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Bakterie mlééného kvaseni tvofi velmi heterogenni skupinu bakterii, nékteré se mohou vyskytovat jako kontaminace pivovarské vy-
roby a piva. V publikaci je uveden prehled zékladnich morfologickych a fysiologickych vlastnosti téchto mikroorganism(, popsana jsou
mista jejich vyskytu v pivovarském provozu a jejich schopnost kazit pivo. Clanek dale popisuje pouziti riiznych kultivaénich ptid — disku-
tovano je jejich slozeni, dostupnost a vysledky srovnavacich studii.

Matoulkova, D. — Kubizniakova, P.: Microbiology of brewing — Lactic acid bacteria and cultivation methods of their detection -
Part I. Kvasny Prum. 61, 2015, No. 3, pp.76—88

Lactic acid bacteria form a very heterogeneous group of bacteria, some of which may be present as contaminants in beer brewing.
We provide here an overview of basic morphological and physiological properties of these microorganisms. Their habitat in the brewing
operations and their ability to spoil beer are also described. The article also describes the use of various culture media — their composi-
tion, availability and results of comparative studies are discussed.

Matoulkova, D. — Kubizniakova, P.: Mikrobiologie der Brauherstellung — Milchsaurebakterien und Kultivationsmethoden zur
ihren Detektion —Teil I. Kvasny Prum. 61, 2015, Nr. 3, S. 76-88

Milchs&urebakterien bilden eine sehr heterogene Gruppe von Bakterien, einige davon als kénnen eine Kontamination in der Brauher-
stellung und des Bieres auftreten. Im Artikel wird eine Ubersicht von Grundmorphologischen und physiologischen Eigenschaften dieser
Mikroorganismen beigefligt, weiterhin wurden die Auftrettensérte in den Brauereien und ihre Féhigkeit das Bier verderben zu kénnen
beschrieben. Der Artikel befasst sich mit der Anwendung von verschiedenen Nahrbdden, diskutiert wird es auch ihre Zusammensetzung,

Zuganglichkeit und Ergebnisse von den Vergleichsstudien.
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kultivovatelnost, Pediococcus, VBNC

1 UvoD

Bakterie mlé¢ného kvaSeni pfedstavuji heterogenni skupinu bakte-
rii se spoleénym charakteristickym rysem — produkci kyseliny mlé¢-
né. Mezi mlécné bakterie jsou fazeny rody Lactobacillus, Lactococcus
a Pediococcus, a dale napt. Enterococcus, Leuconostoc, Oenococcus,
Paralactobacillus, Streptococcus, Tetragenococcus, Weisella aj. Sa-
motny rod Lactobacillus v sou¢asné dobé zahrnuje vice nez 180 plat-
nych druhd, které jsou nachazeny zejména v prostfedi bohatém na Zivi-
ny — na ovoci, na rostlinach, ve vodé, v gastrointestinalnim traktu ptaka
a savc(, v Ustni dutiné (podili se na tvorbé zubniho kazu) apod., dale
v prostfedi vytvofeném &lovékem (potraviny rostlinného i Zivogisného
puvodu, krmiva, rizné fermentované vyrobky a fermentaéni prostre-
di), v humannim i veterinarnim klinickém materialu. Nékteré druhy jsou
vyuzivany pro vyrobu fermentovanych potravin (L. casei) nebo jako
probiotika (L. plantarum). Jako kontaminace se mohou vyskytovat pfi
vyrobé piva, vina, saké a dalSich fermentovanych napoju. Pediokoky
se bézné vyskytuji v prostiedi, na rostlinnych zbytcich, v potravinach,
napojich, nékteré jsou vyuzivany pro vyrobu syrd, sildze, mohou se
také vyskytovat jako kontaminace piva, vina a mostli (Hammes a Her-
tel, 2009; Sedlacek, 2007). MIé¢né bakterie jsou soucasti pfirozené mi-
krofléry jeémene a prezivaji béhem sladovani a rmutovani (O’ Sullivan
et al., 1999). Pozitivni roli hraji mlééné bakterie béhem vyroby piva pfi
bio-acidifikaci sladiny. Cilem okyselovani rmutu a sladiny jsou defino-
vané hodnoty pH rmutu, sladiny a hotového piva bez pouziti dalSich
zdroju kyseliny (Lewis, 1998). Druhy mlé€nych bakterii pouzivané pfi
tomto procesu jsou napf. Lactobacillus amylolyticus, L. delbrueckii, L.
fermentum, L. amylovorus, Pediococcus acidilactici, P dextrinicus atd.
(Bohak et al., 1998; Vaughan et al., 2005).

Laktobacily a pediokoky jsou ve vztahu ke kysliku v prostfedi
charakterizovany jako fakultativné anaerobni nebo pfesnéji ae-

Keywords: /actic acid bacteria, identification, contamination of
beer, Lactobacillus, Pediococcus, cultivation methods, difficult
culturability, VBNC

1 INTRODUCTION

Lactic acid bacteria represent a heterogeneous group of bacteria
with one main common feature — the production of lactic acid. Among
the lactic acid bacteria are classified the genera Lactobacillus, Lac-
tococcus and Pediococcus, and also Enterococcus, Leuconostoc,
Oenococcus, Paralactobacillus, Streptococcus, Tetragenococcus,
Weisella and others. Only the Lactobacillus genus alone currently
includes more than 180 valid species, which are found mainly in nu-
trient rich environment — on fruits, on plants, in water, in the gastro-
intestinal tract of birds and mammals, in the oral cavity (they contribu-
te to the formation of dental caries), etc., as well as in an environment
created by man (food of vegetable and animal origin, fodder, various
fermented products and the fermentation medium), and human and
veterinary clinical material. Some species are used for production
of fermented foods (L. casei) or as probiotics (L. plantarum). The
contamination can occur in the production of beer, wine, sake, and
other fermented beverages. Pediococci are commonly found in the
environment in plant residues, in foods, beverages, some are used
for cheese production, silage, and may also be present as contami-
nation of beer, wine and cider (Hammes and Hertel, 2009; Sedlacek,
2007). Lactic acid bacteria are also present as part of the natural bar-
ley microbiota and persist during malting and mashing (O’Sullivan et
al., 1999). They play a positive role in the beer-manufacturing proce-
ss by contributing to wort bioacidification. The aims of mash and wort
acidification are defined pH levels in the mash, wort and the resulting
beer without the use of some additional source of acid (Lewis, 1998).
The lactic acid bacteria employed in wort bioacidication processes
include e.g. Lactobacillus amylolyticus, L. delbrueckii, L. fermentum,
L. amylovorus, Pediococcus acidilactici, P. dextrinicus etc. (Bohak et
al., 1998; Vaughan et al., 2005).
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Obr. 1 Charakter mikrobialniho rustu podle vztahu mikroorganismi ke kysliku / Fig. 1 Character of microbial growth according to the relation-

ship of microorganisms to oxygen

a — striktné aerobni organismy / strict aerobes; b — fakultativni anaerobi / facultative anaerobes; ¢ — striktni anaerobi / strict anaerobes; d —
aerotolerantni anaerobi / aerotolerant anaerobes; e — mikroaerofilni bakterie / microaerophiles (upraveno / modified; Hogg, 2005).

rotolerantni anaerobni bakterie. Podle charakteru rlstu v tekuté
pudé, napf. v thioglykolatovém médiu, je mozné mikroorganismy
obecné rozdélit do péti skupin (obr. 1). Striktné aerobni mikroorga-
nismy vyZaduji pro svdj rast kyslik — ve zkumavce s pldou rostou
ve svrchni ¢asti sloupce pady (a); fakultativné anaerobni orga-
nismy jsou schopny ,nastavit* svij metabolismus (j. respiratorni
nebo fermentativni) podle dostupnosti kysliku — ve sloupci pady
budou pfevazovat spiSe u hladiny, nebot respiraci ziskaji vice
energie nez fermentaci (b); strikini anaerobi vyzaduji prostfedi bez
kysliku (kyslik je pro né toxicky) a ve zkumavce rostou ve spodni
¢asti sloupce (c); aerotolerantni anaerobi nepotrebuji kyslik, ale
toleruji ho, neni pro né toxicky — ve zkumavce rostou v celém ob-
jemu sloupce pldy (d); mikroaerofilni organismy maji specifické
pozadavky na kyslik — potfebuji ho, ale pouze v uréitém koncen-
traénim rozmezi, vysoké koncentrace kysliku jsou pro né toxické
— ve zkumavce rostou ve svrchni ¢asti sloupce, nikoliv véak pfimo
u hladiny (e) (Hogg, 2005).

Pro kultivaci bakterii mlééného kvaseni jsou doporuc¢ovany anae-
robni podminky, které Ize navodit napf. pouzitim vyvije€e anaerobni
atmosféry a inkubaci ve vzduchotésnych nadobach (,anaerosta-
tech”, ,anaerobnich hrncich®), nebo pfimou inkubaci v CO,-inkuba-
toru, kde je anaerobni atmosféry dosazeno pfimo plynem z tlakové
lahve. Kultivaéni teplota v rozmezi 25-30 °C vyhovuje vétsiné mlé¢-
nych bakterii vyskytujicich se ve vzorcich z pivovarského prostredi.
V metodikach EBC je jako optimalni teplota doporu¢ovana 27+1 °C,
anaerobni inkubace, doba inkubace 5—7 dni. | malé snizeni kulti-
vacni teploty mize vést k prodlouzeni lag-faze a snizeni ristové
rychlosti bakterii a tim k prodlouzeni doby inkubace potfebné k vy-
tvofeni viditelnych kolonii (Taskila et al., 2011; European Brewery
Convention, 2011). Urychleni detekce mléénych bakterii ve vzorku
umoznuje technika odecitani mikrokolonii — viditelné kolonie jsou
tvofeny mnoha miliony bunék a dosazeni velikosti kolonie viditelné
pouhym okem (tedy ,standardni technika“) trva u mléénych bakte-
rii adaptovanych na pivo nékolik dni. Metoda odecitani mikrokolonii
(viditelnych pouze v mikroskopu) urychluje stanoveni — mikrokolonie
jsou obarveny vhodnym fluorescenénim barvivem a pozorovany pod
mikroskopem uz béhem 1.—2. dne od inokulace. Kombinace techniky
mikrokolonii se specifickou detekci (napf. fluorescenéni in situ hyb-
ridizace se specifickymi sondami) pak umozni i identifikaci pomalu
rostoucich kontaminant do Urovné druhu béhem velmi kratké doby
(Asano et al., 2009).

V souvislosti s mikrobiologickymi analyzami piva byla u nékte-
rych laktobacill popsana obtizna kultivovatelnost, nebo tzv. ,stav
obtizné kultivace” (tzv. hard-to-culture state), ¢i stav ,Zivotaschop-
nosti ale nekultivovatelnosti“ (tzv. VBNC; viable but nonculturable),
ktery je indukovan pfi nao¢kovani bakterii z piva na médium neob-
sahujici pivo, a souvisi s adaptaci bakterii na podminky v pivu. Pfi
opakovaném preockovani na pudé bez piva postupné narlsta je-
jich schopnost ristu na bézné pudé, jak bylo zji§téno napf. u L. lind-
neri, L. paracollinoides a L. acetotolerans (Deng et al., 2014; Suzuki
et al., 2004; 2006a). Tzv. VBNC fenotyp, ktery je charakterizovan
neschopnosti bunék mnozit se na rlistovém médiu, prestoze jsou
zivé a udrzuji si metabolickou aktivitu, je béZznym jevem a vyskytuje
se u bakterii, které jsou vysoce adaptované na podminky prostfedi,
v némz se vyskytuji pfed pfenesenim na standardni Zivnou pldu
(Oliver, 2005).

V ¢lanku je Casto popisovana schopnost mléénych bakterii kazit
pivo. Pokud uvadime termin ,8kodlivost®, je i timto terminem mysle-
na Skodlivost z hlediska rizika kontaminace a kazeni piva.

In relation to the oxygen in an environment, lactobacilli and pedio-
cocci are characterized as facultatively anaerobic or, better stated,
aerotolerant anaerobic bacteria. According to the character of growth
in a liquid, e.g. thioglycolate medium, the microorganisms can be
generally divided into five groups (Fig. 1). Strictly aerobic organisms
require oxygen for growth — in a test tube with the medium they grow
in the upper part of the medium column (a); facultative anaerobic
organisms are able to “adjust’ their metabolism (i.e. respiratory or
fermentative) depending on the availability of oxygen — in the column
of medium they will prevail rather at the surface because they gain
more energy through respiration than through fermentation (b); strict
anaerobes require environment without oxygen (oxygen is toxic to
them) and they grow in a test tube at the bottom of medium column
(c); aerotolerant anaerobes do not need oxygen, but tolerate it (it is
not toxic to them). In a test tube they grow throughout the volume
of the medium (d); microaerophilic organisms have specific require-
ments for oxygen — they need it, but only in a certain concentration
range; high oxygen concentrations are toxic to them. In a test tube
they grow in the upper part of the medium column, but not directly at
the surface (e) (Hogg, 2005).

Cultivation of lactic acid bacteria is recommended to proceed
under anaerobic conditions which can be induced, e.g., using an-
aerobic atmosphere generators and incubating in airtight contai-
ners (“anaerostats”, “anaerobic pots”), or by direct incubation in
a CO,-incubator, wherein the anaerobic atmosphere is achieved
by direct gas feeding from the cylinder. Cultivation temperature
range of 25-30 °C meets the requirements of most of lactic acid
bacteria occurring in samples from the brewing environment. EBC
methodologies recommend 27+1 °C as an optimal temperature,
anaerobic incubation and incubation time 5-7 days. Even a small
decrease in cultivation temperature may lead to prolonged lag pha-
se and may reduce the growth rate of bacteria, resulting in a lon-
ger incubation time needed to produce visible colonies (Taskila et
al., 2011; European Brewery Convention, 2011). Speed-up of the
lactic acid bacteria detection can be achieved by the microcolony
method. Visible colonies are formed by millions of bacterial cells
and it takes several days for beer-adapted lactic acid bacteria to
reach the size of colony visible with the naked eye (e.i. standard
technique). Microcolony method allows for faster analysis — micro-
colonies are stained with suitable fluorescent dye and observed in
microscope even during 1st-2nd day from inoculation. Combina-
tion of microcolony method and specific detection (fluorescent in
situ hybridization with specific probe) then makes possible a short-
-time identification of slowly-growing bacteria on the species level
(Asano et al., 2009).

In connection with microbiological analyzes of beer, some lactoba-
cilli were described to exhibit difficult culturability or so-called “hard-
-to- culture state”, or the status of ,viable but nonculturable (VBNC)”
which is induced by inoculating bacteria from beer to a beer free
medium, and is related to bacterial adaptation to conditions in beer.
When the bacteria are inoculated on a medium without beer their abi-
lity to grow in ordinary medium gradually increases, as found, e.g.,
in L. lindneri, L. paracollinoides and L. acetotolerans (Deng et al.,
2014; Suzuki et al. 2004; 2006a). The so-called VBNC phenotype,
which is characterized by the inability of cells to proliferate in the
growth medium although they are alive and retain metabolic activity
is common and occurs in bacteria, which are highly adapted to the
environmental conditions in which they appear before transfer to the
standard broth (Oliver, 2005).
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2 MLECNE BAKTERIE V PIVOVARSKEM
PROSTREDI

Pivo je napoj s vysokou mikrobiologickou stabilitou. Hofké chme-
lové latky, alkohol, oxid uhli¢ity, nizké pH, nizky obsah zivin a kys-
liku jsou faktory zabrariujici rozvoji vétSiny mikroorganism( véetné
patogennich. Bakterie mlécného kvaseni, zvlasté rody Lactobacillus
a Pediococcus, jsou povazovany za nejvice Skodlivé (Vaughan et
al., 2005). Podle odhadl jsou zodpovédné za 60-90 % pfipadd mi-
krobialniho kazeni piva v Evropé v obdobi 1980-2002 (Back, 1994;
2003). Nezadouci je jak primarni kontaminace mlé&nymi bakteriemi,
ktera mlze znacné poskodit senzorické vlastnosti piva produkci ne-
zadoucich senzorickych latek jiz béhem jeho vyroby, tak i sekundarni
(post-pasterizaéni) kontaminace, kterd muze finalni vyrobek poskodit
tvorbou zakalu a negativné ovlivnit jeho chut a vani (Back, 2005).

Nejvice roz§ifenym rodem mléénych bakterii v pivu a pivovarském
provoze je Lactobacillus a dale v mensi mife Pediococcus. Z piva
byly izolovany napf¥. druhy L. backii, L. brevis, L. brevisimilis, L. buch-

This article repeatedly describes the ability of lactic acid bacteria
to spoil beer. If we use the term ,harmfulness®, this term is meant to
reflect the risk of contamination and spoilage of beer.

2 LACTIC ACID BACTERIA IN THE
BREWING ENVIRONMENT

Beer is a beverage with a high microbiological stability. Bitter hop
substances, alcohol, carbon dioxide, low pH, low nutrient content
and oxygen are factors preventing the development of most microor-
ganisms, including pathogenic ones. Lactic acid bacteria, especially
the genera Lactobacillus and Pediococcus, are considered the most
noxious (Vaughan et al., 2005). According to estimates they have
been responsible for 60-90% of cases of microbial spoilage of beer
in Europe in the period 1980-2002 (Back, 1994; 2003). Undesirab-
le is both the primary contamination by lactic acid bacteria, which
can severely damage the sensory properties of beer by generating

Tab. 1 Prehled druhG mléénych bakterii, které se mohou uplatnit jako kontaminanty piva / Table 1 Survey of the species of lactic acid bacte-

ria which may come to the fore as beer contaminants

Druh / Species Skodlivost / Harmfulness * Kontaminace /
Contamination ®
L. acetotolerans NZ Nz
L. amylolyticus NZ primarni / primary
L. backii Skodlivy — kazi pivo / harmful — obligate beer-spoiler NZ
L. brevis Skodlivy — kazi pivo, zkvasuje dextriny / harmful — obligate beer-spoiler, ferments dextrines | vétsinou sekundarni /
mostly secondary
L. brevisimilis potencialné skodlivy / potentially harmful vétSinou primarni /
mostly primary
L. buchneri NZ NZ
L. casei potencialné skodlivy, mGze produkovat diacetyl / potentially harmful, diacetyl production NZ
L. coryniformis potencialné skodlivy, mGze produkovat diacetyl / potentially harmful, diacetyl production vétsinou primarni /
mostly primary
L. curvatus NZ Nz
L. delbrueckii NZ primarni / primary
L. fermentum NZ NZ
L. fructivorans NZ NZ
L. lindneri Skodlivy — kazi pivo, obtizné kultivovatelny / harmful — obligate beer-spoiler, poor culturability | vétSinou primarni /
mostly primary
L. malefermentans NZ NZ
L. parabuchneri NZ, izolovan z kvasnic / yeast contamination NZ
L. paracasei potencialné Skodlivy / potentially harmful NZ
L. paracollinoides | Skodlivy — kazi pivo, obtiZzné kultivovatelny / harmful — obligate beer-spoiler, poor culturability NZ
L. paraplantarum NZ NZ
L. paucivorans NZ, typovy kmen izolovan z lezackého tanku / type strain was isolated from beer storage NZ
tank
L. plantarum potencialné skodlivy, mize produkovat diacetyl / potentially harmful, diacetyl production vétsinou sekundarni /
mostly secondary
P. acidilactici NZ NZ
P. claussenii NZ, maze tvofit exopolysacharidy / may produce exopolysaccharides NZ
P. damnosus Skodlivy — kazi pivo, kontaminace kvasnic, produkuje diacetyl, mlze tvofit exopolysacharidy, | vétSinou primarni/
roste pfi nizkych teplotach / harmful — obligate beer-spoiler, yeast contamination, diacety! mostly primary
production, may produce exopolysaccharides, grows at low temperature
P. dextrinicus NZ, kazi malo chmelena piva / cause spoilage of weakly hopped beer NZ
P. inopinatus potencialné skodlivy, kontaminace kvasnic / potentially harmful, yeast contamination vétSinou primarni /
mostly primary
P. parvulus NZ NZ
P. pentosaceus potencialné skodlivy, kontaminace kvasnic / potentially harmful, yeast contamination vétSinou primarni /
mostly primary

Informace v tabulce vychazeji z literatury / This table is based on prior literature (Back, 2005; Bokulich a Bamforth, 2013; Suzuki et al.,

2008a; Suzuki, 2011; Vaughan et al., 2005)

a Skodlivost: $kodlivy druh — vétsina kmen( kazi pivo; potencialné $kodlivy — nékteré kmeny kazi pivo / Harmfulness for beer: harmful spe-
cies — majority of strains are beer-spoilers; potentially harmful — some of the strains are beer-spoilers.

® Primarni kontaminace — kvasnice, nefiltrované pivo, pfetlaéné tanky atd. / Primary contamination — yeast, unfiltered beer, bright beer tanks
etc.; Sekundarni kontaminace — stacirna lahvi, kegu, plechovek atd. / Secondary contamination — bottling hall, keg and canning lines efc.;

NZ — nedostatecné znamo / not well known
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neri, L. casei, L. delbrueckii, L. lindneri, L. paucivorans, L. plantarum,
z rodu Pediococcus pak P acidilactici, P. claussenii, P damnosus,
P. dextrinicus, P. inopinatus, P. pentosaceus a dalSi (Back, 1987;
Back et al., 1996; Bohak et al., 1998; 2006; Bokulich a Bamforth,
2013; Dobson et al., 2002; Ehrmann et al., 2010; Funahashi et al.,
1998; Hollerova a Kubizniakova, 2002; Chaban et al., 2002; Priest,
2003; Russell a Walker, 1953; Storgards et al., 1998; Suzuki et al.,
2004; Taskila et al., 2010a). Prehled druht laktobacilli a pediokokd,
které se mohou uplatnit jako kontaminanty piva, je uveden v tab. 1.

Ne vSechny izolaty uvedenych druhl vSak maji schopnost kazit
pivo — u mléénych bakterii je typicky vyskyt kmend kazicich pivo
i kmenU nekazicich. Druhy L. brevis, L. lindneri a P. damnosus jsou
uvadény jako nejvice rizikové a nejcastéjSi kontaminanty hotového
piva. L. brevis je podle odhadl zodpovédny za pfiblizné vice nez
50 % pfipadd mikrobialniho kazeni piva (Sakamoto a Konings,
2003). Druh P. damnosus je nachazen vétSinou v pivu pfi dokvaseni
a v hotovém pivu, méné Casto v kvasnicich. Druhy P, inopinatus a P.
pentosaceus jsou detekovany zejména jako kontaminace kvasnic
a jen zfidka v pivu (Priest, 2003). Ostatni zastupci mléénych bak-
terii, jako Leuconostoc, Oenococcus, Lactococcus, Streptococcus
a Enterococcus nevykazuiji rezistenci k horkym chmelovym latkam
a v pivu se bézné nevyskytuji (Bokulich a Bamforth, 2013).

2.1 Rod Lactobacillus

Laktobacily jsou grampozitivni, chemoorganotrofni, nesporulujici,
katalasa-negativni mikroorganismy se striktné fermentativnim typem
metabolismu. Ve vztahu ke kysliku jsou anaerobni nebo mikroaero-
filni, vétSina laktobacill je v8ak ke kysliku zna¢né tolerantni. Rostou
v Sirokém rozmezi teplot (2-53 °C), teplotni optimum vétSiny zastup-
cl je 30—40 °C. U druhu L. lindneri byla popsana maximalni teplota
riistu 28 °C, s optimem 19-23 °C (Back, 2005). Pfi niz$ich teplotach
roste napf. L. sake (5 °C), tzv. termofilni“ laktobacily, napf. L. del-
brueckii, maji horni teplotni hranici az 55 °C. Optimalni po¢ateéni
hodnota pH média je 5,5-6,2, laktobacily mohou rlst i v prostfedi
s pH pod 5.0, zejména pokud jsou adaptované na podminky v pivu
(Suzuki, 2011). Tvorbou kyselin snizuji pH prostfedi az pod hodnotu
4,0. Pfi neutralnim a zasaditém pH je rast laktobacil( obvykle inhibo-
van (Hammes a Hertel, 2009).

Buriky laktobacil(l maji vétSinou tvar ty¢ky, mohou byt v§ak tvaro-
vé znacné variabilni (obr. 2). Délka bunék i jejich tvar jsou zavislé na
stafi kultury, slozeni kultivaéniho média, tenzi kysliku apod. Vyskytu-
ji se vétsinou jednotlivé, tvorba Fetizk(l je méné Casta. Nékteré druhy
laktobacilCl (napt. L. brevis) obsahuiji i v pfipadé ¢istych kultur smés
dlouhych a kratkych bunék (Hammes a Hertel, 2009). Na agarovych
plotnach vytvareji laktobacily hladké, lesklé, zpravidla bilé az kré-
mové kolonie s pravidelnymi okraji, o priméru 2-5 mm. V tekutych
médiich je rlst zpravidla rovhomérny v celém objemu. Laktobacily
se vyznacuji komplexnimi nutriénimi poZadavky. V kultivaénim mé-
diu vyzaduji pfitomnost zkvasitelnych cukrd, aminokyselin, peptidd,
esterd mastnych kyselin, soli, derivat(i nukleovych kyselin a vitamind
skupiny B (Hammes a Hertel, 2009; Hammes a Vogel, 1995).

Druhy rodu Lactobacillus |ze podle kone¢nych produktl fermenta-
ce cukrll a glukonat( rozdélit do tfi fysiologickych skupin (Sedlacek,
2007). Prvni skupina zahrnuje obligatné homofermentativni laktoba-
cily. Hexosy jsou fermentovany témérf vyluéné (>90 %) na kyselinu
mlécnou. Tato skupina zahrnuje napf. druhy L. backii, L. delbrueckii,
L. amylolyticus atd. Druhd skupina slucuje zastupce fakultativné he-
terofermentativni. Hexosy fermentuji na kyselinu mléénou (>90 %),
pentosy a Casto i glukonaty zkvasuji na kyselinu octovou, mravenci
a ethanol. Do této skupiny napf. nalezi v pivovarském prostredi se
vyskytujici L. plantarum, L. curvatus, i L. paracasei. Druhy fazené
do treti skupiny jsou obligatné heterofermentativni, hexosy fermen-
tuji na kyselinu mléénou, octovou, ethanol a CO,. Pentosy zkvasSuji
na kyselinu mléénou a octovou. Do této skupiny patfi napf. L. brevis,
ktery je z hlediska rizika kazeni piva uvadén jako nejvice Skodlivy
druh mléénych bakterii. Typicka pro L. brevis je schopnost fermen-
tovat dextriny a Skrob, coz vede k hlubSimu prokvaSeni piva, tzv.
super-atenuaci (Hammes a Hertel, 2009; Vaughan et al., 2005).

2.2 Rod Pediococcus

Buniky rodu Pediococcus maji tvar kokll, ¢asto usporadanych
v tetradach, popfipadé jednotlivé ¢i ve dvojicich; nikdy v Fetizcich
(obr. 2). Nékdy jsou souhrné oznacovany jako ,mlééné koky“ nebo
nespravné ,sarciny“. Jedna se o grampozitivni, nesporulujici, kata-
lasa-negativni, chemoorganotrofni, anaerobni bakterie. Jsou homo-
fermentativni, glukosu fermentuji na kyselinu mlé&nou bez produkce
plynu. Optimalni teplota rlistu je uvadéna v rozmezi 25-35 °C, ale
napf. P damnosus roste v rozmezi 8-30 °C, u druhu P, acidilactici je

undesirable sensory substances already during beer production, and
secondary (post-pasteurization) contamination, which can damage
the final product by causing turbidity and adversely affecting its taste
and smell (Back, 2005).

The most widespread genus of lactic acid bacteria in beer and
brewing operations is Lactobacillus and to a lesser extent Pedio-
coccus. From beer were isolated the species L. backii, L. brevis,
L. brevisimilis, L. buchneri, L. casei, L. delbrueckii, L. lindneri, L
paucivorans, L. plantarum, and from the genus Pediococcus then
P, acidilactici, P. claussenii, P damnosus P dextrinicus, P. inopina-
tus and P, pentosaceus (Back, 1987; Back et al., 1996; Bohak et
al. 1998; 2006; Bokulich and Bamforth, 2013; Dobson et al., 2002;
Ehrmann et al., 2010; Funahashi et al., 1998; Hollerova and Kubizni-
akovd, 2002; Chaban et al., 2002; Priest, 2003; Russell and Walk-
er, 1953; Storgards et al., 1998; Suzuki et al., 2004; Taskila et al.,
2010a). Table 1 gives a survey of the species of Lactobacillus and
Pediococcus which may come to the fore as beer contaminants.
Not all isolates of these species, however, have the ability to spoil
beer — lactic acid bacteria typically include both beer spoilers and
nonspoilers. The species L. brevis, L. lindneri and P damnosus are
reported as the most risky and most common contaminants of fi-
nished beer. According to estimates, L. brevis is responsible for
more than approximately 50 % of cases of microbial spoilage of beer
(Sakamoto and Konings, 2003). The species P. damnosus is found
mostly in beer during final fermentation and in finished beer, less
frequently in yeast. The species P, inopinatus and P. pentosaceus are
mainly detected as yeast contaminants and seldom in beer (Priest,
2003). Other representatives of lactic bacteria such as Leuconostoc,
Oenococcus, Lactococcus, Streptococcus and Enterococcus do not
show resistance to bitter substances of hops and are not commonly
found in beer (Bokulich and Bamforth, 2013).

2.1 Genus Lactobacillus

Lactobacilli are Gram-positive, chemoorganotrophic, sporulating,
catalase-negative organisms with a strictly fermentative type of me-
tabolism. In relation to oxygen, most anaerobic, lactobacilli are sub-
stantially tolerant to oxygen. They grow in a wide range of tempera-
tures (2-53 °C) and temperature optimum for most representatives
is 30—40 °C. For the species L. lindneri was described the maximum
growth temperature of 28 °C, with an optimum from 19 to 23 °C
(Back, 2005). At lower temperatures grows, e.g., L. sake (5 °C); the
so-called “thermophilic” lactobacilli, e.g. L. delbrueckii, have an upp-
er temperature limit of 55 °C. The optimum initial pH of the medium
is 5.5 to 6.2; lactobacilli can also grow in an environment with a pH
below 5.0, particularly if they are adapted to the conditions in beer
(Suzuki, 2011). Formation of acids reduces pH of the environment to
below 4.0. The growth of lactobacilli is usually inhibited at neutral and
alkaline pH (Hammes and Hertel, 2009).

Cells of lactobacilli are usually rod-shaped, but their shape may
be highly variable (Fig. 2). The length of the cells and their shape
are dependent on the age of the culture, culture medium compo-
sition, oxygen tension, etc. They are usually solitary, formation of
chains is uncommon. Some species of lactobacilli (e.g. L. brevis)
contain, even in the case of pure cultures, a mixture of long and
short cells (Hammes and Hertel, 2009). On agar plates lactoba-
cilli produce smooth, glossy, usually white to creamy colonies with
regular edges and a diameter of 2-5 mm. In liquid media, growth
is generally uniform throughout the medium volume. Lactobacilli
are characterized by complex nutritional requirements. The cul-
ture medium requires the presence of fermentable sugars, amino
acids, peptides, fatty acid esters, salts, nucleic acid derivatives
and vitamins of group B (Hammes and Hertel, 2009; Hammes and
Vogel, 1995).

According to the end products of carbohydrate and gluconate fer-
mentation, species of the genus Lactobacillus may be divided into
three physiological groups (Sedlagek, 2007). The first group inclu-
des obligately homofermentative lactobacilli. Hexoses are fermented
almost exclusively (> 90%) to lactic acid. This group includes, for
example, the species L. backii, L. delbrueckii, L. amylolyticus, etc.
The second group includes facultatively heterofermentative species
that ferment hexoses to lactic acid (> 90%), and ferment pentoses
and sometimes also gluconates to acetic acid, formic acid and etha-
nol. This group includes, e.g., L. plantarum, L. curvatus, or L. paraca-
sei occurring in the brewing environment. The species belonging to
the third group are obligately heterofermentative, ferment hexoses to
lactic acid, acetic acid, ethanol and CO,. They ferment pentoses to
lactic acid and acetic acid. This group includes, e.g., L. brevis, which
is quoted as the most harmful type of lactic acid bacteria in terms of
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uvadéno optimum okolo 40 °C s maximalni teplotou riistu 50-53 °C.
Optimalni pH pro rlst je cca 5,5, ale rozmezi je druhové i kmenové
zavislé. Pediokoky podobné jako laktobacily vyzaduji pro svij rist
pfitomnost jednoduchych cukr(, aminokyselin, peptidl, vitamin(,
soli apod. (Hammes a Hertel, 2009; Holzapfel et al., 2009; Sedlacek,
2007).

Typickym zastupcem rodu Pediococcus je dfive se Castéji v pivova-
rech vyskytujici P damnosus (neplatné synonymum ,,P. cerevisiae®).
Zajimavosti u tohoto druhu je fakt, ze jeho vyskyt byl potvrzen v pivu,
pivovarskych kvasnicich, vinu, ale nikoliv v surovinach pro vyrobu
piva nebo na rostlinném materialu (Priest, 2003). Déle se v pivovar-
ském prostfedi vyskytuji druhy P, acidilactici a P. pentosaceus, které
jsou nachazeny i ve sladu a mohou rdst béhem pocatecnich etap
vyroby sladiny, kdy je technologicka teplota pod 50 °C. Vyskyt pedio-
koku v této fazi vyroby véak nema negativni dopad na kone¢nou kva-
litu piva (Simpson a Taguchi, 1995). P, dextrinicus jako jediny druh
pediokokd muze fermentovat dextriny a $krob; jeho vyskyt v pivu je
vSak méné Casty nez napf. P damnosus (Holzapfel et al., 2009).
Pediokokova kontaminace béhem hlavniho kvaseni mlize zpoma-
lovat kva$eni, pivo mlize ziskat medové aroma, ¢i obsahovat neza-
douci vysoké koncentrace diacetylu (Jespersen a Jakobsen, 1996).
Pfi umeélé kontaminaci kvasici mladiny pediokoky bylo prokéazano
potlaceni rGstu kvasinek, zpomaleni kvaseni i nadmérna produkce
diacetylu (McCaig a Weaver, 1983). Pomér diacetylu a pentandionu
vy$Si nez 2 je uvadén jako indikator probéhlé kontaminace kvasnic/
piva mléénymi bakteriemi, zejména pediokoky (Inoue, 2008).

2.3 Schopnost laktobacild a pediokok kazit pivo

Zakladnim predpokladem Skodlivosti mléénych bakterii je jejich
tolerance k hotkym chmelovym latkam, niz§imu pH, vy$§imu obsa-
hu alkoholu a CO,. Schopnost nékterych kmend mléénych bakterii
pfezivat a pomnozovat se v pivu a pivovarském prostredi je davana
do souvislosti s jejich rezistenci k hofkym chmelovym latkam. Hofr-
ké chmelové latky jsou ve své isomerované formé zodpovédné za
hofkou chut a aroma piva a zaroven vykazuji antimikrobialni u¢in-
ky proti grampozitivnim bakteriim a nékterym houbam (Sakamoto
a Konings, 2003). Aspekty rezistence mléénych bakterii k hofkym
latkam chmele jsou podrobné popsany v nékolika souhrnnych studi-
ich, napf. Sakamoto a Konings (2003), Suzuki (2011), Suzuki et al.,
(2006b; 2008a) aj.

MIé¢né bakterie se mohou rozvijet v riznych fazich vyroby piva.
Pro bakterie adaptované na hotké chmelové latky je mladina ideal-
nim prostfedim pro rlist. V prlibéhu hlavniho kvaseni klesa obsah
rozpusténého kysliku, snizuje se hodnota pH a pivovarské kvasinky
uvolfiuji do prostfedi znaéné mnozstvi vitaminG, aminokyselin a dal-
Sich latek, které stimuluji rist bakterii mlééného kvaseni (Vaughan
et al., 2005).

Rozvoj kontaminace béhem hlavniho kvaseni a dokvasovani zpu-
sobuje snizeni kvality piva, poSkozeni jeho organoleptickych vlast-
nosti tvorbou organickych kyselin a dalSich senzoricky vyznamnych
latek. Primarni kontaminace zpravidla byva v dalSich fazich vyroby
(filtrace, pasterace) z vyrobku odstranéna, ne v8ak jeji produkty, kte-
ré poskozuji senzoricky profil piva (Boulton a Quain, 2001). Pivo bé-
hem nedokvasovani v lezackych tancich je vhodnym prostfedim pro
rlst laktobacilll a pediokoku. Pfi rozvoji kontaminace se uplatfiuje
nékolik vyznamnych faktorl (teplota dokvasovani, stupen prokva-
Seni piva, hladina po¢ate¢ni kontaminace). Pediokoky, zejména P,
damnosus, jsou schopné ristu a mnozeni i pfi velmi nizkych teplo-
tach a v pivu ve fazi dokvasovani mohou vytvofit znaéné mnozstvi
diacetylu. ZvySenim teploty dokvasovani nad 5 °C vzrista vyznam-
né pocet kontaminujicich mikroorganismi. Piva s vy$§im pH, malo
prokvasend, s vy$§im obsahem aminokyselin a zkvasitelnych cukri
a s niz8im obsahem CO, jsou vice nachylna k rozvoji kontaminant.
Bakterie mlééného kvaseni mohou pivo poskodit i sekundarné, tedy
v prubéhu staceni piva do oball (tzv. sekundarni, tj. postpasterizac-
ni, kontaminace). Riziko bakterialniho kazeni piva je vétsi v pivova-
rech, které produkuji piva nepasterovana, nizkoalkoholicka, nealko-
holicka nebo méné chmelena (Savel, 1980; Vaughan et al., 2005).

Poskozeni piva mléénymi bakteriemi je typické tvorbou zakalu,
zvySenim kyselosti piva, produkci plynu a nezadoucich senzoricky
aktivnich latek (kyselina mléénd, octovd, diacetyl atd.), které jsou di-
sledkem jejich metabolické ¢innosti (Back, 2005). Vedle toho muize
byt snizovana vytéznost alkoholu béhem fermentace (Narendranath
et al., 1997). Vy88i mnozstvi diacetylu v pivu mlze signalizovat kon-
taminaci pediokoky nebo napf. L. casei &i L. plantarum (Back, 2005).

Jako nejvice Skodlivé mlécné bakterie jsou uvadény L. brevis,
L. lindneri a P. damnosus. Druh L. brevis se vyskytuje v rizném pro-
stfedi, i mimo pivovarsky provoz, a schopnost kazit pivo se u jednot-

the risk of spoiling beer. Typical for L. brevis is the ability to ferment
dextrins and starch, which leads to a deeper beer fermentation, the
so-called super-attenuation (Hammes and Hertel, 2009; Vaughan et
al., 2005).

2.2 Genus Pediococcus

The genus Pediococcus is represented by cocci often arranged
in tetrads or solitary or in pairs; never in chains (Fig. 2). They are
sometimes collectively referred to as ,milk cocci” or incorrectly ,sar-
cina“. They are Gram-positive, non-sporulating, catalase-negative,
chemoorganotrophic, anaerobic bacteria. They are homofermenta-
tive, ferment glucose to lactic acid without gas production. Optimal
growth temperature is given in the range of 25-35 °C, but, e.g., P,
damnosus grows in the range of 8-30 °C, the species P, acidilactici
is reported to have a growth optimum at about 40 °C with a maximum
growth temperature of 50-53 °C. The optimal pH for growth is about
5.5, but the range is species and strain dependent. Like lactobacilli,
pediococci require for their growth the presence of simple sugars,
amino acids, peptides, vitamins, salts and the like. (Hammes and
Hertel, 2009; Holzapfel, et al., 2009; Sedlacek, 2007).

A typical representative of the genus Pediococcus is P. damnosus
(invalid synonym ,,P. cerevisiae®) which formerly used to occur more
frequently in breweries. An interesting feature of this species is the
fact that its presence was confirmed in beer, ale yeast, wine, but not
in the raw materials for beer production or in plant material (Priest,
2003). Furthermore, the brewing environment may host the species P,
acidilactici and P, pentosaceus which are found also in malt and may
grow during the early stages of wort production, when the technolo-
gical temperature is below 50 °C. The occurrence of pediococci at
this stage of production, however, has no negative impact on the final
quality of the beer (Taguchi and Simpson, 1995). P, dextrinicus as the
only Pediococcus species can ferment dextrin and starch; its presen-
ce in beer is less frequent than, e.g., that of P damnosus (Holzapfel
et al., 2009). Pediococcal contamination during primary fermentation
may slow the fermentation; the beer can get honey aroma, or con-
tain undesirably high concentrations of diacetyl (Jespersen and Ja-
kobsen, 1996). In artificial contamination, pediococci fermenting wort
were shown inhibit the growth of yeasts, slow down the fermentation
and cause an excessive production of diacetyl (McCaig and Weaver,
1983). The ratio of diacetyl to pentanedione higher than 2 is referred
to as an indicator of a past contamination of yeast/beer by lactic acid
bacteria, in particular pediococci (Inoue, 2008).

2.3 The beer-spoiling ability of lactobacilli and pediococci

The basic aspect of the harmfulness of lactic acid bacteria is their
tolerance to bitter hop substances, lower pH, higher alcohol content
and CO,. The ability of certain strains of lactic acid bacteria to survive
and multiply in beer and the brewing environment has been associa-
ted with their resistance to bitter substances of hops. Bitter hop sub-
stances are in their isomerized form responsible for the bitter taste
and aroma of the beer and also exhibit antimicrobial activity again-
st Gram-positive bacteria and some fungi (Sakamoto and Konings,
2003). The basic features of resistance of lactic acid bacteria to bitter
substances of hops are described in detail in several reviews, e.g.
Sakamoto and Konings (2003), Suzuki (2011), Suzuki et al., (2006b;
2008a) and others.

Lactic acid bacteria can develop in various stages of beer produc-
tion. Wort is an ideal environment for the growth of bacteria adapted
to the bitter hop substances. During the main fermentation, the di-
ssolved oxygen content decreases, the pH drops and brewer’s yeast
releases into the environment a large amount of vitamins, amino
acids and other substances that stimulate the growth of lactic acid
bacteria (Vaughan et al., 2005).

Development of contamination during the main and secondary fer-
mentation causes a reduction in the quality of beer, damaging the
organoleptic properties due to the formation of organic acids and
other sensorially important substances. In further stages of produc-
tion (filtration, pasteurization) the primary contamination is usually
removed from the product but its products are not eliminated, dama-
ging the sensory profile of beer (Boulton and Quain, 2001). During
the final fermentation in lager tanks, beer is a suitable environment
for the growth of lactobacilli and pediococci. The spread of conta-
mination depends on several important factors (fermentation tem-
perature, degree of wort attenuation, the initial level of contamina-
tion). Pediococci, particularly P damnosus, are capable of growth
and multiplication even at very low temperatures and can produce
considerable amounts of diacetyl during the secondary beer fermen-
tation. Increasing the temperature of fermentation above 5 °C sig-
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A — Lactobacillus backii DSMZ 18080; B — L. lindneri DSMZ 20690; C — L. plantarum RIBM
2-90; D — Pedliococcus damnosus CCM 3453; E — L. brevis RIBM 2-4; F — L. brevis — RIBM
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livych kmend lisi, i v zavislosti na mistu izolace. Pivo zkazené pliso-
benim L. brevis je typické zakalem, sedlinou, hlubokym prokvasenim
a kyselou vini a chuti (Back, 2005). U izolatl z jinych prostfedi je
schopnost kazit pivo velmi nizka nebo zadna (Suzuki et al., 2008a).
U L. brevis je uvddéna ztrata schopnosti kazit pivo, pokud jsou bak-
terie pfeoCkovavany v médiu bez obsahu hofkych chmelovych latek
(Suzuki et al., 2006a). Druh L. lindneri vykazuje zna¢nou rezistenci
k hofkym kyselinam a jeho Skodlivost se projevuje tvorbou zéaka-
lu a sedimentu v hotovém pivu, bez tvorby latek ovlivhujicich chut
a vini piva (Back, 2005).

Druhy L. lindneri a L. paracollinoides patfi mezi obtizné kultivo-
vatelné bakterie a ¢asto zpUsobuji kazeni piva, aniz by byly dete-
kovany pfi mikrobiologické kontrole (Asano et al., 2009; Suzuki et
al., 2008b). U druha L. lindneri a L. brevis pomnozenych v pivu byla
zjisténa mensi velikost bunék v porovnani s burikami stejnych kme-
nd v kultivaénim médiu — malé buriky snadnéji penetruji membra-
novymi filtry pouzivanymi pro odstranéni mikrobl z piva (Asano et

nificantly increases the number of contami-
nating microorganisms. Beers with a higher
pH, little fermented, with a higher content of
amino acids and fermentable sugars, and
with lower CO, content are more prone to
developing contaminations. Lactic acid bac-
teria can damage the beer also secondarily,
i.e. during the bottling into containers (the
so-called secondary, i.e. post-pasteuriza-
tion contamination). The risk of bacterial
spoilage of beer is larger in breweries that
produce unpasteurized, low-alcoholic, non-
-alcoholic or low hopped beers (Savel, 1980;
Vaughan et al., 2005).

The damage of beer by lactic acid bacteria
is characterized by turbidity, increased beer
acidity, production of gas and undesirable
flavor compounds (lactic acid, acetic acid,
diacetyl, etc.), which are a consequence of
bacterial metabolic activity (Back, 2005). In
addition, the alcohol yield may be decreased
during the fermentation (Narendranath et al.,
1997). Higher amounts of diacetyl in beer
may indicate contamination or pediococci or,
e.g., L. caseiand L. plantarum (Back, 2005).

The most harmful lactic acid bacteria
are taken to be L. brevis, L. lindneri and P,
damnosus. The species L. brevis occurs in
various environments, even outside the bre-
wing operations, and its ability to spoil beer
varies for individual strains depending also
on the site of isolation. Beer spoiled by the
action of L. brevis has a typical turbidity, se-
diment, deep attenuation and sour aroma
and flavor (Back, 2005). Isolates from other
environments have a very low ability to spoil
beer or even lack it (Suzuki et al., 2008a). L.
brevis has been reported to lose the ability to
spoil beer if subcultured in a medium without
hop bitter compounds (Suzuki et al., 2006a).
The species L. lindneri exhibits significant
resistance to bitter acids and its harmfulness
is manifested by the formation of sediment
and haze in the finished beer, without the
formation of substances affecting the beer
taste and flavor (Back, 2005).

The species L. lindneri and L. paracollino-
ides belong among bacteria culturable with
difficulty and often cause spoilage of beer
without being detected during microbiolo-
gical control (Asano et al., 2009; Suzuki et
al., 2008b). For The species L. brevis and
L. lindneri cultured in beer were found to
exhibit smaller cell size compared to cells
of the same strain in the culture medium;
small cells easily penetrate the membrane
filters used for removing microbes from beer
(Asano et al., 2007). The literature reports
on variable sensitivity of L. lindneri to higher
temperatures — according to Back (2005)
this species is not able to grow at tempera-
tures higher than 28 °C while in another study it was shown that L.
lindneri can survive at higher temperatures and even survive a low
pasteurization process (Back et al., 1992).

Pediococcus damnosus occurs most often during wort fermentati-
on and secondary fermentation. It damages beer due to the formati-
on of organic acids and diacetyl, which is produced in high concen-
tration in particular during beer maturation (P. damnosus is capable
of growth at low temperatures). Some strains may also produce po-
lysaccharides that cause turbidity and ,gelatinous” character of beer
(Back, 2005). Similar features have been reported for the species
P, clausenii (Dobson et al., 2002). P damnosus (and L. lindneri) have
been shown to have the ability to adhere to the yeast cells, which can
lead to premature sedimentation of yeast and slow or stuck fermen-
tation (Priest, 2003; Storgards et al., 1998).

The species L. casei/paracasei, L. plantarum and L. coryniformis
exhibit only a weak resistance to bitter hops substances and degrade
only slightly hopped beer orbeer with increased pH, causing the forma-
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al., 2007). V literatufe je uvadéna variabilni citlivost L. lindneri k vys-
$im teplotdm — podle Backa (2005) neni tento druh schopny rist pfi
teplotach vyssich nez 28 °C, av8ak v jiné studii bylo prokazano, ze
mliZze prezivat pfi vy$Sich teplotach a dokonce i pfi nedostateéném
pasterizaénim procesu (Back et al., 1992).

Pediococcus damnosus se vyskytuje nejcastéji béhem kvaseni
mladiny a dokvadovani. Poskozuje pivo tvorbou organickych kyselin
a diacetylu, ktery je ve vysoké koncentraci produkovan zejména ve
fazi zrani piva (P damnosus je schopen rustu i pfi nizkych teplo-
tach). Nékteré kmeny mohou navic produkovat polysacharidy, které
zpUsobuji zakal a ,rosolovity“ charakter piva (Back, 2005). Podobné
je tomu u druhu P, clausennii (Dobson et al., 2002). U P damnosus
(a L. lindneri) je uvadéna schopnost adherovat na burky kvasinek,
coz muze vést k pfed¢asné sedimentaci kvasnic a zpomaleni nebo
zastaveni kvaseni (Priest, 2003; Storgards et al., 1998).

Druhy L. casei/paracasei, L. coryniformis a L. plantarum vykazuji
jen slabou rezistenci k hofkym chmelovym latkam a kazi pouze malo
chmelend piva nebo piva se zvySenym pH, ktera mohou poskodit
tvorbou zékalu, sedimentu a produkci organickych kyselin a diace-
tylu (Back, 2005). Nékteré druhy mléénych bakterii (napf. L. backii,
L. paracollinoides, P. clausenii) byly popsany relativné nedavno a je-
jich vyskyt a Skodlivost nejsou jesté dostate€né znamy.

Rust a mnoZeni nékterych miéénych bakterii v pivu muiZe souviset
také s produkci biogennich amind, které nejsou senzoricky aktivni,
ale ve vétsim mnozstvi mohou u citlivych osob vést k bolestem hla-
vy, zvraceni, hypertenzi, téZkym alergickym zachvatim provazenym
dusnosti, vyrazkou, a v extrémnim pfipadé i Sokem a ztratou védomi
(Kalag a KFizek, 2003; OlSovska et al., 2014).

3 KULTIVACNI PUDY PRO DETEKCI
MLECNYCH BAKTERIi

Univerzalni kultivaéni pada, ktera by umoznovala rychlou a spo-
lehlivou detekci vSech pivu Skodicich mléénych bakterii, neexistuje
(Back, 2005). V literatufe je uvadéna Siroka skala kultivacnich pud,
které jsou véts§im ¢&i mensim kompromisem mezi selektivitou, citli-
vosti a rychlosti rGstu bakterii (Gillet et al., 2004). Autofi se zaméfuji
zejména na prikaz téch mléénych bakterii, které zpusobuji kazeni
hotového piva, popfipadé maji schopnost pivo negativné ovliviiovat
jiz béhem jeho vyroby. Pudy ke kultivaci mléénych bakterii musi ob-
sahovat mineraly, vitaminy a rustové latky. Souéasti pud jsou inhibi-
tory, které zabrani rozvoji kvasinek, plisni a gramnegativnich bakterii
a soucasné neovliviuji rist mlécnych bakterii. K potlaéeni kvasinek
je doporuc¢ovano antibiotikum aktidion, rist gramnegativnich bak-
terii Ize inhibovat B-fenylethanolem nebo azidem sodnym (Boatwri-
ght a Kirsop, 1976; Casey a Ingledew, 1981; Taguchi et al., 1990).
Miécné bakterie jsou fakultativné anaerobni, doporuCuje se jejich
kultivace za anaerobnich podminek (Matsuzuva et al., 1979; Savel,
1980). Detekci mléénych bakterii komplikuje také jejich pomaly rust,
doba inkubace pfi 28—-30 °C byva 5-7 dni, nékdy i déle, napf. pro
druh P. damnosus je charakteristicky velmi pomaly rust kolonii (Back,
2005), u L. lindneri a L. paracollinoides celkové obtizna kultivovatel-
nost, zejména v konvenénich médiich (neobsahujicich pivo, napf.
bézny MRS agar) pfi izolaci z piva/pivovarského prostfedi (Suzuki et
al., 2008b). Tento jev byl dale pozorovan u kmen( L. acetotolerans
izolovanych z piva (Deng et al., 2014).

Pro ucely stanoveni pivu Skodicich mléénych bakterii byla vyvinu-
ta fada rtiznych kultivaénich pud — tfi z nich, MRS, Raka-Ray a modi-
fikované NBB médium jsou obecné nejvice pouzivané. Maji rozdilné
slozeni a jsou pouzivany rGznym zpdsobem — v podobé koncentratu,
bujénu nebo agaru, pfipadné s pfidavkem piva. Timto pfidavkem
neni minéno vySetfované pivo, ale sterilni pivo pfidavané jako sou-
¢ast pady. U nékterych mléénych bakterii byla prokdzana adaptace
na podminky v pivu a pfi vyockovani na médium se slozenim napros-
to odliSnym od piva (obsah zivin, pH, obsah soli, chmelovych latek
atd.) tyto bakterie nerostou. V provozni laboratofi je vyhodné pfi pfi-
prave pldy pfidavat pivo vyrabéné v daném provoze — predpoklada
se adaptace pivu-Skodicich bakterii na toto pivo a tedy jejich snazsi
detekce (Jespersen a Jakobsen, 1996). Pivo je do pud pfidavano
v rizném poméru — Taskila (2011) doporucuje pfidavek piva do kul-
tivaéni pudy alespori 25 % (v/v), médium ABD podle Suzukiho et al.
(2008b) obsahuje 100 % piva — k jeho pfipravé se viibec nepouziva
voda. 800 ml piva na 11 média obsahuje KOT médium (Taguchi et
al., 1990).

V 50. letech byla navrzena Siroka $kala pud vhodna pro detekci
mléénych bakterii napf. Brigg’s Tomato Juice Medium obsahujici raj-
Catovy dZus, Haynes Deep Liver médium s extraktem z jater, a pudy

tion of haze and sediment, and production of organic acids and diace-
tyl (Back, 2005). Some species of lactic acid bacteria (e.g. L. backii, L.
paracollinoides, P, clausenii) have been described relatively recently,
and their occurrence and harmfulness are not yet sufficiently known.
Growth and reproduction of some lactic acid bacteria in beer may
also be linked to the production of biogenic amines, which are senso-
rially active, but in larger quantities they may lead in susceptible indi-
viduals to headache, vomiting, hypertension, severe allergic attacks
accompanied by shortness of breath, rash, and in extreme cases
even shock and loss of consciousness (Kala¢ and Kfizek, 2003; Ol-
Sovska et al., 2014).

3 CULTURE MEDIA FOR DETECTION OF
LACTIC ACID BACTERIA

A universal culture medium which would allow a rapid and reliable
detection of all beer-spoiling lactic acid bacteria does not exist (Back,
2005). The literature presents a wide variety of culture media which
are more or less a compromise between selectivity, sensitivity and
speed of bacterial growth (Gillet et al., 2004). The authors mainly
focus on the proof of lactic acid bacteria that cause the spoilage of
finished beer, or have the ability to adversely affect beer during its
production. The media for culturing lactic acid bacteria must con-
tain minerals, vitamins and growth substances. The media also con-
tain inhibitors which prevent the development of yeasts, molds and
Gram-negative bacteria and also affect the growth of lactic acid bac-
teria. The antibiotic actidione is recommended for suppressing yeast,
the growth of Gram-negative bacteria can be inhibited by B-pheny-
lethanol and sodium azide (Boatwright and Kirsop, 1976; Casey and
Ingledew, 1981; Taguchi et al., 1990). Lactic bacteria are faculta-
tive anaerobes and it is recommended that the cultivation should
proceed under anaerobic conditions (Matsuzuva et al., 1979; Savel,
1980). Detection of lactic acid bacteria is also complicated by the
slow growth; the incubation period at 28-30 °C is usually 5-7 days,
sometimes longer. For instance, the species P. damnosus is charac-
terized by very slow growth of colonies (Back, 2005). L. lindneri and
L. paracollinoides, when isolated from beer/brewing environment
show very poor culturability, especially in conventional media (which
do not contain beer, e.g. normal MRS agar) (Suzuki et al., 2008b).
This phenomenon was also observed in strains of L. acetotolerans
isolated from beer (Deng et al., 2014).

Various culture media were developed for determining beer-
-spoiling lactic acid bacteria; generally the most used are three of
them, MRS, Raka-Ray and modified NBB media. They have diffe-
rent compositions and are used in various ways — as a concentra-
te, broth or agar, optionally with the addition of beer. This addition
does not mean the beer under investigation, but sterile beer added
as part of the medium. Some lactic acid bacteria were demonstra-
ted to be capable of adaptation to the conditions in beer and on
inoculation on a medium with a composition quite different from
beer (nutrients, pH, salt content, hop substances, etc.), these bac-
teria do not grow. In brewery laboratory it is advantageous, when
preparing the medium, to add beer produced in a given operati-
on — adaptation of beer-spoiling bacteria to this beer is assumed
and this could facilitate their detection (Jespersen and Jakobsen,
1996). Beer is added to media in varying proportions — Taskila
(2011) recommends the addition of at least 25 % (v/v) beer into the
culture medium while the ABD medium according to Suzuki et al.
(2008b) comprises 100% of the beer — no water is used in its pre-
paration. The KOT medium contains 800 ml beer per 1 liter medium
(Taguchi et al., 1990).

A wide variety of media suitable for detecting lactic acid bacteria
have been proposed in the 50’s, e.g. Brigg‘s Tomato Juice Medium
containing tomato juice, Haynes Deep Liver medium with an extract
from the liver, and media designed/modified to detect lactic acid bac-
teria in beer such as Dean’s Beer Extract Medium with beer or Willi-
amson‘s “Medium L.”, a medium with a liver extract. They are com-
plex, variously nutritionally rich media, whose preparation is complex
and the results are not always satisfactory. The detailed medium de-
velopment and composition for detecting lactic acid bacteria in beer
is given in the review by Casey and Ingledew (1981).

Wallerstein Laboratories Differential Agar (WLD-agar) is reco-
mmended by EBC as a medium for the detection of bacterial con-
tamination. It is a complex growth medium containing glucose as
carbon source and bromocresol green as an indicator of pH change.
It can be prepared from commercially available dehydrated WLN me-
dium with an addition of actidione for inhibiting the growth of yeast.
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uréené/upravené pro detekci mléénych bakterii v pivu: Dean’s Beer
Extract Medium s pivem, ¢i Williamson’s ,Medium L.“ a médium
s extraktem z jater. Jednalo se o komplexni, nutriéné rizné bohata
média, jejichz pfiprava byla slozitéjSi a vysledky ne vzdy uspokojivé.
Podrobné je vyvoj a slozeni pud pro detekci mléénych bakterii v pivu
uvedeno ve studii Caseyho a Ingledewa (1981).

Wallerstein Laboratories Differential Agar (WLD-agar) je dopo-
ru¢ovan EBC jako médium pro detekci bakteridlni kontaminace. Je
to komplexni ristové médium, obsahujici glukosu jako zdroj uhliku
a bromkresolovou zelen jako indikator zmény pH. Lze ho pfipravit
z komeréné dodavané dehydratované pldy WLN a pfidavkem ak-
tidionu pro inhibici rlistu kvasinek. Za anaerobnich ristovych pod-
minek umoznuje detekci bakterii mlééného kvaseni (Green a Grey,
1950).

Médium zalozené na extraktu z piva obohaceném o kvasni¢ny
extrakt navrhl Dean (1957). Anaerobni podminky kultivace zajistily
inhibici octovych bakterii, obsah alkoholu a nizké pH limitovaly rst
ostatnich gramnegativnich bakterii, kvasinky byly potlaceny pfidav-
kem aktidionu.

Williamsonovo médium pro stanoveni laktobacilll z piva bylo za-
loZzeno na pivu, maltose, extraktu z jater a dalSich slozkach a na se-
lektivnim plsobeni aktidionu a polymyxinu (Williamson, 1959). Poly-
myxin je antibiotikum plsobici inhibiéné na gramnegativni bakterie,
ale potlacuje také rlst pediokokd, a to v koncentracich nizsich nezli
jsou nutné pro potlaceni rastu gramnegativnich bakterii. Varianta
Williamsonova média, v niz je polymyxin nahrazen p-fenylethano-
lem, umozriuje rast laktobacill a pediokokl za sou¢asného potlaceni
ristu gramnegativnich bakterii a zarover i kvasinek. ,L médium“ bylo
testovano v nékolika studiich a bylo vyhodnoceno jako srovnatelné
s pudou WLD a umoznovalo vy8si zachyt laktobacilli z piva nez De-
anovo médium (Ault a Woodward, 1965; Casey a Ingledew, 1981).

V roce 1959 bylo pro ucely taxonomické studie rodu Pediococcus
pouzito selektivni médium ,Original Nakagawa Medium®, jehoz
zékladem je nehof€ené pivo a jako zdroj uhliku D-manosa, kterou
umi fermentovat pouze pediokoky, ale ne laktobacily (Nakagawa
a Kitahara, 1959). Plida dale obsahuje acetat sodny pro inhibici ko-
liformnich bakterii a aktidion pro potlaceni ristu kvasinek. Anaerob-
ni kultivace zabrani rdstu octovych bakterii. Modifikaci plvodniho
,Original, Nakagawova média je ,Nakagawa méedium“ zalozené na
nehoféeném pivu, D-manose a uvedenych inhibitorech, uréené opét
pro detekci pediokokli (Nakagawa, 1964). Dal$i modifikaci média
podle Nakagawy je varianta s glukosou a s pfidavkem 0,2% raj¢a-
tového dzusu, ktera byla vyvinuta pro kultivaci pomalu rostouciho
kmene Pediococccus cerevisiae (nyni P damnosus). Rlstovy faktor
v rajéatovém dzusu podporujici riist pediokoku byl identifikovan jako
4-0-B-D-glukosylpantotenat. Médium bylo déle obohaceno o redu-
kujici slozky, cystein hydrochlorid aj. (Eto a Nakagawa, 1975).

Potize s nestandardnosti (zejména v pfipadé rajéatového dzusu),
s pfipravou i variabilnim rdstem rdznych kment mléénych bakterii
na rliznych padach odstranil v roce 1960 de Man a kol., kdyz navrhli
tzv. MRS agar (de Man Rogosa Sharpe agar), ktery je i v sou¢asné
dobé jednou z nejvice pouzivanych pld. Jedna se komplexni mé-
dium obsahujici glukosu jako zdroj uhliku, vyvinuté jak pro kultivaci
a detekci Sirokého spekira mlécnych bakterii, tak i k izolaci a ucho-
vavani kmen( (de Man et al., 1960; Casey a Ingledew, 1981). Autofi
MRS agaru zaroven prokazali, ze pfidavek rajéatového dzusu do
pudy nestimuluje rast mléénych bakterii. MRS agar je doporuc¢ovan
tfemi hlavnimi pivovarskymi asociacemi — European Brewery Con-
vention (2011), American Society of Brewing Chemists (Crumplen et
al., 1991) a Brewery Convention of Japan (1999). Pida MRS byla
v pozdéjsi dobé rlizné modifikovana za ucelem zvySeni selektivity
nebo urychleni ristu pivu $kodicich mléénych bakterii, viz dale chro-
nologicky v textu.

V roce 1968 Wackerbauer a Emeis navrhli pidu pro detekci mlé¢-
nych bakterii VLB-L41, ktera je zaloZzena na pivu (varem zkoncentro-
vaném na polovinu pGvodniho objemu), s obsahem maltosy, xylosy
a fruktosy jako zdroji uhliku. Puda dale obsahuje aktidion a B-feny-
lethanol a bromkresolovou zeleri (Casey a Ingledew, 1981). Dals{
puda VLB-S7 byla plivodné navrzena pro izolaci a identifikaci pedio-
kokll (Emeis, 1969), ale rostou na ni i laktobacily (Casey a Ingledew,
1981). Obé pudy jsou rozsifeny zejména v Némecku. Pida VLB-S7
je komeréné dostupna, je dodavana hotova ve ztuzené podobé, pfi-
pravena k rozehfati a naliti na misky.

Universalni pivni agar (Universal beer agar — UBA) obsahuijici
pivo, rajéatovy dzus a glukosu umoznuje detekci pivu Skodicich mi-
kroorganismi — mléénych a octovych bakterii a kvasinek (Kozulis
a Page, 1968). Puda UBA je dodavana komeréné v dehydratované
formé rlznymi dodavateli. Pfidavkem aktidionu Ize eliminovat rist

Under anaerobic growth conditions it allows the detection of lactic
acid bacteria (Green and Grey, 1950).

Medium based on beer extract supplemented with yeast extract
was suggested by Dean (1957). Anaerobic culture conditions ensu-
red the inhibition of acetic acid bacteria, alcohol content and low pH
have limited the growth of other Gram-negative bacteria while yeast
cells were suppressed by the addition of actidione.

Williamson medium for Lactobacilli determination in beer was
based on beer, maltose, liver extract and other components, and the
selective action of actidione and polymyxin (Williamson, 1959). Poly-
myxin is an antibiotic with inhibitory action on Gram-negative bacte-
ria, but it also suppresses the growth of pediococci at concentrations
lower than those required for suppressing the growth of Gram-nega-
tive bacteria. A variant of the Williamson medium in which polymyxin
is replaced by B-phenylethanol allows the growth of lactobacilli and
pediococci while suppressing the growth of Gram-negative bacte-
ria and also yeasts. “L medium” has been tested in several studies
and it was evaluated as comparable with WLD medium. It permitted
a higher capture of beer lactobacilli than Dean medium (Ault and
Woodward, 1965; Casey and Ingledew, 1981).

In 1959, a taxonomic study of the genus Pediococcus made use
of selective “Original Nakagawa Medium”, which is based on un-
hopped beer and uses as the carbon source D-mannose, which can
be fermented only by pediococci but not by lactobacilli (Nakagawa
and Kitahara, 1959). The medium further comprises sodium aceta-
te for inhibition of coliform bacteria and actidione to suppress the
growth of yeasts. Anaerobic cultivation prevents the growth of acetic
bacteria. A modification of the original “Original Nakagawa medium”
is the “Nakagawa medium” based on unhopped beer, D-mannose
and the above inhibitors, intended again for the detection of pedio-
cocci (Nakagawa, 1964). Another modification of the Nakagawa
medium is a variant with glucose and an addition of 0.2% tomato
juice, which was developed for the cultivation of the slow-growing
strain Pediococcus cerevisiae (now P. damnosus). The growth factor
in tomato juice promoting growth of pediococci was identified as 4-O-
-B-D-glucosyl pantothenate. The medium was further enriched with
reducing components, cysteine hydrochloride and other substances
(Eto and Nakagawa, 1975).

Problems with a non-standard character (especially in the case of
tomato juice), with the preparation and variable growth of the various
strains of lactic acid bacteria on different media were eliminated in
1960 by de Man et al., who devised the so-called MRS agar (de
Man Rogosa Sharpe agar), which is even now one of the most used
media. This is a complex medium containing glucose as a carbon
source, developed both for the cultivation and detection of a broad
spectrum of lactic acid bacteria as well as for the isolation and pre-
servation of strains (de Man et al., 1960; Casey and Ingledew, 1981).
The authors of MRS agar also demonstrated that the addition of to-
mato juice in the medium does not stimulate the growth of lactic acid
bacteria. MRS agar is recommended by three main brewer’s as-
sociations — European Brewery Convention (2011), the American
Society of Brewing Chemists (Crumplen et al., 1991) and Brewery
Convention of Japan (1999). The MRS medium was subsequently
variously modified in order to increase its selectivity or to accelerate
the growth of beer-spoiling lactic acid bacteria (as listed below in
a chronological order).

In 1968 Wackerbauer and Emeis designed the VLB-L41 medium
for the detection of lactic acid bacteria, which is based on beer (con-
centrated by boiling to half the original volume) with maltose, xylo-
se and fructose as carbon sources. The medium further comprises
actidione and B-phenylethanol and bromocresol green (Casey and
Ingledew, 1981). Another medium, VLB-S7, was originally designed
for the isolation and identification of pediococci (Emeis, 1969), but it
also supports the growth of lactobacilli (Casey and Ingledew, 1981).
Both media are widespread, particularly in Germany. Medium VLB-
-S7 is commercially available, is delivered ready in a solidified form,
ready to warm up and poured onto plates.

Universal Beer Agar (UBA) containing beer, tomato juice and
glucose allows the detection of beer-spoiling microorganisms —
lactic acid and acetic acid bacteria and yeasts (Kozulis and Page,
1968). Medium UBA is supplied commercially by different suppliers
in dehydrated form. Addition of actidione can eliminate the growth
of yeasts and anaerobic culture conditions suppress the growth of
acetic acid bacteria. The medium will then enable the determination
of lactic acid bacteria adapted to growth in beer.

Raka-Ray No. 3, a complex medium containing maltose and fru-
ctose has been proposed for detecting lactic acid bacteria (Saha
et al.,, 1974). Compared with UBA, WLD and medium with tomato
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kvasinek a anaerobni podminky kultivace potlaéi rlst octovych bak-
terii — plida pak umozni stanoveni mléénych bakterii adaptovanych
na rdst v pivu.

Raka-Ray No. 3, komplexni médium obsahujici maltosu a frukto-
su, bylo navrzeno pro detekci mléénych bakterii (Saha et al., 1974).
V porovnani s UBA, WLD a pudou z rajéatového dzusu na ni mlééné
bakterie rostly rychleji a tvofily vétsi kolonie (Casey and Ingledew,
1981). Plda je doporuc¢ovana Evropskou pivovarskou konvenci (Eu-
ropean Brewery Convention; EBC) k rutinnim kontroldm piva a pi-
vovarského provozu. Neobsahuje pivo a jeji sou¢dsti jsou maltosa
a fruktosa. Neni dostate¢né selektivni v(i¢i bakteriim, které nekazi
pivo, souasné ma mensi zachyt pivu Skodicich mléénych bakte-
rii, a proto méa spise informativni vyznam (Jespersen a Jakobsen,
1996). Médium je pouzivano ve srovnavacich studiich (Crumplen et
al., 1991; Suzuki et al., 2008b; Taskila et al., 2011).

Hsuovo Lactobacillus-Pediococcus médium (HLP-médium,
HLPM) ve ztuzené nebo poloztuzené formé bylo navrzeno pro identi-
fikaci bakterii mlé¢ného kvaseni (Hsu et al., 1975). Pfi pfipravé pldy
neni nutné pouziti autoklavu. Kultivace mléénych bakterii na tomto
médiu nevyzaduje anaerobni podminky, pravdépodobné obsahuje
alespori jedno redukéni €inidlo a potlacuje rust octovych bakterii (Ca-
sey a Ingledew, 1981). HLP-médium bylo v roce 2009 schvaleno
komisi American Society of Brewing Chemists (ASBC) jako médi-
um vhodné pro stanoveni mléénych bakterii v pivovarské laboratofi
(Fischborn, 2009). V metodikach EBC uvedeno neni.

Leeho multidiferencialni agar (Lee’s multidifferential agar,
LMDA) je zivné médium, které umozriuje detekci béznych mikroor-
ganismul vyskytujicich se v prostredi pivovaru, véetné pivu Skodicich
bakterii. Médium neni pIné selektivni, pfidavkem aktidionu Ize zabra-
nit rdstu kvasinek. LMDA obsahuje bromkresolovou zeler a uhli¢itan
vapenaty — kfidu. Ve vodé nerozpustna kfida vytvafi v agaru mléény
zékal, ktery se v pfipadé produkce kyselin rozpusti a kolem kolonii
se vytvofi zfetelné ,vy&efené zény“ zplsobené vznikem octanu va-
penatého, ktery jiz je ve vodé rozpustny; pfi pouziti bromkresolové
zelené dochazi k probarveni média v okoli kolonii viivem zmény pH
a také k rGznému zbarveni kolonii v disledku zadrzovani barvicky.
Nastavenim kultivacnich podminek Ize rozliSit bakterie produkujici
kyseliny — kultivace za aerobnich podminek dovoluje rlst octovych
bakterii a za anaerobnich podminek pediokoku a laktobacill (Lee et
al., 1975).

Jednoduchym a levnym médiem pro rist laktobacild a pediokokl
nachazejicich se v pivovarském provoze je sacharosovy agar (Su-
crose agar), ktery v8ak je ve své zakladni formé neselektivni a umoz-
fuje rast i ostatnich pivu $kodicich organismud (Boatwright a Kirsop,
1976). Autofi uvadéji rGzné moznosti modifikace sacharosového
agaru, napf. pfidavek praskové kfidy a/nebo bromkresolové zelené
pro zvySeni kontrastu mezi koloniemi a agarem. Pfidavek mikrobial-
nich inhibitorG (aktidion, B-fenylethanol) umozni zvy$eni selektivity
média pro mlécné bakterie. V roce 1978 byla plida mezi metodami
doporu¢ovanymi EBC pro detekci mlé€nych bakterii pfi pivovarské
kontrole. V jinych studiich je vSak pouzitelnost sacharosového aga-
ru pro Ucely detekce mléénych bakterii zpochybriovana — u rGznych
druhd a kmenU byla pozorovana riizna schopnost utilizace sacharo-
sy a jinych cukrd (Lawrence a Leedham, 1979).

MRS agar modifikovany pfidavkem 0,5 % maltosy (tzv. MRS+M
agar) byl porovnavan s WLD, standardnim MRS, UBA a LMD-agary.
Puda obsahuijici zaroven glukosu a maltosu zachycuje vétsi spekt-
rum mléénych bakterii neZ ostatni uvedené pudy a je také vhodné;jsi
nez sacharosovy agar (Lawrence a Leedham, 1979).

Plda NBB byla puvodné vyvinuta Backem (1980) jako zakladni
nespecifické médium. Jeji slozeni bylo déle upraveno tak, aby po-
skytla rychlejsi vysledky a umoznila vétsi zachyt pivu Skodicich mik-
roorganisml nez VLB-S7 (Back et al., 1984). Pozdéji byla NBB plida
modifikovana tak, aby umoznila detekci bakterii mlé¢ného kvaseni.
Zdrojem uhliku jsou glukosa i maltosa ve stejném poméru (po 15 g/l
pudy), dale obsahuje pivo a indikator zmény pH (chlorfenolovou ¢er-
ven). Pada NBB je dodavana v raznych variantach — hotova, pfipra-
vena k rozliti na Petriho misky (NBB-agar) nebo do vySetfovanych
lahvi na stanoveni mléénych bakterii v pivu (NBB-C, koncentrat),
dehydratovana (NBB-P), a pro Ucely inkubace vzorkd odebranych
stérem (NBB-B-AM). Podle Wackerbauera a Rincka (1983) je VLB-
-S7 selektivnéjsi médium pro pivu Skodici mlé€né bakterie nez NBB,
ve kterém mohou rlist gramnegativni bakterie (napf. Enterobacter,
Pseudomonas, Hafnia a Klebsiella ssp.) a kvasinky. VLB-S7 i NBB
jsou mezi plidami doporu¢ovanymi analytikou EBC. Modifikaci NBB
média publikovali Nishikawa a Kohgo (1985). PGvodni sloZeni podle
Backa (1980) bylo upraveno nahrazenim octanu sodného (0,2 %)
octanem draselnym (0,6 %). Tato Uprava zvysila specificitu média

juice it promotes a faster growth of lactic acid bacteria and forma-
tion of larger colonies (Casey and Ingledew, 1981). The medium is
recommended by European Brewery Convention (EBC) for routine
checks of beer and brewing operations. It contains beer and includes
maltose and fructose. It is not selective enough for bacteria that do
not spoil beer and provides a lower capture of beer-spoiling lactic
acid bacteria, and has therefore rather informative use (Jespersen
and Jakobsen, 1996). The medium is used in comparative studies
(Crumplen et al., 1991; Suzuki et al., 2008b; Taskila et al., 2011).

Hsu’s Lactobacillus-Pediococcus medium (HLP-medium
HLPM) in a solidified or semi-solidified form was designed to iden-
tify lactic acid bacteria (Hsu et al., 1975). In the preparation of the
medium it is not necessary to use an autoclave. Culturing of lactic
acid bacteria in this medium does not require anaerobic conditions
since it probably contains at least one reducing agent and inhibits
the growth of acetic acid bacteria (Casey and Ingledew, 1981). HLP-
-medium was approved in 2009 by the American Society of Brewing
Chemists (ASBC) committee as a medium suitable for the determi-
nation of lactic acid bacteria in the brewery laboratory (Fischborn,
2009). It is not listed in EBC methodologies.

Lee’s multidifferential agar (LMDA) allows for detection of co-
mmon microorganisms from brewery environment including beer-
-spoiling bacteria. The medium is not selective, yeast cells can be
suppressed by the addition of actidione. LMDA contains bromocresol
green and calcium carbonate — chalk. Water insoluble chalk causes
a milky haze of the agar, which is dissolved in the case of the produc-
tion of acids and distinct ,clarified zones" are formed around the colo-
nies due to the formation of calcium acetate, which is water-soluble.
When using bromocresol green, coloring occurs in the medium around
the colonies due to pH changes and the colonies assume different
color due to the retention of the dye. Depending on cultivation condi-
tions acid-producing bacteria can be discriminate — aerobic cultivati-
on allows for the growth of acetic acid bacteria, anaerobic conditions
enable the detection of pediococci and lactobacilli (Lee et al., 1975).

A simple and inexpensive medium for the growth of lactobacilli and
pediococci occurring in the brewing operation is the sucrose agar,
which is however nonselective in its basic form and allows the growth
of other beer-spooling organisms (Boatwright and Kirsop, 1976). The
authors described various modifications of sucrose agar, e.g. addi-
tion of powdered chalk and/or bromocresol green for increasing the
contrast between the colonies and agar. Addition of microbial inhibi-
tors (actidione, B-phenylethanol) allows increasing the selectivity of
the medium for lactic acid bacteria. In 1978 the medium was among
the EBC methods recommended for detection of lactic acid bacteria
in brewery control. In other studies, however, the applicability of su-
crose agar for detection of lactic bacteria was challenged — different
capacity of utilization of sucrose and other sugars was observed for
different species and strains (Leedham and Lawrence, 1979).

MRS agar modified by adding 0.5% maltose (i.e. M+MRS agar)
was compared with WLD, standard MRS, UBA and LMD-agars. The
medium containing glucose and maltose captured a larger spectrum
of lactic bacteria other than the other media and was also more sui-
table than sucrose agar (Leedham and Lawrence, 1979).

The NBB medium was originally developed by Back (1980) as
a basic non-specific medium. Its composition was further modified
to provide faster results and to allow greater capture of beer-spoiling
microorganisms than VLB-S7 (Back et al., 1984). NBB medium was
later modified to allow detection of lactic acid bacteria. The carbon
sources are glucose and maltose in the same proportion (15 g/l of me-
dium each) and the medium further comprises beer and a pH change
indicator (chlorophenol red). Medium NBB is supplied in different vari-
ants — ready made, prepared to pour onto Petri dishes (NBB-agar) or
into test vessels for determination of lactic acid bacteria in beer (NBB-C
concentrate), dehydrated (NBB-P), and in the form suitable for incu-
bation of swab samples (NBB-B-AM). According to Wackerbauer and
Rinck (1983) the S7-VLB medium is more selective for beer-spoiling
lactic acid bacteria than NBB, which can support the growth of Gram-
-negative bacteria (e.g. Enterobacter, Pseudomonas, Klebsiella and
Hafnia ssp.) and yeast. VLB-S7 and NBB are among the media re-
commended by EBC analytics. A modification of NBB medium was
published by Nishikawa and Kohgo (1985). The initial composition of
the Back (1980) was modified by replacing sodium acetate (0.2%) with
potassium acetate (0.6%). This modification increased the specificity
of the medium for beer-spoiling bacteria (Nishikawa and Kohgo, 1985).
Kindraka (1987) indicates that the modified NBB medium is more spe-
cific and ensures a higher capture of beer-spoiling microorganisms
than UBA. In contrast, Crumplen et al. (1988) evaluated both the initial
and modified NBB medium to have lower efficiency than UBA.
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pro pivu-Skodici bakterie (Nishikawa a Kohgo, 1985). Kindraka
(1987) uvadi, ze modifikované NBB médium je vice specifické a ma
vétsi zachyt pivu Skodicich mikroorganisml nez UBA. Crumplen et
al. (1988) naopak vyhodnotili pdvodni i modifikované NBB médium
jako méné ucinné nez UBA.

Médium LGM (Lactobacillus growth medium; Lactobacillus rds-
tové médium) bylo navrzeno a porovnano s dal$imi plidami na za-
kladé rychlosti riistu a velikosti kolonii bakterii rodu Lactobacillus
(Van Keer et al., 1983). LGM je komplexni médium s glukosou jako
zdrojem uhliku a bromkresolovou zeleni jako indikatorem pH. Rust
mléénych bakterii na této pidé je srovnatelny s Raka-Ray 3 (co se
ty€e poctu kolonii z plvodniho inokula), ale u vSech testovanych
kmenu (33) bylo na LGM agaru dosazeno zkraceni doby inkubace,
po které Ize vyhodnotit pocet kolonii, z 48 na 24 hodin. Plida neni
selektivni, pfidavkem B-fenylethanolu Ize zabranit rGstu gramnega-
tivnich bakterii.

V pivovaru Kirin byla v roce 1981 navrzena plida KL-2B obsahu-
jici maltosu jako zdroj uhliku, aktidion pro potlaceni rlistu kvasinek
a azid sodny (NaN,) pro inhibici gramnegativnich bakterii. PGda v§ak
neumoznovala detekci nékterych pediokokl a byla proto upravena
pfidavkem piva (Taguchi et al., 1990). Nové médium KOT (Kirin-Oh-
kochi-Taguchi) obsahovalo 800 ml piva v 1 litru pidy, kromé maltosy
takeé glukosu, a dal&i latky (napf. kyselinu jable¢nou, ¢&i cytidin). Pro
zvySeni selektivity pro pivu Skodici mlécné bakterie byl do pady pfi-
dan cysteinhydrochlorid. Pfi srovnani KOT pldy s pdvodni KL-2B na
ni rostlo vice kmenU Pediococcus a médium KOT bylo vyhodnoceno
jako vhodnéjsi pro kontrolu mikrobiologické kvality. V porovnani s
ptdami NBB a VLB-S7 vykazovala vyssi zachyt pediokokové konta-
minace (Taguchi et al., 1990). Pada KL-2B ani KOT nejsou komer¢-
né dostupné. Jejich kompletni sloZeni je uvedeno v praci Taguchi et
al. (1990).

Jednou z modifikaci MRS pldy je B-MRS, kde pfi pfipravé 1000
ml kultivaéni ptdy je k zakladni MRS pfidano 250 ml piva (Holzapfel
1992, Taskila et al., 2010a). Modifikaci MRS B+ popisuji ve své praci
Gillet et al. (2004). Zakladni MRS plida byla obohacena o cukry,
rlstové latky a 10% pivo. V porovnani se zakladni MRS plidou tvo-
fily testovaci kmeny rodu Lactobacillus a Pediococcus vétsi kolonie
a v tekutém médiu mély vyssi rGstovou rychlost.

MRS-bujén obsahuijici pivo byl dale aplikovan pfi stanoveni pivu
$kodicich mléénych bakterii s pouzitim tzv. EnBase systému, kdy je
béhem kultivace do média kontinualné pfidavana glukosa (Taskila et
al., 2009). K aplikaci glukosy je pouzivan dvoufazovy gel, ze kterého
se do kultivaéniho média uvolruje Skrob, ktery je ihned enzymaticky
rozkladan na glukosu. Pivo kazici laktobacily (L. brevis, L backii, L.
lindneri a L. malefermentans) se v tomto systému pomnozovaly rych-
leji nez pfi srovnavaci kultivaci v B-MRS médiu. P¥i testovani systé-
mu na kontaminovanych vzorcich byl u 68 % vzorkl spektrofoto-
metricky detekovan rlst bakterii po 18 hodinach s EnBase a u 50 %
vzorkl bez enzymatického systému. Po 48 hodinach kultivace byl
rGst detekovan u vSech vzorku s i bez EnBase. Pfi kontrole realnych
vzorkl piv se v nékolika vzorcich mlééné bakterie pomnozZily pouze
pfi pouziti EnBase. Vyhodou systému EnBase je postupné doplfio-
vani glukosy do média b&éhem inkubace bez pocate¢ni vysoké kon-
centrace glukosy, ktera by mohla burikam zplsobit osmoticky Sok
(Taskila et al., 2009).

Haakensen et al. (2009) pouzili MRS agar modifikovany pfidav-
kem piva pro testovani techniky gradientu chmelovych latek v agaru
pro stanoveni mlécnych bakterii, které vykazuji rdzny stuper adap-
tace na podminky v pivu.

Dalsi modifikaci B-MRS bujonu pro stanoveni pivu $kodicich
mléénych bakterii je tzv. S-MRS (supplemented MRS) bujén obsa-
hujici L-cystein-HCI a uhli¢itan sodny pro snizeni obsahu rozpusté-
ného kysliku (Taskila et al., 2010a). Pfi porovnani pidy s B-MRS
rostly pivu Skodici L. brevis a L. backii rychleji v S-MRS, pfi srovnani
na realnych vzorcich piva vSak bylo pozorovano mirné vétsi pomno-
zeni bakterii v B-MRS médiu. Pouze u téch vzorkd, kde byl pfitomen
druh L. brevis nebo L. backii, popfipadé jiny kmen vyzadujici snizeny
obsah rozpusténého kysliku v médiu, byl pozorovan rychlejsi rist
kontaminace v S-MRS pldé. Autofi doporucuji pouziti S-MRS bujé-
nu v pripadé, je-li z néjakého divodu nepraktickd bézna anaerobni
kultivace (Taskila et al., 2010a).

Optimalizaci slozeni B-MRS a pozménénim kultivaénich podmi-
nek navrhli Taskila et al. (2010b) plidu PDM pro detekci pivu $kodi-
ci bakterie Pediococcus damnosus. V porovnani s vychozi B-MRS
pudou obsahuje veskeré slozky v niz$ich koncentracich, zakladni
davkovani MRS dehydratované pldy je 40 g/l (v B-MRS pudé 55 g/l).
Dale je do pudy PDM pfidavan L-cystein hydrochlorid v koncentraci
0,3 mg/l, pH pldy je v porovnani s B-MRS niz§i, a to 5,2. Autofi

LGM medium (Lactobacillus growth medium) was devised and
compared with other media on the basis of growth rate and colony
sizes of test strains of Lactobacillus (Van Keer et al., 1983). LGM is
a complex medium with glucose as carbon source and bromocresol
green as the pH indicator. The growth of lactic acid bacteria on the
medium is comparable with that on Raka-Ray 3 in terms of the num-
ber of colonies from the original inoculum. However, with the LGM
agar a shortening of the incubation time after which the number of
colonies can be evaluated from 48 to 24 hours was achieved in all 33
tested strains. The medium is not selective; addition of B-phenyletha-
nol can inhibit the growth of Gram-negative bacteria.

In 1981 the Kirin brewery designed a KL-2B medium containing
maltose as a carbon source, actidione for suppressing the growth of
yeasts and sodium azide (NaN;) to inhibit Gram-negative bacteria.
The medium did not allow the detection of some pediococci and was
therefore modified by adding beer (Taguchi et al., 1990). The new
KOT medium (Kirin-Ohkoch-Taguchi) contained 800 ml beer in 1 liter
of medium, maltose and glucose, and other substances (e.g. malic
acid or cytidine). To increase the selectivity for beer-spoiling lactic acid
bacteria the medium was supplemented with cysteine hydrochloride.
When compared with the original KL-2B, KOT medium supported the
growth of more strains of Pediococcus and it was assessed as more
suitable for microbiological quality control. Compared with NBB and
VLB-S7 media it showed a higher capture of pediococcal contamina-
tion (Taguchi et al., 1990). Media KL-2B or OTC are not commercially
available. Their complete composition is given in the report by Taguchi
et al. (1990).

One of the modifications of the MRS medium is B-MRS, in which
250 ml beer is added to 1000 ml of the basic MRS culture medium
(Holzapfel, 1992; Taskila et al., 2010a). Modification MRS B + was
described by Gillet et al. (2004). Basic MRS medium was enriched
with sugars, growth substances and 10% beer. Compared to the ba-
sic MRS medium the test strains of the genera Lactobacillus and Pe-
diococcus produced larger colonies, and in liquid medium they had
a higher growth rate.

MRS-broth containing beer was further used for the determination
of beer-spoiling lactic acid bacteria by using so-called EnBase sys-
tem consisting of continuous addition of glucose into the medium du-
ring the cultivation (Taskila et al., 2009). The supply of glucose is done
through a biphasic gel which releases starch into the culture media;
this is then immediately enzymatically degraded to glucose. Beer-
-spoilage lactobacilli (L. brevis, L backii, L. lindneri and L. malefermen-
tans) proliferated in this system faster than during the comparative cul-
tivation on B-MRS medium. When testing the system on contaminated
samples bacterial growth was spectrophotometrically detected in 68%
of the samples after 18 hours with EnBase and in 50% of the samples
without enzyme system. After 48 hours of cultivation the growth was
detected in all samples, with or without EnBase. When checking real
beer samples, lactic acid bacteria propagated in several samples only
when using EnBase. The advantage of the EnBase system is a gra-
dual supply of glucose to the medium during the incubation period
without an initial high glucose concentration that could cause osmotic
shock to the cells (Taskila et al., 2009).

Haakensen et al (2009) used MRS agar modified by the addition
of beer for testing of hop-gradient agar plate technique for detection
of lactic acid bacteria adapted on the stringent conditions of beer.

Another modification of the B-MRS broth for determination of beer
spoilage lactic acid bacteria is the so-called S-MRS (supplemented
MRS) broth containing L-cysteine-HCI and sodium carbonate to redu-
ce the dissolved oxygen content (Taskila et al., 2010a). On comparing
the medium with the B-MRS, beer-spoiling L. brevis and L. backii grew
faster in MRS-S while with real beer samples a slightly higher growth of
bacteria was observed in B-MRS medium. Only those samples which
contained the species L. brevis or L. backii or another strain requiring
a reduced content of dissolved oxygen in the medium showed faster
growth of contamination in S-MRS medium. The authors recommend
the use of S-MRS broth in the case when normal anaerobic incubation
is for some reason impractical (Taskila et al., 2010a).

By optimizing the composition of B-MRS and modifying culture con-
ditions, Taskila et al. (2010b) designed the PDM medium for detection
of the beer-spoiling bacterium Pediococcus damnosus. In comparison
with the initial B-MRS medium, this medium contains all ingredients
at lower concentrations. The basic base dosage of dehydrated MRS
medium is 40 g | (55 g/l with B-MRS medium). Furthermore, the PDM
medium contains L-cysteine hydrochloride in a concentration of 0.3 mg/|
and the pH of the medium (5.2) is lower in comparison with the B-MRS.
When detecting Pediococcus damnosus, the authors recommend redu-
cing the temperature of cultivation from 29 °C to 27 °C.
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doporuéuji snizit teplotu kultivace pfi prukazu bakterie Pediococcus
damnosus z 29 °C na 27 °C.

Americka ASBC doporucuje ke stanoveni pivu Skodicich mlé¢-
nych bakterii paddu BMB (Barney-Miller Brewery). Plda obsahuje
tomatovy dzus, maltosu, pivo a L-cystein-HCI (Barney et al., 1990).
Crumplen et al. (1991) ve své srovnavaci studii uvadi, ze mlééné
bakterie rostou rychleji na BMB nez na MRS, NBB a KOT.

Suzuki et al. (2008b) navrhli novou ptdu ABD (advanced beer-
-spoiler detection) pro detekci pivu $kodlivych a hure kultivovatel-
nych mléénych bakterii L. paracollinoides a L. lindneri. PGda ABD
je zalozena na bazi piva s pfidavkem malého mnozstvi MRS (2,61
g/l), dale obsahuje octan sodny pro inhibici gramnegativnich bakte-
rii a aktidion pro potlaceni rustu kvasinek. Na ABD pudé nerostou
mlécné bakterie, které nemaji schopnost kazit pivo. ABD puda tak
podle autor(l umozniuje prikaz pivu Skodicich bakterii ve vzorku, kte-
ré jsou hlfe detekovatelné béznymi padami jako je MRS, BMB, Ra-
ka-ray a NBB-A. Ve studii Asana et al. (2009) byla pada pouzita pro
identifikaci pomalu rostoucich bakterii L. lindneri a L. paracollinoides
v kombinaci s technikou ode&tu mikrokolonii a fluorescenéni detekci.
Oproti tomu Taskila et al. (2010a) prezentuji porovnani pady ABD
s B-MRS na 19 reélnych vzorcich piva a nedoporucuji ji k rutinni
mikrobiologické kontrole piva a pivovarského provozu.

Preissler et al. (2010) navrhli test umoznujici rozliseni kmend L.
brevis podle jejich potencialni schopnosti kazit rizna piva. Autofi
predpokladali, Ze kmeny s rGznou toleranci k iso-a-hofkym kyse-
lindm maji také rdznou schopnost kazit jednotlivé druhy piv. Jako
indikator bunécné metabolické aktivity kmene v pivu autofi zvolili
NADH,. Vyhodou sledovani dehydrogenazové aktivity bunék oproti
posuzovani viditelného rlstu spociva v tom, ze méfitelné koncen-
trace NADH, jsou produkovany burikami i ve fazi, kdy jeSté nelze
posoudit nardst napf. ve forme kolonii. Metabolicka aktivita byla sta-
novena pomoci redox indikatoru resazurinu, ktery méa v redukované
a oxidované formé rlzné barvy — pozitivni reakci (tedy pozitivni me-
tabolickou aktivitu bakterii v pivu, ktera je pfedpokladem schopnosti
kazit pivo) predstavuje rizova barva redukovaného resazurinu (oxi-
dovana forma je modrd). Pivo kazici a nekazici kmeny L. brevis Ize
touto metodou odliit za dva dny inkubace v pivu a nasledné hodino-
vé inkubaci s indikatorem. Prodlouzeni doby inkubace s resazurinem
na 24 hod pak umozni odliSit kmeny s nizkou schopnosti kazit pivo
od kmen( nekazicich (Preissler et al., 2010).

Ve studii Denga et al. (2014) byla testovana MRS puda modifi-
kovana pfidavkem ruznych koncentraci katalasy. Pfidavek katalasy
v koncentraci 800 U/Petriho misku urychlil dobu detekce kolonii L.
plantarum, L. acetotolerans a P. damnosus az o nékolik dni. Katalasa
je enzym vyskytujici se téméf ve vSech organismech vystavenych
pusobeni kysliku — katalysuje rozklad volnych radikal( a peroxidu
vodiku a chrani tak organismy pfed oxidativnim stresem pfi vy$Sich
tenzich kysliku. Pridavek katalasy do rlstovych médii zabranuje in-
hibici anaerobnich/fakultativné anaerobnich mikroorganism( vlivem
foto-oxidace slozek puddy (Hoffman et al., 1983). Pfi porovnani pldy
bez katalasy a s katalasou byly na modifikované varianté MRS pfi
pouziti stejného inokula z piva a po stejné dobé inkubace pozorova-
ny vétsi pocty kolonii a tyto kolonie mély vétsi prdmér nezli na padé
bez katalasy. Autofi upozorfiuji na postupnou ztratu U¢innosti katala-
sy v hotové pldé jiz po dvou dnech skladovani pfi teploté 2 °C; misky
je tedy nutné pfipravovat vzdy Cerstvé (Deng et al., 2014).

4 ZAVER

Na téma detekce bakterii mlééného kvaseni s pouZzitim ruznych
kultivaénich pad bylo publikovano velké mnoZstvi praci. Nékteré
z nich jsou koncipovany pfimo jako srovnavaci studie, napf. ¢asto
citované prace Caseyho a Ingledewa (1981) a Jespersena a Jakob-
sena (1996). Vysledky srovnavacich studii jsou ¢asto velmi rozdilné
a nékteré si pfimo odporuji (napf. Matsuzawa et al., 1979; Suzuki et
al., 2008b).

Jak vyplyva z pfehledu vyvoje pld pro detekci bakterii mlécné-
ho kva$eni v pivu, jejich béznou soucasti je kvasni¢ny extrakt, dale
cukr (nejcastéji glukosa), pepton, masovy extrakt, Tween 80 a rizné
organické a anorganické soli. Média maji rdzna pH, v rozmezi 4,8-
6,8, a u nékterych je slozkou pivo (v mnozstvi 25-100 %). Bé&znou
slozkou plid byva L-cysteinhydrochlorid, ktery snizuje redoxpotenci-
al média. Mlze byt nahrazen/doplnén napf. kyselinou askorbovou
nebo thioglykolatem sodnym. Plida Raka-Ray je jedind, ktera obsa-
huje osmoprotekéni latku, ktera snizuje osmoticky stres prostredi.

Nejbéznéji pouzivanymi pidami jsou MRS a NBB, bud ve stan-
dardnim sloZeni, nebo rizné modifikované a také v kombinaci s dal-

American ASBC recommended BMB medium (Barney Miller
Brewery) for determining beer spoilage lactic acid bacteria. The me-
dium contains tomato juice, maltose, beer and L-cysteine-HCI (Bar-
ney et al., 1990). Crumplen et al. (1991) showed in their comparative
study that lactic acid bacteria grow faster on BMB than on MRS, NBB
and KOT.

Suzuki et al. (2008b) proposed a new ABD (advanced beer-spoi-
ler detection) medium for the detection of beer-spoiling and less
cultivable lactic acid bacteria L. paracollinoides and L. lindneri. The
medium is based on beer with the addition of small quantities of MRS
(2.61 g/l), and comprises also sodium acetate for inhibition of Gram-
-negative bacteria and actidione for suppressing the growth of yeasts.
ABD-medium does not support the growth of lactic acid bacteria which
do not spoil beer. According to the authors ABD medium allows the
detection of beer spoilage bacteria in the sample that are harder to
detect by conventional media such as MRS, BMB, Raka-Ray and
NBB-A. Asano et al. (2009) used the ABD-medium in combination
with microcolony method and fluorescent detection for identification of
slowly-growing bacteria L. lindneri and L. paracollinoides. In contrast,
Taskila et al. (2010a) published a comparison of ABD medium with B-
-MRS on 19 real samples of beer and did not recommend it for routine
microbiological control in beer and brewing operation.

Preissler et al. (2010) proposed a test that enables the discriminati-
on of L. brevis strains according to their ability to spoil different beers.
Authors assumed that strains with different tolerance to iso-a-acids alo
possess different ability to spoil various kinds of beer. NADH, was
used as an indicator of cellular metabolic activity of the strain in beer.
to evaluate the beer-spoilage ability of the L. brevis strains. Resazurin
was used as a redox indicator, which enabled the detection of the
metabolic activity of the spoilage bacterial strains in beer before the
occurrence of visible colonies (NADH, is produced by dehydrogenase
activity, before visible growth occurs). Resazurin has a different colour
in its reduced and oxidized forms — positive reaction (i.e. positive me-
tabolic activity of bacteria in beer that is a prerequisite of their ability
to spoil beer) is represented by pink colour of reduced resazurin (oxi-
dized form is blue). Beer-spoiling and non-spoilers strains of L. brevis
can be discriminated in two days of incubation in beer followed by 1
hour of incubation with the indicator. Extended incubation (24 hours)
with resazurin allows for discriminating even strains with low ability to
spoil beer from non-spoilers (Preissler et al., 2010).

Deng et al. (2014) tested MRS medium modified by the addition
of various concentrations of catalase. Addition of catalase at a con-
centration of 800 U/plate for accelerated the detection of colonies
of L. plantarum, L. acetotolerans and P. damnosus by several days.
Catalase is an enzyme found in nearly all organisms exposed to oxy-
gen — it catalyzes the decomposition of free radicals and hydrogen
peroxide and thus protects organisms from oxidative stress at higher
partial pressures of O,. Addition of catalase to growth media pre-
vents the inhibition of anaerobic/ facultative anaerobic microorgani-
sms due to photo-oxidation of medium components (Hoffman et al.,
19883). Using the same inoculum from beer and the same incubation
period, the modified variant of MRS with catalase produced a greater
number of colonies, and these colonies had greater diameter, than
on the medium without catalase. The authors pointed out the gradual
loss of effectiveness of catalase in the finished medium after two
days of storage at 2 °C; the plates therefore have to be prepared
always fresh (Deng et al., 2014).

4 CONCLUSIONS

Detection of lactic acid bacteria on/in various culture media is the
subject of many publications. Some of them are conceived directly
as comparative studies, e.g. the frequently cited reviews by Casey
and Ingledew (1981) and Jespersen a Jakobsen (1996). The results
of comparative studies are often very different and some of them are
even conflicting (e.g. Matsuzawa et al., 1979; Suzuki et al., 2008b).

As seen from the survey of culture media for detection of lactic
acid bacteria in beer their common component is yeast extract, su-
gar (mostly glucose), peptone, meat extract, Tween 80 and various
organic and inorganic salts. The media have various pH, within the
range of 4.8-6.8, some of them contain beer (in 25-100% concen-
tration); L-cysteine hydrochloride (and/or ascorbic acid and sodium
thioglycollate) is often used for lowering the redox-potential of the
media. Raka-Ray is the only medium containing an osmoprotective
compound lowering the osmotic stress of the environment.

MRS and NBB media, in their standard or modified forms and
also in combination with other detection techniques (e.g. PCR), are
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§imi detekénimi technikami (napf. PCR). Z uvedené reSerSe vyplyva,
ze zadné z kultivanich médii neumoznuje zachyt vSech mléénych
bakterii, které se mohou vyskytnout jako kontaminace piva. Je to
dano znac¢nou variabilitou této skupiny mikroorganism, jejich rsto-
vymi pozadavky (anaerobni/mikroaerofilni podminky, rdst pfi niz8ich
teplotach atd.) a zejména adaptaci na podminky prostfedi, z néhoz
jsou na dana média ockovana (pivo).
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