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Publikace navazuje na uvodni ¢lanek Mikrobiologie pivovarské vyroby — Divoké kvasinky a metody jejich detekce (Matoulkova et al.,
Kvasny Pramysl 59(9): 246-257, 2013). V praci byl sledovan rlist souboru 143 kmen( kulturnich (pivovarskych a vinarskych) a divokych
kvasinek na vybranych selektivnich pldach uréenych pro detekci divokych kvasinek: WLN agar, mladinovy agar obsahujici kyselinu
monojodoctovou, lysinovy agar, agar s krystalovou violeti, agar se siranem médnatym. Sledovan byl dale rlst kvasinek na MYGP agaru
obsahujici antibiotikum aktidion a na YPD agaru pfi teploté 37 °C. Vyhodnocena byla vyuzitelnost pld v provozni pivovarské laboratofi.
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This study is a sequel to the preceding article “Microbiology of brewing — Wild yeasts and methods for their detection” (Matoulkova
et al., Kvasny Primysl 59(9): 246-257, 2013). The growth was monitored of a set of 143 strains of culture (brewing and wine) and wild
yeasts in selected selective media designed for the detection of wild yeasts: WLN agar, wort agar containing monoiodoacetic acid, lysine
agar, agar with crystal violet and agar with copper sulphate. Yeast growth was further studied on MYGP agar plates containing the anti-
biotic actidione and on YPD agar medium at 37 °C. The usefulness of the media in the brewery laboratory was evaluated.

Kubizniakova, P. — Kopecka, J. — Matoulkova, D.: Die Wildhefe und Methoden ihrer Detektion — Il. Teil. Kvasny Prum. 60, 2014,

Nr. 4, S. 78-87

Diese Publikation ist eine Fortsetzung des Leitartikels ,Mikrobiologie der Brauproduktion — wilde Hefe und ihre Detektion“ (Matoulkova et al.,
Kvasny Priimysl| 59(9): 246257, 2013). Im Artikel wurde ein Wachstum einer Datei von 143 Kulturhefen (Brau und Weinhefe) und Wildhefen auf
den folgenden fir die Kultivierung der Wildhefe ausgewahlten selektiven Boden verfolgt: : WLN Agar, Wirzeagar, mit der Mono lodessigsaure,
Lysin-Agar, Agar mit Kristallviolett und Agar mit Kupfersulfat. Weiterhin wurde bei der Temperatur 37 °C ein Wachstum der Hefe am Antibiotikum
Aktidion enthaltend MYGP Agar und am YPD Agar verfolgt. Es wurde auch die Anwendbarkeit von den Béden im Brauereilabor ausgewertet..
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1 UvoD

Tato studie navazuje na Uvodni ¢lanek tykajici se problematiky
detekce divokych kvasinek (Matoulkova et al., 2013). Plvodni
studie byla provedena na souboru 19 kulturnich a divokych kva-
sinek. V této praci byl rozsifen soubor testovanych kment kvasi-
nek, a to jak kulturnich (30 kmen), tak kvasinek vinafskych (26
kmen(), a divokych kvasinek rodu Saccharomyces (36 kmenu)
i non-Saccharomyces (51 kmen(). Terminem ,divoké kvasinky*
mame na mysli kvasinky jiné nez kulturni, i pfesto, ze zaména
kmene v provozech, kde je pouzivano vice kmenl (zejména sou-
¢asné spodni a svrchni kmen), mize mit pro vysledny produkt
stejné nebo horSi nasledky nez nahodna kontaminace divokymi
kvasinkami.

Nékteré kmeny kulturnich kvasinek rostou na pldach uréenych
pro detekci divokych kvasinek. Je to dano rGiznou mirou tolerance
k selektivni slozce pud — napf. pida s krystalovou violeti v koncent-
raci 0,02 g/l umoznila rist nékterych kulturnich kvasinek Saccharo-
myces cerevisiae a kvasinek Torulaspora, za sou¢asného potlaceni
ristu spodnich pivovarskych kvasinek a vétSiny divokych kvasinek
skupiny non-Saccharomyces. Na pudé obsahujici siran médnaty
bylo dosazeno nejvétsiho zachytu divokych kvasinek skupiny non-
-Saccharomyces a rostly na ni i nékteré svrchni pivovarské kvasinky
(Matoulkova et al., 2013).

Spolehlivé odliSeni spodnich a svrchnich pivovarskych kvasinek
je také stale problematické. Pivovarské kvasinky zahrnuji dva taxo-
nomicky i technologicky odlisné druhy, spodni kvasinky Saccharo-
myces pastorianus a svrchni kvasinky Saccharomyces cerevisiae.
Allopolyploidni genom S. pastorianus vznikl kfizenim mezi druhy,
pravdépodobné svrchnim kmenem S. cerevisiae a nedavno objeve-
nym kryotolerantnim S. eubayanus (Libkind et al. 2011; Pengelly et
Wheals, 2013). Hybridni pdvod spodnich kvasinek znacné ztézuje
jejich odliseni, a to nejen na zakladé fenotypovych vlastnosti, ale i na
zékladé analyz DNA (Kopeckad et al., 2013).

Keywords: microbial contamination of beer, wild yeast, foreign
yeast, Saccharomyces, non-Saccharomyces, culture media

1 INTRODUCTION

This study is a continuation of a preceding article on the detection
of wild yeasts (Matoulkova et al., 2013), which was conducted on
a set of 19 culture and wild yeasts. The present work extended the
set of yeast strains under study to include culture (30 strains), wine
(26 strains), wild Saccharomyces (36 strains) and non-Saccharomy-
ces (51 strains) yeast. The term ,wild yeast” denotes yeast other
than culture, even though an inadvertent substitution of a strain in
brewery plants where more strains are used (especially when top-
and bottom-fermenting strains are used simultaneously) may affect
the final product in the same or worse manner than an accidental
contamination by wild yeasts.

Some strains of culture yeast grow on media intended for the de-
tection of wild yeasts. This is due to different degrees of tolerance to
a selective component of the media — for example, medium with crys-
tal violet at a concentration of 0.02 g/l has supported the growth of
certain culture yeasts of Saccharomyces cerevisiae and Torulaspora
yeast while suppressing the growth of the bottom-fermenting brew-
ing yeast and most wild yeasts of non-Saccharomyces group. The
medium containing copper sulphate supported the largest capture of
non-Saccharomyces wild yeast while some top brewer” s yeast grew
on it (Matoulkova et al., 2013).

Reliable differentiation of bottom and top brewer's yeast is still
a problem. Brewer's yeast includes two taxonomically and techno-
logically distinct species, the bottom-fermenting yeast Saccharo-
myces pastorianus and top-fermenting yeast Saccharomyces cer-
evisiae. The allopolyploid genome of S. pastorianus has originated
from inter-species crosses, probably a top strain of S. cerevisiae
and the recently discovered cryotolerant S. eubayanus (Libkind et
al., 2011; Pengelly and Wheals, 2013). The hybrid origin of bottom
yeast makes it more difficult to distinguish it not only on the basis
of phenotypic characteristics but also on the basis of DNA analysis
(Kopecka et al., 2013).
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Cilem nasi prace bylo rozsifeni souboru testovanych kment kul-
turnich a divokych kvasinek a vyhodnoceni rliznych kultivaénich pad
pro stanoveni divokych kvasinek s pfihlédnutim na jejich redlnou vy-
uzitelnost v provozni pivovarské laboratofi.

2 MATERIAL A METODY

2.1 Slozeni a priprava kultivaénich médii

Zakladnim médiem pro kultivaci kvasinek pred vyockovanim na
selektivni pldy byl sladinovy agar, ktery |ze pfipravit z provozni sladi-
ny nebo z dehydratované pldy dodavané komeréné (napf. od firmy
Oxoid). Jako kontrolni médium pro porovnani ristu kvasinek na rdz-
nych pudach byl pouzit Wallerstein Laboratory nutrient agar (WLN).
Selektivni ptudy: mladinovy agar s kyselinou monojodoctovou (KJO),
lysinovy agar (LYS), mladinovy agar s krystalovou violeti (KV), mla-
dinovy agar se siranem médnatym (CuA), MYGP agar s aktidionem
(ACT). SloZeni a postup pfipravy pud je uveden v Gvodnim ¢&lanku
(Matoulkova et al., 2013). Pro pudy ke kultivaci vinaiskych kvasinek
byla misto mladiny pouzita sladina. Na nékterych ptidach (sladinovy
a mladinovy agar, WLN atd.) mohou rist i bakterie. Pro jejich inhibici
se bézné vyuziva tetracyklin (Savel, 1980). V nasi studii jsme pra-
covali s Cistymi kulturami kvasinek a média proto tetracyklin neob-
sahovala. Pfi pfipravé pld pro detekci divokych kvasinek v realnych
vzorcich je pfidavek tetracyklinu nutny.

2.2 Mikroorganismy a riistové podminky

Kulturni a divoké kmeny kvasinek, které byly pouzity v této pra-
ci, pochéazeji ze Sbirky pivovarskych mikroorganismi RIBM VUPS,
a.s., sbirky DSMZ v Braunschweigu (Némecko) a Ceské sbirky mi-
kroorganismi CCM v Brné. Seznam kmend, jejich oznaceni a blizsi
specifikace jsou uvedeny v tab. 1, 2, 3 a 4. Pouzito bylo 15 kmenu
spodnich pivovarskych kvasinek Saccharomyces pastorianus a 15
kmenu svrchniho kvaseni Saccharomyces cerevisiae (tab. 1). Sou-
¢asti souboru kvasinek bylo 26 kmen0 kulturnich vinarskych kvasi-
nek druhu Saccharomyces cerevisiae (tab. 2), 36 kmenu divokych
kvasinek rodu Saccharomyces (tab. 3) a 51 kmenu divokych kvasi-
nek skupiny non-Saccharomyces (tab. 4). Sou€éasti souboru kvasi-
nek jsou i kmeny pouzité v predchazejici studii (Matoulkova et al.,
2013). V tabulkach i v textu je pouzito platné nazvoslovi kvasinek
(Kurtzman 2011). Vzhledem k tomu, Ze nékteré z aktualnich nazvi
nejsou v praxi bézné vyuzivané, uvadime pro pfehlednost v zavorce
i jejich jiz neplatna, ale stéle pouzivana synonyma, napt. Meyerozy-
ma guilliermondii (,Pichia guilliermondii®), Wickerhamomyces ano-
malus (,Pichia anomala*“) apod.

Pred vyockovanim na testované pldy byly kvasinky inkubova-
ny na sladinovém agaru pfi teploté 26 °C po dobu 48 h. Suspense
kvasinek byla nasledné pfipravena rozmichanim 1 kolonie ve steril-
nim fysiologickém roztoku, s vyslednou koncentraci bunék pfibliz-
né 5 mil/ml. Pomoci desitkového fedéni byly suspenze nafedény
tak, aby na Petriho miskach s testovanymi pidami narostlo 10-50
kolonii. Po 96 hodinach inkubace pfi teploté 26 °C byl vyhodnocen
a zdokumentovan narust kultur. Pro rozdéleni kvasinek na zakladé
maximalni rstové teploty byly kmeny inkubovany na YPD agaru pfi
teploté 37 °C po dobu 96 hodin.

3 VYSLEDKY A DISKUSE

3.1 Rust spodnich a svrchnich pivovarskych kvasinek

V prvni &asti prace byl sledovan rlst kulturnich pivovarskych kva-
sinek na selektivnich pudach uréenych pro detekci divokych kvasi-
nek. Cilem bylo zjistit, do jaké miry jsou rizné pldy pouzitelné pro
odliSeni spodnich a svrchnich kvasinek, a zarovern, jakym zplisobem
muze pfitomnost kulturnich kvasinek obou druhl ve vySetfovaném
vzorku ovlivnit stanoveni divokych kvasinek. Vysledky jsou uvedeny
v fab. 1ana obr. 1.

Spodni a svrchni kvasinky Ize do jisté miry odliSit pomoci pady
WLN. Kvasinky spodniho kvaseni S. pastorianus redukuji brom-
kresolovou zelefi obsazenou v pGdé a vytvareji hladké svétle kré-
mové kolonie, zatimco rust svrchnich kvasinek neni doprovazen
redukci bromkresolové zelené a jejich kolonie jsou zelené (Hall,
1970; Hall, 1971; Jespersen a Jakobsen, 1996). Z testovaného
souboru spodnich kvasinek pouze kmen RIBM 11 vytvarel zele-
né kolonie, ostatni kmeny vytvarely krémové zbarvené kolonie.
Svrchni kvasinky rostly ve formé zelenych kolonii s vyjimkou
2 kmenU (S. cerevisiae RIBM 140 a RIBM 154), jejichz kolonie
se svym zbarvenim neliSily od spodnich pivovarskych kvasinek

The aim of our study was to broaden the range of tested strains of
culture and wild yeasts and evaluate different laboratory media used
for the determination of wild yeasts with regard to their applicability
in real brewery laboratory.

2 MATERIAL AND METHODS

2.1 Composition and preparation of culture media

The basic medium for culturing yeast before inoculation on se-
lective medium was wort agar, which can be prepared from brew-
ery wort or from commercially supplied dehydrated medium (e.g.,
from Oxoid). The control medium used for comparing the growth
of yeast on different media was Wallerstein Laboratory nutrient
agar (WLN). Selective media: wort agar with monoiodoacetic acid
(KIO), lysine agar (LYS), wort agar with crystal violet (CV), wort
agar with copper sulphate (CuA), and MYGP agar with actidione
(ACT). Composition and preparation of the media was given in
Matoulkova et al. (2013). The medium for the cultivation of wine
yeast contained sweet-wort instead of wort. Bacteria can also
grow on some media (wort and sweet-wort agar, WLN, etc.). Tet-
racycline is commonly used for their inhibition (Savel, 1980). In
our study we worked with pure cultures of yeast and the media
therefore did not contain tetracycline. The addition of tetracycline
was necessary when preparing the media for the detection of wild
yeasts in real samples.

2.2 Microorganisms and growth conditions

Culture and wild yeast strains that were used in this study come
from the collection of brewery microorganisms of the RIBM, the
DSMZ collection in Braunschweig (Germany) and the Czech Col-
lection of Microorganisms (CCM) in Brno. The list of the strains,
their designation and further specifications are given in Tables 1,
2, 3and 4. We used 15 strains of bottom brewer‘s yeast Saccha-
romyces pastorianus and 15 top-fermenting strains of Saccharo-
myces cerevisiae (Table 1). The set of culture yeast also included
26 strains of wine yeast Saccharomyces cerevisiae (Table 2), 36
strains of wild yeasts of Saccharomyces genus (Table 3) and 51
strains of the wild yeast of the non-Saccharomyces group (Ta-
ble 4). The set of yeast strains also included those employed in
a previous study (Matoulkova et al., 2013). The tables and the
text make use of a valid yeast nomenclature (Kurtzman, 2011).
Given that some of the current names are not commonly used in
practice, we use for clarity in parentheses their synonyms which
are no longer valid but still used, e.g. Meyerozyma guilliermon-
dii (,Pichia guilliermondii*) Wickerhamomyces anomalus (,,Pichia
anomala“), etc.

Prior to inoculation on the test medium the yeast were incubated
on wort agar at 26 °C for 48 hours. Yeast suspension was then pre-
pared by stirring 1 colony in sterile saline, with a final cell concen-
tration of approximately 5x10%ml. The suspensions were diluted by
serial 10-fold dilutions such that 10-50 colonies grew on the Petri
dishes with the test media. The growth of the cultures was evalu-
ated and documented after 96 hours of incubation at 26 °C. The
strains were incubated on YPD agar medium at 37 °C for 96 hours
in order to distinguish the yeast according to the maximum growth
temperature.

3 RESULTS AND DISCUSSION

3.1 The growth of bottom and top brewer‘s yeast

In the first part of the study, the growth of brewer‘s yeast was moni-
tored on selective media designed for the detection of wild yeasts.
The aim was to determine the extent to which different media can be
used to distinguish the bottom and top yeast and, at the same time,
how can the presence of both culture yeast species in the sample af-
fect the determination of wild yeasts. The results are shown in Table
1and Fig. 1.

Bottom and top yeast can to some extent be distinguished using
WLN medium. Bottom-fermenting yeast S. pastorianus reduces
bromocresol green contained in the medium and forms smooth
creamy pale colonies, while the growth of top yeast is not accom-
panied by reduction of bromocresol green and the colonies are
green (Hall, 1970; Hall, 1971; Jespersen and Jakobsen, 1996).
In the set of bottom yeast strains, only strain RIBM 11 formed
green colonies, other tribes forming cream-colored colonies. Top
yeast grew as green colonies with the exception of two strains
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Tab. 1 Rust kulturnich pivovarskych kvasinek na rliznych kultivaénich pudach / Table 1 Growth of culture brewer’s yeast strains on various

culture media

Druh / Species Kmen /

Kultivaéni pudy / Culture media*

Strain

=
=
z

KOJ

LYS KV CuA ACT 37°C

S. pastorianus RIBM 1

RIBM 2

RIBM 3

RIBM 6

RIBM 9

RIBM 10

+ |+

RIBM 11

13
1]
+
'
'

RIBM 15

RIBM 18

RIBM 32

RIBM 95

RIBM 96

RIBM 111

RIBM 112

'
'
13

RIBM 143

'
]

S. cerevisiae RIBM 138

RIBM 139

.
+ |+ [+ |+ |+

RIBM 140

i
'
'

RIBM 145

RIBM 146

RIBM 147

.
+ |+ |+
.
:

RIBM 148

RIBM 149

RIBM 150

RIBM 151

+ [+

RIBM 152

13
13
1
1

RIBM 153

RIBM 154

RIBM 155

S R I o P o o IR I I S I R (S

]
+ |+ |+
+ |+ [+

.

N |IN[X[IN[N|IN[N|N[N|N[N|N|[X|NN|X|IX|X|IX|m|IXT|T|IXIN|X|X|IX|X|X|xX
1

RIBM 156

- + + -

+

* WLN, Wallerstein Laboratory Nutrient agar; KJO, mladinovy agar s kyselinou monojodoctovou / wort agar with monoiodoacetic acid; LYS,
lysinovy agar / Lysine agar; KV, agar s krystalovou violeti / agar with crystal violet; CuA, agar s CuSO, / agar with CuSO, ; ACT, agar s akti-
dionem / actidione agar; 37 °C, kultivace pfi 37 °C / incubation at 37 °C; +, velikost kolonii srovnatelna s kontrolou (sladinovy agar) / growth
comparable to control (wort agar); ~, drobné kolonie / small colonies; b, bilé kolonie / white colonies; k, krémové kolonie / creamy colonies;

z, zelené kolonie /green colonies; -, bez narustu rdstu / no growth

(fotografie uvedeny v praci Matoulkova et al., 2013). V kombinaci
s kultivaci pfi teploté 37 °C jsou v8ak i tyto dva kmeny odliSitelné
od kmenUl spodniho kva$eni. Kvasinky svrchniho kvaseni S. ce-
revisiae vytvari kolonie v riznych odstinech zelené barvy, od na-
zelenalé, pfes svétle zelenou az po zelenou barvu (obr. 2B,C).
Ze souboru testovanych kulturnich kvasinek jich 14 (tj. 93,3 %)
spodnich na pudé WLN tvori krémové zbarvené kolonie, 13 kme-
nl (86,7 %) svrchnich pivovarskych kvasinek tvofi kolonie zelené
barvy (obr. 3).

Na pudé s kyselinou monojodoctovou a na lysinovém agaru ne-
byl pozorovan rust zadného z kulturnich kmenu kvasinek. Na lysi-
novém agaru kulturni kmeny (a vétsina divokych kvasinek rodu Sa-
ccharomyces) nerostou anebo narostou ve formé velmi drobnych
kolonii. Selektivita lysinového agaru je dana pfitomnosti L-lysinu
jako vyhradniho zdroje dusiku — kulturni kvasinky a vétSina divo-
kych kvasinek rodu Saccharomyces neni schopna tuto aminoky-
selinu vyuzivat a na lysinové pidé tedy neroste (Walters a Thisel-
ton, 1953). Narlst kvasinek Saccharomyces na lysinovém agaru
ve formé drobnych kolonii je zplsoben tim, Ze kvasinky o¢kované
na misky nejsou UpIné vyhladovélé, a néjaké malé mnozstvi zivin
(v€etné zdroje dusiku) si pfinaseji v bunkach nebo na jejich povr-
chu a do doby jejich vyéerpani se mohou na pidé mnozit (Cam-
pbell, 2003).

Mladinovy agar s krystalovou violeti je méné vhodny pro prikaz
divokych kvasinek. Pida s krystalovou violeti v koncentraci 0,02 g/l
v nasi pfedchozi studii umoznila rist nékterych kulturnich kvasinek

(S. cerevisiae RIBM 140 and RIBM 154), the colonies of which
did not differ in color from the bottom brewer's yeast (see the
photo in Matoulkova et al., 2013). In combination with the cultiva-
tion at 37 °C, however, even these two strains are distinguishable
from bottom-fermenting strains. Top fermenting yeast S. cerevi-
siae produces colonies in various shades of green, from greenish
over light green to green (Fig. 2B, C). From the set of test culture
yeast strains, 14 (i.e. 93.3%) of bottom strains formed cream colo-
nies on WLN medium, 13 strains (86.7%) of the top brewing yeast
forming green colonies (Fig. 3).

No growth was observed in any of the culture yeast strains on
the medium with monoiodoacetic acid and on lysine agar. On
lysine agar both culture strains and most Saccharomyces wild
yeasts do not grow or grow in the form of very small colonies. The
selectivity of lysine agar is given by the presence of L-lysine as
the sole nitrogen source; culture yeast and most Saccharomyces
wild yeasts are not able to use the amino acid lysine and thus
do not grow on the medium (Walters and Thiselton, 1953). The
growth of Saccharomyces yeast on lysine agar in the form of tiny
colonies is caused by the fact that yeast inoculated onto plates
is not completely starved, and some amount of nutrients (includ-
ing nitrogen sources) is brought in the cells or on their surface.
The cells can then reproduce until an exhaustion of the sources
(Campbell, 2003).

Wort agar with crystal violet is less suitable for the detection
of wild yeasts. In our previous study, medium with crystal violet
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Obr. 1 Rast kulturnich pivovarskych kvasinek na rdznych kultiva¢-
nich plidach / Fig. 1 Growth of brewer’s yeast strains on various cul-
ture media

(0.02 g/l) has allowed the growth of some strains of Saccharomy-
ces cerevisiae (3 of 5 strains tested) and Torulaspora while sup-
pressing the growth of bottom brewer's yeast (strains S. pastori-
anus RIBM 2, RIBM 6, RIBM 95 and DSM 6580™) and most of the
tested group of non-Saccharomyces wild yeasts (Matoulkova et
al., 2013). The extension of the number of culture yeast strains
in this follow-up study has shown that medium with crystal violet
is not universally applicable for detection of wild yeasts. Seven
strains of S. pastorianus (i.e. 46.7 %) and most of the top strains
(Table 1, Fig. 1) grew on this medium. This is caused by different
sensitivities of various culture and wild Saccharomyces and non-
Saccharomyces yeast to various concentrations of crystal violet
(Hiker and Near, 1975).

The wort agar with copper sulphate supported the growth of
2 strains of S. pastorianus RIBM 11 and 143. These tribes are
not typical since RIBM 11strain comes from Germany and was
added to the RIBM Collection in 1963; strain RIBM 143 is also of
German origin and is used for producing beer of the types Bock,
Dopplebock, Oktoberfest and Helles. Seven top strains, i.e. about

Obr. 2 Vzhled kolonii kulturnich kvasinek na ptidé WLN / Fig. 2 Culture yeast colonies on WLN agar; A — S. pastorianus RIBM 143;B — S. ce-

revisiae RIBM 147; C — S. cerevisiae RIBM 151

Saccharomyces cerevisiae (3 z 5 testovanych kmen0) a kvasinek
Torulaspora, za soucasného potlaceni rustu spodnich pivovar-
skych kvasinek (kmenU S. pastorianus RIBM 2, RIBM 6, RIBM 95
a DSM 6580") a vétsiny testovanych divokych kvasinek skupiny non-
Saccharomyces (Matoulkova et al., 2013). Rozsifeni souboru kmena
kulturnich kvasinek v této navazujici praci prokézalo, Ze plda s krys-
talovou violeti neni univerzalné pouzitelna pro detekci divokych kva-
sinek. Na plidé narostlo 7 kmenU S. pastorianus (tedy 46,7 %) a vét-
8ina svrchnich kmen( (tab. 1, obr. 1). Je to dano rdznou citlivosti
riiznych kulturnich i divokych kvasinek Saccharomyces i divokych
kvasinek non-Saccharomyces na rizné koncentrace krystalové vio-
leti (Haikara a Enari, 1975).

Na mladinovém agaru se siranem médnatym narostly 2 kmeny
spodniho kvaseni S. pastorianus RIBM 11 a 143 —tyto kmeny nejsou
typické — kmen RIBM 11 pochazi z Némecka a do Sbirky VUPS byl
zarazen v roce 1963. Kmen RIBM 143 je také némeckého plvodu
a je pouzivan pro vyrobu piva typu Bock, Dopplebock, Oktoberfest
a Helles. Svrchnich kmen( na této pidé rostlo 7, tedy pfiblizné polo-
vina. V literatufe jsou uvadény r(izné koncentrace siranu médnatého
v médiu. Plivodné pouzivana koncentrace CuSO, 0,55 g/l umozno-
vala rdst pouze kvasinek skupiny non-Saccharomyces (Lin, 1981).
Snizenim koncentrace CuSO, na 0,2 g/l podle Taylora a Marshe
(1984) je mozné detekovat i nékteré divoké kvasinky rodu Saccha-
romyces.

Antibiotikum aktidion inhibuje syntézu protein( u vétSiny eukaryot.
Citlivost nebo rezistence kvasinek k rdznym koncentracim aktidio-
nu je vyuzivana jako taxonomicky marker (Campbell, 2003; Harris
a Watson, 1968; Kurtzman, 2011). Aktidion je bézné pouzivan pro
potlaceni ristu kvasinek a plisni pfi stanoveni pfitomnosti bakterif
mlééného kvadeni ve vzorku (Savel, 1980). PFi pouziti koncentrace
aktidionu 10 mg/ml je rlst kulturnich kvasinek stéle inhibovan, ale
nékteré rezistentni divoké kvasinky mohou na pudé rist, napf. Han-
seniaspora uvarum (dfive ,Kloeckera apiculata®), kvasinky rodu De-
kkera, Brettanomyces, Kluyveromyces, Candida, Rhodotorula atd.
(Ingledew a Casey, 1982).

Inkubace kulturnich pivovarskych kvasinek pfi teploté 37 °C umoz-
nila rozliSeni spodnich a svrchnich kmenli — v8echny testované
kmeny S. cerevisiae byly schopny rdstu pfi teploté 37 °C, zatimco
rist kvasinek S. pastorianus byl zcela inhibovan. Spolehlivost této
metody byla rozporovana napf. v praci Kopeckeé et al. (2012), kde byl
prokazan inhibiéni ucinek teploty 37 °C na nékteré kmeny svrchnich
kvasinek.
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Obr. 3 Rast kulturnich a divokych kvasinek na pudé WLN / Fig. 3
Growth of culture and wild yeast on WLN agar

half, grew on this medium. The literature gives different concentra-
tions of copper sulphate in the medium. The originally used CuSO,
concentration of 0.55 g/l allowed the growth of only non-Saccharo-
myces yeast (Lin, 1981). Some wild Saccharomyces yeast can be
detected by reducing the concentration of CuSO, to 0.2 g/l (Taylor
and Marsh, 1984).

Actidione is an antibiotic inhibiting protein synthesis in most eu-
karyotes. Sensitivity or resistance of yeast to various concentra-
tions of actidione is used as a taxonomic marker (Campbell, 2003;
Harris and Watson, 1968; Kurtzman, 2011). Actidione is commonly
used to suppress the growth of yeasts and molds when determin-
ing the presence of lactic acid bacteria in a sample (Saul, 1980).
When using actidione in concentration of 10 mg/ml, the growth
of culture yeast is inhibited while some resistant wild yeast, e.g.
Hanseniaspora uvarum (formerly ,Kloeckera apiculata“), yeast of
the genera Dekkera, Brettanomyces, Kluyveromyces, Candida,
Rhodotorula, etc., can grow on the medium (Ingledew and Casey,
1982).

Incubation of culture brewing yeast at 37 °C allowed us to distin-
guish bottom and top strains since all tested strains of S. cerevisiae
were able to grow at 37 °C, while the growth of S. pastorianus was
completely inhibited. The reliability of this method was put to ques-
tion by, e.g., Kopecka et al. (2012) who was reported an inhibitory
effect of cultivation at 37 °C on some top yeast strains.
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Divoké kvasinky a metody jejich detekce — Il. cast

Tab. 2 RuUst vinafskych kvasinek S. cerevisiae na rlznych kultivaénich padach / Table 2 Growth of S. cerevisiae wine yeast on various cultu-

re media

Kmen / Strain

Kultivaéni pudy / Culture media*

s
=
z

KOJ

LYS

KV CuA ACT 37°C

RIBM V5

RIBM V6

RIBM V7

+

RIBM V11

RIBM V12

RIBM V212

RIBM V14

RIBM V214

RIBM V16

RIBM V17

o I I o (VR IR S o
o e I e I I IE o I o

RIBM V24

1]
'
'

RIBM V25

RIBM V26

RIBM V226

RIBM V27

RIBM V227

RIBM V31

RIBM V231

RIBM KS1

R R R R R R R R A A R E R R

RIBM G1

RIBM G2

+

RIBM D1

o e I O o I IS o S IR R S

RIBM A26

RIBM A27

+

RIBM A28

S I I I (A I T [ I I S S

+ [+ |+

+

N |IN[N|N[IN|N[N[N[N|N[N|N[N|N|[N|N|T|N|[N|N|N|N|N|N|T|T

RIBMT.d.C

+

+

+

“WLN, Wallerstein Laboratory Nutrient agar; KJO, mladinovy agar s kyselinou monojodoctovou / wort agar with monoiodoacetic acid; LYS,
lysinovy agar / Lysine agar; KV, agar s krystalovou violeti / agar with crystal violet; CuA, agar s CuSO, / agar with CuSO,; ACT, agar s akti-
dionem / actidione agar; 37 °C, kultivace pfi 37 °C /incubation at 37 °C; +, velikost kolonii srovnatelna s kontrolou (sladinovy agar) / growth
comparable to control (wort agar); ~, drobné kolonie / small colonies; b, bilé kolonie / white colonies; z, zelené kolonie /green colonies; -,

bez ndrdstu ristu / no growth

3.2 Rust vinafskych kvasinek na raiznych kultivaénich pldach

Narust vinarskych kvasinek S. cerevisiae na jednotlivych pidach
pro detekci divokych kvasinek je uveden v tab. 2. Na pidé WLN vétsi-
na vinafskych kmen rostla ve formé zelenych kolonii, pouze kmeny
RIBM V5, V6 a V17 tvofily bilé az bézové kolonie (obr. 3). Kyselina
monojodoctova inhibovala riist vSech testovanych kmen( vinarskych
kvasinek. Pouze jeden kmen z celkového poctu 26 vinafskych kme-
nu rostl na lysinovém agaru. Dva dal$i kmeny rostly ve formé velmi
drobnych kolonii. Pldy s krystalovou violeti a se siranem médnatym
nejsou vhodné pro detekci kvasniénych kontaminant vina, nebot ne-
inhibuji rast kulturnich vinafskych kvasinek. Z celkového poctu 26
kmen( vinarskych kvasinek rostlo 23 kmen( (tj. 88,5 %) na sladi-
novém agaru s krystalovou violeti, 24 kmenl (92,3 %) na pidé se
siranem médnatym. Pfi teploté 37 °C narostlo 24 kmenU (obr. 4).
Mezi nebezpecné kontaminanty vina patfi zejména kvasinky rod
Brettanomyces, Dekkera, Saccharomycodes, Zygosaccharomyces,
méné Casté jsou Candida, Hanseniaspora, Pichia (Fugelsang a Ed-
wards, 2007). Na plidé s aktidionem nebyl zaznamenan narlst zad-
ného z vinafskych kmenu.

3.3 Rust divokych kvasinek na riznych kultivaénich padach

Soubor 87 kmenl kvasinek kontaminujici prostfedi napojového
pramyslu byl rozdélen do dvou skupin — 36 kmenl rodu Saccha-
romyces (tab. 3) a 51 kmen( skupiny non-Saccharomyces (tab. 4).
Na obr. 5 je prezentovano porovnani rlstu véech testovanych divo-
kych kvasinek na jednotlivych padach, obr. 6 dokumentuje rozdily
v narGstu divokych kvasinek rodu Saccharomyces a kvasinek jinych
rodd. Podobné jako u kulturnich kvasinek, neni v pfipadé lysinového
agaru jako pozitivni nartst povazovana tvorba drobnych kolonii.

Na ptdé WLN s bromkresolovou zeleni vytvarely divoké kvasinky
kolonie rGiznych tvar(l a barev — bilé, krémové, nazelenalé az tmavé

3.2 The growth of wine yeasts on different culture media

The growth of S. cerevisiae wine yeast on different media used
for detecting wild yeasts is shown in Table 2. Most wine strains
grew on the WLN medium as green colonies, only strains RIBM
V5, V6 and V17 forming white to beige colonies (Fig. 3). Monoi-
odoacetic acid inhibited the growth of all tested strains of wine
yeast. Only one strain from a total of 26 wine strains grew on lysine
agar. Two other strains grew in the form of very small colonies.
Media with crystal violet and copper sulphate are not suitable for
the detection of yeast wine contaminants as they do not inhibit the
growth of wine yeast. Of the 26 strains of wine yeasts, 23 strains
(i.e. 88.5%) grew on wort agar with crystal violet and 24 strains
(92.3%) on the medium with copper sulphate. 24 strains grew at
37 °C (Fig. 4). Hazardous contaminants include wine yeast genera
Brettanomyces, Dekkera, Saccharomycodes, Zygosaccharomy-
ces and the less common Candida, Hanseniaspora, Pichia (Fugel-
sang and Edwards, 2007). No growth of wine strains was recorded
on the medium with actidione.

3.3 The growth of wild yeasts in different culture media

The set of 87 yeast strains contaminating the beverage indus-
try environments has been divided into two groups — 36 strains
of Saccharomyces genus (Table 3) and 51 strains of non-Sac-
charomyces group (Table 4). Fig. 5 presents the comparison of
the growth of wild yeasts tested on various media, Fig. 6 demon-
strates the differences in the growth of wild yeasts of genus Sac-
charomyces and other yeast genera. Like with the culture yeast,
the formation of tiny colonies on lysine agar is not regarded as
positive growth.

On WLN medium with bromocresol green, wild yeast formed
colonies of various shapes and colors — white, creamy, green-
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Tab. 3 Rust divokych kvasinek Saccharomyces cerevisiae na rliznych kultivaénich ptdach / Table 3 Growth of Saccharomyces cerevisiae

wild yeast on various culture media

Kmen / Strain

Kultivaéni pudy / Culture media*

=
=
z

KOJ

LYS

KV CuA ACT 37°C

RIBM Spk 1

RIBM Spk 2

+

RIBM Spk 3

+

RIBM Spk 4

+ |+ [+ [+
+ |+

RIBM Spk 9

RIBM Spk 10

RIBM Spk 11

+ |+

RIBM Spk 13

RIBM Spk 14

RIBM Spk 16

+ |+ |+
.
+ |+

RIBM Spk 17

13
'
'

RIBM Spk 18

RIBM Spk 19

RIBM Spk 20

+ |+

RIBM Spk 23

RIBM Spk 24

.
+ |+ [+ |+ |+

+

RIBM Spk 30

R I I I [ I A I o R S
.
.

RIBM Spk 32

RIBM Spk 37

RIBM Spk 40

RIBM Spk 48

RIBM Spk 57

RIBM Spk 67

RIBM Spk 79

RIBM Spk 80

RIBM Spk 92

RIBM Spk 96

RIBM Spk 101

RIBM Spk 119

RIBM Spk 201

RIBM BP 3

RIBM BP 11

RIBM BP 12

o e e e I o o I IO o e o O

RIBM BP 14

+

X|ITIN|[X|T|IN|N[IN|X|[X|N[N|XIN|N[X|IN[N|N|[X|T|(T|N|N|N|T|X|N|X|N|N|[N|N|N|N
]

RIBM BP 16

+

RIBM 122 (,,S. diastaticus®)

=

+ + - +

* WLN, Wallerstein Laboratory Nutrient agar; KJO, mladinovy agar s kyselinou monojodoctovou / wort agar with monoiodoacetic acid; LYS,
lysinovy agar / Lysine agar; KV, agar s krystalovou violeti / agar with crystal violet; CuA, agar s CuSO, / agar with CuSO,; ACT, agar s akti-
dionem / actidione agar; 37 °C, kultivace pfi 37 °C / incubation at 37 °C; +, velikost kolonii srovnatelna s kontrolou (sladinovy agar) / growth
comparable to control (wort agar); ~, drobné kolonie / small colonies; b, bilé kolonie / white colonies; k, krémové kolonie / creamy colonies;

z, zelené kolonie /green colonies; -, bez nardstu rastu / no growth

zelené. Kolonie vétsiny kmenl mély hladky povrch a vypoukly tvar.
Mensi ¢ast kvasinek vytvarela kolonie s drsnym povrchem ¢&i okrajem,
nebo kolonie ploché. Kolonie vybranych kmen( jsou prezentovany na
obr. 7. Menési, bilé, lesklé kolonie nepravidelného tvaru tvofi Dekkera
bruxellensis (obr. 7A). Kvasinky druhu Hanseniaspora uvarum (,Kloec-
kera apiculata®) vytvarely na WLN agaru ploché, lesklé, tmavé zelené
kolonie se svétlym okrajem (obr. 7B). Kolonie Metschnikowia pulcherri-
ma maji krémovou barvu s tmavsim nazelenalym stfedem a oranzo-
vou zénou (obr. 7C). Kvasinky rodu Rhodotorula vytvari na WLN agaru
atypicky zbarvené kolonie (hnédé, hnédoSedé), coz je dano kombinaci
bromkresolové zelené a barviv, které produkuji kvasinky (obr. 7D). Vice
jak 80 % divokych kvasinek na této ptidé tvori kolonie barevné ¢i tvaro-
vé odlisitelné od spodnich pivovarskych kvasinek (obr. 3). Pida WLN
je tedy vhodna pro detekci kvasinkové kontaminace v ndsadnich kvas-
nicich, kvasniéném hospodafrstvi &i v Useku hlavni kvaseni a dokva$o-
vani v pfipadé, kdy je ovéfen a zaznamenan vzhled kolonii kulturniho
kmene S. pastorianus pouzivaného v daném provoze.

ish to dark green. Colonies of most strains had a smooth surface
and a convex shape. A smaller part of the yeast colonies formed
colonies with a rough surface or edge, or flat colonies. Colonies
of selected strains are shown in Fig. 7. Smaller, white, shiny ir-
regularly shaped colonies are formed by Dekkera bruxellensis
(Fig. 7A). Hanseniaspora uvarum (,Kloeckera apiculata“) formed
on WLN agar flat, glossy, dark green colonies with a bright rim
(Fig. 7B). Metschnikowia pulcherrima colonies are creamy colored
with dark center and a greenish orange zone (Fig. 7C). Yeasts of
the genus Rhodotorula formed on WLN agar colonies with atypical
color (brown, brown-gray), which is caused by a combination of
bromocresol green and pigments produced by the yeast (Fig. 7D).
On this medium more than 80 % of the wild yeast formed colo-
nies distinguishable in color or shape from bottom brewer's yeast
(Fig. 3). The WLN medium is therefore suitable for detection of
fungal contamination of pitching yeast, yeast treatment or the main
and secondary fermentation in the case when the appearance of
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Tab. 4 Rust divokych kvasinek non-Saccharomyces na rliznych kultivaénich ptdach / Table 4 Growth of non-Saccharomyces wild yeast on

Divoké kvasinky a metody jejich detekce — Il. cast

various culture media

Druh / Species Kmen / Strain Kultivaéni ptdy / Culture media*
WLN KOJ Lys KV CuA Act 37°C

Candida rugosa RIBM TdB b + + - + - -
Candida sp. RIBM C6 b - + + + - -
Candida sp. RIBM C7 z + + + + - +
Candida sp. RIBM Spk 76 k + + ~ + + +
Debaryomyces hansenii DSM 70244 b + + - + + +
Dekkera bruxellensis DSM 70001 b - + - + + +
Hanseniaspora osmophila DSM 2249 z + + - + - +
Hanseniaspora uvarum (Kloeckera apiculata) RIBM Spk 91 z + ~ - + - +
Hanseniaspora uvarum RIBM A4 z ~ + + + + -
Hanseniaspora uvarum RIBM A7 z ~ + + + + -
Hanseniaspora uvarum RIBM A10 z + + + + + -
Hanseniaspora uvarum DSM 2768 z + + + + + -
Hanseniaspora valbyensis (Kloeckera japonica) RIBM Kil1/1 z - + - + + ~
Kluyveromyces lactis (Candida spherica) RIBM Spk 212 z - - ~ - - -
Kluyveromyces marxianus RIBM Km z ~ + - + + +
K. marxianus RIBM CH1 b - + - + + +
Kregervanrija fluxuum (Candida vini) DSM 70184 z + + - + - -
Lachancea kluyveri (Saccharomyces kluyveri) RIBM Spk 15 z - + ~ + - +
Lachancea thermotolerans (Kluyveromyces RIBM Kth b - + + + + +
thermotolerans)

Lachancea thermotolerans (Candida dattila) RIBM Spk 221 z - ~ + + - -
Lachancea thermotolerans (Kluyveromyces DSM 3434 z - + - + - +
thermotolerans)

Lindnera saturnus (Williopsis saturnus) RIBM Spk 8 z + + - + - -
Metschnikowia pulcherrima DSM 70321 z + + - + - ~
Meyerozyma guilliermondii (Pichia guilliermondiii) CCM 8224 z + + - + + +
Pichia fermentans (Candida lambica) RIBM Ki1/2 b ~ + - + - +
Pichia membranifaciens RIBM Spk 25 b + + - + - -
Pichia membranifaciens RIBM BS 196 z + + - + - +
Pichia norvegensis (Candida norvegensis) KS 2 b + + - + - ~
Rhodotorula mucilaginosa DSM 70403 z + + - + + ~
Rhodotorula sp. RIBM A8 z + + - + - -
Rhodotorula sp. RIBM A9 z + + - + + -
Schizosaccharomyces octosporus DSM 70573 z - - - + - +
Schizosaccharomyces pombe DSM 70576 z + + + + + +
Torulaspora delbrueckii RIBM T1 z - - - - + +
T. delbrueckii RIBM T2 b - + + + - +
T. delbrueckii RIBM T3 b - + - + + +
T. delbrueckii RIBM T4 z + + + + - +
T. delbrueckii RIBM T5 z - + - + - ~
T. delbrueckii RIBM TdA z + + - + - -
T. delbrueckii RIBM Spk 222 z - - ~ + - -
T. delbrueckii RIBM Spk 78 z - - + - - -
Wickerhamomyces anomalus (Pichia anomala) RIBM Ha229 k + + + + - +
W. anomalus RIBM Ha230 k + + + + - +
W. anomalus RIBM BP 8 z + + ~ + - +
W. anomalus RIBM BP 18 z + + + + - +
W. anomalus RIBM C5 z + + + + - +
Zygosaccharomyces rouxii DSM 2531 k ~ + - + - +
Zygosaccharomyces rouxii CCM 8321 k + + - + + +
Zygosaccharomyces bailli RIBM BS197/B k + + - + - +
Zygosaccharomyces bailli RIBM BS197/Z z + + - + - +
Zygosaccharomyces spp. RIBM Spk 292 z - - + + - +

“WLN, Wallerstein Laboratory Nutrient agar; KJO, mladinovy agar s kyselinou monojodoctovou / wort agar with monoiodoacetic acid; LYS,
lysinovy agar / Lysine agar; KV, agar s krystalovou violeti / agar with crystal violet; CuA, agar s CuSO, / agar with CuSO,; ACT, agar s akti-
dionem / actidione agar; 37 °C; kultivace pfi 37 °C / incubation at 37 °C; +, velikost kolonii srovnatelna s kontrolou (sladinovy agar) / growth
comparable to control (wort agar); ~, drobné kolonie / small colonies; b, bilé kolonie / white colonies; k, krémové kolonie / creamy colonies;
z, zelené kolonie /green colonies; -, bez nardstu ristu / no growth
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Obr. 4 Rust vinarskych kvasinek na rliznych kultivaénich ptdach /
Fig. 4 Growth of wine yeast on various culture media
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Obr. 6 Rust divokych kvasinek rodu Saccharomyces a non-Saccharo-
myces na raznych kultivaénich pldach / Fig. 6 Growth of Saccharo-
myces and non-Saccharomyces wild yeast on various culture media

Divoké kvasinky rodu Saccharomyces nerostly na mladinovém
agaru s kyselinou monojodoctovou. Kyselina monojodoctova pusobi
jako inhibitor glykolyzy kvasinek rodu Saccharomyces a nékterych
kvasinek ze skupiny non-Saccharomyces (Silhankova, 1962). Zaro-
ven potladuje rist vétsiny bakterii (Savel, 1980). Oproti tomu vice nez
polovina kmenu (56,9 %) divokych kvasinek jinych rodl byla schop-
na ristu na této pudé (tab. 4 a obr. 6). Z 16 testovanych rodli pouze
tfi byly citlivé k ucinkim kyseliny monojodoctové a na pidé nerostly,
a to Dekkera, Kluyveromyces a Lachancea. Jednotlivé kmeny rodu
Hanseniaspora, Schizosaccharomyces, Torulaspora a Zygosaccharo-
myces vykazuji vci kyseliné monojodoctoveé rlizny stuper rezistence
a jejich priikaz s pouzitim této plidy tedy neni spolehlivy.

Na lysinovém agaru rostly 4 kmeny (11,1 %) divokych kvasinek rodu
Saccharomyces a 44 kmenu (86 %) skupiny non-Saccharomyces ve
formé kolonii srovnatelnych velikosti s naristem na WLN agaru. Na
této plidé narostly kvasinky rodt Candida (véetné ,Candida vini, nyni
spravné Kregervanrija fluxuum), Debaryomyces, Dekkera, Hansenia-
spora (s vyjimkou jednoho kmene), nékteré kvasinky rodu Kluyveromy-
ces a Lachancea (dfive fazené do rodu Kluyveromyces), dale vSechny
kmeny rodu Pichia, a to jak ptvodné klasifikovana ,Pichia anomala“
(nyni Wickerhamomyces anomalus), tak i stavajici Pichia membra-
nifaciens a Pichia fermentans. Rlzny nardst na lysinovém agaru byl
pozorovan mezi jednotlivymi kmeny kvasinek Torulaspora, Schizosa-
ccharomyces a Zygosaccharomyces. Pomoci lysinové pldy Ize tedy
detekovat pomérné Siroké spektrum divokych kvasinek skupiny non-
-Saccharomyces. Jeji pouziti se tak nabizi zejména pfi mikrobiologické
kontrole vina, viz Fugelsang a Edwards, 2007.

Puda obsahujici krystalovou violet umoznila zachyt 33 kmend
(91,7 %) divokych kmenu rodu Saccharomyces. Niz§i zachyt byl zji§-
tén ve skupiné non-Saccharomyces (17 kmend, tj. 33,3 %). Z tohoto
souboru kmenu byl narlst pozorovan u nékterych kmend Candida,
Hanseniaspora uvarum (,Kloeckera apiculata®), Lachancea, Torula-
spora, Schizosaccharomyces, Wickerhamomyces (,Pichia”), a Zy-
gosaccharomyces. Plda s krystalovou violeti neni univerzalné po-
uzitelna pro detekci divokych kvasinek — narostlo na ni 7 kmenud S.
pastorianus (tedy 46,7 %) a vétSina svrchnich pivovarskych kmenu
(tab. 1, obr. 1) a kulturnich vinafskych kvasinek (tab. 2, obr. 4). Upravy
koncentrace krystalové violeti pro zachyt divokych kvasinek nemaji
vyznam vzhledem k nizkému zachytu jiz pfi zvolené koncentraci.

Na pudé se siranem médnatym byl pozorovan narlst u 17 kmena
(47,2 %) divokych kvasinek rodu Saccharomyces. Ze skupiny divo-
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Obr. 5 Rust divokych kvasinek na rliznych kultivaénich ptdach / Fig.
5 Growth of wild yeast on various culture media

colonies of a culture strain of S. pastorianus used in the given pro-
cess is confirmed and recorded.

Wild yeasts of genus Saccharomyces did not grow on wort agar
with monoiodoacetic acid. Monoiodoacetic acid acts as an inhibi-
tor of glycolysis in Saccharomyces yeasts and in certain groups of
non-Saccharomyces yeast (Silhankova, 1962). It also inhibits the
growth of most bacteria (Savel, 1980). In contrast, more than half of
the strains (56.9%) of wild yeasts of other genera were capable of
growth on this medium (see Table 4 and Fig. 6). Of the 16 tested gen-
era, only three (Dekkera, Kluyveromyces and Lachancea) were sen-
sitive to the effects of monoiodoacetic acid and did not grow on the
medium. Individual strains of the genera Hanseniaspora, Schizosac-
charomyces, Zygosaccharomyces and Torulaspora showed varying
degrees of resistance to monoiodoacetic acid and their proof on this
medium is thus not reliable.

Four strains (11.1%) of wild Saccharomyces yeasts and 44
strains (86%) of non-Saccharomyces yeasts grew on lysine agar as
colonies of size comparable with those on WLN agar. On this me-
dium grew Candida yeasts (including ,,Candida vini* now correctly
Kregervanrija fluxuum), Debaryomyces, Dekkera, Hanseniaspora
(with the exception of one strain), some yeasts Kluyveromyces
and Lachancea (formerly included in genus Kluyveromyces), all
strains of the genus Pichia, both those originally classified as ,Pi-
chia anomala“ (now Wickerhamomyces anomalus), as well as the
existing Pichia membranifaciens and Pichia fermentans. Various
growth on lysine agar was observed in different strains of Toru-
laspora, Schizosaccharomyces and Zygosaccharomyces. Lysine
medium can therefore be used to detect a relatively broad range
of wild non-Saccharomyces yeasts. Its use is thus convenient in
particular in the microbiological control of wine, see Fugelsang and
Edwards (2007).

The medium containing crystal violet allowed the capture of 33
strains (91.7 %) of wild Saccharomyces strains. Lower detection (17
strains, i.e. 33.3 %) was observed in the non-Saccharomyces group.
In this set of strains, growth was observed in some strains of Can-
dida, Hanseniaspora uvarum (,Kloeckera apiculata®), Lachancea,
Torulaspora, Schizosaccharomyces, Wickerhamomyces (,Pichia)
and Zygosaccharomyces. The medium with crystal violet is not uni-
versally applicable for detection of wild yeasts — 7 strains of S. pas-
torianus (i.e. 46.7%) and most of the top brewing strains (Table 1,
Fig.1) and culture wine yeast (Table 2, Fig. 4) grew on it. Adjustments
of the concentration of crystal violet for detection of wild yeasts are
of no significance due to the low detection even at the selected con-
centration.

The growth of 17 strains (47.2 %) of wild Saccharomyces yeasts
was observed on the medium with copper sulphate. In the group
of non-Saccharomyces wild yeasts only species Kluyveromyces
lactis and two Torulaspora delbrueckii strains (Table 4) did not
grow on CuA medium. Agar with copper sulphate thus captured
48 strains (94%) of non-Saccharomyces yeasts while the growth
of culture yeast (brewer’s and wine) was not suppressed at the
given CuSO, concentration. As mentioned in the section on the
growth of culture brewer's yeast on this medium, the medium is
the most appropriate for the detection of wild yeasts in breweries
that use only bottom brewer’s yeast. In any case, the sensitivity
of the brewery strain (or strains, especially top ones) to the con-
centration of CuSQO, in the medium for the detection of wild yeasts
is to be verified.

The medium with actidione supported the growth of only two
strains of wild Saccharomyces yeasts, only one growing in the form
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Obr. 7 Vzhled kolonii divokych kvasinek na ptudé WLN / Fig. 7 Wild yeast colonies on WLN agar; A — Dekkera bruxellensis DSM 70001;
B — Hanseniaspora uvarum RIBM A10; C — Metschnikowia pulcherrima DSM 70321; D — Rhodotorula sp. RIBM A9

N
Obr. 8 Morfologie bunék kvasinek / Fig. 8 Yea
DSM 70573

kych kvasinek non-Saccharomyces nerostly na pidé CuA pouze
druh Kluyveromyces lactis a dva kmeny druhu Torulaspora delbru-
eckii (tab. 4). Agar se siranem médnatym tedy zachytil 48 kmen(
(94 %) skupiny non-Saccharomyces, nicméné rust kulturnich kva-
sinek (pivovarskych i vinafskych) neni pfi dané koncentraci CuSO,
potlacen. Jak jiz bylo uvedeno v &asti tykajici se nardstu kulturnich
pivovarskych kvasinek na této pudé, tato pada je nejvhodné&jSim
médiem pro detekci divokych kvasinek v provozech, které pouzivaji
vyhradné spodni pivovarské kvasinky. V kazdém pfipadé je Zadouci
ovéfit citlivost provozniho kmene (nebo kmend, zvlasté svrchnich)
ke koncentraci CuSO, v pudé pro detekci divokych kvasinek.

Na pldé s aktidionem rostly pouze dva kmeny divokych kvasinek
rodu Saccharomyces, a z toho jeden pouze ve formé velmi drobnych
kolonii. Z celkového souboru kvasinek rodu Saccharomyces byl za-
chyt na této plidé pouze 2,7 %. Ze skupiny non-Saccharomyces byl
pozorovan narist u 14 kment (35,3 %) — napf. nékteré kmeny rodu
Candida, Hanseniaspora, Kluyveromyces, Rhodotorula, Torulaspora
aj. Z celkového poctu 87 kmenu cizich kvasinek na padé s aktidio-
nem rostlo pouze 19 (tj. 21,8 %), a proto neni tato plda vhodna pro
prukaz kvasinkové kontaminace v pivovarském provozu.

Divoké kvasinky ve vzorku Ize do urcité miry urcit pomoci mikrosko-
pie. Buriky divokych kvasinek mohou mit rlizny tvar a velikost — od velmi
drobnych bunék (napf. u Torulaspora delbrueckii) pfes typicky citrono-
vity tvar Hanseniaspora uvarum (,Kloeckera apiculata"), protahlé burky
Wickerhamomyces anomalus (,Pichia anomala”), viz obrazky v ¢lanku
Matoulkova et al., 2013. Nékteré divoké kvasinky vytvafi pseudomy-
celia. Morfologie bunék je zavisla na kultivaénim médiu, podminkach
kultivace a dalSich faktorech. Pfi nedostatku zivin Ize i u kulturnich kva-
sinek pozorovat atypicky protahly tvar bunék. Divoké kvasinky, zejména
druhu S. cerevisiae vdak mohou mit pravidelny ovalny tvar podobny kul-
turnim kvasinkam. Podle Savla Ize pfitomnost dobfe vyvinutého pseu-
domycelia povazovat za pfedb&zny prikaz pfitomnosti divokych kvasi-
nek ve vzorku (Savel, 1980). Z testovaného souboru divokych kment
byla tvorba pseudomycelia pozorovana pouze u kvasinky Dekkera bru-
Xellensis a Schizosaccharomyces octosporus (obr. 8 A,B).

4 ZAVER

Cilem této studie bylo navazani na nasi pfedchozi praci tykajici se
problematiky detekce divokych kvasinek (Matoulkova et al., 2013). Pro
tyto Ucely byl rozsifen soubor testovanych kmen( kvasinek, a to jak
kulturnich pivovarskych kvasinek (30 kmen0), a divokych kvasinek rodu
Saccharomyces (36 kmenu) i non-Saccharomyces (51 kmendu). PouzZi-

st cell morphology; A — Dekkera bruxellensis DSM 70001; B — Schizosa

-]

a [;':“J

B ]
ccharomyces octosporus
of very small colonies. From the group of yeasts Saccharomyces
was to capture the land of just 2.7%. In the group of non-Saccha-
romyces yeasts, growth was observed in 14 strains (35.3%), e.g.
some strains of the genera Candida, Hanseniaspora, Kluyveromy-
ces, Rhodotorula, Torulaspora, etc. Of the 87 strains of foreign yeast
only 19 (i.e. 21.8%) grew on the medium with actidione, and this
medium is therefore not suitable for the detection of yeast contami-
nation in breweries.

Wild yeast in the sample can to some extent be determined mi-
croscopically. Cells of wild yeasts may have different shapes and
sizes — from very small cells (e.g. Torulaspora delbrueckii) via the
typical lemon shape of Hanseniaspora uvarum (,Kloeckera apicu-
lata“) to the elongated cells of Wickerhamomyces anomalus (,Pichia
anomala“), see the figures in Matoulkova et al. (2013). Some wild
yeasts produce pseudomycelium. The morphology of the cells is
dependent on culture medium, culture conditions and other factors.
An atypical elongated cell shape can be also observed in culture
yeast under the lack of nutrients. Wild yeasts, in particular those of
the species S. cerevisiae, can also have a regular oval shape similar
to the culture yeast. According to Savel, the presence of well-de-
veloped pseudomycelium is considered as a tentative evidence of
the presence of wild yeasts in the sample (Savel, 1980). Among the
tested set of wild strains pseudomycelium formation was observed
only in the yeast Dekkera bruxellensis and Schizosaccharomyces
octosporus (Fig. 8 A, B).

4 CONCLUSION

The aim of this study was to follow up on our previous work on
the detection of wild yeasts (Matoulkova et al., 2013). For these
purposes we tested an extended set of yeast strains including both
culture brewer's yeast (30 strains) and wild yeasts of the genus
Saccharomyces (36 strains) and non-Saccharomyces ones (51
strains). We used culture media that are readily available, i.e. com-
mercially sold media (WLN agar, lysine agar) and media that can
be easily prepared (medium with CuSO,, with crystal violet, mo-
noiodoacetic acid or actidione). The list of media that can be used
with varying success for the detection of wild yeasts is shown in
our previous work.

Medium WLN is suitable for the detection of fungal contamina-
tion in pitching yeast, yeast economy or in the primary fermen-
tation in breweries using bottom-fermenting strains — more than
80 % of the wild yeast on the medium form colonies distinguish-
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li jsme kultivaéni pudy, které jsou snadno dostupné — pldy dodavané
komeréné (WLN agar, lysinovy agar) a pldy, které Ize snadno pfipravit
(puda s CuSQ,, s krystalovou violeti, s kyselinou monojodoctovou, s ak-
tidionem). Vycet vSech kultivaénich médii, které Ize s riznym Gspéchem
pouzit pro detekci divokych kvasinek, je uveden v nasi pfedchozi praci.

Plda WLN je vhodnd pro detekei kvasinkové kontaminace v nasad-
nich kvasnicich, kvasniéném hospodarstvi ¢i v Useku hlavni kvaseni
a dokvaSovani v provozech pouzivajicich spodni kmen — vice jak 80 %
divokych kvasinek na této pldé tvofi kolonie barevné ¢i tvarové odlisitel-
né od spodnich pivovarskych kvasinek. Je ale nutné ovéfit a zazname-
nat vzhled kolonii kulturniho kmene pouzivaného v daném provoze. P¥i
pouziti mladinového agaru s kyselinou monojodoctovou (KJO agar) byly
detekovany pouze kvasinky skupiny non-Saccharomyces, a to pfiblizné
57 % z testovanych kmen(. Lysinovy agar umoznil detekci 86 % kment
divokych kvasinek non-Saccharomyces. Mladinovy agar s krystalovou
violeti neni dostateéné selektivni plida pro detekci divokych kvasinek
— vice jak polovina kmenu spodnich i svrchnich pivovarskych kvasinek
priikaz kontaminace divokymi kvasinkami je mladinovy agar se siranem
médnatym. Na této pidé roste 94 % kvasinek ze skupiny non-Saccha-
romyces a téméf polovina kment rodu Saccharomyces. Spodni pivovar-
ské kvasinky vykazuiji k této plidé znacnou citlivost, pfi béZné mikrobio-
logické kontrole Ize pfedpokladat, Ze kvasinky narostlé na této plidé jsou
divoké. U svrchnich kmen( byla priblizné polovina na této pdé schopna
rGstu. Doporu€ujeme tedy ovéreni citlivosti provoznich kment (zejména
svrchnich) ke koncentraci CuSO, v pudé pro detekci divokych kvasinek.
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(approximately 57 % of the tested strains) were detected. Lysine
agar enabled the detection of 86 % of the strains of wild non-Sac-
charomyces yeast. Wort agar with crystal violet is not a sufficiently
selective medium for the detection of wild yeasts — more than half
of the bottom and top strains of brewer's yeast were not sensitive
to the given concentration of crystal violet. The best medium for
the detection of contamination by wild yeasts was wort agar with
copper sulphate. This medium supported the growth of 94 % of
the non-Saccharomyces yeast group and almost half of Saccharo-
myces strains. Bottom brewer's yeast showed considerable sen-
sitivity to this medium. When performing a normal microbiological
control it can be assumed that the yeasts growing on this medium
are wild. About half of the top strains were able to grow on this me-
dium; we therefore recommend that the susceptibility of brewery
strains (especially top ones) to the concentration of CuSO, in the
medium for detection of wild yeasts should be tested.
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