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Non-Saccharomyces kvasinky (Torulaspora, Zygosaccharomyces, Saccharomycodes) mohou byt pouZity k vyrobé nealkoholickych
a nizkoalkoholickych piv a pfispivat ke vzniku zajimavych chutovych atributt. Kvasinky rodd Pichia, Meyerozyma, Geotrichum nebo
Wickerhamomyces se mohou vyuZzit k biologické kontrole plisni pfi sladovani a skladovani sladu. V ¢lanku je uvedena charakteristika
a taxonomické zarazeni kvasinek rodli Torulaspora a Kluyveromyces. Popséano je i vyuziti dalSich non-Saccharomyces kvasinek v pivo-
varském primyslu, napt. pfi degradaci chmelovych latek z odpadniho chmele a ochucovani piva.

Kochlanova, T., Kij, D., Kopecka, J., Kubizniakova, P., Matoulkova, D., 2016: Non-Saccharomyces yeasts and their importance in

the brewing industry. Part Il. Kvasny Prum., 62(7-8), pp. 206—214

Non-Saccharomyces yeast (Torulaspora, Zygosaccharomyces, Saccharomycodes) can be used for non-alcoholic and low-alcohol
beers and production may contribute to the formation of interesting flavor attributes. Yeast belonging to the genera Pichia, Meyerozyma,
Geotrichum or Wickerhamomyces can be applied for the biocontrol of molds during the malting process and storage of malt. The article
gives the characteristics and taxonomy of Torulaspora, Kluyveromyces, Meyerozyma and other non-Saccharomyces yeast. It also de-
scribes the use of non-Saccharomyces yeast for degradation of hop bitter compounds in hops wastes or beer flavoring.
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Zur Herstellung vom alkoholfreien oder alkoholarmen Bier ist es moglich, auch die Nicht-Saccharomyces Hefe angewandt zu werden,
wozu diese Hefe zur Entstehung von interessanten Geschmackseigenschaften des Bieres beitragen kann. Die Hefestimme Pichia,
Meyerozyma, Geotrichum und Wickerhamomyces kénnen zur biologischen Kontrolle von Pilzen beim Malz- oder Malzlagerungsprozess
angewandt werden. Im Artikel werden die Charakteristik und eine taxonomische Einordnung von Stdmmen Torulaspora a Kluyveromyces
angeflihrt. Weiter wird die Anwendung der anderen Nicht-Saccharomyces Hefe in der Brauindustrie beschrieben, z.B. die Hopfenstof-

fendegradation aus dem Abfallhopfen oder das Wirzen des Bieres.
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1 UVOD

Kvasinky non-Saccharomyces nachdazeji uplatnéni v rtiznych ob-
lastech prlimyslové vyroby. V pivovarstvi, mimo vyrobu piva lambik
a gueuze, kde je vyuzivano spontanni fermentace mladiny, s hlav-
nim podilem kvasinek Brettanomyces, mohou byt nékteré non-Sa-
ccharomyces kvasinky vyuzivany napf. pfi vyrobé nizkoalkoholic-
kych nebo nealkoholickych piv (Johnson, 2013).

Nealkoholické pivo se vyrabi dvéma zakladnimi pfistupy — bud je
alkohol odstranovan fyzikalnimi metodami z hotového piva, nebo jsou
uplatnény specialni, biologické postupy kvaseni, pfi kterych se méni
podminky kvaSeni a dalSi faktory (Kosar a Prochazka, 2000). Fyzi-
kalni metody se vyznacuji zménou senzorickych vlastnosti vysledné-
ho produktu zpusobenou ztratou vy$sich alkoholll a ester(, které se
musi pozdéji doplnit (Branyik et al., 2012). Technologie pfimé vyroby
nealkoholického piva zahrnuji pouziti mladiny s niz8im obsahem jed-
noduchych cukrli, pfed¢asné zastaveni fermentace, snizeni teploty
kvaseni nebo omezeni metabolismu imobilizaci kvasinek. Pouzivaji
se specialni kmeny kvasinek (Saccharomyces cerevisiae, Saccharo-
mycodes ludwigii a Zygosaccharomyces rouxii), které maji omezenou
schopnost fermentovat pfitomné cukry a vytvofi méné alkoholu (So-
hrabvandi et al., 2011). Bylo popsano i pouziti kvasinek rodu Pichia,
Candida shehatae (De Francesco, 2014) a Torulaspora delbrueckii
(Canonico et al., 2016). Takto vyrobena piva mohou chutnat po mla-
diné, byvaji sladsi a ovocnéjsi nez piva alkoholicka, vyrobena tradic-
nim zpdsobem nebo zbavena alkoholu fyzikalnimi metodami.

Dal$imi oblastmi pivovarstvi, kde mohou byt vyuZzity non-Sa-
ccharomyces kvasinky, je napf. biologicka kontrola plisni pfi vyro-

Keywords: Kluyveromyces, nonalcoholic beer, low-alcohol beer,
non-Saccharomyces, Pichia, Torulaspora, Wickerhamomyces

1 INTRODUCTION

Non-Saccharomyces yeasts are utilized in various industrial ar-
eas. In brewing spontaneous fermentation of wort is used for lambic
and gueuze production, with the main contribution of Brettanomy-
ces yeast. Beside this some non-Saccharomyces may be used for
non-alcoholic and low-alcohol beer production (Johnson, 2013).

Alcohol-free beers are made by several procedures, which can
be divided into two categories. Either physical methods are used to
remove the alcohol from the final beer or special biological methods
of fermentation process are used (Kosaf and Prochazka, 2000).

The physical methods are characterized by changing sensorial
qualities of the final product caused by losing higher alcohols and
esters, which must be refilled later (Branyik et al., 2012).

Direct technologies of producing alcohol-free beers are based on
using malt with lower content of simple sugars, early ending of fer-
mentation, lower temperature of fermentation or lower metabolism
activity caused by immobilization of the yeasts. The special phyla
of yeasts used in the fermentation process (Saccharomyces cere-
visiae, Saccharomycodes ludwigii and Zygosaccharomyces rouxii)
are limited to fermenting present sugars and produce less alcohol
(Sohrabvandi et al., 2011). The yeasts Pichia, Candida shehatae
(De Francesco, 2014) and Torulaspora delbrueckii were described
and used (Canonico et al., 2016). The beers made in this way could
taste like malt, could be sweeter and fruitier than alcoholic beers
made in the traditional way or by physical methods.

Other ways to utilize non-Saccharomyces yeasts in the brewing
industry include biological control of molds during the malt produc-
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Obr. 1 Bunky Torulaspora delbrueckii RIBM Td4 / Fig. 1 Cells of To-
rulaspora delbrueckii RIBM Td4

bé a skladovani sladu, ochucovani piva jeho refermentaci nebo pfi
degradaci horkych latek z odpadniho chmele. Mezi technologicky
vyuzitelné non-Saccharomyces kvasinky patfi rody Brettanomyces
a Dekkera, kterym je vénovan prvni dil ¢lanku o non-Saccharomyces
kvasinkach. Ve zminéném ¢&lanku je zaroven uvedeno jejich taxono-
mické zafazeni (Kochlanova et al., 2016).

2 PREHLED NON-SACCHAROMYCES )
KVASINEK VYUZIVANYCH V PIVOVARSTVI

2.1 Torulaspora delbrueckii

Kvasinky Torulaspora se nepohlavné rozmnozuji multilateralnim
pucenim nebo vytvafi pseudohyfy. Buriky jsou sférické az ovalné
(obr. 1). Prirozené se vyskytuji v padé, na rostlinach, v ovocnych sta-
vach, vinu a pivu (Kurtzman et al., 2011).

Diky nizké produkci alkoholu a nezadoucich vedlejsich produk-
tl ma kvasinka Torulaspora delbrueckii velky potencidl pfi vyrobé
nizkoalkoholickych fermentovanych napoji (Renault et al., 2009).
Nékteré kmeny se vyuZivaji ve vinarstvi a pfi vyrobé tradi¢niho né-
meckého pSeniéného piva Hefeweizen (Tataridis et al., 2013). Toru-
laspora delbrueckii je schopna fermentovat glukosu, nékteré kmeny
také maltosu, maltotriosu a sacharosu. Fermentace v porovnani
s klasickymi vinafskymi a pivovarskymi kvasinkami probiha pomaleji,
produkovano je méné ethanolu, octové kyseliny, ethylacetatu, pro-
panolu, isobutanolu a dalich vyssich alkohold, naopak vice acetal-
dehydu (Canonico et al., 2016).

Torulaspora delbrueckii vykazuje toleranci k ethanolu (az 5% obj.)
a k chmelovym latkdm. Neni schopna dekarboxylovat kyseliny kuma-
rovou, skoficovou a ferulovou. Pivo vyrobené pomoci T. delbrueckii
proto nebude obsahovat produkty této reakce (4-vinylfenol, 4-vinyl-
benzol a 4-vinylguajakol). Kmeny T. delbrueckii schopné fermentace
maltosy a maltotriosy mohou byt pouZzity k pfipravé piva s koncent-
raci ethanolu kolem 4% obj., s vysokym obsahem vySSich alkoho-
IO a dalSich pozadovanych senzorickych latek. Kmeny neschopné
fermentovat maltosu maji potencial pro vyrobu nizkoalkoholickych
piv s obsahem alkoholu pod 1% obj. Piva vyrobena pomoci T. del-
brueckii mohou vykazovat velkou variaci ovocnych chuti (Svestky,
broskve, citrusy atd.). Dal§im moznym vyuZitim je prefermentace
mladiny pomoci T. delbrueckii a nasledna fermentace kvasinkami
Saccharomyces (Michel et al., 2016).

PFi fermentaci za pouziti smési S. cerevisiae a T. delbrueckii byl
zjistén zvySeny podil fenylethylacetatu, ethylkapronatu a ethylkap-
rylatu, které dodavaji pivu zajimavé senzorické vlastnosti (Canoni-
co et al., 2016). P¥i pouziti T. delbrueckii k vyrobé pSeni¢ného piva
mél vysledny produkt podobné vlastnosti jako pfi pouziti tradiCnich
pivovarskych kmen0, rozdilem bylo mirné zvySeni esterovych vuni
(Tataridis et al., 2013).

T. delbrueckii dokaze béhem fermentace transformovat mono-
terpeny. Jedna se o latky rostlinného puvodu obsazené mimo jiné
v chmelu. Jejich mnozstvi ma vliv na vlastnosti piva, napfiklad lina-

tion and storage, flavoring of beer by refermentation or during the
degradation of hop bitter compounds from the hops wastes. Po-
tentially technologically useful non-Saccharomyces yeasts include
genera Brettanomyces and Dekkera, that are described in first part
of this article, icluding also classification of the yeasts (Kochlafova
et al., 2016).

2 THE OVERVIEW OF NON-
SACCHAROMYCES YEATS USED IN
BREWING INDUSTRY

2.1 Torulaspora delbrueckii

Torulaspora cells asexually reproduce by multilateral budding or
form pseudohyphas. Cells are spherical or oval (Fig. 1). They natu-
rally occurs in soil, on plants, in fruit juices, wine and beer (Kurtzman
etal., 2011).

The potential of T. delbrueckii to produce low-alcoholic fermented
beverages is based on making alcohol in low concentrations and
undesirable secondary products (Renault et al., 2009). Some strains
are used in winemaking industry and for the production of traditional
German Hefeweizen wheat beer (Tataridis et al., 2013). The yeast
Torulaspora delbrueckii ferments glucose, some strains ferment also
maltose, maltotriose and sucrose. The fermentation process in the
brewing industry differs from fermentation in winemaking industry in
slower fermentation, production of less ethanol, acetic acid, ethyl ac-
etate, propanol, isobutanol and other higher alcohols, but produce
more acetaldehyde (Canonico et al., 2016).

The yeasts T. delbrueckii are tolerant to ethanol (5% vol.) and
hop compounds. They are not capable of decarboxylating coumaric
acid, cinnamic acid and ferulic acid. For this reason beer fermented
by T. delbrueckii does not contain products of this reaction (4-vin-
ylphenol, 4-vinylbenzol and 4-vinylguajakol), which are mostly un-
desirable. Some strains fermenting maltose and maltotriose could
be used to produce beer with ethanol concentration about 4 % vol.,
high concentrations of higher alcohols and other required sensorial
substances. The strains unable to ferment maltose have a potential
for making low-alcoholic beers with alcohol concentration below 1%
(v/v). Beer produced by T. delbrueckii shows various fruity aromas
(plum, peach, citrus etc.). Another utilization of T. delbrueckii is in
a prefermentation process which is followed by fermentation of Sac-
charomyces yeasts (Michel et al., 2016).

The fermentation process realized by a mixture of S. cerevisiae
and T. delbrueckii cultures provides a higher amount of phenyl ace-
tate, ethylcapronate and ethylcaprylate, which impart the beer with
interesting sensorial quality (Canonico et al., 2016). The final product
of wheat beer fermented by T. delbrueckii has quality similar to the
beer produced by other brewing strains, but the difference was in
a slightly higher concentration of ester aromas (rose, banana, bub-
blegum) and a lower concentration of phenolic aroma (Tataridis et
al., 2013).

The yeast Torulaspora delbrueckiiis able to transform monoterpe-
nes during the fermentation process. Monoterpenes are substances
contained in plants and also in hops. Their amounts influence the
characters of beer; for example linalool provides flowery aroma of
hops. During fermentation, T. delbrueckii transforms monoterpenes
from hops. Nerol is isomerized to geraniol, linalool and a-terpineol,
geraniol to linalool, and linalool to a-terpineol (King and Dickinson,
2000).

2.2 Kluyveromyces

Thermotolerance, ability to utilize various substrates (including xy-
lose) and production of aroma compounds are the main characteri-
stics of Kluyveromyces marxianus, that can be potentially applied in
brewing (Jeong et al., 2012; Lee et al., 2012; Medeiros et al., 2001).
Cells of Kluyveromyces are ovoid, ellipsoidal or cylindrical (Fig. 2).
Colonies may be creamy or light brown, with smooth or wrinkled sur-
face (Fig. 3). They asexually reproduce by multilateral budding on
the narrow side of the cell and may produce pseudohyphas (Kurtz-
man et al., 2011).

The genome of K. marxianus contains numbers of genes respon-
sible for processing various saccharides, for example xylulose (ge-
nes XYL1, XYL2, XKS1), mannose (gene PMI40), galactose (ge-
nes GAL1, GAL2), arabinose, raffinose and others. The aromatic
compounds have a positive or negative influence on the aroma of
final fermented products. These compounds include higher alcohols,
esters and vicinal diketones. The most important commercial com-
pound is 2-phenylethanol, which provides rose, honey and flower
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Obr. 2 Buriky Kluyveromyces marxianus RIBM Km / Fig. 2 Cells of
Kluyveromyces marxianus RIBM Km

lool je spojovan s kvétinovym aroma chmele. Nerol je isomerovan
na geraniol, linalool a a-terpineol, geraniol na linalool, linalool na
a-terpineol (King a Dickinson, 2000).

2.2 Kluyveromyces

Termotolerance, schopnost rdstu na rliznych substratech (véet-
né xylosy) a produkce aromatickych slou¢enin jsou charakteristiky
K. marxianus, kvasinky potencialné aplikovatelné v pivovarstvi (Je-
ong et al., 2012; Lee et al., 2012; Medeiros et al., 2001). Bunky Kluy-
veromyces jsou ovoidni, elipsoidni nebo cylindrické (obr. 2). Kolonie
mohou byt krémové az svétle hnédé, s hladkym nebo vrascitym povr-
chem (obr. 3). Vegetativné se mnozi multilateralnim pu¢enim na uzsi
strané, muze produkovat pseudohyfy (Kurtzman et al., 2011).

Genom K. marxianus obsahuje velké mnoZstvi gend zodpovéd-
nych za zpracovani rGznych cukrd, napf. xylulosy (geny XYL1,
XYL2, XKS1), manosy (PMI40), galaktosy (GAL1, GAL7), arabinosy,
rafinosy atd. Na vysledny produkt fermentace ma velky vliv tvorba
aromatickych sloucenin, které mohou mit pozitivni, ale i nezadouci
ucinek na aroma. Zahrnujeme mezi né vyssi alkoholy, estery a vici-
nalni diketony. Komeréné nejdulezitéjsi slouceninou je 2-fenyletha-
nol zodpovédny za aroma po rdzich, medu, kvétech (Cordente et al.,
2012; Lertwattanasakul et al., 2015; Pires et al., 2014). K. marxianus
je hlavni non-Saccharomyces kvasinkou v ¢adském pivu bili bili, kde
se podili na jeho okyselovani (Maoura et al., 2005).

Druh Kluyveromyces lactis ve svém genomu obsahuje gen KIATf,
diky kterému je schopna produkce acetyltransferasy k syntéze aro-
matickych esterl. Exprese tohoto genu u Saccharomyces cerevisi-
ae muze vést k novym senzorickym vlastnostem mléénych vyrobkd,
vina a piva (Van Laere et al., 2008). Kluyveromyces lactis dokaze

Obr. 3 Kolonie Kluyveromyces marxianus RIBM Km na sladinovém
agaru s CuSQ, / Fig. 3 Colonies Kluyveromyces marxianus RIBM Km
on wort agar with CuSO,

aroma (Cordente et al., 2012; Lertwattanasakul et al., 2015; Pires
etal., 2014).

K. marxianus is the main yeast in the Tchad beer bili bili and is
responsible for its acidification (Maoura et al., 2005).

The species Kluyveromyces lactis contains gene KIAtf encoding
the enzyme acetyltransferase that is responsible for production of
aromatic esters. Expression of this gene in Saccharomyces cerevi-
siae may lead to the formation of new sensorial characters of milk
products, wine and beer (Van Laere et al., 2008). K. lactis is capable
of transforming monoterpenes nerol and geratinol to linalool, -terpi-
neol and citronellol (King and Dickinson, 2000).

Kluyveromyces wickerhamii is a producer of the kwkt killer toxin
that can be used against Dekkera/Brettanomyces yeast (Comitini et
al., 2004).

2.3 Zygosaccharomyces

Cells of the yeast Zygosaccharomyces are spherical to ovoid
(Fig. 4), they asexually reproduce by multilateral budding, sometimes
they form pseudohyphas. Colonies are white to cream, mostly with
smooth surface (Fig. 5). They are osmotolerant, resistant to salts,
ferment glucose and to a lesser extent also sucrose and maltose.
Some strains are not able to ferment maltose (Kurtzman et al., 2011).
Zygosaccharomyces can be found as contaminant in food and bev-
erages, Z. bailiiand Z. bisporus were isolated from beer (Bokulich et
al., 2013).

Z. rouxii can be potentially used as a producer of low-alcohol beer
(Sohrabvandi et al., 2011). It forms high amounts of higher alcohols
such as propanol, isobutanol, 2-methyl-1-butanol, 3-methyl-2-buta-
nol, esters and acetaldehyde that have a positive effect on beer qual-

Obr. 4 Bunky Zygosaccharomyces rouxii CCM 8324 / Fig. 4 Cells of
Zygosaccharomyces rouxii CCM 8324

Obr. 5 Kolonie Zygosaccharomyces rouxii CCM 8324 na WLN agaru /
Fig. 5 Colonies of Zygosaccharomyces rouxii CCM 8324 on WLN agar
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Obr. 6 Buniky Hanseniaspora uvarum RIBM A4 / Fig. 6 Cells of Han-
seniaspora uvarum RIBM A4

transformovat monoterpeny nerol a geratinol na linalool, a-terpineol
a citronellol (King a Dickinson, 2000).

Kluyveromyces wickerhamii produkuje killer toxin kwkt, ktery lze
vyuzit proti kvasinkdm Dekkera/Brettanomyces (Comitini et al.,
2004).

2.3 Zygosaccharomyces

Vegetativni bufky kvasinky Zygosaccharomyces jsou sférické az
ovoidni (obr. 4), nepohlavné se rozmnozuji multilateralnim pucenim,
zfidka tvofi pseudohyfy. Kolonie mohou byt bilé az krémové, vétsi-
nou s hladkym povrchem (obr. 5). Jsou osmotolerantni a rezistentni
vUéi solim, zkvasuji glukosu a v mensi mife sacharosu a maltosu.
Nékteré kmeny schopnost vyuzivat maltosu postradaji (Kurtzman et
al., 2011). Vyskytuji se jako kontaminanty v potravinach a napojich,
Z. bailii a Z. bisporus byly izolovany z piva (Bokulich et al., 2013).

Z. rouxiimuze byt pouzita jako potencialni producent nizkoalkoho-
lického piva (Sohrabvandi et al., 2011). Vytvafi velké mnozstvi vys-
Sich alkohol( jako propanol, isobutanol, 2-methyl-1-butanol, 3-me-
thyl-2-butanol, estert a acetaldehydu, které plisobi pozitivné na chut
piva. Naopak velké mnozstvi diacetylu, 2-methylbutanalu a furfural-
dehydu na kvalitu piva plsobi negativné (De Francesco et al., 2014).

2.4 Hanseniaspora uvarum

Kvasinky Hanseniaspora se nepohlavné mnozi bipolarnim puce-
nim nebo mohou vytvaret pseudohyfy, které vétsSinou nejsou vyvinu-
té, buriky jsou citronovité nebo ovoidni (obr. 6). Kolonie jsou bilé az
krémové, vétsinou ploché s hladkym povrchem (obr. 7). Anamorfnim
rodem je Kloeckera (Kurtzman et al., 2011). Hanseniaspora uvarum
(anamorfou je Kloeckera apiculata) z cukr(i fermentuje pouze gluko-
su. Je schopna produkovat znac¢né mnozstvi octové kyseliny, ethyla-
cetatu a acetoinu (Cabranes et al., 1997; Romano et al., 2008). Na-
chazi se v prvni fazi spontanniho kvaseni piva lambik. Po pfiblizné 3
tydnech, kdy koncentrace alkoholu dosahne 3-4 %, je jeji rUst zasta-
ven a je nahrazena Saccharomyces spp. (Van Oevelen et al., 1977).

2.5 Saccharomycodes ludwigii

Vegetativni buriky Saccharomycodes maiji citronovity tvar (obr. 8),
nepohlavné se mnozi bipolarnim pucenim na Siroké zakladnég,
pseudomycelium nevytvafi nebo je mélo vyvinuté. Kolonie jsou
bilé az krémové, s hladkym povrchem (obr. 9). Vyskytuji se bézné
v plidé, na ovoci, izolovany byly z vina (Némec a Matoulkovd, 2015).
S. ludwigii zkvaSuje glukosu, sacharosu a rafinosu (Kurtzman et al.,
2011). ProtoZe nedokaze fermentovat maltosu a maltotriosu, muze
byt potencialné vyuzita k vyrobé nizkoalkoholickych piv. Fermentace
probiha velice pomalu i za teploty okolo 20 °C (Branyik et al., 2012).
Pfi kvaSeni mladiny pomoci S. ludwigii vznikaji piva s obsahem etha-
nolu pod 1% obj. Nékteré kmeny S. ludwigii produkuji v porovna-
ni s kulturnimi kvasinkami vy$8i mnozstvi ester(, vysSich alkoholl
a zaroven jen zanedbatelné mnozstvi diacetylu a dalSich nezadou-
cich latek (De Francesco et al., 2014).

Obr. 7 Kolonie Hanseniaspora uvarum RIBM Spk 91 na sladinovém
agaru / Fig. 7 Colonies of Hanseniaspora uvarum RIBM Spk 91 on
wort agar

ity. However, high concentrations of diacetyl, 2-methylbutanal and
furfuraldehyde are not desirable in beer (De Francesco et al., 2014).

2.4 Hanseniaspora uvarum

Hanseniaspora yeasts asexually reproduce by bipolar budding or
may form pseudohyphas. Cells are lemon-like or ovoid (Fig. 6). Co-
lonies are white to cream, mostly flat with smooth surface (Fig. 7).
Anamorph stage of Hanseniaspora is Kloeckera (Kurtzman et al.,
2011). Hanseniaspora uvarum (anamorph Kloeckera apiculata) can
ferment only glucose. It is able to produce considerable amounts
of acetic acids, ethyl acetate and acetoin (Cabranes et al., 1997;
Romano et al., 2008). H. uvarum occurs in the first phase of lambic
fermentation. After approximately 3 weeks, when the alcohol content
reaches 3-4 %, its growth ends and is replaced by Saccharomyces
spp. (Van Oevelen et al., 1977).

2.5 Saccharomycodes ludwigii

Vegetative cells of Saccharomycodes have a lemon-like shape
(Fig. 8) and they asexually reproduce by bipolar budding on the
broad base. They either do not form pseudomycelium or it is poor-
ly developed. Colonies are white to cream, with smooth surface
(Fig. 9). They occur in soil, on fruits and were isolated from wine
(Némec and Matoulkova, 2015). S. ludwigii ferments glucose, su-
crose and raffinose (Kurtzman et al., 2011). Since this yeast does
not ferment maltose and maltotriose, it can be potentially used for
low-alcohol beer production. Fermentation proceeds very slowly
even at temperatures around 20 °C (Branyik et al., 2012). Fermen-
tation of wort by S. ludwigii gives rise to beers with ethanol content
below 1% (v/v). In comparison to brewer’s yeast some strains of
S. ludwigii produce higher amounts of esters, higher alcohols and
negligible concentrations of diacetyl and other undesired compounds
(De Francesco et al., 2014).

2.6 Galactomyces candidus

Anamorph stage of Galactomyces is Geotrichum. The cells ase-
xually reproduce by binary fission, form true hyphae with rounded
terminal cells (Kurtzman et al., 2011). Galactomyces candidus
(anamorph Geotrichum candidum) can be used in the biocontrol of
microbes (especially Fusarium) during malting of barley. G. candidus
naturally occurs in germinating barley and malt and has no negative
effect on the processes. Inoculation of malting barley by G. candidus
leads to the inhibition of growth of Fusarium, Penicillium and Asper-
gillus, thus reducing the presence of mycotoxins and gushing (Boivin
and Malanda, 1999).

Molds can produce toxins during malting of barley. The most com-
mon food toxins are aflatoxins, ochratoxins, zearalenons, fumosins
and trichothecenes. Trichothecenes include toxins like T-2 toxins, H2
toxins, nivalenol and others. T-2 toxin induces fragmentation of DNA
and inhibits protein synthesis. Galactomyces can decrease the con-
centration of T-2 toxin by 10% and partially inhibit the growth of the
mold (Fusarium langsethiae). There are two proposed mechanisms
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Obr. 8 Buniky Saccharomycodes ludwigii DSM 3437 / Fig. 8 Cells of
Saccharomycodes ludwigii DSM 3437

2.6 Galactomyces candidus

Anamorfnim rodem Galactomyces je Geotrichum. Nepohlavné se
nemnozi puéenim ale pfiénym délenim, vytvafi pravé hyfy se zaku-
lacenymi koncovymi burikami (Kurtzman et al., 2011). Galactomyces
candidus (anamorfa Geotrichum candidum) m(ze byt pouZita k bio-
kontrole mikroorganism(l pfi sladovani jeémene, pfedevsim plisné
Fusarium. G. candidus se v kli¢icim je€menu a sladu vyskytuje pfi-
rozené a nema negativni efekt na pribéh sladovani. Inokulace sla-
dového jeEmene kulturou G. candidus ma za nasledek inhibici rastu
plisni rodu Fusarium, Penicillium a Aspergillus, a tim omezeni vysky-
tu mykotoxinl a prepénovani piva (Boivin a Malanda, 1999). Plisné
predstavuji problém pfi sladovani z divodu tvorby toxinl v jeémeni.
Nejbéznéjsi potravinafské toxiny jsou aflatoxiny, ochratoxiny, zeara-
lenony, fumosiny a trichotheceny. Trichotheceny zahrnuji toxiny jako
T-2 toxin, H2-toxin, nivalenol a jiné. T-2 toxin indukuje fragmentaci
DNA a inhibuje proteosyntesu. Pravé kvasinka rodu Geotrichum sni-
Zuje koncentraci T-2 toxinu o 10% a ¢aste¢né inhibuje rast plisné
(Fusarium langsethiae). Pfedpokladaji se dva mechanismy inhibice:
1. degradace toxinu po jeho produkci plisni, 2. inhibice produkce to-
xinu. Pfesny mechanismus vSak neni doposud znamy (Boivin, 2005;
Gastélum — Martinez et al., 2012).

2.7 Pichia

Do rodu Pichia se dfive fadilo pfes 100 druh( kvasinek, vétSina
byla pozdéji pfefazena do jinych rodl. V sou¢asné dobé ma rod Pi-
chia asi 20 druhd. Bunky jsou kulaté, ovoidni az elipsoidni (obr. 10
a 11). Kolonie jsou bilé, krémové nebo svétle hnédé, s razné cle-
nénym povrchem (obr. 12 a 13). Z cukrl fermentuji pouze glukosu
(Kurtzman et al., 2011).

Obr. 9 Kolonie Saccharomycodes ludwigii DSM 3437 na lysinovém
agaru / Fig. 9 Colonies of Saccharomycodes ludwigii DSM 3437 on
lysine agar

of inhibition: 1. degradation of toxin after its production by the mold,
2. inhibition of toxin production, but the exact mechanism is not yet
known (Boivin, 2005; Gastélum — Martinez et al., 2012).

2.7 Pichia

The genus Pichia formerly contained more than 100 species; most
of them were later transferred to different genera. At present the ge-
nus Pichia contains ca. 20 species. Cells of Pichia are round, ovoid
or ellipsoidal (Fig. 10 and 117). Colonies are white, creamy or light
brown, with various suface (Fig. 12 and 13). They can ferment only
glucose (Kurtzman et al., 2011).

P, fermentans (anamorph Candida lambica) occurs as a contami-
nant of beer (van der Aa Kihle a Jespersen, 1998) and was also
isolated from the spontaneous fermentation of Belgian and American
beers (Bokulich et al., 2012; Spitaels et al., 2015).

P. membranifaciens (anamorph Candida valida) forms PMKT and
PMKT2 toxins that can be used in biocontrol of wild yeasts (e.g.
D. bruxellensis) during production of fermented beverages (Santos
et al., 2008). It produces acetaldehyde, ethyl acetate, isoamylaceta-
te and 4-ethylphenol (Saez et al., 2011).

P, kudriavzevii (anamorph Candida krusei) occurs during sponta-
neous fermentation of the Ikigage beer in Rwanda and Kaffir in South
Africa (Lyumugabe et al., 2012). It contributes to the overall aroma
by production of caprinic acid, butyric acid, ethyl butyrate, ethylca-
prylate, isobutyrate and phenylalcohols (Lyumugabe et al., 2014).

2.8 Wickerhamomyces anomalus
Cells of the yeast Wickerhamomyces are round, elongated or
ovoid (Fig. 14). They asexually reproduce by multilateral budding

Obr. 10 Bunky Pichia norwengensis KS 2 / Fig. 10 Cells of Pichia
norwengensis KS 2

Obr. 11 Bunky Pichia membranifaciens RIBM Spk 25 / Fig. 11 Cells
of Pichia membranifaciens RIBM Spk 25
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Obr. 12 Kolonie Pichia norwengensis KS 2 na sladinovém agaru /
Fig. 12 Colonies of Pichia norwengensis KS 2 on wort agar

Pichia fermentans (anamorfa Candida lambica) se vyskytuje jako
kontaminanta piva pfi fizeném kvaseni (van der Aa Kuhle a Jesper-
sen, 1998), zaroven byla izolovana ze spontanné kvaseného belgic-
kého a amerického piva (Bokulich et al., 2012; Spitaels et al., 2015).

Pichia membranifaciens (anamorfa Candida valida) vylu€uje toxi-
ny PMKT a PMKT2, které mohou byt vyuzity ke kontrole divokych
kvasinek (napf. D. bruxellensis) pfi vyrobé fermentovanych napojt
(Santos et al., 2008). Produkuje acetaldehyd, ethylacetat, isoamyla-
cetat a 4-ethylfenol (Saez et al., 2011).

Pichia kudriavzevii (anamorfa Candida krusei) se vyskytuje pfi
spontanni fermentaci piva lkigage z Rwandy a Kaffir z Jizni Afriky
(Lyumugabe et al., 2012). Pfispiva k celkovému aroma produkci ky-
seliny kaprinové, maselné, esterll ethylbutyratu, ethylkaprylatu, iso-
butylbutyratu a fenylalkohold (Lyumugabe et al., 2014).

2.8 Wickerhamomyces anomalus

Buriky kvasinky Wickerhamomyces jsou kulaté, prodlouzené nebo
ovoidni (obr. 14). Vegetativné se mnozi multilateralnim pucenim
na uzké strané. Nékteré druhy vytvareji pseudohyfy i pravé hyfy
(Kurtzman et al., 2011). Kolonie jsou bilé az krémové, s rizné élené-
nym povrchem (obr. 15).

Wickerhamomyces anomalus (synonymum Pichia anomala; ana-
morfa Candida pelliculosa) dobfe snasi kyselé a slané prostiedi, do-
kaze rist i v anaerobnich podminkach, pfi nizké vodni aktivité a vy-
sokém osmotickém tlaku (Passoth et al., 2006). Fermentuje glukosu,
galaktosu, maltosu a sacharosu. Vyskytuje se v pudé, na rostlinach,
zpusobuje kazeni ovoce, mléénych vyrobkd a peciva (Kurtzman et
al., 2011). Vytvari velké mnozstvi ethylacetatu. Ethylacetat v pod-
minkach in vitro zpUsobuje aneuploidii u kvasinky Saccharomyces

Obr. 13 Kolonie Pichia membranifaciens RIBM Spk 25 na WLN aga-
ru / Fig. 13 Colonies of Pichia membranifaciens RIBM Spk 25 on
WLN agar

on the narrow base. Some species may form pseudohyphas or true
hyphas (Kurtzman et al., 2011). Colonies are white or creamy with
various suface (Fig. 15).

Wickerhamomyces anomalus (synonym Pichia anomala; anamor-
ph Candida pelliculosa) is resistant to acidic and salty environments
can grow in anaerobic conditions, at low water activity and high os-
motic pressure (Passoth et al., 2006). It ferments glucose, galactose,
maltose and sucrose. W. anomalus occurs in soil, on plants and may
cause spoilage of fruits, and dairy and bakery products (Kurtzman et
al., 2011). It produces high amount of ethyl acetate. Under in vitro
conditions ethyl acetate causes aneuploidy in Saccharomyces cere-
visiae. The mechanism of the effect is damage to the dividing spindle
(Zimmermann et al., 1985).

Wickerhamomyces anomalus is used for biocontrol of molds
Aspergillus, Fusarium, Mucor, Penicillium and Rhizopus during sto-
rage of grains. Antifungal activity of genus Wickerhamomyces is ba-
sed on the production of ethyl acetate and CO, and consumption of
oxygen (Druvefors et al., 2005; Fredlund et al., 2004).

Inoculation of W. anomalus into the malting process has no ne-
gative impact on natural bacterial microflora of malting barley and
does not affect germination of grains. During the malting process
W. anomalus inhibits the growth of molds by forming film on the sur-
face of grains, preventing the adhesion of the mold to the grains. At
the same time W. anomalus can produce chitinase that disturbs the
cell envelope of molds (Laitila et al., 2007, 2011).

Killer factors produced by W. anomalus disturb the integrity of
cell envelope in target cells of Candida albicans, Malassezia furfur,
M. pachydermatis (Druvefors, 2004) and Dekkera/Brettanomyces
(Comitini et al., 2004).

Obr. 14 Bunky Wickerhamomyces anomalus RIBM BP8 / Fig. 14
Cells of Wickerhamomyces anomalus RIBM BP8

Obr. 15 Kolonie Wickerhamomyces anomalus RIBM BP8 na lysino-
vém agaru / Fig. 15 Colonies of Wickerhamomyces anomalus RIBM
BP8 on lysine agar
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cerevisiae. Mechanismem u¢inku je naruSeni déliciho vieténka (Zi-
mmermann et al., 1985).

Kvasinka W. anomalus se pouziva k biologické kontrole plisni
Asperqgillus, Fusarium, Mucor, Penicillium a Rhizopus béhem skla-
dovani obili. Antifungaini aktivita rodu Wickerhamomyces spociva
v tvorbé ethylacetatu, zvySené produkci CO, a spotfebé kysliku
(Druvefors et al., 2005; Fredlund et al., 2004). Pfidani W. anomalus
do procesu sladovani nema nezadouci efekt na pfirozenou bakterial-
ni mikrofléru ve sladovaném je€meni a zaroven nema vliv na klic¢eni
zrn. Béhem sladovani je€émene omezuje W. anomalus rast plisni tim,
ze tvofi povlak na vnéjsi strané zrna a brani plisni v pfichyceni. Za-
roven miize produkovat chitindzu degradujici bunéénou sténu plisné
(Laitila et a., 2007, 2011).

Killer faktory produkované W. anomalus naru8uji integritu bunééné
stény cilovych bunék kvasinek Candida albicans, Malassezia furfur,
M. pachydermatis (Druvefors, 2004) a Dekkera/Brettanomyces (Co-
mitini et a., 2004).

2.9 Schizosaccharomyces pombe

Vegetativni stadia kvasinek rodu Schizosaccharomyces se
na rozdil od vétSiny kvasinek nerozmnozuji puenim, ale pficnym
délenim (tzv. poltivé kvasinky). Dokazi fermentovat glukosu a dal-
§i sacharidy, vyskytuji se v prostfedi s vysokym obsahem cukri
(Kurtzman et al., 2011). Druh Schizosaccharomyces pombe byl
poprvé izolovan z afrického piva vyrdbéného z prosa — ,pombe“ je
svahilsky vyraz pro pivo (Forsburg, 2005). Midze se vyskytovat pfi
spontanni fermentaci nékterych druhd piv (Liumugabe et al., 2011),
ale ve vétsi mife nema pro vyrobu piva uplatnéni. Podili se na fer-
mentaci napoje kombucha (Teoh et al., 2004) a Ize ji vyuzit ke zlep-
Seni senzorickych vlastnosti €erveného vina (Loira et al., 2015).

2.10 Candida

Bunky rodu Candida jsou kulaté, cylindrické, ovalné, mohou mit
tvar trojuhelniku nebo pdlmésice. Mnozi se holoblastickym pucenim,
mohou tvofit pseudohyfy i pravé segmentované hyfy. Vyskytuji se
v plidé, na télech Zivocichl a ¢lovéka jako komenzalové nebo opor-
tunni patogeny, jsou izolovany z potravin a napoju (Kurtzman et al.,
2011).

Candida tropicalis fermentuje glukosu, galaktosu a maltosu, pro-
dukuje mlé€nou kyselinu, dalSi organické kyseliny a 2-butanon.
Smésna kultura C. tropicalis a S. cerevisiae miize byt pouzita jako
startovaci kultura pfi fermentaci ¢irokového piva Tchapalo. Smise-
na kultura podporuje produkci ethanolu (N'Guessan et al., 2010).
Tato smés muze byt lyofilizovana a uchovavana po delsi dobu, coz
zajistuje lepsi kvalitu vyroby tradi¢nich africkych piv (N'Guessan et
al., 2016).

Candida shehatae nefermentuje maltosu a maltotriosu, a proto
muze byt pouZita k vyrobé piva s obsahem alkoholu pod 0,5% obj.
Vysledné pivo obsahuje nizkou koncentraci diacetylu, vysokou kon-
centraci esterd a ma chut srovnatelnou s nizkoalkoholickymi pivy
vyrobenymi za pouziti jinych metod. Diky pouziti mladiny s nizsi kon-
centraci cukr(l neni vysledny produkt vyrazné sladky ani nechutna
po mladiné (Li et al., 2011).

2.9 Schizosaccharomyces pombe

Vegetative stages of the Schizosaccharomyces yeast reproduce
by binary fission (so-called fission yeast). They can ferment glucose
and other saccharides and occur in environments with high concen-
tration of sugars (Kurtzman et al., 2011).

Schizosaccharomyces pombe was isolated for the first time from
African beer fermented from millet — ,pombe“ is the Swabhili term for
beer (Forsburg, 2005). S. pombe participates during spontaneous
fermentation of some beers (Liumugabe et al., 2011), but has no po-
tential for beer production on a large scale. It occurs in the kombucha
beverage (Teoh et al., 2004) and can potentially be used for impro-
vement of sensorial characteristics of red wine (Loira et al., 2015).

2.10 Candida

Candida cells are rounded, cylindrical, oval, triangular or half-mo-
on-like. They asexually reproduce by holoblastic budding, may form
pseudohyphas or true segmented hyphas. They occur in soil, on
the surface of animals and humans as commensal or opportunistic
pathogens. They are commonly isolated from food and beverages
(Kurtzman et al., 2011).

Candida tropicalis ferments glucose, galactose and maltose,
forming lactic acid and some other organic acids and 2-butanone.
A mixture of C. tropicalis and S. cerevisiae may be used as a star-
ter culture for fermentation of Tchapalo sorghum beer. The mixed
culture supports ethanol production (N'Guessan et al., 2010). The
mixture can also be lyophilized and stored for a longer period, thus
ensuring better quality of traditional African beers (N'Guessan et
al., 2016).

Candida shehatae does not ferment maltose and maltotriose and
can thus be used for production of beer with alcohol level below
0.5% (v/v). The product then contains a low amount of diacetyl and
a high concentration of esters with taste comparable to usual low-
-alcohol beers. By using wort with a lower concentration of sugars
the resulting product is not appreciably sweet or taste after wort (Li
etal., 2011).

Candida parapsilosis is able to degrade hop bitter compounds (hu-
mulone, lupulone) in hops. After removal of bitterness the processed
hops can be used as feed for farm animals (Huszcza et al., 2008).

2.11 Rhodotorula glutinis

The yeast Rhodotorula belongs to Basidiomycota. The cells are
spherical, ovoid or ellipsoidal (Fig. 16). They reproduce by budding.
True hyphas or pseudohyphas may be formed. Sexual reproduction
is not known. Colonies are pink or red, mostly with mucilaginous sur-
face (Fig. 17). Rhodotorula lacks the ability to ferment sugars. The
cells may produce carotenoids, high amounts of lipids, urease, acetic
acid and acetaldehyde (Kurtzman et al., 2011). Some species were
isolated from spontaneously fermented lambic beer (Bokulich et al.,
2012).

Rhodotorula glutinis can be used to biocontrol Penicillium and
Botrytis fungi (Kurtzman et al., 2011) or for the production of ca-
rotenoid pigments in the food industry (Hernandez-Almanza et al.,
2014). The use of R. glutinis for beer production has not been de-

Obr. 16 Buriky Rhodotorula mucilaginosa DSM 70403 / Fig. 16 Cells
of Rhodotorula mucilaginosa DSM 70403

Obr. 17 Kolonie Rhodotorula mucilaginosa DSM 70403 na sladi-
novém agaru / Fig. 17 Colonies of Rhodotorula mucilaginosa DSM
70403 on wort agar
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Candida parapsilosis muze v pivovarském prdmyslu najit vyuzi-
ti pro svou schopnost rozkladat hofké kyseliny (humulon, lupulon)
z chmele. Chmel pouzity pfi vareni piva se po zbaveni horkosti mtze
vyuzit jako krmivo pro hospodarska zvifata (Huszcza et al., 2008).

2.11 Rhodotorula glutinis

Kvasinky rodu Rhodotorula patfi mezi Basidiomycota. Jsou sfé-
rické, ovoidni nebo elipsoidni (obr. 16). Mnozi se pu¢enim. Mohou
vytvéret pravé i nepravé hyfy. Pohlavni reprodukce neni znama. Ko-
lonie jsou zbarvené rlizové az ¢ervené, povrch je vétsinou slizovity
(obr. 17). Postradaji schopnost fermentovat cukry. Mohou produ-
kovat karotenoidy, velké mnozZstvi lipidd, uredzu, kyselinu octovou
a acetaldehyd (Kurtzman et al., 2011). Nékteré druhy byly izolovany
ze spontanné kvaseného piva (Bokulich et al., 2012).

Rhodotorula glutinis mGze byt pouzita k biokontrole plisni rodu
Penicillium a Botrytis (Kurtzman et al., 2011) nebo k vyrobé karo-
tenoidovych pigmentd v potravinarstvi (Hernandez-Almanza et al.,
2014). Dosud nebylo popsano vyuziti R. glutinis pro vyrobu piva.
Mlze byt vyuzita podobné jako C. parapsilosis pro degradaci hof-
kych latek v chmelu (Huszcza a Bartmarisk, 2008).

2.12 Ostatni non-Saccharomyces kvasinky

Non-Saccharomyces kvasinky mohou byt také vyuzity k ochuco-
vani piva. Kvasinka Ogataea minuta (¢eled Saccharomycetaceae)
pfeménuje pfi refermentaci piva glukozid salicin na salicylalkohol
a na salicylacetat, ktery dodava pivu mandlovou prichut (Vander-
haegen et al., 2003).

Schwanniomyces occidentalis (Celed Debaryomycetaceae) pro-
dukuje killer toxin proti citlivym kmenlm Saccharomyces cerevisiae
(Chen et al., 2000). Dokaze rozkladat Skrob. Termolabilni a-amylasa
a amyloglukosidasa mohou byt vyuZity k produkci nizkokalorickych
piv (Dowhanick et al., 1990; Stewart a Sills, 1984).

Meyerozyma guilliemondii (Celed Debaryomycetaceae) doka-
ze inhibovat rist plisni rodu Aspergillus, Penicillium nebo Botrytis.
Vyuziva se k ochrané plodin proti plisni pfi skladovani (Petersson
a Schnrer, 1995) nebo pro ochranu sladu proti plisni Fusarium (Lai-
tila et al., 2007).
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scribed. It can be used like C. parapsilosis for the degradation of the
bitter substances in hops (Huszcza and Bartmarsk, 2008).

2.12 Other non-Saccharomyces yeasts

Non-Saccharomyces yeasts can be used for beer flavoring. Refer-
mentation of beer by Ogataea minuta (family Saccharomycetaceae)
is accompanied by the transformation of the glucoside salicin to sali-
cylalcohol and salicylate that give rise to almond aroma (Vanderhae-
gen et al., 2003).

Schwanniomyces occidentalis (family Debaryomycetaceae) pro-
duces killer toxin against sensitive strains of Saccharomyces cerevi-
siae (Chen et al., 2000). a-amylase and amyloglucosidase enzymes
may be used for low-caloric beer production (Dowhanick et al., 1990;
Stewart a Sills, 1984).

Meyerozyma guilliemondii (family Debaryomycetaceae) inhibits
the growth of genera Asperqgillus, Penicillium or Botrytis. It is used for
the protection of crop plants during storage (Petersson and Schniirer,
1995) and may be used for the protection of malt against Fusarium
(Laitila et al., 2007).
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