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V publikaci je uveden literarni prehled problematiky detekce divokych kvasinek v provozni pivovarské praxi. V experimentalni ¢asti
prace byl sledovan rist souboru 19 kmenu kulturnich a divokych kvasinek na sladinovém, mladinovém a lysinovém agaru, na ptdach
obsahuijicich kyselinu monojodoctovou, krystalovou violet, siran médnaty. Sledovan byl dale riist kvasinek na WLN agaru, na MYGP
agaru obsahujicim aktidion a na MYGP agaru pfi teploté 37°C. Publikace obsahuje fotodokumentaci kolonii vybranych kmenu kvasinek
kultivovanych na rliznych ztuzenych pldach. Vyhodnocena byla redlna vyuzitelnost pid v provozni pivovarskeé laboratofi.

Matoulkova, D. — Kopecka, J. — Kubizniakova, P.: Brewing microbiology — wild yeasts and methods of their detection. Kvasny
Prum. 59, 2013, No. 9, p. 246-257

This survey is focused on the techniques of detection of wild yeasts in brewery laboratory. The experimental part of the work deals with
the ability of 19 strains of culture and wild yeasts to grow on wort, hopped-wort and lysine agar, and on media containing monoiodacetic
acid, crystal violet and copper sulphate. Growth of yeasts on WLN agar, on MYGP agar with actidione and on MYGP agar at 37°C was
also monitored. Photographs of representative colonies of yeast strains on various agar media are presented. The practical usefulness
of the media in brewery laboratory was evaluated.

Matoulkova, D. — Kopecka, J. — Kubizniakova, P.: Mikrobiologie der Bierherstellung — Die wilde Hefe und die Methoden ihrer
Detektion. Kvasny Prum. 59, 2013, Nr. 9, S. 246-257.

Die Publikation befafBt sich mit der Literariibersicht einer Problematik der Detektion von Wildstdmmen in der Brauindustrie. Im experi-
mentalen Teil wurde Wachstum einer Kollektion von Wild- und kulturellen Hefestdmmen am SuBwurze-, Wurze- und Lysin-Agar und auf
den Monojodessigséure-, Kristallkupfer-, Kristallviolet- und Kupfersulfat enthaltend Béden verfolgt. Weiterhin wurde ein Hefewachstum
am WLN — Agar, am Aktidion enthaltend MYGP — Agar bei der Temperatur 37 °C. Die Publikation enthalt eine Photogalerie der Kolonien
von auf den verfestigten Béden kultivierten ausgewahlten Hefestammen. Weiterhin wurde im Braulabor die reale Verwendbarkeit von
verschiedenen Bdden zur mikrobiologische Kultivierung ausgewertet.

Klicova slova: mikrobidlni kontaminace piva, divoké kvasinky, cizi
kvasinky, Saccharomyces, non-Saccharomyces, ,S. diastaticus®,
super-atenuace, kultivacni pady

1 UVOD

Pojmem “divoké“ nebo ,cizi“ kvasinky jsou popisovany kvasinky jiné
nezli kulturni pivovarské kvasinky. Divoké kvasinky mohou byt na-
chéazeny v rGznych fazich vyroby piva, nejvétsi problémy vSak plisobi
pfi hlavnim kvaseni produkci nezadoucich chuti a aromat (Boulton
a Quain, 2001). DalSim nezadoucim projevem kontaminace divokymi
kvasinkami m(ize byt zpomaleni nebo zastaveni kvaSeni a tzv. super-
-atenuace, tedy hlubsi prokvaseni hotového piva — hotové pivo pak
obsahuje jen minimum zbytkového extraktu a vy8Si koncentrace al-
koholu (Vaughan et al., 2005). V &irSim slova smyslu Ize mezi divo-
ké kvasinky fadit i kulturni kvasinky pfitomné v jiné ¢asti vyrobniho
procesu, nez je kvaseni a dokvasovani, tedy podle popularni definice
od Gillianda ,kvasinky, které nejsou vyuzivany umysiné a nejsou piné
pod kontrolou® (Campbell, 2003a). Mezi divoké kvasinky pak miizeme
fadit i kmeny s nezadoucimi technologickymi vlastnostmi — kmeny pro-
dukujici toxiny (tzv. killer-kmeny) nebo respiracné deficientni mutanty.

Divoké kvasinky jsou bézné rozdélovany do dvou skupin: 1) kvasinky
rodu Saccharomyces a 2) kvasinky patfici do jinych rodd, tzv. non-Sa-
ccharomyces (Ingledew a Casey, 1982). Divoké kvasinky rodu Saccha-
romyces jsou z hlediska své Skodlivosti povazovany za vice rizikové
— mnohé jsou schopné rlst anaerobné a mohou tedy konkurovat kultur-
nim kvasinkam pfi kvaseni cukrG obsaZenych v mlading, za sou¢asné
produkce nezadoucich aromatickych latek. Schopnost produkovat fe-
nolické latky dekarboxylaci fenolickych kyselin mladiny je charakteristic-
ka pro amylolytické (tj. kvasinky schopné $tépit dextriny) i ostatni divoké
kvasinky rodu Saccharomyces (Ryder et al., 1978). Kvasinky schopné
dekarboxylovat fenolové kyseliny maji funkéni gen POF (POF = pheno-
lic off-flavor; fenolické chutové vady, pachuté) a jsou nékdy nazyvany
POF* (POF-pozitivni). Produkuji 4-vinylguajakol a styren dekarboxylaci
kyseliny ferulové, resp. skoficové (Goodey a Tubb, 1982). Amylolytic-
ké kvasinky, dfive oznaované jako ,,S. diastaticus® (nyni klasifikovany

Keywords: microbial contamination of beer, wild yeast,
Saccharomyces, non-Saccharomyces, ,,S. diastaticus®, super-
attenuation, cultivation media

1 INTRODUCTION

The term ,wild“ yeasts is used for any yeasts other than culture
brewer’s yeast. Although found in different stages of beer produc-
tion, they cause the most serious effects by producing undesirable
flavors and aromas during the main fermentation of wort (Boulton
and Quain, 2001). Contamination of wort by wild yeasts can also
lead to the slowing-down or cessation of fermentation or to the
so-called super-attenuation, i.e. deeper fermentation of finished
beer — the resulting beer then contains a minimum of extract and
a higher concentration of alcohol (Vaughan et al., 2005). Culture
brewer’s yeasts present in another operation phase than fermenta-
tion and lagering can be considered as wild, according to the popular
definition by Gilliand, “yeasts that are not used deliberately and not
under full control” (Campbell, 2003a). Wild yeasts can also include
strains with undesirable technological properties — killer yeast strains
or respiratory-deficient mutants.

Wild yeasts are generally divided into two groups: 1) yeasts be-
longing to the genus Saccharomyces and 2) yeasts of other genera,
so-called non-Saccharomyces yeasts (Ingledew and Casey, 1982).
Saccharomyces wild yeasts are considered as more hazardous —
many are able to grow anaerobically and may thus compete with
culture yeast in fermentation of wort sugars, which can then be ac-
companied by production of undesirable aromatic compounds. Am-
ylolytic yeast (tj. yeast able to utilize dextrins) and other wild yeast of
genus Saccharomyces are able to produce phenolic compounds by
decarboxylation of wort phenolic acids (Ryder et al., 1978). Yeasts
that are able to decarboxylate phenolic acids possess a functional
gene POF (POF = phenolic off-flavor) and they are sometimes called
POF+ yeasts (POF-positive). They produce 4-vinyl guaiacol and
styrene by means of decarboxylation of ferulic and cinnamic acid,
respectively (Goodey and Tubb, 1982). Amylolytic yeast, formerly
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jako S. cerevisiae) zkvasuji dextriny za vzniku hluboce prokvasenych
piv (Jespersen a Jakobsen, 1996; Vaughan et al., 2005). Divoké kva-
sinky rodu Saccharomyces jsou navic blizce pfibuzné kulturnim kva-
sinkam, a jejich biochemicka a fysiologické podobnost je pficinou ¢asto
problematického odliseni. , Typické” pivovarské divoké kvasinky dfive
klasifikované jako S. logos, S. uvarum, S. pastorianus, S. diastaticus,
S. willianus, S. ellipsoideus, S. turbidans jsou nyni fazeny do druhu S.
cerevisiae (Kreger van Rijn, 1984; Matoulkova a Savel, 2007).

Skupina non-Saccharomyces divokych kvasinek je rGznoroda —
zahrnuje kvasinky rodu Brettanomyces, Candida, Debaryomyces,
Dekkera, Filobasidium, Hanseniaspora, Kloeckera, Kluyveromyces,
Pichia, Rhodotorula, Torulaspora, Zygosaccharomyces a dalSich.
V pivovarském provozu se nejCastéji vyskytuji Candida a Pichia
(van der Aa Kuhle a Jespersen, 1998). Z hlediska schopnosti ka-
zit pivo jsou povazovany za méné rizikové nezli kvasinky Saccha-
romyces, zejména pro svou omezenou schopnost rist a mnozit se
za anaerobnich podminek a fermentovat cukry (Boulton a Quain,
2001). | kvasinky schopné rlst v &isté kultufe anaerobné nebyly za
podminek napodobujicich kvaseni mladiny schopny konkurovat kul-
turnimu kmeni (Campbell a Msongo, 1991). Kvasinky skupiny non-
-Saccharomyces, pokud nejsou z piva odstranény pasteraci nebo
sterilni filtraci, mohou v pivu pfezivat, ale nijak ho neposkodi. Jejich
detekce v pivu béhem rutinni mikrobiologické kontroly svédéi o nizké
hygienické urovni provozu (Boulton a Quain, 2001).

Pro ucely detekce divokych kvasinek byla vyvinuta fada riiznych kul-
tivaénich metod, které funguji na jednom ze dvou zakladnich principd:
1. nékterd ze slozek pudy, pfipadné podminky inkubace, brani ristu

kulturnich kvasinek za sou¢asné podpory rdstu divokych kvasinek

(Linovo médium, plida s aktidionem, s CuSQ, a rust pfi 37 °C), anebo
2. médium obsahuje slozky, které neumi kulturni pivovarské kvasinky

vyuzivat, zatimco divoké kvasinky na pldé rostou. Do druhé sku-

piny patfi lysinovy agar, kde je selektivita zalozena na vyhradnim
zdroji dusiku, a XMACS médium obsahujici selektivni zdroje uhliku.

Prvnim selektivnim médiem pro detekci divokych kvasinek byl
sladinovy agar s krystalovou violeti (Kato, 1967). Krystalova violet
potladuje rlst kulturnich kvasinek, ale umozruje rlist nékterych divo-
kych kvasinek, napf. ,S. diastaticus®, S. cerevisiae a nékterych dru-
hd roda Pichia, Debaryomyces, Candida a Kloeckera (Savel, 1980).
Tato puda vSak neni univerzalné pouzitelnd — u kvasinek Saccha-
romyces i non-Saccharomyces byla pozorovana rdzna citlivost na
krystalovou violet (Haikara a Enari, 1975).

Dalsi selektivni plidou pro detekci divokych kvasinek bylo Schwar-
zovo diferencialni médium (SDM) obsahujici fuchsin pro inhibici kultur-
nich kvasinek (Brenner et al., 1970). Ani s pidou SDM nebylo dosaze-
no optimalnich vysledk. V nékterych pfipadech na plidé mohou vyrist
i kulturni kvasinky S. pastorianus a S. cerevisiae ve formé kolonii ob-
tizné odlisitelnych od divokych kvasinek Saccharomyces (Lin, 1973).

Linovo médium, nékdy oznagovano LWYM (Lin’s wild yeast medi-
um; Linovo médium pro divoké kvasinky), je kombinaci sladinového
agaru s krystalovou violeti a SDM pudy. Obsahuje krystalovou violet
a fuchsinsifi¢itou smés jako selektivni slozky (Lin, 1974). Pfi pouziti
této pldy je doporu¢ovano otestovani ristu pouzivaného kulturniho
kmene a Uprava mnozstvi krystalové violeti. LWYN je vhodna pro
prikaz divokych kvasinek skupiny Saccharomyces i non-Saccha-
romyces. Pada LWYN byla modifikovana pfidavkem ergosterolu,
Tweenu 80 a ethanolu pro detekci divokych kvasinek rodu Saccha-
romyces (Longley et al., 1980).

Lysinovy agar je syntetické médium obsahuijici glukosu, mineral-
ni soli, vitaminy a aminokyselinu L-lysin jako zdroj dusiku. Kulturni
pivovarské kvasinky a vétSina ostatnich kvasinek rodu Saccharomy-
ces nedokdaze vyuzivat skupinu —NH, lysinu jako vyhradni zdroj du-
siku (Walters a Thiselton, 1953). Pouze kvasinky patfici do skupiny
non-Saccharomyces vytvaii na této pldé kolonie bézné velikosti.
Lysinovy agar ma dvé hlavni nevyhody: 1) neni pIné selektivni — riist
kvasinek rodu Saccharomyces neni zcela inhibovan, protoze kva-
sinky o¢kované ze vzorku na agar nejsou Upiné vyhladovélé, néjaké
mnozstvi zivin (v€éetné zdroje dusiku) si pfinaseji uvnitf a na povrchu
svych bunék a vytvafi zpravidla viditené kolonie; 2) lysinovy agar
je pro vyuziti v pivovarské kontrole nevyhovujici pravé pro svou se-
lektivitu — nejdulezitéj$i kvasinkovité kontaminanty (Saccharomyces)
nejsou detekovany (Campbell, 2003b).

Pozdgji byl lysinovy agar modifikovan pfidavkem dalSich zdroji du-
siku (Martin a Siebert, 1992). Nové médium nazvané CLEN obsaho-
valo, kromé L-lysinu, jako zdroje dusiku kadaverin, ethylamin a nitrat
(CLEN=cadaverin, lysine, ethylamine, nitrate). CLEN agar umozriuje
detekci Sirsiho spektra cizich kvasinek. V tomto smyslu muaze byt lysi-

“S. diastaticus” (now classified as S. cerevisiae) ferments dextrins,
giving rise to super-attenuated beers (Jespersen and Jakobsen,
1996; Vaughan et al., 2005). Saccharomyces wild yeasts are closely
related to the culture yeasts and their biochemical and physiologi-
cal similarities are the cause of problematic differentiation. “Typical”
brewery wild yeasts, formerly classified as S. logos, S. uvarum, S.
pastorianus, S. diastaticus, S. willianus, S. ellipsoideus, S. turbidans,
now belong to the species S. cerevisiae (Kreger van Rijn, 1984; Ma-
toulkovéa and Savel, 2007).

The non-Saccharomyces wild yeast group is heterogeneous — it
contains yeasts of genera Brettanomyces, Candida, Debaryomyces,
Dekkera, Filobasidium, Hanseniaspora, Kloeckera, Kluyveromyces,
Pichia, Rhodotorula, Torulaspora, Zygosaccharomyces and others.
Genera Candida and Pichia are most common in brewery plants
(van der Aa Kuhle and Jespersen, 1998). In terms of beer-spoiling
ability they are considered as less risky than Saccharomyces wild
yeast, particularly for their restricted ability to grow and multiply un-
der anaerobic conditions and also to ferment sugars (Boulton and
Quain, 2001). Wild strains capable of good anaerobic growth in
a pure culture were not able to compete with brewer’s yeast under
anaerobic conditions simulating a brewery fermentation (Campbell
and Msongo, 1991). Non-Saccharomyces wild yeasts, if not eliminat-
ed by pasteurization or sterile filtration, may survive in beer without
its spoilage. Their presence in beer revealed during the routine mi-
crobiological control indicates a low hygienic standard of the brewery
(Boulton and Quain, 2001).

Wild yeasts are detected by several cultivation methods that are
based on one of the two basic principles:
1.some of the media components or growth conditions inhibit the

growth of culture brewer’s yeasts while the growth of wild yeasts

is not affected (Lin’s medium, agar with actidione, medium
with CuSO, and growth at 37 °C), or

2.the medium contains essential components that cannot be used
by culture brewer’s yeast while wild yeast can grow. This group
includes lysine agar containing one sole source of nitrogen, and

XMACS medium containing selective carbon sources.

Wort agar containing crystal violet was the first medium for detec-
tion of wild yeasts (Kato, 1967). Crystal violet inhibits culture yeast
and permits the growth of some wild yeasts, e.g. “S. diastaticus”, S.
cerevisiae and some species of the genera Pichia, Debaryomyces,
Candida and Kloeckera (Savel, 1980). However, the medium does
not have an universal use — a wide range of sensitivities to crystal
violet has been observed among Saccharomyces and non-Saccha-
romyces wild yeasts (Haikara and Enari, 1975).

The use of Schwarz Differential Medium (SDM) containing fuchsin
for inhibition of culture yeasts proposed by Brenner et al. (1970) also
does not allow for optimal results. Several culture yeasts, including
both S. pastorianus and S. cerevisiae, are capable of growth on SDM
in the form of colonies that are difficult to distinguish from the Sac-
charomyces wild yeast colonies (Lin, 1973).

Lin’s medium, also called LWYM (Lin’s wild yeast medium), is
a combination of wort agar with crystal violet and SDM. It contains
crystal violet and a fuchsin-sulphite mixture as selective compounds
(Lin, 1974). When using this medium it is recommended to test the
growth of culture yeast strain in order to set the optimum concentra-
tion of crystal violet. LWYN is suitable for detection of both Saccha-
romyces and non-Saccharomyces wild yeast. Modification of LWYN
by enrichment with ergosterol, Tween 80 and ethanol allows the
identification of Saccharomyces wild yeasts (Longley et al., 1980).

Lysine agar is a synthetic medium containing glucose, mineral
salts, vitamins and the amino acid L-lysine as the sole source of
nitrogen. Brewer’s yeast (ale and lager) and most of the yeast be-
longing to the genus Saccharomyces are not able to utilize the —NH,
group of lysine as a sole nitrogen source (Walters and Thiselton,
1958). Only non-Saccharomyces wild yeasts can form colonies of
a normal size. Lysine agar has two main disadvantages: 1) it is not
completely selective — growth of Saccharomyces is not entirely in-
hibited, since cells inoculated from the sample are not completely
starved and they carry some nutrients (including nitrogen source)
inside and on the cell surface, so they can grow in the form of visible
colonies; 2) lysine agar is insufficient in brewery control because of
its low selectivity — the most important yeast contaminants (Saccha-
romyces) are not detected (Campbell, 2003b).

Lysine agar modified by an addition of other sources of nitrogen,
CLEN (= cadaverin, lysine, ethylamine, nitrate) was proposed by
Martin and Siebert (1992). CLEN allows for detection of a broad
spectrum of wild yeasts. In this sense lysine agar may be fully re-
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Tab. 1 Kmeny kulturnich kvasinek / Culture yeast strains

Kvasinky / Yeast Kmen / Strain* Popis kmene / Strain characterization
Saccharomyces bayanus DSM 704127 typovy kmen / type strain
Saccharomyces cerevisiae DSM 704497 typovy kmen / type strain

S. cerevisiae RIBM 139 kmen svrchniho kva&eni / top fermenting strain
S. cerevisiae RIBM 140 kmen svrchniho kva$eni / top fermenting strain
S. cerevisiae RIBM 154 kmen svrchniho kvaseni / top fermenting strain
S. cerevisiae RIBM V7 vinafsky kmen / winery yeast strain
Saccharomyces pastorianus DSM 65807 typovy kmen / type strain

S. pastorianus RIBM 2 kmen spodniho kva3eni / bottom fermenting strain
S. pastorianus RIBM 6 kmen spodniho kvaseni / bottom fermenting strain
S. pastorianus RIBM 95 kmen spodniho kvaseni / bottom fermenting strain

* Cisla kmen(i: Sbirka RIBM — Vyzkumny Ustav pivovarsky a sladafsky, a. s., Praha, Ceské republika; Sbirka DSMZ — Némecka sbirka mi-
kroorganizm( a bunéénych kultur, Braunschweig, Némecko / Strain numbers: RIBM Collection — Research Institute of Brewing and Malting,
Prague, Czech Republic; DSMZ collection — Deutsche Sammlung von Mikroorganismen und Zellkulturen, Braunschweig, Germany.

novy agar piné nahrazen CLEN agarem — kvasinka, ktera vyroste na
lysinové pldé, vyroste také na CLEN agaru (Martin a Siebert, 1992).

Puda XMACS je zalozena na neschopnosti kulturnich kvasinek
vyuzivat xylosu, manitol, adonitol, celobiosu a sorbitol jako zdroje
uhliku (De Angelo a Siebert, 1987). Plda XMACS umozriuje detekci
podobného spektra divokych kvasinek jako lysinovy agar, a zaroven
i nékterych kvasinek S. cerevisiae véetné plivodné ozna¢ovaného
druhu ,,S. diastaticus®. Univerzalni vyuziti pady XMACS je vSak spor-
né — vyjime€né mohou i kulturni kvasinky vyuzivat nékteré z pouzi-
tych zdrojd uhliku a v takovém pfipadé je nutna zména receptury (De
Angelo a Siebert, 1987). Upravy médii a testovani jejich specifi¢nosti
v provozni pivovarské laboratofi jsou pomérné nerealné.

Antibiotikum aktidion je béZné pouzivano pro potlaceni ristu kvasinek
a plisni pfi stanoveni pfitomnosti bakterii mlééného kvaseni ve vzorku
(Savel, 1980). Pti pouziti koncentrace aktidionu 10 mg/ml je rist kultur-
nich kvasinek stéle inhibovan, ale nékteré rezistentni divoké kvasinky
mohou na pudé rlist (Campbell, 2003b; Harris a Watson, 1968). Tato
metoda umozriuje stanoveni nékterych divokych kvasinek, napf. kva-
sinky Hanseniaspora uvarum (dfive ,Kloeckera apiculata®), S. globosus
a kvasinek rodu Dekkera a Brettanomyces (Ingledew a Casey, 1982).

Sladinovy nebo mladinovy agar s kyselinou monojodoctovou po-
dle Silhankové (1962) je vhodny pro detekci divokych kvasinek sku-
piny non-Saccharomyces. Kyselina monojodoctova navic potlacuje
riist vétsiny bakterii (Savel, 1980).

Dalsi pudou pro detekci divokych kvasinek je sladinovy agar (pfi-
padné MYGP, YPD) s pfidavkem siranu médnatého. Plvodné pou-
Zivana koncentrace CuSO, 0,55 g/l umoznovala rdst pouze kvasinek
skupiny non-Saccharomyces (Lin, 1981). Snizenim koncentrace
CuSO, na 0,2 g/l bylo mozné detekovat i nékteré divoké kvasinky
rodu Saccharomyces (Taylor a Marsh, 1984). P¥i pouziti syntetic-
ké pldy bez aminokyselin jako zakladu média obsahujiciho CuSO,
v mnozstvi 0,05 g/l je mozné inhibovat kulturni pivovarské kvasinky
(Anonymous, 1992; Bendiak, 1991).

Pida WLN (Wallerstein Laboratories Nutrient) je, podobné jako
sladinovy a mladinovy agar, vhodnd pro kultivaci kvasinek i bakte-
rii. Pridavkem vhodného antibiotika se plida stava selektivni. WLN
obsahuje bromkresolovou zelen jako indikator pH. Kolonie rdznych
kvasinek se li§i nejenom svym tvarem a velikosti, ale také ve zmé-
nach pH a v zadrzovani barvi¢ky. Zbarveni kolonii je proto velmi roz-
manité — od bilé, krémové, Zluté, namodralé po rlizné odstiny zelené
barvy (Jespersen a Jakobsen, 1996). Kvasinky svrchniho kvaseni
S. cerevisiae neredukuji bromkresolovou zelen a vytvari tak tmavé
zelené kolonie, zatimco spodni pivovarské kvasinky S. pastorianus
a divoké kvasinky rostou na WLN agaru ve formé svétle zelenych,
namodralych nebo bilych kolonii (Hall, 1970; Hall, 1971). Zbarve-
ni kolonii spodnich pivovarskych kvasinek je velmi ¢asto podobné
zbarveni kolonii divokych kvasinek rodu Saccharomyces (Ingledew
a Casey, 1982). Vyuziti pady pro detekci divokych kvasinek pouze
na zakladé zbarveni kolonii je v pivovarech vyuzivajicich kvasinky
spodniho kvaseni tedy zna¢né omezeno.

Kvasinky produkujici kyseliny (,Kloeckera apiculata“, S. globosus,
Brettanomyces, Dekkera) mohou byt detekovany pomoci tzv. kfido-
vého agaru, pady s CaCO;. Ve vodé nerozpustny uhli¢itan vapenaty
vytvafi v agaru mléény zakal. Okolo kolonii produkujicich napf. kyse-
linu octovou se vytvafi ,vyCefené zény“ zplisobené vznikem octanu
vapenatého, ktery je ve vodé rozpustny (Campbell, 2003b; Ingledew
a Casey, 1982). Komeréné kfidovy agar dodavéa napf. Sigma-Aldrich

placed by CLEN — wild yeast that can grow on lysine agar can also
grow on CLEN agar (Martin and Siebert, 1992).

Medium XMACS is based on the inability of culture brewer’s yeast
to utilize xylose, mannitol, adonitol, cellobiose and sorbitol as car-
bon sources (De Angelo and Siebert, 1987). The medium allows for
detection of a similar spectrum of wild yeasts as lysine agar, along
with some S. cerevisiae including “S. diastaticus”. However, some
brewer’s yeast strains may exert an ability to assimilate some of the
sugars included in the medium and in such case the medium must
be re-formulated (Jespersen and Jakobsen, 1996). Adjustments of
media composition and their testing in brewery plant laboratory are
not a standard practice.

The antibiotic actidione is currently used to suppress the growth of
yeast and molds in media for detection of lactic acid bacteria (Savel,
1980). The growth of culture yeasts is inhibited at actidione concen-
tration as low as 10 mg/ml but some of the resistant wild yeasts can
still grow (Campbell, 2003b; Harris and Watson, 1968). The method
is suitable for detection of some wild yeasts, e.g. Hanseniaspora
uvarum (formerly “Kloeckera apiculata’), S. globosus and genera
Dekkera and Brettanomyces (Ingledew and Casey, 1982).

Wort or hopped-wort agar with monoiodacetic acid according to
Silhankova (1962) is suitable for detection of non-Saccharomyces
wild yeast. Furthermore, monoiodacetic acid suppresses the growth
of most bacteria (Savel, 1980).

Wort agar (or MYGP, YPD) containing copper sulphate is also used
for wild yeast assessment. Formerly used concentration of CuSO,
(0.55 g/l) allowed for the growth of non-Saccharomyces wild yeasts
(Lin, 1981). Lowering the concentration to 0.2 g/l enables detection
of some Saccharomyces wild yeasts (Taylor and Marsh, 1984). The
use of synthetic media without amino acids as a base media con-
taining CuSO, (0.05 g/l) inhibits the growth of culture brewer’s yeast
(Anonymous, 1992; Bendiak, 1991).

WLN agar (Wallerstein Laboratories Nutrient) is, beside wort and
hopped-wort agar, suitable for cultivation of both yeasts and bacte-
ria. On adding a suitable antibiotic the media become selective. WLN
agar contains bromocresol green as an indicator of pH changes. Col-
onies of different yeasts vary not only in their shape and size but also
in the pH profile and the ability to retain the dye. Colonies thus can
have diverse colors — from white, creamy, yellow, bluish to various
shades of green (Jespersen and Jakobsen, 1996). Ale yeast S. cer-
evisiae do not reduce bromocresol green and form dark green colo-
nies while lager yeast S. pastorianus and wild yeasts grow on WLN
agar in the form of pale green, bluish or white colonies (Hall, 1970;
Hall, 1971). Colony coloration of bottom brewer’s yeasts is often sim-
ilar to Saccharomyces wild yeast (Ingledew and Casey, 1982). Thus
the use of the WLN agar based only on the color of colonies is con-
siderably limited in the breweries that use bottom brewer’s yeasts.

Acid-producing yeasts (,Kloeckera apiculata“, S. globosus, Bret-
tanomyces, Dekkera) may be detected using so-called ,chalk
agar“ containing CaCO;. The water insoluble calcium carbonate
produces in agar milky haze. Colonies producing for instance ace-
tic acid are surrounded by clear zones caused by the formation of
water-soluble calcium acetate (Campbell, 2003b; Ingledew and Ca-
sey, 1982). Chalk agar can be purchased e.g. from Sigma-Aldrich
(Custer's Chalk Medium). The shortcomings of this medium are
a narrow range of use and a long time period (up to 14 days) needed
for the zones to appear.
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(Custer's Chalk Medium). Nevyhodou této pldy je Uzké zaméreni
a dlouha inkubacni doba nutna k vytvofeni zén (az 14 dni).

Svrchni pivovarské kvasinky S. cerevisiae a divoké kvasinky maji
vy$S8i maximalni rastovou teplotu (az 39,8 °C) nezli spodni pivovar-
ské kvasinky S. pastorianus (max. 34 °C) (Lawrence, 1983; Walsh
a Martin, 1977). Metodu Ize pouzit pro odliSeni spodnich a svrchnich
pivovarskych kvasinek (Anonymous, 1994) a pro detekci divokych
kvasinek v pivovarech vyuzivajicich kvasinky spodniho kva$eni.
Inkubace na sladinovém agaru s pH 4,5 pfi teploté 37 °C je dopo-
ruc¢ovana pro detekci amylolytickych kvasinek (,S. diastaticus®) ve
spodnich kvasnicich (Récken a Schulte, 1986).

Dalsi metodou priikazu divokych kvasinek je sporulaéni zkouska
zalozena na schopnosti divokych kvasinek vytvaret spory. Kulturni
kvasinky jsou hybridni organismy, nevytvafi spory nebo sporuluji jen
vyjime€né (Anonymous, 1985; Polaina, 2002). Hlavnimi nevyhodami
sporulacni zkousky je Casova naroCnost a fakt, ze nékteré divoke
kvasinky sporuluji obtizné nebo vlbec (Savel, 1980).

Spektrum rtznych ptd uréenych pro detekcei divokych kvasinek za-
hrnuje také nékteré pldy, jejichz pouZiti bylo sice publikovano, nicmé-
né z rlznych ddvodl nebyly tyto pady rozSifeny a rutinné vyuzivany.
Jednd se napf. o pudu s kyselinou skoficovou podle Hopea (1987).
Kvasinky POF+ rostou na pudé s kyselinou skoficovou, zatimco riist
kontrolniho svrchniho kmene S. cerevisiae je inhibovan. Nevyhodou
této pldy je dlouha inkubaéni doba potfebna pro detekci divokych
kvasinek, ktera se pohybuje v rozmezi 3—12 dnl (Hope, 1987). Svrch-
ni pivovarské kvasinky vyzaduji pro svij rlist pantotenat — kultivaéni
médium bez pantotenatu bylo pouzito pro detekci divokych kvasinek
Saccharomyces i non-Saccharomyces a spodnich pivovarskych kva-
sinek jako kontaminant pivovaru s produkci svrchné kvasenych piv
(Roécken, 1983). Zaménu kulturniho kmene Ize povazovat za konta-
minaci. Podle Fernandeze et al. (1989) Ize i blizce pfibuzné kmeny
spodnich pivovarskych kvasinek odlisit pomoci kombinace rdznych
kultivaénich médii — Linovo médium s rdznymi koncentracemi CuSO,,
UBA (Universal Beer Agar; univerzalni pivni agar) s bromokresolovou
zeleni a glukosovy agar s fuchsinem, streptomycinem S a aktidionem.

Kvasinky S. cerevisiae schopné $tépit dextriny (dfive oznaované
»S. diastaticus‘) mohou byt detekovany na plidach obsahujicich dextri-
ny jako jediny zdroj uhliku. V médiu podle Nakagawy je pfitomnost ,,S.
diastaticus" indikovana barevnou reakci fuchsinu, pfi kultivaci na ptidé
podle Takahashiho ,,S. diastaticus® roste ve formé svétlych kolonii na
pouziti YNB bujénu (YNB = Yeast Nitrogen Base) jako zakladni pudy
s pfidavkem dextrin{i v mnozstvi 0,5 %. Na plidé narostou pouze kva-
sinky s amylolytickou aktivitou. Alternativou je ME agar (ME = Malt Ex-
tract; sladovy extrakt) s 0,5 % dextriny. ME agar obsahuje b&zné zdro-
je uhliku, proto je pro detekci amylolytickych kvasinek nutné narostlé
kolonie pfelit jodovym roztokem — okolo amylolytickych kolonii se vy-
tvofi zény hydrolysy dextrin (Campbell, 2003b). Mnohem rychle;jsi
alternativou je pouziti PCR s primery komplementarnimi k sekvencim
koédujicim extracelularni glukoamylasu ,,S. diastaticus® (Yamauchi et
al., 1998). Extracelularni glukoamylasova aktivita kvasinek mlze byt
stanovena metodou podle Jespersena et al. (2000).

Specifickou skupinou divokych kvasinek jsou tzv. killer* kvasinky
produkujici toxiny zymociny, kterymi jsou usmrcovany citlivé kvasin-
ky patfici ke stejnému druhu. Tzv. killer kvasinky jsou popisovany
jako mnohem $kodlivéjsi nezli bézné divoké kvasinky, nebot mimo
kompetici s kulturnimi kvasinkami o sacharidy v mladiné aktivné za-
bijeji pavodni kulturni kmen (Hammond a Eckersley, 1984). Produk-
ce toxinG byla prokazana u kvasinek rodt Saccharomyces, Candida,
Cryptococcus, Debaryomyces, Kluyveromyces, Pichia, Torulopsis,
Williopsis a dalSich (Magliani et al., 1997). Vyskyt tzv. killer kmen(
v souvislosti s pivovarskymi kvasinkami je pomérné vzacny (Boulton
a Quain, 2001). V extrémnim pfipadé mudze dojit k poklesu viability
kulturniho kmene vlivem produkce toxint killer kmenem z 95 % az na
méné nez 20 % (Maule a Thomas, 1973).

Nezadouci jsou u kvasinek tzv. respiraéné-deficientni mutanty
(RD-mutanty), k jejichz vzniku dochazi pfi ztraté, zménéach nebo (ze-
jména v pfipadé spodnich pivovarskych kvasinek) rozsahlych dele-
cich mitochondrialni DNA. Tyto mutace mohou vznikat spontanné,
pfi opakovaném nasazeni kvasinek nebo mohou byt vyvolany napf.
pusobenim ethidium bromidu (Boulton a Quain, 2001). RD mutanty
rostou pomaleji nez plvodni kmen a také jejich kolonie jsou mensi.
Pfitomnost RD mutant v populaci pivovarskych kvasinek se mlze
projevit napf. nedostateénym prokvasenim miladiny, zménami flo-
kulacnich vlastnosti, zvysenou produkci alkoholu atd. (Hammond,
2003; Silhankova et al., 1970 a,b). Pro prikaz RD mutant( v popu-
laci kvasinek se nej¢astéji pouziva prelivova metoda s TTC (tetraso-
lium trifenyl chlorid) — mutanty nemetabolizuji TTC a jejich kolonie

Top brewer’s yeast S. cerevisiae and wild yeast have a higher max-
imum growth temperature (up to 39.8 °C) than bottom brewer’s yeast
S. pastorianus (max. 34 °C) (Lawrence, 1983; Walsh and Martin,
1977). This difference can be used for distinguishing top and bottom
brewer’s yeast (Anonymous, 1994) and for detection of wild yeast
in breweries using bottom yeast. Incubation on wort agar of pH 4.5
at 37 °C is recommended for the detection of amylolytic yeast (“S.
diastaticus”) in bottom-fermenting yeast (Récken and Schulte, 1986).

Another method of detection of wild yeast is the sporulation test
based on the ability of wild yeast to produce spores. Culture yeasts
are hybrid organisms which produce spores very rarely or not at all
(Anonymous, 1985; Polaina, 2002). The main shortcoming of the
sporulation test is the long time required for its performance and the
fact that even some wild yeasts sporulate only poorly or not at all
(Savel, 1980).

The spectrum of different media used for detection of wild yeasts
includes some media that have been published but are for some
reason less widely known or rarely used routinely, such as, e.g., the
medium with cinnamic acid according to Hope (1987). POF* yeast
can grow on media containing cinnamic acid while the growth of ale
yeast S. cerevisiae is inhibited. The disadvantage of this medium
is the long cultivation period (3 — 12 days) necessary for detection
of wild yeasts (Hope, 1987). Since top brewer’s yeast requires for
growth pantothenate, a cultivation medium without pantothenate was
used for detection of both Saccharomyces and non-Saccharomyces
wild yeast and bottom brewer’s yeast as contaminants in a brew-
ery producing top-fermented beers (Récken, 1983). A substitution
of a culture yeast strain can be taken as contamination. According
to Fernandez et al. (1989) even closely related strains of bottom
brewer’s yeast can be distinguished by using a combination of dif-
ferent cultivation media — Lin’s medium with different concentrations
of CuSO,, UBA (Universal Beer Agar) with bromocresol green and
glucose agar with fuchsin, streptomycin S and actidione.

The yeast S. cerevisiae that is able to ferment dextrins (formerly
called “S. diastaticus’) can be detected in media containing dextrins
as the sole source of carbon. In Nakagawa medium the presence of
“S. diastaticus’ is indicated by the color reaction of fuchsin, cultiva-
tion on Takahashi medium gives light colored colonies on dark back-
ground (Ingledew and Casey, 1982). Much more conclusive results
can be obtained with the YNB broth (YNB = Yeast Nitrogen Base)
as a basic medium with an addition of 0.5 % dextrins. Only amylo-
lytic yeast grows on this medium. An alternative is ME agar (ME =
Malt Extract) with 0.5 % dextrins. ME agar contains common carbon
sources and it is thus necessary to overlay the produced colonies
with iodine solution for the detection of amylolytic yeast. Amylolytic
colonies are then surrounded by zones of dextrin hydrolysis (Camp-
bell, 2003b). A much faster alternative is the use of PCR with primers
complementary to the sequences coding for extracellular glucoam-
ylase of “S. diastaticus” (Yamauchi et al., 1998). The extracellular
glukoamylase activity of yeast can be determined by the method ac-
cording to Jespersen et al. (2000).

A specific group of wild yeasts is represented by the so-called
JKiller” yeasts that produce the toxins zymocines, which kill sensitive
yeast of the same genus. Killer yeasts are taken to be much more
deleterious than common wild yeast since, in addition to competing
with culture yeast for saccharides in the wort, they actively kill off
the original yeast strain (Hammond and Eckersley, 1984). Produc-
tion of toxins has been demonstrated in yeast of genera Saccha-
romyces, Candida, Cryptococcus, Debaryomyces, Kluyveromyces,
Pichia, Torulopsis, Williopsis and others (Magliani et al., 1997). The
occurrence of killer strains in relation to brewer’s yeast is relatively
rare (Boulton and Quain, 2001). In an extreme case the viability of
a culture strain due to the production of toxins by a killer strain can
drop from 95% to less than 20% (Maule and Thomas, 1973).

An undesirable yeast kind is represented by the so-called res-
piration-deficient mutants (RD-mutants), which arise as a result of
a loss, changes or (especially in the case of bottom brewer’s yeast)
extensive deletions of mitochondrial DNA. These mutations can
arise spontaneously, during repeated pitching or can be induced
by the action of, e.g., ethidium bromide (Boulton and Quain, 2001).
RD mutants grow more slowly than the parent strain and their colo-
nies are smaller. The presence of RD mutants in a population of
brewer’s yeast can have consequences such as insufficient wort at-
tenuation, altered flocculation properties, increased production of al-
cohol, etc. (Hammond, 2003; Silhankova et al., 1970 a,b). The pres-
ence of RD mutants in yeast population is most often demonstrated
by the overlay method with TTC (triphenyl-tetrazolium chloride). The
mutants do not metabolize TTC and their colonies are white whereas
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Obr. 1 Morfologie bunék kvasinek / Fig. 1 Yeast cell morphology

A — S. bayanus DSM 704127; B — S. cerevisiae DSM 70449T; C — S. cerevisiae RIBM 139; D — S. cerevisiae RIBM 154; E — S. pastorianus
RIBM 2; F — S. pastorianus RIBM 6; G — S. pastorianus RIBM 95; H — H. uvarum RIBM Spk 91; | — P anomala RIBM C5; J — P membranifa-

ciens RIBM Spk 25; K — P, guilliermondii CCM 8321; L —
Spk 79; O — T. delbrueckii RIBM T2; P — Z. rouxii CCM 8224

se zbarvi bile, zatimco ,zdravé" kvasinky redukuji TTC na formasan
a jejich kolonie se zbarvi ¢ervené (Boulton a Quain, 2001). Dfive se
pro prikaz RD mutant pouzivala pidda WLN (Kot a Helbert, 1977).

V této préaci pouzivame termin ,divoké kvasinky* pro kvasinky jiné
nezli kulturni. Nebudeme se zabyvat ani detekci respiracné-defici-
entnich mutant(. Zaroven ale zdlraznujeme, ze zaména kulturniho
kmene, zejména v provozech, kde jsou pouzivany soucasné spodni
a svrchni pivovarské kvasinky, muze byt pro vysledny produkt stej-
né fatalni, jako ndhodna kontaminace divokymi kvasinkami. Cilem
nasi prace byl literarni pfehled problematiky stanoveni divokych
kvasinek a v experimentalni ¢asti pak zejména fotodokumentace
kolonii narostlych na rGznych dostupnych pudach. Nasim zajmem
byla prezentace rliznych metod stanoveni divokych kvasinek s pfi-
hlédnutim na jejich realnou vyuzitelnost v provozni pivovarské la-
boratofi.

2 MATERIAL A METODY

2.1 Slozeni a priprava kultivaénich médii

Jako zakladni médium pro kultivaci kvasinek (a zarover jako kontrol-
ni médium pro porovnani rdstu kvasinek na riznych pudach) byl zvo-
len sladinovy agar, ktery Ize pfipravit z provozni sladiny nebo z dehyd-
ratované puidy dodavané komeréné (napf. od firmy Merck nebo Oxoid).

Slozeni kultivaénich puid:

a)Sladinovy agar (SA): 8% (w/w) sterilni provozni sladina, 20 g/l
bakteriologického agaru (Oxoid). Sladinovy agar se pfipravi roz-
pusténim agaru ve Zfiltrované sladiné (rozvafenim ve vodni lazni)
a sterilizaci v proudici pare. Hotova ptida méa hnédou barvu.

b) Wallerstein Laboratory nutrient agar (WLN), byl pfipraven
z komeréné dostupné dehydratované pady dle navodu vyrobce
(Oxoid): rozpusténim 75 g dehydratované puady v 1000 ml desti-

»S. diastaticus RIBM Spk 4; M — S. cerevisiae RIBM Spk 2; N — S. cerevisiae RIBM

nonmutated cells reduce TTC formasan and their colonies assume
a red color (Boulton and Quain, 2001). The proof of RD mutants was
formerly performed by using WLN medium (Kot and Helbert, 1977).

In this study we use the term “wild yeast” for yeasts other than
culture ones and we shall not discuss the detection of respiration-de-
ficient mutants. However, we have to emphasize that a substitution
of a culture strain, especially in breweries using top and bottom fer-
menting yeast at the same time, can have an equally fatal effect on
the final product as an accidental contamination with wild yeast. We
focused on a literature survey of the field of detection of wild yeasts
and, in the experimental part, on the photographic documentation
of colonies growing on available media. In the center of our interest
was the presentation of different methods for determination of wild
yeasts in terms of their practical usefulness in a brewery laboratory.

2 MATERIAL AND METHODS

2.1 Composition and preparation of culture media

Wort agar, which can be prepared from brewery wort or is avail-
able commercially (e.g. by Merck Ltd. or Oxoid Ltd.), was used as
a basic and also control medium (for comparison of yeast growth on
various media).

Culture media:

a)Wort agar (SA): 8% (w/w) sterile brewery wort, 20 g/l of bacterio-
logical agar (Oxoid). Wort agar is prepared by suspending agar
in filtered wort (by boiling in water bath until complete dissolution)
and sterilization in a steam current. The color of prepared medium
is brown.

b) Wallerstein Laboratory nutrient agar (WLN) is prepared from
the dehydrated medium according to the manufacturer’s instruc-
tions (Oxoid) by suspending of 75 g dehydrated media in 1000 ml
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lované vody a sterilizaci 20 minut pfi 121°C. Hotova plida ma ze-
lenou barvu.

c) Mladinovy agar s kyselinou monojodoctovou (KJO): 10% (w/w)
sterilni provozni mladina, 20 g/I bakteriologického agaru (Oxoid)
a 0,186 g/l kyseliny monojodoctové (Sigma-Aldrich). Mladinovy
agar se pfipravi rozpusténim bakteriologického agaru ve Zfiltro-
vané mladiné a sterilizaci v proudici pafe. Do 1 litru hotové plidy,
ochlazené na pfiblizné 45 °C je pfed jejim nalitim na misky pfidana
kyselina monojodoctova ve formé asepticky pfipraveného roztoku
(0,186 g kyseliny monojodoctové v 10 ml destilované vody). Hoto-
va puda méa hnédou barvu.

d)Lysinovy agar (LYS) byl pfipraven z komeréné dodavané dehyd-
ratované pldy, dle navodu vyrobce (Oxoid): rozpusténim 66 g de-
hydratované pudy v 1000 ml destilované vody, pfidavkem 10 ml
50% laktatu draselného (Oxoid) a povafenim ve vodni lazni; pH
hotové pldy 4,8. Hotova pida ma mlééné bilé zbarveni.

e)Mladinovy agar s krystalovou violeti (KV): 10% (w/w) sterilni
provozni mladina, 20 g/l bakteriologického agaru (Oxoid) a 0,02 g/l
krystalové violeti (Riedel-de Haén). Plda se pfipravi rozpusténim
agaru ve Zfiltrované mladiné a sterilizaci v proudici pare. Do 1 litru
hotové pldy, ochlazené na pfiblizné 45 °C je pred jejim nalitim na
misky pfidana krystalova violet ve formé asepticky pfipraveného
roztoku (0,02 g krystalové violeti v 10 ml destilované vody). Hotova
puda ma fialovou barvu.

f) Mladinovy agar se siranem médnatym (CuA): 10% (w/w) ste-
rilni provozni mladina, 20 g/l bakteriologického agaru (Oxoid)
a 0,312 g/l CuSO,.5 H,O (Lachema) (navazka odpovida koncent-
raci 0,2 g/l CuSO,). Puda se pfipravi rozpusténim agaru ve Zfiltro-
vané mladiné a sterilizaci v proudici pafe. Do 1 litru hotové pldy,
ochlazené na pfiblizné 45 °C je pfed jejim nalitim na misky pfidan
CuS0,.5 H,0O ve formé asepticky pfipraveného roztoku (0,312 g
CuSQO,. 5 H,O v 10 ml destilované vody). Hotova plida ma svétle
hnédou nebo Zlutohnédou barvu.

g) MYGP agar (MYGP): 3 g/l sladinového extraktu (Oxoid), 3 g/l kvas-
niéného extraktu (Oxoid), 10 g/l glukosy (Sigma-Aldrich), 5 g/l bakte-
riologického peptonu (Oxoid), 20 g/l bakteriologického agaru (Oxoid).
Plida se pfipravi rozpusténim vSech slozek v 1000 ml destilované
vody a sterilizaci 20 minut pfi 121 °C. Hotova plida ma svétle hnédou
barvu.

h)MYGP agar s aktidionem (ACT): slozeni a pfiprava zakladni
pudy viz bod g), aktidion v koncentraci 10 mg/l. Do 1 litru hotové
pudy, ochlazené na pfiblizné 45 °C je pfed jejim nalitim na misky
pfidan aktidion ve formé asepticky pfipraveného roztoku (10 mg
aktidionu v 10 ml destilované vody).

2.2 Mikroorganismy a riistové podminky

Kmeny kvasinek, které byly pouzity v této praci, pochéazeji ze Sbir-
ky pivovarskych mikroorganismd RIBM VUPS, a.s., sbirky DSMZ
v Braunschweigu (Némecko) a Ceské sbirky mikroorganismi CCM
v Brné. Seznam kulturnich kmenu kvasinek, jejich oznacéeni a bliz§i
specifikace je uveden v tab.1. Jako zastupci divokych kvasinek byly
pouzity kmeny Hanseniaspora uvarum RIBM Spk 91, Pichia anoma-
la RIBM C5, P membranifaciens RIBM Spk 25, P, guilliermondii CCM
8321, ,Saccharomyces diastaticus“ RIBM Spk 4, S. cerevisiae RIBM
Spk 2, S. cerevisiae RIBM Spk 79, Torulaspora delbrueckii RIBM T2
a Zygosaccharomyces rouxii CCM 8224.

Pred vyoc¢kovanim na testované pldy byly kvasinky inkubovany
na sladinovém agaru pfi teploté 26 °C po dobu 48 hodin. Suspense
kvasinek byla nasledné pfipravena rozmichanim 1 kolonie ve steril-
nim fysiologickém roztoku, s vyslednou koncentraci bunék pfiblizné
5 mil/ml. Pomoci desitkového fedéni byly suspenze nafedény tak,
aby na Petriho miskach s testovanymi pidami narostlo 10-50 kolo-
nii. Po 96 hodinach inkubace pfi teploté 26 °C byl vyhodnocen a zdo-
kumentovan narast kultur.

Pro rozdéleni kvasinek na zakladé maximalni ristové teploty byly
kmeny inkubovany na MYGP agaru pfi teploté 37 °C po dobu 96
hodin.

3 VYSLEDKY A DISKUZE

Morfologie kvasni¢nych bunék na MYGP agaru po 96 hodinach in-
kubace pfi teploté 26 °C je dokumentovana na obr. 1. Divoké kvasin-
ky mohou mit rGzny tvar a velikost bunék — od velmi drobnych bunék
Torulaspora delbrueckii (obr. 10) pfes citronovity tvar Hanseniaspora
uvarum (dfive Kloeckera apiculata) (obr. 1H), protahlé bufky Pichia
anomala (obr. 11) a pravidelny ovalny tvar S. cerevisiae (napf. kmen
Spk 2 na obr. 1M) podobny kulturnim kvasinkam. Morfologie bunék

distilled water and sterilization by autoclaving at 121 °C for 20 min-
utes. The color of prepared medium is green.

c) Hopped-wort agar with monoiodacetic acid (KIO): 10% (w/w)
sterile brewery hopped wort, 20 g/l of bacteriological agar (Oxoid)
and 0.186 g/l of monoiodacetic acid (Sigma-Aldrich). Medium is
prepared by suspending agar in filtered hopped wort and steam
sterilization. Monoiodacetic acid is added (in the form of asepti-
cally prepared solution of 0.186 g of monoiodacetic acid in 10 ml
of distilled water) into 1 liter of prepared medium cooled to ap-
proximately 45 °C prior to its dispensing in Petri dishes. The color
of prepared medium is brown.

d) Lysine agar (LYS) is prepared from the dehydrated medium accord-
ing to the manufacturer’s instructions (Oxoid) by suspending 66 g
dehydrated media in 1000 ml distilled water, adding 10 ml of 50%
potassium lactate (Oxoid) and boiling in water bath. The pH of pre-
pared medium should be adjusted to 4.8. The color is milky white.

e) Hopped-wort agar with crystal violet (CV): 10% (w/w) sterile brew-
ery hopped wort, 20 g/l of bacteriological agar (Oxoid) and 0.02 g/l of
crystal violet (Riedel-de Haén). Medium is prepared by suspending
agar in filtered hopped wort and steam sterilization. Crystal violet is
added (in the form of aseptically prepared solution of 0.02 g of crys-
tal violet in 10 ml of distilled water) into 1 liter of prepared medium
cooled to approximately 45 °C prior to its dispensing in Petri dishes.
The color of prepared medium is purple.

f) Hopped-wort agar with copper sulphate (CuA): 10% (w/w) ster-
ile brewery hopped wort, 20 g/l of bacteriological agar (Oxoid) and
0.312 g/l of CuSO,5H,0 (Lachema) — the amount corresponds to
the final concentration of CuSO, 0.2 g/l. Medium is prepared by
suspending agar in filtered hopped wort and steam sterilization.
CuSO,5H,0 is added (in the form of aseptically prepared solution
of 0.312 g CuSO,5H,0 in 10 ml of distilled water) into 1 liter of pre-
pared medium cooled to approximately 45 °C prior to its dispensing
in Petri dishes. The color of prepared medium is light brown to buff.

g)MYGP agar (MYGP): 3 g/l of malt extract (Oxoid), 3 g/l of yeast
extract (Oxoid), 10 g/l of glucose (Sigma-Aldrich), 5 g/l of bacte-
riological peptone (Oxoid), 20 g/I of bacteriological agar (Oxoid).
Medium is prepared by suspending all ingredients in 1000 ml of
distilled water and autoclaving at 121 °C for 20 minutes. The color
of prepared medium is light brown.

h)MYGP agar with actidione (ACT): composition and preparation
as in point g), 10 mg/l of actidione. The drug is added (in the form
of aseptically prepared solution of 0,01 g of actidione in 10 ml of
distilled water) into 1 liter of prepared medium cooled to approxi-
mately 45°C prior to its dispensing in Petri dishes.

2.2 Microorganisms and growth conditions

Yeast strains under study were purchased from the Culture Collec-
tion of Brewery Microorganisms RIBM in Prague, Deutsche Sammlung
von Mikroorganismen und Zellkulturen DSMZ in Braunschweig (Ger-
many) and Czech Collection of Microorganisms CCM in Brno. Culture
yeast strains, strain numbers and characterization are listed in Tab.
1. Nine representative wild yeast strains were used: Hanseniaspora
uvarum RIBM Spk 91, Pichia anomala RIBM C5, P membranifaciens
RIBM Spk 25, P, guilliermondii CCM 8321, ,Saccharomyces diastati-
cus“ RIBM Spk 4, S. cerevisiae RIBM Spk 2, S. cerevisiae RIBM Spk
79, Torulaspora delbrueckii RIBM T2 a Zygosaccharomyces rouxii
CCM 8224.

Prior to inoculation on tested media the yeasts were incubated
on wort agar at 26 °C for 48 hrs. Yeast suspension was then pre-
pared by stirring 1 colony in a sterile physiological saline to a final
cell concentration of about 5x10%ml. Serial 10-fold dilutions were
used to dilute the suspensions so that 10-50 colonies appeared on
Petri dishes with the tested media. Culture growth was evaluated
and documented after a 96-hr incubation at 26 °C.

To divide the yeasts according to the maximum growth tempera-
ture, the strains were incubated on MYGP agar at 37 °C for 96 hrs.

3 RESULTS AND DISCUSSION

The morphology of yeast cells growing on MYGP agar after 96 hrs
of incubation at 26 °C is documented in Fig. 1. Cells of wild yeasts can
have different shape and size, from the very small cells of Torulaspora
delbrueckii (Fig. 10) to the lemon-like shape of Hanseniaspora uvar-
um (formerly Kloeckera apiculata) (Fig. 1H), elongated cells of Pichia
anomala (Fig. 1) to the regular oval shape of S. cerevisiae (e.g. strain
Spk 2 in Fig. 1M) resembling culture yeast. However, cell morphology
depends on the cultivation medium, culture age and cultivation con-
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je v8ak zavisla na pouzitém kultivaénim médiu, stafi kultury a pod-
minkach kultivace, a za urcitych okolnosti (napf. pfi nedostatku zivin)
Ize i u kulturnich kvasinek pozorovat protahly tvar bunék. Pfitomnost
dobfe vyvinutého pseudomycelia je mozno povazovat za pfedbézny
prikaz pfitomnosti divokych kvasinek ve vzorku (Savel, 1980).

Na obr. 2jsou dokumentovany rtzné pfiklady vzhledu kvasni¢nych
kolonii na sladinovém agaru. Pro S. pastorianus jsou typické hladké,
krémové zbarvené kolonie pravidelného tvaru (obr. 2E,F), kulturni
kvasinky S. cerevisiae RIBM 154 rostou ve formé bilych az krémo-
vych kolonii s mirné vystouplym stfedem (obr. 2C), povrch kolonii S.
bayanus DSM 704127 je vice zvrasnény (obr. 2A) a kolonie kvasinky
P. anomala RIBM C5 jsou ve srovnani s kvasinkami Saccharomyces
mnohem mensi a maji zvrasnény povrch s vystouplou Spi¢kou kolo-
nie (obr. 2H).

Pida WLN umoznuje rist vSech testovanych kmenl kvasinek.
Obsahuje bromkresolovou zelen jako indikator pH. Zbarveni kolonii
je velmi rozmanité — od bilé, krémové, aZ po rtzné odstiny zelené
barvy s rliznym zabarvenim pldy okolo kolonii. Nejsytéjsi zelené
odstiny Ize pozorovat u kolonii S. cerevisiae DSM 704497 (obr. 3B)
a S. pastorianus DSM 65807 (obr. 3G), svétlejsi pak u kolonii S. ce-
revisiae RIBM 139 (obr. 3C) a ,,S. diastaticus“ RIBM Spk 4 (obr. 3N).
Svétle zelené s tmavsim zelenym stfedem byly pozorovany u S. ba-
yanus DSM 704127 (obr. 3A). Vinafské kmeny RIBM V7 a H. uvarum
RIBM Spk 91 vytvarely na WLN agaru svétle zelené kolonie (obr. 3
F a J). Zbyvajici kmeny rostly na WLN agaru ve formé bilych nebo
krémové zbarvenych kolonii — vSechny spodni pivovarské kvasin-
ky kromé vySe uvedeného typového kmene, ze svrchnich kvasinek
kmeny RIBM 140 a 154, z kontaminujicich kvasinek vSechny tfi kme-
ny kvasinky rodu Pichia, S. cerevisiae RIBM Spk 79, T. delbrueckii
a Z. rouxii. Podle Halla (1970; 1971) neredukuji kvasinky svrchni-
ho kvaSeni S. cerevisiae bromkresolovou zelen a vytvafi tak tmave
zelené kolonie, zatimco spodni pivovarské kvasinky S. pastorianus
a divoké kvasinky rostou na WLN agaru ve formé svétle zelenych,
namodralych nebo bilych kolonii. Nae vysledky jsou v rozporu s té-
mito udaji. Pokud by v jednom pivovaru byl pouzivan spodni kmen S.
pastorianus RIBM 95 (obr. 3I) a zaroven svrchni S. cerevisiae RIBM
140 (obr. 3D), bylo by jejich vzajemné odli§eni pomoci WLN praktic-
ky nemozné.

Mladinovy agar s kyselinou monojodoctovou (KJO) zcela inhibuje
rlst kvasinek rodu Saccharomyces — S. pastorianus, S. cerevisiae

ditions and, in certain circumstances (e.g. nutrient shortage), culture
yeast cells can also assume an elongated shape. As a tentative proof
of the presence of wild yeast in the sample can be taken the presence
of a well-developed pseudomycelium (Savel, 1980).

Fig. 2 documents different appearances of yeast colonies on wort
agar. Pro S. pastorianus shows typical smooth cream-colored colo-
nies of regular shapes (Fig. 2E,F), culture yeast S. cerevisiae RIBM
154 grows in the form of white to creamy colonies with slightly pro-
truding centers (Fig. 2C), the surface of the colonies of S. bayanus
DSM 704127 is more corrugated (Fig. 2A) and the colonies of the
yeast P anomala RIBM C5 are much smaller than those of Saccha-
romyces and have a corrugated surface with a raised tip (Fig. 2H).

The WLN medium supports the growth of all tested yeast strains.
It contains bromocresol green as a pH indicator. The colorings of
the colonies vary widely, from white or creamy to different shades
of green, with different color shades of the medium around the col-
onies. The deepest green shades can be observed in colonies of
S. cerevisiae DSM 70449" (Fig. 3B) a S. pastorianus DSM 6580
(Fig. 3G), lighter hues in colonies of S. cerevisiae RIBM 139 (Fig.
3C) and ,,S. diastaticus“ RIBM Spk 4 (Fig. 3N). Light green colonies
with darker center were recorded in the type strain S. bayanus DSM
704127 (Fig. 3A). The wine strain RIBM V7 and H. uvarum RIBM
Spk 91 formed on WLN agar light green colonies (Fig. 3 F and J).
The remaining strains grew on WLN agar in the form of white or
creamy colonies. This included all bottom brewer’s yeasts except for
the above type strain and, among top brewer’s yeast, strains RIBM
140 a 154. Among contaminating yeasts this colony appearance was
found in all three strains of genus Pichia, in S. cerevisiae RIBM Spk
79, T. delbrueckiiand Z. rouxii. According to Hall (1970; 1971) the top
fermenting yeast S. cerevisiae does not reduce bromocresol green
and forms dark green colonies whereas the bottom fermenting S.
pastorianus and wild yeasts grow on WLN agar in the form of light
green, bluish or white colonies. Our findings do not confirm these
results. If the bottom fermenting S. pastorianus RIBM 95 (Fig. 3/) was
used in a brewery at the same time as the top S. cerevisiae RIBM
140 (Fig. 3D), it would be practically impossible to distinguish the two
strains by means of WLN.

Wort agar with monoiodacetic acid (KIO) completely inhibits the
growth of Saccharomyces yeasts — S. pastorianus, S. cerevisiae (in-
cluding the “S. diastaticus” strain RIBM Spk 4 and wild strains Spk 2

Tab. 2 Rust kvasinek na rliznych kultivaénich pudach / Growth of yeast strains on various agar media

Kmen / Strain WLN’

KJO LYS KV CuA ACT 37°C

S. bayanus DSM 704127

S. cerevisiae DSM 704497

S. cerevisiae RIBM 139

S. cerevisiae RIBM 140

S. cerevisiae RIBM 154

S. cerevisiae RIBM V7

.
]
'
.

+ |+ [+ [+ |+

S. pastorianus DSM 65807

S. pastorianus RIBM 2

S. pastorianus RIBM 6

S. pastorianus RIBM 95

H. uvarum RIBM Spk 91

P. anomala RIBM C5

+ |+

P. membranifaciens RIBM Spk 25

P. guilliermondii CCM 8321

“S. diastaticus” RIBM Spk 4

+ |+

S. cerevisiae RIBM Spk 2

S. cerevisiae RIBM Spk 79

+ - +

O|OT(N|N|O|T|O|N|T|T|O|N|N|T|TOT|[N|N|N

T. delbrueckii RIBM T2

+
- ~ +

+ - +

Z. rouxii CCM 8224

o

+ + - + + +

“WLN, Wallerstein Laboratory Nutrient agar; KJO, mladinovy agar s kyselinou monojodoctovou / wort agar with monojodacetic 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;

z, zelené kolonie /green colonies;

b, bilé az bézové kolonie / white to beige colonies;
-, bez narGstu ristu / no growth
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Obr. 2 Vzhled kolonii kvasinek na sladinovém agaru / Fig. 2 Yeast colo

nies on wort agar

A — S. bayanus DSM 70412T; B — S. cerevisiae RIBM 140; C — S. cerevisiae RIBM 154; D — S. cerevisiae RIBM V7; E — S. pastorianus DSM
6580"; F — S. pastorianus RIBM 95; G — H. uvarum RIBM Spk 91; H — P anomala RIBM C5; | — P, guilliermondii CCM 8321; J —,,S. diastaticus"”

RIBM Spk 4; K — S. cerevisiae RIBM Spk 79; L — Z. rouxii CCM 8224

(v€etné kmene ,,S. diastaticus“ RIBM Spk 4 a divokych kvasinek Spk
2 a Spk 79), S. bayanus a T. delbrueckii RIBM T2 (tab. 2). Kolonie
kmene P, quelliermondii CCM 8321 narostly na KJO-agaru ve formé
kolonii srovnatelnych s nardstem této kultury na sladinovém agaru
(obr. 21). Kmeny Spk 25 a Spk 91 rostly na KJO agaru ve formé drob-
nych kolonii, podobné jako kmen P. anomala C5 (obr. 4A).

Lysinovy agar obsahuje jako jediny zdroj dusiku aminokyselinu
L-lysin. Kulturni pivovarské kvasinky, vinafské kvasinky a z kon-
taminant kvasinky rodu Saccharomyces, H. uvarum RIBM Spk 91
a T. delbrueckii RIBM T2 na lysinovém agaru rostou ve formé velmi
drobnych kolonii, jak je patrné z obr. 5. Pouze v8echny tfi kmeny
rodu Pichia a Z. rouxii vytvarely na této pidé kolonie srovnatelné
s narlstem na sladinovém agaru (obr. 5E,FG,/). Jak uvadi Campbell
sinkové kontaminanty, tedy divoké kvasinky rodu Saccharomyces.

Na pldé s krystalovou violeti byl zcela inhibovan rist spodnich
pivovarskych kvasinek (tab. 2). Rast byl zjistén u vinafskych kvasi-
nek RIBM V7 (obr. 6C) a u dvou svrchnich pivovarskych kvasinek,
S. cerevisiae RIBM 139 a 154 (obr. 6A,B). Ze skupiny kontaminuji-
cich kmenu na pldé s krystalovou violeti rostly pouze ,S. diastati-
cus“ RIBM Spk 4 (obr. 6D), S. cerevisiae RIBM Spk 79 (obr. 6E) a T.
delbrueckii (obr. 6F). Kolonie na této pudé jsou si ve vSech pfipa-
dech velmi podobné — bilé, hladké, lesklé, s pravidelnym tvarem. Jak
uvadi Haikara a Enari (1975), univerzalni pouziti ptdy s krystalovou
violeti je omezeno z diivodu r(izné citlivosti kulturnich i divokych kva-
sinek (Saccharomyces i non-Saccharomyces) ke krystalové violeti.
Cilem nasi prace nebyla modifikace této pldy, proto nebyla sledova-
na citlivost kvasinek k rdznym koncentracim krystalové violeti.

ZajimavéjSich vysledkl bylo dosazeno pfi kultivaci kvasinek na
mladinovém agaru se siranem médnatym (tab. 2). Rlst spodnich
pivovarskych kvasinek byl zcela potla¢en, ze svrchnich kvasinek do-
$lo k narlstu kolonii pouze u kmen( S. cerevisiae RIBM 139 a 154.
Vinafské kvasinky RIBM V7 (obr. 7B), kontaminanty S. cerevisiae
RIBM Spk 79 (obr. 7G) a T. delbrueckii (obr. 6H) na plidé se siranem
médnatym také rostly. V porovnani s pldou obsahuijici krystalovou
violet, umoznil agar se siranem médnatym zachyt SirSiho spektra
kontaminant: H. uvarum RIBM Spk 91 (obr. 7C), P. anomala RIBM
C5 (obr. 7D), P membranifaciens RIBM Spk 25 (obr. 7E), P, guillier-
mondii CCM 8321 (obr. 7F) a Z. rouxii CCM 8224 (obr. 71). Na rozdil
od pudy s krystalovou violeti véak nedoslo k nardstu ,,S. diastaticus”
RIBM Spk 4.

PFi inkubaci kvasinek na MYGP agaru obsahujicim aktidion v kon-
centraci 10 mg/l byl zcela potla¢en riist vétSiny kmend, s vyjimkou
P, guilliermondii CCM 8321 a Z. rouxii CCM 8224 (tab. 2). Kultivace

and Spk 79), S. bayanus and T. delbrueckii RIBM T2 (Tab. 2). Colo-
nies of the strain P, quelliermondii CCM 8321 on KlO-agar grew simi-
larly as on wort agar (Fig. 21). Strains Spk 25 and Spk 91 grew on
KIO agar in the form of tiny colonies, similarly to the strain P anomala
C5 (Fig. 4A).

Lysine agar contains the amino acid L-lysine as the only source
of nitrogen. Culture brewer’s yeast, wine yeast and contaminating
yeast of genus Saccharomyces, H. uvarum RIBM Spk 91 and T. del-
brueckii RIBM T2 grow on lysine agar in the form of very tiny colo-
nies, as seen in Fig. 5. On the other hand, all three strains of genus
Pichia and Z. rouxii formed on this medium colonies comparable with
those growing on wort agar (Fig. 5E,FG,l). According to Campbell
(2003b) lysine agar cannot be used to detect the most important
yeast contaminants, i.e. wild Saccharomyces yeasts.

The medium with crystal violet completely inhibited the growth
of bottom fermenting brewer’s yeast (Tab. 2). On the other hand,
growth was detected with the wine yeast RIBM V7 (Fig. 6C) and
with two top fermenting yeast strains, S. cerevisiae RIBM 139 and
154 (Fig. 6A,B). Among the contaminant strains, only ,,S. diastaticus*
RIBM Spk 4 (Fig. 6D), S. cerevisiae RIBM Spk 79 (Fig. 6E) and T.
delbrueckii (Fig. 6F) grew on the medium with crystal violet. On this
medium all colonies were in all cases alike — white, smooth, glossy,
with a regular shape. According to Haikara and Enari (1975) the uni-
versal use of the medium with crystal violet is limited because of the
different sensitivity of culture and wild yeasts, (both Saccharomyces
and non-Saccharomyces) to crystal violet. We did not aim at modify-
ing the medium and did not therefore study the sensitivity of yeasts
to different concentrations of crystal violet.

Interesting results were obtained in cultivations of yeasts on wort
agar with copper sulphate (7ab. 2). The growth of bottom brew-
er's yeast was completely inhibited, with top brewer’s yeast colony
growth being observed only with strains S. cerevisiae RIBM 139 and
154. Wine yeast strain RIBM V7 (Fig. 7B), contaminant S. cerevisiae
RIBM Spk 79 (Fig. 7G) and T. delbrueckii (Fig. 6H) also grew on this
medium. The agar with copper sulphate made it possible to detect
a wider range of contaminants than the medium with crystal violet:
H. uvarum RIBM Spk 91 (Fig. 7C), P anomala RIBM C5 (Fig. 7D),
P. membranifaciens RIBM Spk 25 (Fig. 7E), P. guilliermondii CCM
8321 (Fig. 7F) and Z. rouxii CCM 8224 (Fig. 7I). However, in contrast
to the medium with crystal violet it did not support the growth of ,S.
diastaticus* RIBM Spk 4.

When incubating the yeasts on MYGP agar containing 10 mg/I
actidione the growth of most strains was completely inhibited, with
the exception of P, guilliermondii CCM 8321 and Z. rouxii CCM 8224
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Obr. 3 Vzhled kolonii kvasinek na ptdé WLN / Fig. 3 Yeast colonies on WLN agar

A — S. bayanus DSM 70412T; B — S. cerevisiae DSM 70449T; C — S. cerevisiae RIBM 139; D — S. cerevisiae RIBM 140; E — S. cerevisiae RIBM
154; F — S. cerevisiae RIBM V7; G — S. pastorianus DSM 65807; H — S. pastorianus RIBM 6; | — S. pastorianus RIBM 95; J — H. uvarum RIBM
Spk 91; K — P anomala RIBM C5; L — P membranifaciens RIBM Spk 25; M — P, guilliermondii CCM 8321; N — “S. diastaticus’ RIBM Spk 4;

O — Z rouxii CCM 8224

Obr. 4 Vzhled kolonii kvasinek na mladinovém agaru s kyselinou monojodoctovou / Fig. 4 Yeast colonies on wort agar with monojodacetic acid
A — P anomala RIBM C5; B — P, quilliermondii CCM 8321; C — Z. rouxii CCM 8224
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v pfitomnosti uvedené koncentrace aktidionu je doporu¢ovana pro
detekci nékterych divokych kvasinek, napf. H. uvarum (Campbell,
2003Db; Ingledew a Casey (1982). Rlzné kvasinky se vSak ziejmé lisi
stupném rezistence k tomuto antibiotiku, a proto je mnohem vhod-
né&jsi pouzit jiny zplsob detekce kontaminant.

V tab. 2 jsou déale shrnuty vysledky inkubace kvasinek na MYGP
agaru pfi teploté 37 °C. Rust spodnich pivovarskych kvasinek byl
zcela inhibovan, svrchni pivovarské kvasinky a vinarské kvasinky pfi
této teploté tvofily kolonie normalni velikosti. Ze skupiny kontami-
nant byla schopna rastu pfi teploté 37 °C vétSina kmenu s vyimkou
P. membranifaciens RIBM Spk 25 a S. cerevisiae RIBM Spk 2. Tato
metoda je doporuc¢ovana pro odliSeni spodnich a svrchnich pivovar-
skych kvasinek (Anonymous, 1994), pfipadné pro detekci divokych
kvasinek v provozech, které pouzivaji kvasinky spodniho kvaseni.
AvSak napf. Kopecka et al. (2012) uvadéji, ze rast nékterych kmenu
svrchnich kvasinek byl pfi teploté 37 °C potlacen.

(Tab. 2). Cultivation in the presence of this concentration of actidione
has been recommended for the detection of some wild yeasts, e.g.
H. uvarum (Campbell, 2003b; Ingledew and Casey (1982). However,
different yeasts obviously differ in their sensitivity to this antibiotic
and it is therefore more suitable to use another method of detection
of contaminants.

Tab. 2 also summarizes the results of incubation of yeast on MYGP
agar at 37 °C. The growth of bottom brewer’s yeast was completely
inhibited while top brewer’s yeast and wine yeast formed at this tem-
perature colonies of normal size. Among contaminants, most strains
were able to grow at 37 °C with the exception of P membranifa-
ciens RIBM Spk 25 and S. cerevisiae RIBM Spk 2. The method has
been recommended for distinguishing top and bottom brewer’s yeast
(Anonymous, 1994) and for the detection of wild yeast in breweries
using bottom yeast. However, e.g. Kopecka et al. (2012) found that
the growth of some top fermenting yeasts at 37 °C was suppressed.

Obr. 5 Vzhled kolonii kvasinek na lyzinovém agaru / Obr. 5 Yeast colonies on lysine agar

A — S. cerevisiae DSM 704497; B — S. cerevisiae RIBM V7; C — S. pastorianus RIBM 95; D — H. uvarum RIBM Spk 91; E — P anomala RIBM C5;
F — P membranifaciens RIBM Spk 25; G — P, guilliermondii CCM 8321; H — S. cerevisiae RIBM Spk 2; | — Z. rouxii CCM 8224. Pozn. fotografie byly
pofizovany na tmavém pozadi — lyzinovy agar je ve skute¢nosti mlé¢né bily / Note: Photographs were made on dark background — lysine agar is in
fact milky white

Obr. 6 Vzhled kolonii kvasinek na mladinovém agaru s krystalovou violeti / Fig. 6 Yeast colonies on wort agar with crystal violet

A — S. cerevisiae RIBM 139; B — S. cerevisiae RIBM 154; C — S. cerevisiae RIBM V7; D — “S. diastaticus” RIBM Spk 4; E — S. cerevisiae RIBM
Spk 79; F — T. delbrueckii RIBM T2
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Obr. 7 Vzhled kolonii kvasinek na mladinovém agaru s CuSO, / Fig. 7 Yeast colonies on wort agar with CuSO,
A - S. cerevisiae RIBM 154; B — S. cerevisiae RIBM V7; C — H. uvarum RIBM Spk 91; D — P anomala RIBM C5; E — P membranifaciens RIBM
Spk 25; F — P, guilliermondii CCM 8321; G — S. cerevisiae RIBM Spk 79; H — T. delbrueckii RIBM T2; | — Z. rouxii CCM 8224

4 ZAVER

Cilem nasi prace byl literarni pfehled problematiky detekce divo-
kych kvasinek a fotodokumentace vzhledu kolonii vybranych kmend
kulturnich a divokych kvasinek na rdznych ztuzenych pudach. Pro
tyto UGely jsme vybrali kultivaéni pady, které jsou snadno dostupné
pro béznou pivovarskou mikrobiologickou laboratof, a to jak pudy
dodavané komeréné v sestavé k okamzitému pouziti (napf. lysinovy
agar), tak pudy, které Ize snadno pfipravit (pluda s CuSO,, s krys-
talovou violeti). Linovo médium (Lin, 1974), ani jeho modifikace
(Longley et al., 1980), a ptda podle Nakagawy (Ingledew a Casey,
1982) nebyly do testovani zafazeny pro obsah toxického fuchsinu.
Pldy CLEN (Martin a Siebert, 1992) a XMACS (De Angelo a Siebert,
1987) a sporulaéni zkouska byly vynechany pro finanéni a/nebo ¢&a-
sovou narocnost pfipravy. Podobné nebyly do studie zahrnuty pady,
jejichz pouziti je v literatufe diskutovano jako nespolehlivé (SDM,
puda s kyselinou skoficovou), nebo u nichz je doporu¢ovana dlouha
doba inkubace (kfidovy agar).

Na nékterych diskutovanych pudach (sladinovy a mladinovy agar,
WLN atd.) mohou rast i bakterie. Pro jejich inhibici se bézné vyuziva
tetracyklin (Savel, 1980). V nasi studii jsme pracovali s &istymi kultu-
rami kvasinek, a média proto tetracyklin neobsahovala. P¥i pfipravé
pud pro detekci divokych kvasinek v redlnych vzorcich je pfidavek
tetracyklinu nutny.

Testovali jsme celkem 6 rdznych ptd pro detekci divokych kva-
sinek a/nebo jejich odliSeni od kulturnich spodnich ¢&i svrchnich
pivovarskych kvasinek. Pfi pouziti mladinového agaru s kyselinou
monojodoctovou (KJO agar) byly detekovany pouze kvasinky sku-
piny non-Saccharomyces. Lysinovy agar postihuje jesté o néco uzsi
spektrum divokych kvasinek nezli KJO agar. Puda s krystalovou
violeti (koncentrace 0,02 g/l) umozni detekci nékterych kulturnich
kvasinek Saccharomyces cerevisiae a kvasinek Torulaspora, za sou-
¢asného potlaceni rlistu spodnich pivovarskych kvasinek a vétsiny
divokych kvasinek skupiny non-Saccharomyces. Nejvét§iho zachy-
tu divokych kvasinek skupiny non-Saccharomyces bylo dosazeno
s pouzitim pldy obsahujici siran médnaty. Na této pddé (a podobné
i na pudé s krystalovou violeti) rostou i nékteré svrchni pivovarské
kvasinky, a Ize tedy fici, ze v provozech, které pouzivaji spodni pi-
vovarské kvasinky, je plda se siranem médnatym nejvhodné&j$im
médiem pro detekci divokych kvasinek. Spolehlivé odliSeni spodnich
a svrchnich pivovarskych kvasinek je stale problematické.

4 CONCLUSION

This study aimed at performing a literature survey of detection of
wild yeasts and a providing photographic documentation of the ap-
pearance of colonies of selected strains of culture and wild yeast on
different agar media. For this purpose we selected cultivation media
that are readily available for common brewery laboratories, includ-
ing media supplied commercially in a set for immediate use (e.qg.
lysine agar) as well as media that can be easily prepared (medium
with CuSO, or with crystal violet). Lin’s medium (Lin, 1974) and its
modification (Longley et al., 1980), as well as the medium accord-
ing to Nakagawa (Ingledew and Casey, 1982) were not included in
the testing because of their content of the toxic fuchsin. The media
CLEN (Martin and Siebert, 1992) and XMACS (De Angelo and Sie-
bert, 1987) and sporulation test were also not included because their
preparation is financially or time-demanding. The study also does
not include media which are considered unreliable in the literature
(SDM, medium with cinnamic acid), or require long incubation peri-
ods (chalk agar).

Some media (wort and hopped-wort agar, WLN, etc.) can also
support the growth of bacteria. Their growth is commonly inhibited
by tetracycline (Savel, 1980). We worked with pure yeast cultures
and the media therefore did not contain tetracycline. However, when
preparing media for the detection of wild yeast in brewery samples
the addition of tetracycline is necessary.

We tested a total of 6 media for the detection of wild yeasts and/
or their differentiation from culture bottom or top brewer’s yeast.
When using wort agar with monoiodacetic acid (KIO agar) we de-
tected only non-Saccharomyces yeasts. The spectrum of wild yeasts
detected by lysine agar is still narrower that that revealed on KIO
agar. The medium with 0.02 g/l crystal violet permits the detection of
some culture Saccharomyces cerevisiae yeasts as well as Torulas-
pora and suppresses the growth of bottom brewer’s yeast and most
non-Saccharomyces wild yeasts. The broadest detection of wild non-
Saccharomyces yeasts was achieved by using the medium contain-
ing copper sulphate. This medium, and similarly also the medium
with crystal violet support also the growth of some top brewer’s yeast
and it can thus be said that the medium with copper sulphate is the
medium of choice for detection of wild yeasts in breweries using bot-
tom brewer’s yeast. However, a reliable differentiation between top
and bottom brewer’s yeast still represents a problem.
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Nasim zédjmem byla prezentace rdznych kultivaénich metod stano-
veni divokych kvasinek s pfihlédnutim na jejich redlnou vyuzitelnost
v provozni pivovarské laboratofi. Studie byla provedena na souboru
19 kulturnich a divokych kvasinek. Na tuto publikaci bude navazovat
doplrikova studie zahrnujici vétsi pocet kulturnich i divokych kmenl
kvasinek a zaroven porovnani vybranych pud z hlediska srovnatel-
nosti kvantitativnich vysledkd na jednotlivych pidach.
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