku se u téchto tfi kmenl s vy$Sim
poctem nasazeni zvyraznuje. Toto zjisténi je v protikladu s nékterymi
nazory, podle nichz vysoka koncentrace oxidu uhli¢itého vede k po-
tlaeni anabolickych pochodll pfi kvaseni. Z nami zjisténych rozdild
mezi testovanymi kmeny je pravdépodobné, Ze citlivost kmend na ob-
sah oxidu uhli¢itého v kvasicim médiu bude vyznamné diferencovana.

Na rozdil od stanoveni obsahu konkrétnich latek trehalosy a gly-
kogenu v kvasni¢né burice je test acidifikacni schopnosti komplexni
kritérium vztahujici se k fyziologickému stavu kvasinek. Velmi dobry
fyziologicky stav vysoce aktivnich kvasnic se silnou fermentacni
schopnosti charakterizuji hodnoty > 2,4. Hodnoty v intervalu 2,0 az
2,4 jsou povazovany za pfijatelné, interval 1,8 az 2,0 charakterizuje
kvasnice se snizenou metabolickou aktivitou a kvasnice pod 1,8 maji
nizkou metabolickou aktivitu. Jejich nasazeni je spojeno s vysokym
rizikem technologickych problémd.

V nasich kvasnych zkouskach jsme zaznamenali hodnoty od 1,66
(kmen €. 9, 12 °C za zvySeného tlaku, 3. nasazeni) do 2,63 (kmen
€. 6, 10 °C za normalniho tlaku, 1. nasazeni). Na obr. 3 jsou znazor-
nény zmény hodnot acidifikaéniho testu v zavislosti na testovanych
podminkach pro jednotlivé kmeny. Je zfejmé, ze nejvySSihodnoty byly
stanoveny u kmene €. 6, a to jak pfi prvnim nasazeni, tak po tfetim
nasazeni. Kmen 9 ma nejvyraznéjsi zavislost na podminkach kvaseni
pfi obou opakovanich.U kmenl ¢. 3 a 95 je mozno hovofit pouze
o tendenci k poklesu hodnot, a tedy zhorSovani fyziologického stavu
hodnoceného na tomto zakladé. U vSech &tyf kmenU vSak bylo za-
znamenano podstatné zhor§eni acidifikaéniho testu pfi 12 °C za zvy-
$eného tlaku. Plsobeni tlaku, resp. oxidu uhli¢itého béhem kvaseni
pfi 10 °C, je zfetelné mensi. Z tohoto hlediska je pfekvapuijici, ze kmen
€. 95 doporucovany pro kvaseni v CKT se z tohoto hlediska nelisi
podstatné od nékterych klasickych kmend uchovavanych ve sbirce
VUPS. Hodnotou acidifika¢niho testu po tfetim nasazeni pfi 12 °C za
tlaku 2,2 je mezi kmenem ¢&. 6 (2,3) a kmenem ¢&. 9 (1,7). Na druhé
strané je vSak zfejmé, Ze pfi 10 °C a zvySeném tlaku jako jediny z tes-
tovanych kmen( vykazal hor$i hodnoty nez pfi 12 °C za zvySeného
tlaku.

Rozdily ve vysledcich ziskanych pritokovou cytometrii a acidifi-
kacnim testem mezi zkouSenymi kmeny kvasinek naznacuji, ze tyto
metody mohou byt s vyhodou vyuzity pfi diferenciaci kvasnych
kmena. Pro pivovarského technologa ve vyrobni praxi je vSak domi-
nantni otdzkou okamzité objektivni posouzeni stavu nasadnich kvas-
nic z hlediska priibéhu hlavniho kvaseni a mozného dopadu na sen-
zorické vlastnosti piva. Z tohoto ddvodu jsme sledovali vztah mezi
vysledky provedenych testl a pribéhem hlavniho kvaseni. Sledova-
nymi parametry byla rychlost kvaseni vyjadfena zménou zdanlivého

during primary fermentation under higher temperature and especially
in combination with higher pressure. After the third pitching under
these conditions the content of trehalose doubled. If the enhanced
trehalose content in the cell is considered as an indicator of the im-
pact of stress factors, evidently this strain isn’t suitable for modern
primary fermentation technology characterized by higher tempera-
tures and high fermentation vessels.

On the contrary, the content of trehalose in strain No. 6 increased
considerably at all trial conditions apart from at 12 °C and atmospheric
pressure. This indicates that the strain is sensitive probably not only
to the stress factors studied but to others as well.

The strain tested last, No. 95, didn’t show any considerable tre-
halose accumulation. The possible explanation is the relatively high
initial trehalose content but more likely the trend to lower this content
indicates a good adaptability and versatility of this strain to the fer-
mentation conditions. This agrees with the practical experiences.

Glycogen as a reserve polysaccharide produced in the yeast cell
is important mainly in early phase of primary fermentation. The re-
sults given in Fig. 2 show that the differences in glycogen content be-
tween particular strains, between the first and the third pitching
weren't significant and also that the proportions by individual yeast
strain hardly changed under the fermentation conditions tested. An
interesting result is shown by strain No. 3 which produced more glyco-
gen than the other three strains tested and the amount of glycogen
produced remained about the same at all fermentation conditions
tested. Strains Nos. 6 and 95 formed the most glycogen with the ap-
plication of pressure at both temperatures of 10 °C and 12 °C. For
the strain No. 9 the influence of the pressure was noticeable only at
the maximum fermentation temperature of 12 °C. The pressure im-
pact correlated positively with the number of pitchings for these three
strains. This finding contradicts some theories suggesting that a high
concentration of CO, inhibits anabolic processes during the fermen-
tation. Anyway the differences between the strains tested indicate
a significantly distinct sensitivity to the CO, content in the fermenting
medium.

Contrary to the determination of trehalose and glycogen contents
in the yeast cell, the acidification power test is a complex criterion re-
lated to the physiological condition of the yeasts. A very good phys-
iological condition with high fermentative power is characterized by
a value > 2.4. Values ranging from 2.0 to 2.4 are considered as ac-
ceptable and values ranging from 1.8 to 2.0 indicate reduced
metabolic activity of the yeasts. Their use for pitching can bring a high
risk of technological problems. The values obtained by the determi-
nations ranged from 1.66 (for strain No. 9, at 12 °C, pressure 0,3 MPa,
third pitching) to 2.63 (for strain No. 6, at 10 °C, atmospheric pres-
sure, first pitching). The results given in Fig. 3 represent the changes
in AP depending on the test conditions for particular yeast strains.
The clearly highest values were determined for strain No. 6 after both,
the first and the third pitching. Strain No. 9 depended most signifi-
cantly on the fermentation conditions for both repitchings. Strains Nos.
3 and 95 indicated only a weak trend to lower values and therefore
a worsening of physiological conditions. For all four strains tested
a substantial reduction in AP at a temperature of 12 °C and pressure
of 0.3 MPa was found. The impact of pressure and therefore CO, dur-
ing the fermentation at 10 °C is significantly lower. From this respect
it is surprising, that strain No. 95 recommended for fermentation in
CCT doesn’t differ much from some traditional strains kept in the cul-
ture collection of the RIBM. Its AP of 2.2 after the third pitching at
12 °C and a pressure of 0,3 MPa lay between strain No. 6 (2.3) and
strain No. 9 (1.7). On the other hand it's obvious that at 10 °C and

Tab. 1 Shrnuti korela¢nich koeficientl / Summary of correlation coefficients

trehalosa x glykogen x acidifikacni trehalosa x glykogen x acidifikacni
rychlost rychlost schopnost x délka délka schopnost x
Podminky / kvaseni / kvaseni / rychlost kvaseni / kvaseni / kvaseni / délka kvaseni /
Conditions trehalose x glycogen x acidification trehalose x glycogen x acidification
fermentation fermentation power x fermentation fermentation power x
speed speed fermentation time time fermentation
speed time
10 °C —0.026 0.331 —0.622 0.516 —0.283 —0.238
10 °C, 0.3 MPa —0.542 0.351 —0.688 0.400 0.297 —-0.247
12 °C —0.501 0.126 0.506 0.521 —-0.097 —0.509
12 °C, 0.3 MPa -0.018 0.299 —-0.148 —0.268 0.162 0.065
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extraktu mezi 48. a 96. hodinou kva$eni a délka kvaseni nutna pro
dosazeni rozdilu mezi zdanlivym a dosazitelnym prokvasenim 10 %.
Vypoctené korelacni koeficienty shrnuje tab. 1.

Je zfejmé Ze se za nami pouzitych podminek testovani nezazna-
menala souvislost mezi fyziologickym stavem kvasnic hodnocenym
na zékladé obsahu trehalosy, glykogenu a acidifikaéni sily s para-
metry hlavniho kvaseni — rychlosti ubytku extraktu v exponencialni
fazi kvaSeni a celkovou délkou kvaseni. Tento vysledek neni pfilis pfe-
kvapuijici, uvédomime-li si, Ze slozité pochody v burice i komplexnost
faktord plsobicich pfi kvaseni jsou jen obtizné postihnutelné jednim
analytickym kritériem. To samoziejmé neznamend, Ze hodnoceni fy-
ziologického stavu kvasnic rdznymi postupy ma maly prakticky vy-
znam. Zdravé, vysoce aktivni ndsadni kvasnice jsou nezpochybni-
telné zakladnim pfedpokladem pro bezproblémovy prabéh hlavniho
kvaseni a pozadovanou kvalitu piva. Jejich kontrola v tomto sméru je
nezastupitelna. Ziskané vysledky v8ak nejsou dostacuijici pro jedno-
znacénou detailni predpovéd pribéhu hlavniho kvaseni.

5 ZAVER

Stanoveni obsahu trehalosy a glykogenu v kvasné burice pratoko-
vou cytometrii stejné jako acidifikaéni test umoznuje diferencovat re-
akci riiznych kvasnych kment na konkrétni technologické podminky
pfi hlavnim kva$eni. Tyto postupy tak pfispivaji k podrobnéjsi cha-
rakterizaci kmenl uchovavanych ve sbirkach a mohou byt voditkem
pfi vybéru vhodného kmene pro konkrétni vyuziti.

Nejsou vSak dostadujici informaci pro jednoznac¢nou predpoved
prabéhu hlavniho kvaseni za zvolenych technologickych podminek.
Korelaci mezi obsahem trehalosy, glykogenu a acidifikacnim testem
s rychlosti Ubytku extraktu v exponencialni fazi kvaseni a celkovou
délkou kvaseni se nepodafilo nalézt.
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The differences between the yeast strains tested, obtained by flow
cytometry and APT indicate that both methods can be successfully
applied for yeast differentiation. However, a brewery production tech-
nologist must be able to judge immediately the physiological condi-
tion of the pitching yeast because of its impact on the sensory prop-
erties of beer. For this reason we have followed the relationship
between the test results and the primary fermentation process. The
monitored parameters were fermentation speed expressed as
a change of apparent extract between the 48" and the 96" fermen-
tation hour and the fermentation time necessary to achieve an at-
tenuation difference of 10 %. The calculated correlation coefficients
are summarized in the Tab.1.

It is obvious that under the test conditions any correlation between
the physiological condition of the yeasts as evaluated from trehalosa
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sired beer quality. Nevertheless, the results obtained aren’t adequate
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5 CONCLUSIONS

The determinations of trehalose and glycogen contents in pitching
yeasts by means of both, the flow cytometry and the acidification
power test make it possible to distinguish between reactions of dif-
ferent yeast strains to particular technological conditions during pri-
mary fermentation. These findings add to the detailed characteriza-
tion of strains kept in the culture collections and could be helpful for
selecting a suitable strain for a specific usage.

Nevertheless, this information isn't adequate for a clear-cut pre-
diction of the primary fermentation process under selected techno-
logical conditions. Any correlation between trehalosa and glycogen
contents and acidification power and the speed of extract reduction
in the exponential phase of fermentation and the total time of fer-
mentation wasn’t found.
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