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Striktné anaerobni bakterie schopné kazit pivo nebo kontaminovat pivovarské kvasnice patti do rodli Megasphaera, Pectinatus, Sele-
nomonas a Zymophilus. V ¢lanku je uveden prehled zakladnich morfologickych a fysiologickych vlastnosti teto skupiny bakterii, popsana
jsou mista jejich vyskytu v pivovarském provozu a jejich schopnost kazit pivo. Clanek dale popisuje rlizné metody detekce a identifikace
téchto mikrobl — kultivaéni, metody zaloZzené na PCR, MALDI-TOF MS a dalsi.

Matoulkova, D. — Kubizniakova, P.: Microbiology of brewing — Strictly anaerobic bacteria Megasphaera, Pectinatus, Zymophilus
and Selenomonas and methods for their detection. Kvasny Prum. 60, 2014, No. 11—12, pp. 285-295

Strictly anaerobic bacteria capable of spoiling beer or contaminating brewer‘s yeast belong to the genera Megasphaera, Pectinatus,
Selenomonas and Zymophilus. This article gives an overview of basic morphological and physiological properties of this group of bac-
teria, describes the sites of their occurrence in the brewing operation and their ability to spoil beer. It also describes various methods for
detection and identification of these microbes — cultivation methods, methods based on PCR, MALDI-TOF MS, and others.

Matoulkova, D. — Kubizniakova, P.: Mikrobiologie der Brauherstellung — Strikt anaerobe Bakterien Megasphaera, Pectinatus,
Selenomonas und Zymophilus und Methoden zur ihren Detektion. Kvasny Prum. 60, 2014, Nr. 11-12, S. 285-295

Strikt anaerobe Bakterien, fahig das Bier zu verderben oder die Hefe zu kontaminieren, gehéren zu den Stdmmen Megasphaera, Pec-
tinatus, Selenomonas und Zymophilus. Im Artikel wird die Ubersicht von Grundmorphologischen und —physiologischen Eigenschaften
dieser Bakteriengruppe angefihrt, weiterhin werden ihre Fundorte im Braubetrieb und ihre Fahigkeit das Bier zu verderben beschrieben.
Weiterhin wurden im Artikel verschiedene Methoden der Detektion und Identifikation von diesen Mikroben — Kultivierungsmethode, auf

den PCR, MALDI-TOF MS Grund gegriindete Methoden und weitere Methoden angefuhrt.
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1 UVOD

Striktné anaerobni bakterie, nachazené v souvislosti s vyrobou
piva, pfedstavuji skupinu &tyf bakterialnich rodG: Pectinatus, Zymo-
philus, Selenomonas a Megasphaera. Jsou to mesofilni, nesporulu-
jici bakterie se striktné fermentativnim typem metabolismu. VétSina
zastupcll, s vyjimkou rodu Megasphaera, ma tyckovity tvar bunék
a vyznacuje se velmi aktivnim pohybem. Metodou podle Grama se
tyto bakterie barvi gramnegativné ¢&i gramvariabilné (Schleifer et al.,
1990). V soucasné dobé jsou tyto rody fazeny do Celedi Veillonella-
ceae (Marchandin et al., 2010).

Jako plvodci kaZzeni piva jsou strikiné anaerobni bakterie na-
chazeny méné Casto nez napf. mlécné bakterie. AvSak na rozdil od
mlé&nych bakterii, u nichZ se vyskytuji kmeny pivo-kazici i nekazici,
jsou Pectinatus a Megasphaera bakterie obligatné pivo kazici (Sa-
kamoto a Konings, 2003). Bakterie Zymophilus a Selenomonas jsou
sporadicky izolovany z kontaminovaného piva a kvasnic (Schleifer
et al., 1990).

Do rodu Pectinatus jsou fazeny tfi druhy (P, cerevisiiphilus, P. fris-
ingensis, P haikarae), které jsou nachazeny vzdy pouze ve spojeni
se zkazenym pivem a pivovarskymi provozy (Schleifer et al., 1990;
Juvonen a Suihko, 2006). Dalsi dva popsané druhy jsou nachazeny
v prostfedi mimo pivovarsky provoz — Pectinatus brassicae v odpadu
z vyroby nakladanych okurek (Zhang et al., 2012) a Pectinatus sotta-
cetonis z nadrze na zkazené kvasené okurky (Caldwell et al., 2013).

Bakterie rodu Pectinatus jsou rovné az mirné zakfivené pohyblivé
ty¢ky usporfadané po jedné nebo po dvou burkach, jen vyjime€né
v kratkych Fetizcich. StarSi bunky v kultufe mohou mit spiralovity,
v pfipadé P haikarae také smyckovity Ci kyjovity tvar. Nazev rodu
je odvozen z latinského ,pecten= hieben, je tedy charakteristicky
tvarem hrebene — bic¢iky (v po¢tu 1-23) totiz vystupuji pouze z jedné
strany bunky a burika tak tvarem pfipomina hieben (Haikara et al.,
1981b). Pohyb mladych bunék pfipomina pismeno X, coz je dano
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1 INTRODUCTION

Strictly anaerobic bacteria found in connection with the production
of beer include four bacterial genera: Pectinatus, Zymophilus, Sele-
nomonas and Megasphaera. They are mesophilic, non-sporulating
bacteria with a strictly fermentative type of metabolism. Most of their
representatives, with the exception of the genus Megasphaera, have
a rodlike cell shape and a very active movement. Their staining ac-
cording to Gram is either Gram-negative or Gram-variable (Schleifer
et al., 1990). Currently, these genera are included in the family Veil-
lonellaceae (Marchandin et al., 2010).

Strictly anaerobic bacteria are found less frequently as organisms
causing beer spoilage than e.qg. lactic acid bacteria. However, unlike
lactic acid bacteria, which include both beer-spoiling and non-spoil-
ing strains, Pectinatus and Megasphaera bacteria are obligate beer
spoilers (Sakamoto and Konings, 2003). Zymophilus and Selenom-
onas bacteria have been rarely isolated from contaminated brewery
yeast (Schleifer et al., 1990).

The genus Pectinatus includes three species (P cerevisiiphilus,
P, frisingensis, P haikarae) that were found only in connection with
spoiled beer and brewery operations (Schleifer et al., 1990; Sui-
hko and Juvonen, 2006). Two other described species have been
found in the environment outside the brewing operation — Pectinatus
brassicae in salty pickle wastewater (Zhang et al., 2012) and Pecti-
natus sottacetonis in pickle spoilage tank (Caldwell et al., 2013).
Bacteria of the genus Pectinatus are straight to slightly curved mo-
tile rods arranged occurring as single cells or in pairs, rarely in short
chains. Older cells in the culture may be helical, in the case of P, hai-
karae also looplike or clublike shape. The genus name is derived from
the Latin ,pecten“ = comb since the characteristic shape is that of
a comb — flagella (numbered 1-23) are situated only on one side of the
cell and the cell shape thus resembles a comb (Haikara et al., 1981b).
The movement of young cells resembles the letter X, which is due to
the unusual arrangement of the flagella. Older cells move in a snake-
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neobvyklym usporadanim bi¢ik{. Starsi buriky se pohybuji hadovité,
popfipadé nemusi byt viibec pohyblivé (Haikara et al., 1981b; Che-
lack a Ingledew, 1987; Lee et al., 1980). Rostou v teplotnim rozmezi
15-40 °C, s optimem pfi 28-32 °C. P¥i teplotach nad 50 °C dochazi
k jejich odumirani (Tholozan a Jacquemont, 1999). Pro spolehlivé
usmrceni Pectinatus postaduje plsobeni teplot 58—60 °C po dobu
1 minuty, tedy mirnéjSi podminky neZli je bézna pasterace piva (Wa-
tier et al., 1995). Jednotlivé druhy se mezi sebou li§i svou citlivosti
ke zvySenym teplotam — druh P, cerevisiiphilus je vice citlivy nezli
P, frisingensis (Flahaut et al., 2000).

V rdmci rodu Megasphaera je rozliSovano pét druhl: M. cerevisi-
ae, M. paucivorans, M. sueciensis, M. elsdenii a M. micronuciformis.
Druhy M. cerevisiae, M. paucivorans, M. sueciensis jsou nachaze-
ny pouze v souvislosti se zkazenym pivem, v jednom pfipadé byla
tato bakterie izolovana z pivovarskych kvasnic (Engelmann a Weiss,
1985; Haikara, 1989; Juvonen a Suihko, 2006). Druhy M. elsde-
nii a M. micronuciformis jsou izolovany z prostredi mimo pivovarsky
provoz — M. elsdenii se vyskytuje v bachoru ovci a dobytka a ve
stfevnim traktu a stolici ¢lovéka, M. micronuciformis je izolovana
z klinického materialu (Marchandin et al., 2003). Bakterie rodu Me-
gasphaera jsou nepohyblivé, maji tvar mirné ovalnych kokd, které
se vyskytuji jednotlivé nebo po dvou (Haikara a Lounatmaa, 1987;
Marchandin et al., 2009).

Do rodu Selenomonas je v sou¢asné dobé fazeno 10 druhq,
z nichz pouze jediny, Selenomonas lacticifex, byl izolovan ve spoji-
tosti s kontaminovanymi pivovarskymi kvasnicemi (Schleifer et al.,
1990) a nedavno také v biofilmu na povrchu zafizeni ve stacirné
lahvi (Vavrova et al., 2014). Ostatni druhy se vyskytuji napf. v ustni
dutiné ¢lovéka, v bachoru byloZravcll a ve stfevech prasat a né-
kterych hlodavcu (Dighe et al., 1998; Kingsley a Hoeniger, 1973;
Moore et al., 1987; Zhang a Dong, 2009). Buriky Selenomonas maji
mésickovity az helikalni tvar bunék (nazev rodu pochazi z feckého
~Selene” = mésic a ,monas" = jednotka) s nékolika bi¢iky vychaze-
jicimi ze svazku z centralni ¢asti konkavni strany bunék. Bunky se
vyskytuji jednotlivé, po dvou, nebo jsou usporadany v kratkych fetiz-
cich. Pohyb Selenomonas |ze popsat jako pfevalujici se (Shouche
et al., 2009).

Rod Zymophilus zahrnuje dva druhy: Z. paucivorans a Z. raffinosi-
vorans nachazené vzdy v souvislosti s pivovarskymi provozy — v na-
sadnich kvasnicich a v odpadech vzniklych pfi vyrobé piva. Nazev
Zymophilus je odvozen od nej€astgjSiho mista vyskytu — kvasnic,
z feckého ,.zyme" = kvasnice a ,philos* = milovnik (Schleifer et al.,
1990). Na zékladé morfologické podobnosti byl Zymophilus dfive
chybné identifikovan jako Pectinatus (Motoyama a Ogata, 2000a).
Bakterie rodu Zymophilus jsou rovné, mirné zakfivené az helikalni
pohyblivé ty€ky vyskytujici se nejéastgji jednotlivé nebo po dvou,
nebo méné Casto v kratkych fetizcich. Pohyblivost bunék se mize
po opakovaném pfeockovani vytratit (Schleifer et al., 2009).

2 VYSKYT V PIVU/PIVOVARSKEM
PROVOZU

Bakterie Pectinatus (plivodné omylem povazované za rod Bac-
teroides), byly poprvé zaznamenany ve zkazenych pivech v 60.
letech 20. stoleti (Lee et al., 1980), bakterie Megasphaera v roce
1976 v Némecku (Weiss et al., 1979). V nasledujicich letech byly
Pectinatus a Megasphaera izolovany ze zkazenych piv v riznych ze-
mich Evropy, v Japonsku a USA, v souvislosti s modernizaci plnicich
technologii, zajistujicich snizeni obsahu kysliku v pivu (Back et al.,
1988; Haikara, 1989; Haikara a Lounatmaa, 1987; Juvonen a Suih-
ko, 2006; Schleifer et al., 1990; Takahashi, 1983).

Jako hlavni zdroje kontaminace piva jsou uvadény voda a vzduch.
Bakterie Pectinatus byly detekovany v pini¢ich, v mazacich olejich
smichanych s pivem a vodou, v kanalizaci a drenaznich systé-
mech, ve vzduchu a na podlaze stéceci haly, v kondenzni vodé na
stropé staceci haly, biofilmu na ¢lenitych povrSich ve stagirné lah-
vi. Megasphaera byla izolovana z vodovodniho potrubi, z podiahy
ve staceci hale a ze vzduchu v okoli pivovaru (Back, 1994, 2003;
Henriksson a Haikara, 1991; Matoulkova et al., 2012b; Paradh et
al., 2014; Seidel-Rufer, 1990; Vaughan et al., 2005; Vavrova et al.,
2014). Mimo prostor staceci haly byla pfitomnost bakterii Pectina-
tus potvrzena ojedinéle také v pivu v lezackych tancich, v pretla¢-
nych tancich a v odpadnich kanélcich v podlaze na uUseku filtrace
piva (Matoulkova et al., 2012b). Pfedpoklada se, ze Megasphaera
se mlze vyskytovat jiz v mladiné pfi hlavnim kvaSeni, detekovana
byla i v kvasnicich a v potrubi s CO, (Haikara a Helander, 2006;
Watier et al., 1996). Zjiténa byla i pfitomnost Megasphaera sou-

like manner, or they may not be moving at all (Haikara et al., 1981b;
Chelack and Ingledew, 1987, Lee et al., 1980). They grow within the
temperature range of 15-40 °C, with an optimum at 28-32 °C. At tem-
peratures above 50 °C they die (Tholozan and Jacquemont, 1999).
Sufficient for reliable killing of Pectinatus is an exposure of the tem-
perature of 58—60 °C for 1 minute, which is a milder treatment than the
normal pasteurization of beer (Watier et al., 1995). Individual species
differ from each other in their sensitivity to elevated temperatures — the
species P, cerevisiiphilus is more sensitive than P, frisingensis (Flahaut
et al., 2000).

Five species are distinguished within the genus Megasphaera:
M. cerevisiae, M. paucivorans, M. sueciensis, M. elsdenii and M.
micronuciformis. The species M. cerevisiae, M. paucivorans and M.
sueciensis are found only in connection with spoiled beer; in one
case this bacterium was isolated from brewer's yeast (Engelmann
and Weiss, 1985; Haikara, 1989; Suihko and Juvonen, 2006). The
species M. elsdenii and M. micronuciformis were isolated from out-
side of the brewing operation — M. elsdenii occurs in the rumen of
sheep and cattle and in the intestinal tract and feces of man, M.
micronuciformis was isolated from clinical material (Marchandin et
al., 2003). Bacteria of the genus Megasphaera are stationary, are
shaped like slightly oval cocci and occur singly or in pairs (Haikara
and Lounatmaa, 1987; Marchandin et al., 2009).

The genus Selenomonas currently includes 10 species, of which
only one, Selenomonas lacticifex, was isolated in association with con-
taminated brewer's yeast (Schleifer et al., 1990) and more recently also
from the biofilm on the surface of a device in the bottling plant (Vavrova
et al., 2014). Other species are found in the oral cavity of humans, in
rumen and intestine of herbivores and in the intestine of pigs and some
rodents (Dighe et al., 1998; Kingsley and Hoeniger, 1973, Moore et al.,
1987; Zhang a Dong, 2009). Cells of Selenomonas have a moonlike to
helical cell shape (name of the genus comes from the Greek ,selene” =
moon and ,monas"“ = unit) with several flagella projecting from a bunch
in the central part of the concave side of the cell. Cells occur singly, in
pairs or are arranged in short chains. Selenomonas movements can be
described as tumbling (Shouche et al., 2009).

The genus Zymophilus includes two species: Z. paucivorans and
Z. raffinosivorans, always found in the context of brewing operations
— in pitching yeast, and in wastes from beer production. The name
Zymophilus is derived from the most common site of occurrence —
yeast, from the Greek ,zyme" = yeast and ,philos” = lover (Schleifer
et al., 1990). On the basis of morphological similarities, Zymophi-
lus was previously erroneously identified as Pectinatus (Motoyama
and Ogata, 2000a). Bacteria of the genus Zymophilus are straight,
slightly curved to helical motile rods occurring most frequently singly
or in pairs, or less often in short chains. Cell motility may disappear
after repeated subculturing (Schleifer et al., 2009).

2 OCCURRENCE IN BEER AND IN
BREWING OPERATIONS

Pectinatus bacteria (originally mistaken for the genus Bacteroides)
were first recorded in spoiled beers in the 60s of the 20th century
(Lee et al., 1980), Megasphaera bacteria in 1976 in Germany (Weiss
et al., 1979). In the following years Pectinatus and Megasphaera
were isolated from contaminated beers in different countries of Eu-
rope, Japan and the USA, in the context of the modernization of
filling technologies ensuring reduced oxygen content in beer (Back
et al., 1988; Haikara, 1989; Haikara and Lounatmaa, 1987; Juvonen
and Suihko, 2006; Schleifer et al., 1990; Takahashi, 1983).

Water and air are listed as major sources of contamination of beer.
Pectinatus bacteria were detected in fillers, in lubricating oils mixed
with beer and water, in the sewer and drainage systems, in the air
and on the floor of the bottling hall, in water condensed on bottling
hall ceiling, and in biofilm on rugged surfaces in bottling halls. Megas-
phaera was isolated from water pipelines, from the bottling hall floor
and in the air in the vicinity of the brewery (Back 1994, 2003; Haikara
and Henriksson, 1991; Matoulkova et al., 2012b; Paradh et al., 2014;
Seidel-Rufer, 1990, Vaughan et al., 2005; Vavrova et al., 2014). Out-
side the bottling hall space the presence of Pectinatus bacteria was
confirmed occasionally also in beer in the lager cellar, in the finished
beer in bright beer tanks and in drainage channels in the area of beer
filtration (Matoulkova et al., 2012b). It is assumed that Megasphaera
may occur already in the wort during the main fermentation; it was also
detected in yeast and in pipelines with CO, (Haikara and Helander,
2006; Watier et al., 1996). The presence of Megasphaera bacteria
simultaneously with Pectinatus was also detected (Back, 2005). Sele-
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Casné s bakteriemi Pectinatus (Back, 2005). Bakterie Selenomonas
a Zymophilus jsou spojovany prevazné s pivovarskymi kvasnicemi.
Uvadéna je pfitomnost Z. raffinosivorans v odpadech a kandlech
v pivovaru (Schleifer et al., 1990; Seidel-Rufer, 1990). V poslednich
studiich byl prokazan Casty vyskyt bakterii Selenomonas lacticifex
v biofilmu v prostfedi stacirny lahvi (Felsberg et al., 2014; Vavrova
et al., 2014).

Mikroorganismy jsou zanaseny do pivovaru napf. prostfednictvim
Spinavych lahvi — turbulence vzduchu ve staceci hale pak zajistuje
jejich neustaly pohyb v prostfedi staceci haly. Zdrojem kontaminace
piva béhem jeho plnéni do oballl mohou byt dopravnikové pasy, ze-
jména v pfipadech, kdy nejsou zahrnuty do procesu sanitace linky.
Po sanitaci pak dochazi k rychlé rekontaminaci prostfedi plni¢e a pivo
se snadno kontaminuje diky nepfetrzité aerosolizaci piva v prostoru
plni¢e, resp. monobloku (Haikara a Helander, 2006; Matoulkova et
al., 2012b). Pectinatus zfejmé neni ndhodnou kontaminaci, ale trva-
le obyva uréita prostfedi v pivovarech. Serologicky identické kmeny
Pectinatus byly izolovany z jednoho provozu s intervaly Etyf let mezi
jednotlivymi izolacemi (Haikara, 1983; Hakalehto a Finne, 1990).

Perzistence mikroorganismu v prostiedi staCeci haly je podporova-
na vysokou vihkosti a zvySenou teplotou, ktera se, zejména v letnim
obdobi, blizi optimalni teploté rastu vétsiny pivo-kazicich mikroorga-
nismd. S rostouci teplotou a vihkosti stoupa poéet mikroorganismu
ve vzduchu (Back, 1994). Pectinatus je vSak schopen perzistovat pfi
teplotach nizSich nez 10 °C - riziko kontaminace piva ve staéirnach,
kde je udrzovana nizka teplota, je pak zavislé zejména na kvalité
sanita¢niho procesu (Chowdhury et al., 1995; Suzuki, 2011).

Pfestoze je Pectinatus striktné anaerobni, je zfejmé schopny pfe-
zivat po néjakou dobu v aerosolu. Obecné nejvyssi pocty mikroor-
ganismU jsou nachazeny ve vzduchu v pinic¢i lahvi, zfejmé z divodu
nepfetrzité aerosolizace piva na tomto misté (Haikara a Helander,
2006). Dulezité je umisténi zafizeni ve staCeci hale. Pfi testovani
pfitomnosti a poétu mikroorganismd ve vzduchu staceci haly ve fin-
skych pivovarech bylo zjisténo, ze pocet bakterii ve vzduchu v plnici
je niz&i pfi vétsi vzdalenosti plni€e od mycky lahvi. Dal§im faktorem
je technické feSeni mycky lahvi s vystupem na opaéné strané neZli
vstup lahvi — takové usporadani snizuje riziko rekontaminace lahvi
(Back, 1994; Henriksson a Haikara, 1991; Matoulkova et al., 2012b).

Vyhodné je pro anaerobni bakterie pfezivani v biofilmu. Primar-
nimi kolonizatory povrchll jsou mikroorganismy produkujici extra-
celularni polymery; v pivovarském provozu jsou to octové bakterie
(Storgards et al., 2006). Ty zaroven velice rychle spotiebuji kyslik
a vytvofi tak anaerobni podminky podporujici riist dal§ich mikroorga-
nismU, napf. mléénych bakterii a Pectinatus. MIééné bakterie produ-
kuji kyselinu mlé¢nou, ktera je pro bakterie Pectinatus vhodnym sub-
stratem. Postupnym odumiranim mikroorganismu se navic zvySuje
pH v biofilmu, coz také podporuje rist Pectinatus a Megasphaera
(Back, 1994). Biofilm chrani bakterie proti pasobeni kysliku, vysu-
Seni a uc¢inklm dezinfekénich latek. Tvorba biofilmu je podporovana
nedokonalym mechanickym ¢iSténim pfed chemickou ¢asti sanitace
— biofilm se pak stava trvalym zdrojem kontaminace. Pivo, které se
dostava do kontaktu s biofilmem, vytvafi idealni prostfedi pro preziti
a rozvoj mikroorganismu, obzvlasté v mistech, ktera nejsou pfistup-
na pro dokonalé mechanické a chemické cisténi — napf. v praskli-
nach v podlaze, sténach &i stropé ve staceci hale nebo i jinde v pro-
vozu (Back, 1994, 2003; Matoulkova et al., 2012b).

V tab. 1 je uveden prehled druhl bakterii Megasphaera, Pectina-
tus, Selenomonas a Zymophilus, véetné druhd, které jsou nachaze-
ny v prostifedi mimo pivovarskou vyrobu.

3 SCHOPNOST STRIKTNE ANAEROBNICH
BAKTERII KAZIT PIVO

Pivo zkazené bakteriemi Pectinatus a Megasphaera je charak-
teristické masivnim zakalem a intenzivnim zapachem pfipominaji-
cim zkaZena vejce. Schopnost téchto bakterii vyuzivat r(izné zdro-
je uhliku, napf. laktat a neobvyklé cukry, je obzvlasté nebezpeéna
v pfipadech, kdy dojde ke smiSené infekci piva, nebo u dietnich piv,
u kterych se normalné predpoklada snizena nachylnost ke kazeni
pravé z ddvodu velmi nizkého obsahu zkvasitelnych cukr(i (Chelack
a Ingledew, 1987). V soucasné dobé je podle odhadll Pectinatus
plvodcem 20-30 % pfipadl bakterialniho kaZeni lahvového, velmi
Casto nepasterovaného piva. NachylngjSi ke kazeni touto bakterii
jsou déle piva nealkoholicka, nizkoalkoholickd a méné chmelena.
Kontaminované pivo se zakali béhem 2—14 dn(, v zavislosti na po-
¢atecnim poctu bunék, druhu piva a podminkach jeho skladovani.
Pro Megasphaera se uvadi odhad 3-7 % (Sakamoto a Konings,

nomonas and Zymophilus are associated mainly with brewer‘s yeast.
The presence of Z. raffinosivorans in waste and canals in the brewery
was reported (Schleifer et al., 1990; Seidel-Rufer, 1990). Recent stud-
ies have shown a high incidence of Selenomonas lacticifex bacteria in
the bottling plant biofilm (Felsberg et al., 2014; Vavrova et al., 2014).

Microorganisms are introduced back to the brewery e.g. by dirty
bottles. The air turbulence in the bottling hall then ensures their con-
stant movement in the bottling hall environment. A source of contam-
ination during beer filling into the containers can be conveyor belts,
especially when they were not included in the sanitizing process of
the line. Rapid recontamination of the beer filler environment then
occurs after the sanitizing and beer is easily contaminated due to its
continuous aerosolization in the filler space and/or the monoblock
(Haikara and Helander, 2006; Matoulkova et al., 2012b). Pectinatus
is very likely not an accidental contamination, but permanently inhab-
its certain environments in breweries. Serologically identical Pectina-
tus strains were isolated from a single operation with intervals of four
years between isolations (Haikara, 1983; Hakalehto and Finn, 1990).

The persistence of microorganisms in the bottling hall environment
is supported by high humidity and elevated temperature, which, es-
pecially in the summer, approaches the optimum growth temperature
for most beer-spoilage microorganisms. The number of microorgan-
isms in the air increases with increasing temperature and humidity
(Back, 1994). Pectinatus is however able to persist but at tempera-
tures lower than 10 °C — the risk of contamination of beer in filling
halls, which are maintained at a low temperature, is then particularly
dependent on the quality of the sanitation process (Chowdhury et al.,
1995; Suzuki, 2011).

Although Pectinatus is strictly anaerobic, it is apparently able to
survive for some time in an aerosol. Generally, the highest numbers
of microorganisms are found in the air in the bottle fillers, apparently
because of continuous aerosolization of beer in this location (Haikara
and Helander, 2006). Important is the location of the device in the
bottling hall. Tests for the presence and number of microorganisms in
the air filling hall in Finnish breweries showed that the number of bac-
teria in the air in the filler is the lower the greater is its distance from
the bottle washer. Another factor is the technical solution of the bottle
washer — an arrangement with an outlet at the opposite side than the
bottle inlet reduces the risk of recontamination of bottles (Back, 1994;
Haikara and Henriksson, 1991; Matoulkova et al., 2012b).

Convenient for anaerobic bacteria is the survival in a biofilm. The
primary colonizers of surfaces are microorganisms that produce
extracellular polymers; in the brewing operation this involves ace-
tic acid bacteria (Storgards et al., 2006). They also consume oxy-
gen very quickly and thus create anaerobic conditions supporting
the growth of other microorganisms, e.g. lactic bacteria and Pecti-
natus. Lactic bacteria produce lactic acid, which is a suitable sub-
strate for Pectinatus. Moreover, gradual death of microorganisms
increases the pH of the biofilm, which also promotes the growth of
Megasphaera and Pectinatus (Back, 1994). The biofilm protects
the bacteria against the action of oxygen, desiccation and disinfect-
ing agents. Biofilm formation is supported by imperfect mechanical
cleaning before chemical sanitizing — biofilm then becomes a per-
manent source of contamination. The beer that comes in contact
with biofilm creates an ideal environment for the survival and de-
velopment of microorganisms, especially in places that are not
accessible for perfect mechanical and chemical cleaning — e.g.
cracks in the floor, walls and ceiling in the bottling hall or else-
where in the operation (Back 1994, 2003; Matoulkova et al., 2012b).
Table 1 gives an overview of the types of Megasphaera, Pectinatus,
Selenomonas and Zymophilus bacteria, including species that are
found in the environment outside brewing.

3 THE ABILITY OF STRICTLY ANAEROBIC
BACTERIA TO SPOIL BEER

Beer spoiled by Megasphaera and Pectinatus bacteria is character-
ized by massive haze and an intense odor reminiscent of rotten eggs.
The ability of these bacteria to utilize different carbon sources, e.g. lac-
tate and unusual sugars is particularly dangerous in those cases where
there is a mixed infection of beer, or in diet beer, which are normally
expected to have reduced susceptibility to spoilage precisely because
of the very low content of fermentable sugars (Chelack and Ingledew,
1987). Currently it is estimated that Pectinatus is responsible for 20—
30 % of cases of bacterial spoilage of bottled, often non-pasteurized
beer. More prone to bacterial spoilage are also non-alcoholic, low alco-
hol and low hopped beers. Contaminated beer becomes turbid within
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Tab. 1 Zakladni charakteristika rodd Megasphaera, Pectinatus, Selenomonas a Zymophilus / Table 1 Basic characteristics of genera Me-
gasphaera, Pectinatus, Selenomonas and Zymophilus

Rod / Genus Druh / Species Morfologie bunék / Vyskyt / Occurence Schopnost
Cell morphology kazit pivo
| Beer-
spoilage
ability
Megasphaera M. cerevisiae koky, mirné prodlouzené / pivo, pivovarsky provoz / beer, +
cocci, slightly elongated brewery plant
M. paucivorans koky / cocci pivo / beer +
M. sueciensis koky / cocci pivo / beer +
M. micronuciformis koky / cocci klinicky materidl / clinical neni znamo
specimens / not known
M. elsdenii koky / cocci bachor ovci a dobytka, stfevni neni znamo
trakt ¢lovéka a prasat / rumen of | / not known
sheep and cattle, intestine of man
and pigs
Pectinatus P, cerevisiiphilus pohyblivé tycky, starsi buriky maji hadovity pivo, pivovarsky provoz / beer, +
tvar / motile rods, older cells have snake-like brewery plant
shape
P, frisingensis pohyblivé ty€ky, starsi buriky maji hadovity pivo, pivovarsky provoz / beer, +
tvar / motile rods, older cells have snake-like brewery plant
shape
P, haikarae pohyblivé tycky, starsi buriky maji hadovity pivo, pivovarsky provoz / beer, +
tvar / motile rods, older cells have snake-like brewery plant
shape
P, brassicae zakfivené ty¢ky / curved rods odpad z vyroby nakladanych neni znamo
okurek / salty pickle wastewater | / not known
P, sottacenotis pohyblivé tycky, starsi burfiky maji hadovity | nadrz na zkazené kvasené okurky | neni znamo
tvar / motile rods, older cells have snake-like / pickle spoilage tank / not known
shape
Selenomonas S. lacticifex pohyblivé zakfivené ty¢ky / motile curved rods| kvasnice, pivovarsky provoz / +
brewing yeasts, brewery plant
S. artemidis pohyblivé zakfivené ty¢ky / motile curved rods klinicky material / clinical neni znamo
specimens / not known
S. bovis pohyblivé zakfivené tyky / motile curved rods bachor jaka / rumen of yak neni znamo
/ not known
S. dianae pohyblivé zakfivené ty¢ky / motile curved rods klinicky material / clinical neni znamo
specimens / not known
S. flueggei pohyblivé zakfivené tycky / motile curved rods klinicky material / clinical neni znamo
specimens / not known
S. infelix pohyblivé zakfivené ty€ky / motile curved rods klinicky material / clinical neni znamo
specimens / not known
S. lipolytica pohyblivé zakfivené ty¢ky / motile curved rods| odpad z vyrobny jedlych oleju / neni znamo
wastes from an edible oil mill / not known
S. noxia pohyblivé zakfivené tycky / motile curved rods klinicky material / clinical neni znamo
specimens / not known
S. ruminantium | pohyblivé zakfivené tyCky / motile curved rods| bachor ovci a dobytka, stfevni neni znamo
trakt prasat / rumen of sheep and | / not known
cattle, intestine of pigs
S. sputigena pohyblivé zakfivené tyky / motile curved rods klinicky material / clinical neni znamo
specimens / not known
Zymophilus Z. paucivorans pohyblivé zakfivené ty¢ky / motile curved rods kvasnice, odpady / yeasts, +
brewery wastes
Z. raffinosivorans | pohyblivé zakfivené tycky / motile curved rods kvasnice, odpady / yeasts, +
brewery wastes

2003). Megasphaera kontaminuje nejCastéji nepasterovana piva.
Zéakal se v pivu vytvafi velmi pomalu, po dobu 4-6 tydnu, dokonce
i v nizkoalkoholickém pivu (Haikara a Lounatmaa, 1987).

Hlavnim faktorem ovliviiujicim rast striktnich anaerob( v pivu je
obsah kysliku. Pectinatus a Megasphaera se mnozi v pivu s obsa-
hem kysliku mensim nez 0,3 mg/l, kontaminace je tedy problémem
zejména ve velkych modernich pivovarech (Back, 2005). Druh P, fri-
singensis toleruje kyslik 1épe nez P. cerevisiiphilus — u obou druht
byla v laboratorni studii prokazana schopnost rlstu v pivech s obsa-
hem rozpu&téného kysliku v rozmezi 0,4-0,8 mg/I (Chowdhury et al.,
1995). Riziko kontaminace piva tedy zavisi na raznych faktorech —
obsahu kysliku, alkoholu, pH, mnozstvi kontaminujicich bakterii atd.

2-14 days depending on the initial number of cells and the type of beer
storage conditions. Spoilage frequency of 3-7 % is estimated for Meg-
asphaera (Sakamoto and Konings, 2003). Megasphaera contaminates
mostly non-pasteurized beer. Haze in beer is created very slowly, for
4-6 weeks, even in low-alcoholic beer (Haikara and Lounatmaa, 1987).
The main factor influencing the growth of strict anaerobes in
beer is oxygen content. Pectinatus and Megasphaera prolifer-
ate in beer with an oxygen content of less than 0.3 mg/l, contami-
nation is therefore a particular problem in large modern breweries
(Back, 2005). The species P frisingensis tolerates more oxygen
than P cerevisiiphilus — a laboratory study of both species demon-
strated their ability to grow in beers with a content of dissolved oxy-
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Hlavnim produktem metabolismu bakterii Pectinatus je propionat
v mnozstvi az 100 mmol/l, dale acetat, acetoin, sirovodik, methyl-
merkaptan a dimethylsulfid a stopova mnozstvi butyratu (Membré
a Tholozan, 1994; Schleifer et al., 1990). Megasphaera produkuje
butyrat jako hlavni produkt, dale pak izobutyrat, propionat, valerat,
izovalerat, kaproat a sirovodik (Chelack a Ingledew, 1987). Druh
M. cerevisiae produkuje navic octovou kyselinu a M. sueciensis sto-
pova mnozstvi acetoinu (Juvonen a Suihko, 2006). Pro rlist v pivu
jsou tyto mikroorganismy dobfe pfizpdsobeny — toleruji pH v roz-
mezi 3,5-8,0 (u Megasphaera se uvadi rozmezi 4,0-7,5) a alko-
hol v koncentraci az 4,5 % (w/v) u Pectinatus a do 3,5 % u bakterii
Megasphaera (Haikara a Lounatmaa, 1987; Haikara et al., 1981b;
Chihib et al., 1999). Tolerance k pH je vSak zavisla na obsahu alko-
holu a dalSich vlastnostech piva (Suzuki, 2011). Druh P, frisingensis
vykazuje vySSi rezistenci k pasobeni kysliku a alkoholu a je schopen
vyuzivat 8irsi spektrum zdroju uhliku nezli P. cerevisiiphilus (Tholo-
zan et al., 1994, 1996, 1997).

Selenomonas lacticifex je uvadéna jako pivo-kazici bakterie, pfes-
toze nebyla nikdy izolovana ze zkazeného piva, ale pouze z pivovar-
skych kvasnic (Schleifer et al., 1990; Vaughan et al., 2005) a z bio-
filmG v prostiedi staéirny lahvi (Vavrova et al., 2014). Pfi zaockovani
do piva je schopna rlstu pfi pH nad 4,3-4,6 (Seidel-Rifer, 1990).
S. lacticifex zkvaSuje glukosu na mléénou kyselinu jako hlavni pro-
dukt, s kyselinami octovou a propionovou jako vedlejSimi produkty
(Haikara, 1989). Tim se také liSi od vétSiny ostatnich druht rodu
Selenomonas, které zkvasuji glukosu za vzniku kyselin propionové
a octové (Shouche et al., 2009).

Zymophilus poskozuje pivo produkci kyselin octové a propiono-
vé, Z. paucivorans navic produkuje stopova mnozstvi mlécné kyse-
liny (Schleifer et al., 1990). Zymophilus roste pfi pH nad 4,6 (druh
Z. paucivorans nad 5,0) a pfi obsahu alkoholu do 5 % (w/v) a jeho
schopnost kazit pivo je uvadéna jako podobnd rodu Pectinatus (Sei-
del-Rdfer, 1990).

4 METODY DETEKCE

4.1 Kultivaéni metody

Mikrobiologicka kontrola v pivovarech vyuziva prevazné klasické
kultivaéni metody kombinované s jednoduchym fenotypovym urée-
nim izolat(. Detekce kontaminant( v pivu spociva v jejich zachyceni
(nakoncentrovani) z vhodného objemu (100-500 ml) membranovou
filtraci a kultivaci na vhodném médiu. Pro detekci bakterii Pectinatus
a ostatnich anaerobU v pivu nelze tuto techniku pouzit — membrano-
va filtrace neni Uspésna ani v pfipadé, ze se pouzije pfedredukovana
puda a filtrace probiha v atmosféfe CO, (Haikara, 1984; Haikara,
1985).

V provoznich laboratofich se ke stanoveni pfitomnosti anaerobu
(v pfipadé Pectinatus a Megasphaera) pouziva tzv. ,shelf-life test”,
pfi kterém se pivo ulozi pfi pokojové teploté a po dobu az Sesti tydn(
je sledovana tvorba zakalu. Rychlejsi variantou je tzv. forcing test,
pfi kterém se uzavrené lahve inkubuiji pfi teploté 28—-30 °C. Dobu in-
kubace z 6 na 4 tydny mlze zkratit pfidavek koncentrovaného MRS
bujénu s fruktosou do vySetfovaného piva v poméru 1:5 (Juvonen et
al., 1999) nebo 1:1 (Brandl a Geiger, 2003), pfipadné NBB-C médi-
um, které je jako soucast forcing testu doporu¢ovano v metodikach
EBC (Hage et al., 2005).

VétsSina doporu¢ovanych pld pro anaeroby je tekuta, s obsahem
latek snizujicich redoxpotencial média (napf. askorbova kyselina,
thioglykolat sodny, cysteinhydrochlorid atd.). Pro kultivaci vSech &tyf
uvedenych rodd je nejvhodnéjsi teplota 28-32 °C a pH v rozmezi
5,0-7,0. Pro kultivaci bakterii Pectinatus a ostatnich popisovanych
anaerobl Ize pouzit MRS bujén s béznym &i modifikovanym sloze-
nim (Chaban et al., 2005; Gares et al., 1993; Jespersen a Jakobsen,
1996; Schleifer et al., 1990; Suiker et al., 2007; Watier et al., 1993).
MRS-bujén je pouzivan také pro kultivaéni krok pfed PCR identifi-
kaci (viz dale). Pro kultivaci strikiné anaerobnich bakterii je dale do-
poruc¢ovan komeréné dodavany bujén Raka-Ray (Taidi et al., 2003)
a médium podle Nakagawy (Foster a Andersen, 1999; Chaban et al.,
2005; Takahashi, 1983).

Pro ucely taxonomickych studii a sledovani produkce meta-
bolitd Pectinatus je pouzivan PYF-bujén, plvodné uréeny pro
kultivaci bakterii Megasphaera (Engelmann a Weiss, 1985; Hai-
kara et al., 1981b; aj.). Podle pouzitého zdroje uhliku je puda
oznacovana PYF (fruktosa), PYG (glukosa) nebo PYL (laktat).
Pfi pfipravé plady pro kultivaci Megasphaera je nutné zdroj uhli-
ku (napf. fruktosu) autoklavovat, aby byl touto bakterii utilizovan
(Haikara a Lounatmaa, 1987). PYF bujon je, vedle MRS bujénu,

gen in the range of 0.4-0.8 mg/l (Chowdhury et al., 1995). The risk
of contamination of beer thus depends on various factors — oxy-
gen content, alcohol, pH, amount of contaminating bacteria, etc.
The main product of Pectinatus metabolism is propionate in an amount
of up to 100 mmol/l, as well as acetate, acetoin, hydrogen sulfide, me-
thyl mercaptan and dimethyl sulfide, and trace amounts of butyrate
(Membré and Tholozan, 1994; Schleifer et al., 1990). Megasphaera
produces butyrate as the major product, together with isobutyrate,
propionate, valerate, izovalerate, caproate, and hydrogen sulfide
(Chelack and Ingledew, 1987). In addition, the species M. cerevisiae
produces acetic acid and M. sueciensis traces of acetoin (Juvonen
and Suihko, 2006). The microorganisms are well adapted to growth in
beer — they tolerate pH in the range of 3.5 to 8.0 (with Megasphaera
the range is stated from 4.0 to 7.5) and an alcohol in a concentration of
up to 4.5 % (w/v) for Pectinatus and to 3.5 % for Megasphaera (Chihib
et al.,, 1999; Haikara and Lounatmaa, 1987; Haikara et al., 1981b).
The pH tolerance is dependent on alcohol content and other proper-
ties of the beer (Suzuki, 2011). P, frisingensis has a higher resistance
to oxygen and alcohol and is able to use a broader range of carbon
sources than P, cerevisiiphilus (Tholozan et al., 1994, 1996, 1997).

Selenomonas lacticifex is referred to as a beer-spoilage bacterium al-
though it has never been isolated from spoiled beer, but only from brew-
er's yeast (Schleifer et al., 1990; Vaughan et al., 2005) and from biofilms
in the bottling plant environment (Vavrova et al., 2014). When inoculated
into the beer itis capable of growth at pH of 4.3—4.6 (Seidel-Rufer, 1990).
S. lacticifex ferments glucose to lactic acid as the major product, with ace-
tic acid and propionic acid as by-products (Haikara, 1989). In this it also
differs from most other species of the genus Selenomonas, which fer-
ment glucose to form propionic and acetic acids (Shouche et al., 2009).
Zymophilus damages beer by producing acetic acid and propionic
acid, Z. paucivorans additionally produces trace amounts of lactic acid
(Schleifer et al., 1990). Zymophilus grows at pH above 4.6 (Z. pau-
civorans above 5.0), and at alcohol content up to 5% (w/v) and its abil-
ity to spoil beer is stated to be similar to the genus Pectinatus (Seidel-
Rufer, 1990).

4. DETECTION METHOTS

4.1 Cultivation methods

Microbiological control in breweries uses mainly classical cul-
ture methods combined with a simple phenotypic identifica-
tion of isolates. Detection of contaminants in beer consists in
their capture (concentration) from a suitable volume (100-500
ml) by membrane filtration and cultivation in a suitable medium.
This technique cannot be used for the detection of Pectinatus
and other anaerobes in beer; membrane filtration is not success-
ful even if a pre-reduced medium is used and the filtration takes
place in a CO, atmosphere (Haikara, 1984; Haikara, 1985).
In brewery laboratories, the determination of the presence of an-
aerobes (Pectinatus and Megasphaera) makes use of the so-called
Lshelf-life test“, in which the beer is stored at room temperature for
up to six weeks and turbidity formation is observed. A faster variant
is called a forcing test, in which sealed bottles were incubated at
28-30 °C. The incubation period can be reduced from 6 to 4 weeks
by the addition of concentrated MRS broth with fructose into the in-
vestigated beer in a 1: 5 (Juvonen et al., 1999) or 1: 1 (Brandl and
Geiger, 2003) ratio, or NBB-C medium, which is recommended by
EBC as part of the forcing test methodologies (Hage et al., 2005).

Most media recommended for anaerobes are liquid and contain
substances lowering redox potential of the medium (e.g. ascorbic acid,
sodium thioglycolate, cysteine hydrochloride, etc.). The suitable tem-
perature for the culturing of the four genera is 28-32 °C and pH in the
range of 5.0 to 7.0. The cultivation of Pectinatus and other described
anaerobes can be performed in MRS broth with a conventional or mod-
ified composition (Chaban et al., 2005; Gares et al., 1993; Jespersen
and Jakobsen, 1996; Schleifer et al., 1990; Suiker et al., 2007; Watier
et al., 1993). MRS-broth is also used for the culture step prior to the
PCR identification (see below). For the cultivation of strictly anaerobic
bacteria is further recommended the commercially available Raka-Ray
broth (Taidi et al., 2003) and the medium according Nakagawa (Foster
and Andersen, 1999; Chaban et al., 2005, Takahashi, 1983).

Taxonomic studies and monitoring of the production of Pectina-
tus metabolites make use of PYF broth, originally designed for the
cultivation of Megasphaera (Engelmann and Weiss, 1985; Haikara
et al., 1981b, etc.). Depending on the carbon source the PYF broth
is denoted PYF (fructose), PYG (glucose) or PYL (lactate). When
preparing the medium for cultivation of Megasphaera it is necessary
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pouzivan pro kultivaci sbirkovych kment Selenomonas (Juvonen
et al., 2008).

Doporu€ovanym médiem pro detekci bakterii Pectinatus a Me-
gasphaera v pivu je SMMP (selective medium for Megasphaera and
Pectinatus; selektivni médium pro Megasphaera a Pectinatus), které
se pfidava do vySetfovaného piva (Anonymous, 1998; Lee, 1994).
SMMP obsahuje latky snizujici redoxpotencial, laktat jako jediny
zdroj uhliku, aktidion pro inhibici rdstu kvasinek, krystalovou violet
a sodium fusidat pro inhibici rlistu grampozitivnich bakterii. Alkohol
(pfitomny v pivu, nebo doplnény do pudy pfi analyze nealkoholické-
ho piva) a hotké chmelové latky inhibuji bakterie ¢eledi Enterobac-
teriaceae. Puda se inokuluje tak, Ze se 130 ml vySetfovaného piva
pfida do bariky s 20 ml SMMP, uzavfe, promichda a inkubuje 14 dni
pfi teploté 28-30 °C. Kazdy den je sledovana tvorba zékalu a sedliny
a zmény v zabarveni média. Zakal média je mozno povazovat za
predbézny priikaz pfitomnosti Pectinatus nebo Megasphaera. Plida
by také méla zménit zabarveni: pfi ristu Pectinatus zUstane plda
fialova se sedimentem, pfi ristu Megasphaera se zbarvi zluté. Lak-
tat jako jediny zdroj uhliku zabrani rlstu Zymomonas (Anonymous,
1998; Lee, 1994).

Starsi studie doporuCuji pro detekci Pectinatus LL-agar (lactate
lead acetate agar; agar s laktatem a octanem olovnatym) pouzivany
v kombinaci s tzv. Leeho zkumavkami (Lee et al., 1981, Ogg et al.,
1979). Tyto zkumavky maji dvojitou sténu — bakterie v nich rostou
v pudé mezi dvéma sténami a vytvafi pocitatelné kolonie. LL-agar
obsahuje B-fenylethanol pro inhibici aerobnich a fakultativné anae-
robnich gramnegativnich bakterii, sodium laktat jako jediny zdroj uh-
liku (vyluéuje rlist Zymomonas) a octan olovnaty pro odli§eni gram-
pozitivnich bakterii (bilé kolonie) od Pectinatus, ktery produkuje H,S
(erné kolonie). Pectinatus vytvofi na LL-agaru viditelné kolonie za
2-3 dny, ¢erné zbarveni se projevi za dalsi 2-3 dny (Chelack a In-
gledew, 1987; Lee et al., 1981). Omezenim metody je nedostupnost
Leeho zkumavek (nevyrabi se komeréné) a nizka citlivost — vzhle-
dem k malému objemu inokula (0,1 ml) metoda neumozriuje detekci
nizkych poctd bakterii ve vzorku.

NBB (Nachweismedium fir bierschadliche Bacterien; médium pro
stanoveni pivu-Skodicich bakterii, Déhler, Darmstadt, Némecko) je
bézné pouzivané v pivovarské praxi pro detekci mikroorganismu
schopnych kazit pivo. Plda je pouzivana v rGznych modifikacich
pro rlizné ucely (Back, 2005; Jespersen a Jakobsen, 1996). Pidu
vyrabi firma Déhler (Darmstadt, Némecko) ve formé bujénu, agaru
a koncentratu. Koncentrat (NBB-C) se v riizném poméru smichava
s vodou a analyzovanym pivem podle u¢elu stanoveni — pro detekci
bakterii kazicich pivo obligatné, potencialné nebo pro obecné stano-
veni pfitomnosti bakterii v pivu (Back, 2005).

MRS bujén s modifikovanym slozenim, tzv. MRS-T obsahujici
smeés tetrahydroiso-a-kyselin a B-fenylethanol pro inhibici doprovod-
né bakteridlni mikrofléry, umoznuje detekci bakterii Pectinatus ve
vzorku stéru odebraného z provoznich zafizeni. Puda je odbérova
a zaroven i kultivacni. Inkubace probiha pfi teploté 28-30 °C a sledu-
je se tvorba zakalu ve spodni ¢asti zkumavky. Typické hadovité bun-
ky bakterii Pectinatus |ze mikroskopicky zjistit uz po 24—48 hodinach
od inokulace (Matoulkova et al., 2012a). Pida MRS-T bez obsahu
B-fenylethanolu byla pouzita pro izolaci a naslednou PCR-identifika-
ci bakterii Selenomonas lacticifex z prostfedi sta€eci haly pivovaru
(Felsberg et al., 2014; Vavrova et al., 2014).

Selektivni plidy pro specifickou detekci bakterii Zymophilus a Se-
lenomonas nebyly vyvinuty.

4.2 Metody zalozené na PCR

Principem PCR (polymerasové fetézové reakce) je amplifikace
vybraného (,hledaného) iseku DNA. Syntézu kopii provadi enzym
DNA-polymerasa a oblast na DNA uréena k amplifikaci je ohranice-
na dvojici kratkych oligonukleotidG (tzv. primer(). Cilem PCR reakce
je zvySeni poctu kopii hledané sekvence DNA na detekovatelnou
koncentraci. Produkty PCR-reakci Ize pak nasledné porovnavat,
zjistovat jejich velikost (napf. pomoci gelové elektroforézy pfi tzv.
end-point neboli standardni PCR), sekvenci a napf. pfitomnost mist
rozpoznavanych a Stépenych restrikénimi enzymy (napf. RFLP me-
toda).

PFi pouziti PCR pro detekci bakterii Pectinatus v pivu je nutné
zvysSit citlivost metody pfipravou vzorku pfed zpracovanim, zahrnu-
tim kultivaéniho kroku, nebot PCR v zékladnim provedeni (reakce
probiha nejc¢astéji v objemu 25-50 pl) neumoznuje pfimo detekovat
nékolik bakterialnich bunék v pivu (Satokari et al., 1998). Kontami-
nované pivo obsahuje vétSinou nizké po¢ty mikroorganisma. Proto je
vhodné vySetfovany vzorek piva pfed samotnou analyzou pfevést do
vhodného média a inkubovat za ucelem zvyseni poctu bakterii (Ju-

to autoclave the carbon source (e.g. fructose) to make it utilizable
by this bacterium (Haikara and Lounatmaa, 1987). Apart from the
MRS broth PYF broth is used for the culture of collection strains of
Selenomonas (Juvonen et al., 2008).

The recommended medium for detecting Pectinatus and Megas-
phaera in beer is SMMP (selective medium for Megasphaera and
Pectinatus), which is added to the tested beer (Anonymous, 1998;
Lee, 1994). SMMP contains substances lowering the redox potential,
lactate as a sole carbon source, actidione for inhibiting the growth of
yeasts, crystal violet, and sodium fusidate for inhibiting the growth of
Gram-positive bacteria. Alcohol (present in beer or added to the me-
dium when analyzing non-alcoholic beer) and bitter substances inhibit
bacteria of the family Enterobacteriaceae. The medium is inoculated
as follows: 130 ml of the tested beer is poured into a flask with 20 ml
of SMMP, sealed, mixed and incubated for 14 days at 28 to 30 °C.
The formation of turbidity or sediment and change in the medium color
are monitored each day. Turbidity of the medium can be considered
as a preliminary evidence of the presence Megasphaera or Pectina-
tus. The medium should also change its color: during the growth of
Pectinatus the medium will remain purple with sediment, the growth
of Megasphaera turns it yellow. Lactate as the sole carbon source
prevents the growth of Zymomonas (Anonymous, 1998; Lee, 1994).

For the detection of Pectinatus, earlier studies suggest LL-agar
(lactate lead acetate agar) used in combination with so-called Lee
tubes (Lee et al., 1981, Ogg et al., 1979). These tubes have a double
wall and the bacteria grow in the medium between the two walls and
produce readily counted colonies. LL-agar contains B-phenylethanol
to inhibit aerobic and facultatively anaerobic Gram-negative bacte-
ria, sodium lactate as a sole carbon source (prevents Zymomonas
growth) and lead acetate for differentiation of Gram-positive bacteria
(white colonies) from Pectinatus which produces H,S (black colo-
nies). On LL-agar, Pectinatus produces visible colonies after 2-3
days; the black color appears in the next 2-3 days (Chelack and
Ingledew, 1987, Lee et al., 1981). The limiting feature of the method
is unavailability of Lee tubes (not available commercially) and low
sensitivity — due to the small volume of the inoculum (0.1 ml) the
method cannot detect low numbers of bacteria in the sample.

NBB (Nachweismedium fir bierschadliche Bakterien, Dohler,
Darmstadt, Germany) is commonly used in brewing practice for the
detection of microorganisms capable of spoiling beer. The medium is
used in various forms for different purposes (Back, 2005; Jespersen
and Jakobsen, 1996). It is produced by Déhler (Darmstadt, Germa-
ny) as a broth, agar and concentrate. The concentrate (NBB-C) is
mixed in varying proportions with water and analyzed beer according
to the purpose of the test — for the detection of obligate or potential
beer spoilage bacteria or for the general determination of the pres-
ence of bacteria in beer (Back, 2005).

MRS broth with a modified composition, the so-called MRS-T con-
taining a mixture of tetrahydroiso-a-acids and (-phenylethanol for
inhibiting accompanying bacterial microflora, allows the detection of
Pectinatus in a swab sample taken from brewery operation devices.
The medium is suitable for sampling and is also for cultivation. Incu-
bation is carried out at a temperature of 28-30 °C and the formation
of turbidity at the bottom of the tube is monitored. Typical snake-like
Pectinatus cells can be detected microscopically already after 24-48
hours frominoculation (Matoulkova etal.,2012a). The MRS-T medium
without 3-phenylethanol was used for the isolation and subsequent
PCR-identification of Selenomonas lacticifex bacteria in the brewery
bottling hall environment (Felsberg et al., 2014; Vavrova et al., 2014).
No selective media for the specific detection of Zymophilus and Se-
lenomonas have so far been developed.

4.2 PCR-based methods

The principle of PCR (polymerase chain reaction) is the amplification
of a selected (,searched) DNA region. The synthesis of the copies is
done by the enzyme DNA polymerase and the DNA region designed for
amplification is bounded by a pair of short oligonucleotides (called prim-
ers). The aim of the PCR reaction is to increase the number of copies of
the DNA sequence sought to a detectable concentration. The products
of the PCR reactions can subsequently be compared, their size deter-
mined (e.g. by gel electrophoresis with the so-called end-point or stand-
ard PCR), sequence, and for example the presence of sites recognized
and digested by restriction enzymes (e.g. the RFLP method).

When using PCR for the detection of Pectinatus in beer it is neces-
sary to increase the sensitivity of the method by sample preparation
prior to processing by including the cultivation step, as PCR in the
basic design (the reaction occurs most frequently in a volume of 25—
50 ml) does not directly detect several bacterial cells in beer (Satoka-
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vonen et al., 1999). Haikara et al. (2003) doporuduji 2 x koncentrova-
ny MRS-bujén a inkubaci pfi teploté 27 °C po dobu 3 dnd. V pfipadé
potfeby Ize pouzit aktidion pro inhibici rGstu kvasinek.

Specificnost PCR-reakce je dana volbou primer(, a tedy cilovou
sekvenci DNA. Vhodnymi cilovymi sekvencemi DNA pro identifikaci
Pectinatus jsou tzv. mezernikové oblasti (ITS = internal transcribed
spacer) mezi geny 16S rDNA a 23S rDNA. Je tak umoznéna i dru-
hové specifickd identifikace, nebot sekvence mezernikovych ob-
lasti nejsou konzervované jako samotné geny kédujici ribozomalni
podjednotky (Juvonen et al., 2003). Pfi pouziti cilové sekvence 16S
rDNA byla v jednom pfipadé pozorovana zkfizena reakce s blizce
pfibuznou bakterii Zymophilus spp., pravé pro zna¢nou konzervo-
vanost sekvenci kédujicich 16S rRNA (Motoyama a Ogata, 2000a;
Motoyama a Ogata, 2000b). Jako cilové sekvence pro identifikaci
Pectinatus na urovni rodu a druhu mohou slouzit také geny koédujici
proteiny bi¢ikl (Chaban et al., 2005) ¢&i proteiny vnéjs§i membrany
(Pittet et al., 2014).

Na zakladé pouzitych primert a zplsobu vizualizace PCR-pro-
duktu existuje nékolik typli PCR-technik. Publikovany byly techniky
detekce a identifikace Pectinatus zalozené na standardni PCR (Asa-
no et al., 2008; Haikara et al., 2003; Juvonen et al., 1999, 2003;
Sakamoto et al., 1997; Satokari et al., 1997; Takeuchi et al., 2005),
real-time PCR (viz dale) a dalsi.

Pfi real-time PCR (PCR v redlném Case) je mozné sledovat na-
rist koncentrace produktu reakce jiz béhem amplifikace. Detekce
je zalozena na zvySovani fluorescenéniho signélu v zavislosti na
narGstu mnozstvi amplifikovaného produktu (Kiehne et al., 2003).
Po ukonéeni real-time PCR je mozné pomoci analyzy priibéhu kfiv-
ky tani potvrdit identifikaci mikroorganismu (Methner et al., 2004;
Tsuchiya et al., 2003). K dispozici jsou rizné komeréni kity (Hage
a Wold, 2003; Miicher a Schénling, 2000; Schénling et al., 2007).
Dal$i modifikaci standardni PCR je RAPD-PCR (RAPD=random
amplified polymorphic DNA; analyza nahodné amplifikované poly-
morfni DNA), umoznujici identifikaci bakterii na drovni druhu i kme-
ne. Principem je pouziti jediného velmi kratkého primeru s nahodné
zvolenou sekvenci — amplifikace pak vede k rliznému poétu frag-
mentd, protoZze primer se na DNA vaZze na nahodnych mistech.
Soubor ziskanych fragmentu je typicky pro uréity kmen a pro po-
uzity primer (Tompkins et al., 1996). PCR-ELISA (ELISA=Enzyme
linked immunoabsorbent assay; analyza s enzymem navazanym
na immunosorbent, tj. protilatku) je obdobou standardni PCR s tim
rozdilem, Ze k vizualizaci produktu je vyuzivana technika ELISA
(Walker et al., 2003). Metoda rep-PCR (repetitive sequence ba-
sed PCR) s primery komplementarnimi k repeptitivnim sekvencim,
které se ve velkém poctu vyskytuji v genomu bakterii, byla pouzita
pro identifikaci izolatl Pectinatus do Urovné druhu. Autofi potvr-
dili skute¢nost, Zze P, frisingensis je v ramci rodu Pectinatus dete-
kovan nejCastéji. Na zaékladé analyzy genomu (tzv. fingerprintu)
izolatll bylo dale zjisténo, ze nékteré pivovary maji zfejmé jeden
zdroj kontaminace, zatimco u jinych zna¢né odliSné izolaty Pecti-
natus svéd¢i o nékolika zdrojich kontaminace (Suiker et al., 2007).
Skupinové specifickd PCR umoznujici detekci bakterii roda Pecti-
natus, Megasphaera, Selenomonas a Zymophilus v jediné reakci
byla popséana v praci Juvonena et al. (2008). Metoda v uspofadani
end-point PCR je pfi zahrnuti kroku Stépeni PCR produktu speci-
fickymi restrikénimi enzymy (tzv. RFLP-PCR) vhodna i pro odliSeni
jednotlivych rodl; v usporadani real-time PCR toho Ize dosahnout
analyzou kfivky tani (Juvonen et al., 2008). Specifickd PCR-detek-
ce bakterii Selenomonas lacticifex byla popsana v aktualni praci
Felsberga et al. (2014).

4.3 Ostatni metody

Pro charakterizaci Pectinatus je pouzivana automaticka ribotypi-
zace, ktera vyuziva vnitrodruhového i mezidruhového DNA polymor-
fismu (Motoyama et al., 1998; Suihko a Haikara, 2001; Takeuchi et
al., 2005).

Membranova filtrace kombinovana s fluorescenci (DEFT) a imu-
nofluorescenci umoznuje odhalit kontaminaci piva 2-3 dny pfed
vznikem viditelného zakalu u Pectinatus a 1-2 dny v pfipadé de-
tekce bakterii Megasphaera (Haikara, 1984, 1985). Pfed samotnou
analyzou je nutny kultivaéni krok v PYG- nebo PYF-bujoénu. Poté se
vzorek Zfiltruje a bakterie zachycené na membrané se barvi akridi-
novou oranzi nebo fluorescenéné znacenymi protilatkami. Kontroln{
stanoveni bakterii v pivu trvd 7—8 dni. Detekéni limit u obou zpUsobu
je pfiblizné 1000 bunék na membrané. Autorka sama upozorfiuje na
skutec¢nost, ze pomoci uvedenych metod Ize detekovat a urcit Pecti-
natus a Megasphaera ve vzorku piva za 4-6 dni pfi pouziti aktivné
rostoucich laboratornich kultur. Ze dvou jmenovanych zpusobl je

ri et al., 1998). Contaminated beer contains mostly low numbers of
microorganisms. It is therefore appropriate to transfer the examined
beer sample prior to analysis into a suitable medium and incubate
for the purpose of increasing the number of bacteria (Juvonen et al.,
1999). Haikara et al. (2003) recommend a 2x concentrated MRS-
broth and incubation at 27 °C for 3 days. If necessary, actidione can
be used to inhibit the growth of yeast.

Specificity of PCR reactions is given by the choice of primers and
therefore by the target DNA sequence. Suitable target DNA sequences
for identification of Pectinatus are so-called spacer regions (ITS = in-
ternal transcribed spacer) between 16S rDNA and 23S rDNA genes.
This makes possible and species-specific identification, because the se-
quences of spacer regions are not conserved as the genes encoding ri-
bosomal subunits (Juvonen et al., 2003). When using a target sequence
of 16S rDNA, cross-reactivity with closely related Zymophilus spp. bacte-
ria was observed in one case because of the considerable conservation
of sequences encoding the 16S rBRNA (Motoyama and Ogata, 2000a,b).
As the target sequences for identification of Pectinatus at genus and
species level one can also use the genes encoding flagellar proteins
(Chaban et al., 2005) and outer membrane proteins (Pittet et al., 2014).

There are several types of PCR techniques based on the prim-
ers used and the method of visualization of the PCR product. Other
published techniques for detection and identification of Pectinatus
based on standard PCR (Asano et al., 2008; Haikara et al., 2003;
Juvonen et al., 1999, 2003 Sakamoto et al., 1997; Satokari et al.,
1997; Takeuchi et al., 2005), real-time PCR (see below) and others.

In real-time PCR it is possible to monitor the increase in the concen-
tration of the reaction product already during amplification. Detection is
based on an increase in the fluorescent signal in dependence on the
increase in the amount of amplified product (Kiehne et al., 2003). After
completion of the real-time PCR it is possible to confirm the identity of
the microorganism using a melting curve analysis (Methner et al., 2004,
Tsuchiya et al., 2003). Various commercial kits are available for the pur-
pose (Hage and Wold, 2003; Mucheru and Schénling, 2000; Schénling
et al., 2007). Another modification of the standard PCR, RAPD-PCR
(RAPD = random amplified polymorphic DNA), allows the identifica-
tion of bacteria at the species and strain level. The principle is to use
a single very short primer with a randomly selected sequence — the
amplification then leads to different fragments as the primer binds to
DNA at random locations. The set of fragments so obtained is typical for
a particular strain and for the primer used (Tompkins et al., 1996). PCR-
ELISA (ELISA = enzyme linked immunoabsorbent assay) is similar to
a standard PCR with the difference that the product is used for visu-
alization by the ELISA technique (Walker et al., 2003). The Rep-PCR
method (repetitive sequence based PCR) with primers complementary
to repetitive sequences which occur in the genome of a large number of
bacteria, was used to identify Pectinatus isolates at species level. The
authors confirmed that P, frisingensis is detected most frequently within
the genus Pectinatus. Based on the analysis of the genome (so-called
fingerprint) of the isolates it was found that some breweries seem to
have one source of contamination, while in others very different Pecti-
natus isolates suggest several sources of contamination (Suiker et al.,
2007). Group-specific PCR for detection of bacteria of the genera Pec-
tinatus, Megasphaera, Selenomonas and Zymophilus and in a single
reaction was described by Juvonen et al. (2008). The method, in an
end-point PCR arrangement, when incorporating the step of the PCR
product cleavage with specific restriction enzymes (called RFLP-PCR),
is suitable for differentiation of individual genera; in real-time PCR ar-
rangement this can be achieved by melting curve analysis (Juvonen et
al., 2008). Specific PCR-detection of Selenomonas lacticifex has been
recently described by Felsberg et al. (2014).

4.3 Other methods

Characterization of Pectinatus used automatic ribotyping, which
uses intraspecies and interspecies DNA polymorphisms (Motoyama
et al., 1998; Suihko and Haikara, 2001; Takeuchi et al., 2005).

Membrane filtration combined with fluorescence (DEFT) and im-
munofluorescence makes it possible to detect contamination of beer
2-3 days before the onset of visible turbidity with Pectinatus and
1-2 days in case of Megasphaera detection (Haikara, 1984, 1985).
The actual analysis has to be preceded by a necessary cultivation
step in PYG- or PYF-broth. The sample is then filtered and the bac-
teria trapped on the membrane are stained with acridine orange or
fluorescently labeled antibodies. Control determination of bacteria in
beer takes 7—8 days. The limit of detection for both modes is about
1000 cells per membrane. The author herself points out that, using
these methods, one can detect and identify Pectinatus and Megas-
phaerain a sample of beer for 4—6 days when using actively growing
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DEFT, tedy barveni akridinovou oranzi, metoda nespecificka. Speci-
fickou ji €ini teprve pouziti pady pro kultivaéni krok (Haikara, 1985).

Vysledky testovani monoklonalnich protilatek reagujicich s po-
vrchovymi antigeny a s proteiny bi¢ikd P, cerevisiiphilus publikovali
Gares et al. (1993). Autofi uvadéji, ze pomoci membranové filtrace
vySetfovaného piva a naslednou reakci na membrané zachycenych
mikroorganisml s fluorescenéné znacenymi protilatkami (metoda
MF-FIA, membrane filter-based fluorescence immunoassay) Ize de-
tekovat 2—-4 bakterie P cerevisiiphilus v 10 ml piva za dobu kratSi
nez 3 hodiny. Ziola et al. (1999) doporucuji pouziti monoklonalnich
protilatek reagujicich s epitopy v peptidoglykanové vrstvé bunék pro
rychlou spole¢nou detekci pfitomnosti M. cerevisiae, P. cerevisiiphi-
lus, P frisingensis, Selenomonas lactifix, Zymophilus paucivorans
a Z. raffinosivorans.

Fluorescenéni in situ hybridizace (FISH) vyuziva fluorescenéné
znaceného oligonukleotidu (fluorescenéni sondy), ktery se specificky
vaze na 16S rRNA bakterii Pectinatus. Tato metoda umoznuje iden-
tifikaci na drovni jedné bunky — testovani vSak probihalo na pomno-
zené laboratorni kultufe. Bakterie izolované z piva jsou fyziologicky
mnohem méné aktivni, fluorescenéni signal je pak tedy slabsi a ob-
tizngji detekovatelny. Autofi sami uvadéji, ze metoda v zakladnim
provedeni neni dostate¢né citliva pro detekci bakterii v pivu; dopo-
ru€uji proto aplikaci nékolika specifickych sond najednou pro zvyse-
ni intenzity fluorescenéniho signalu a pouziti kultivacniho kroku pro
zvySeni poctu kopii rRNA na detekovatelnou hladinu (Yasuhara et
al., 2001).

Pfitomnost bakterii Pectinatus a Megasphaera ve vzorku zkazené-
ho piva Ize prokazat na zakladé profilu syntetizovanych organickych
kyselin pomoci plynové chromatografie. Pectinatus mGze byt v pivu
identifikovan i ve smési s mléénymi bakteriemi (mlé€né bakterie ne-
produkuji kyselinu propionovou). Megasphaera je typicka produkci
propionatu, izobutyratu, butyratu, izovaleratu, valeratu, kaproatu
a kapronatu (Foster a Andersen, 1999; Schisler et al., 1979). Haika-
ra et al. (1981a) uvadi, Ze propionova kyselina muze byt ve vzorku
zkazeného piva detekovana 1 den pred jeho viditelnym zakalenim.

Profil buné&&nych mastnych kyselin stanoveny pomoci plynové
chromatografie a hmotnostni spektrometrie maze slouzit pro identifi-
kaci a ur€eni fylogenetické pfibuznosti bakterii (Helander a Haikara,
1995).

Publikovany byly prace popisujici stanoveni plazmalogent bak-
terii Pectinatus (Rezanka et al., 2011, 2013). Plazmalogeny jsou
béznou sloZkou lipidd u zivocichll véetné ¢lovéka, u prvoku a strikt-
né anaerobnich bakterii (Goldfine, 2010) a Ize je stanovit napf. me-
todou HILIC (hydrophilic interaction liquid chromatography; kapa-
linova chromatografie s hydrofilnimi interakcemi) (Rezanka et al.,
2011).

Pro identifikaci strikiné anaerobnich bakterii a ostatnich kontami-
nant piva lze pouzit hmotnostni spektrometrii s laserovou desorpci
a ionizaci s prlletovym analyzatorem (matrix assisted laser desorp-
tion/ionization time-of-flight mass spectrometry; MALDI-TOF MS).
V publikaci Vavrova et al. (2014) byla rozSifena referenéni databaze
o rody Pectinatus, Megasphaera a Selenomonas a prokdzana byla
spolehlivost metody MALDI pro identifikaci anaerobl s tim, Ze pred
samotnou analyzou je nutny kultivacni krok. Detekéni limit metody
je kromé kultivaéniho kroku (tzv. pre-enrichment step) zavisly na
typu mikroorganismu (Sedo et al., 2011). Aplikace techniky MALDI-
-TOF MS pro identifikaci anaerobd v pivu/kvasnicich byla popsana
v dalich dvou nezavislych studiich (Kern et al., 2014; Wieme et al.,
2014).

Publikovana byla chemiluminiscenéni technika HPA (hybridisati-
on protection assay) pro detekci bakterii Pectinatus a Megasphaera
(Paradh et al., 2014). Principem metody je hydridizace cilové DNA
se specifickou sondou znagenou esterem akridinia, ktery emituje
chemiluminiscenc¢ni signdl. Po hybridizaci nasleduje separace hybri-
du z roztoku pomoci tzv. diferencialni alkalické hydrolyzy (nenavéaza-
né sondy jsou degradovany, jejich akridinester hydrolyzovan). K od-
separovanym hybriddm je pfidan induktor luminiscence a intenzita
indukovaného svétla je méfena v luminometru (Paradh et al., 2014).

5 ZAVER

Stoupajici pocet pfipadl kaZzeni piva bakteriemi rodu Pectinatus
a ostatnimi anaeroby je dliisledkem modernizace plnicich technolo-
gii, které vedou ke snizeni obsahu kysliku v pivu na minimalni hod-
noty. Pivo se tak stdva anaerobnim prostfedim vhodnym pro rist
a mnozeni téchto mikroorganism(i. Kontaminace piva anaerobnimi
bakteriemi (zejména rody Pectinatus a Megasphaera) ma specifické

laboratory cultures. Of the two ways mentioned DEFT i.e. acridine
orange staining, is a non-specific method. It is only made specific by
using the medium for the cultivation step (Haikara, 1985).

The results of testing of monoclonal antibodies reacting with
surface antigens and flagellar proteins of P cerevisiiphilus were
published by Gares et al. (1993). The authors report that by using
membrane filtration of the tested beer and subsequent reaction of
the membrane-captured microorganisms with fluorescently labeled
antibodies (MF-FIA method, membrane filter-based fluorescence im-
munoassay) one can detect 2—4 P, cerevisiiphilus bacteria in 10 ml of
beer for a within less than 3 hours. Ziola et al. (1999) recommended
the use of monoclonal antibodies reacting with epitopes in the pep-
tidoglycan layer of cells for fast joint detection of the presence of
M. cerevisiae, P, cerevisiiphilus, P. frisingensis, Selenomonas lactifix,
Zymophilus paucivorans and Z. raffinosivorans.

Fluorescence in situ hybridization (FISH) uses fluorescently la-
beled oligonucleotide (fluorescent probe) that specifically binds to
the Pectinatus 16S rRNA. This method allows identification at a sin-
gle cell level, but one should note that the testing was conducted
on a propagated laboratory culture. Bacteria isolated from beer are
much less physiologically active and the fluorescent signal is thus
weaker and less detectable. The authors themselves state that in the
basic design the method is not sensitive enough to detect bacteria
in beer; they therefore recommend using several specific probes at
a time for increasing the intensity of the fluorescent signal using and
a cultivation step to increase the copy number of rRNA to a detect-
able level (Yasuhara et al., 2001).

The presence of Pectinatus and Megasphaera in a sample of
spoiled beer can be established by gas chromatography based on
the profile of the synthesized organic acids. Pectinatus in beer can
be identified in a mixture with lactic bacteria (lactic acid bacteria do
not produce propionic acid). Megasphaera typically produces pro-
pionate, isobutyrate, butyrate, isovalerate, valerate, caproate and
capronate (Foster and Andersen, 1999; Schisler et al., 1979). Hai-
kara et al. (1981) state that propionic acid may be detected in the
sample of spoiled beer one day before the visible turbidity appears.

The cell fatty acid profile determined by gas chromatography and
mass spectrometry can be used to identify and determine the phylo-
genetic relationships of the bacteria (Helander and Haikara, 1995).

Some studies describe the determination of plasmalogens in Pec-
tinatus (Rezanka et al., 2011, 2013). Plasmalogens are a common
constituent of lipids in animals, including humans, protozoa and
strictly anaerobic bacteria (Goldfine, 2010) and can be determined
e.g. by using HILIC (hydrophilic interaction liquid chromatography)
(Rezanka et al., 2011).

Identification of the strictly anaerobic bacteria and other beer con-
taminants can be performed by using matrix assisted laser desorption/
ionization time-of-flight mass spectrometry (MALDI-TOF MS). The pub-
lication by Vavrova et al. (2014) extended the reference database by
genera Pectinatus, Megasphaera and Selenomonas and demonstrat-
ed the reliability of the method for MALDI identification of anaerobes,
though a cultivation step is necessary prior to analysis. The detection
limit of the method, apart from the addition of the culture of step (called
a pre-enrichment step), is dependent on the type of microorganism
(Gray et al., 2011). The application of the MALDI-TOF MS techniques
for identification of anaerobes in beer and/or yeast was described in
two other independent studies (Kern et al., 2014; Wiem et al., 2014).

An HPA (hybridization protection assay) chemiluminescent tech-
nique has also been used for the detection of Megasphaera and Pec-
tinatus (Paradh et al., 2014). The principle of the method is the hy-
bridization of target DNA with a specific probe labeled with acridinium
ester, which emits a chemiluminescent signal. The hybridization is fol-
lowed by separation of hybrids from the solution using the so-called
differential alkaline hydrolysis (unbound probes are degraded, their
acridine ester is hydrolyzed). The separated hybrids are supplied with
luminescence inducer and the luminescence intensity of the induced
light is measured by a luminometer (Paradh et al., 2014).

5 CONCLUSIONS

The increasing number of cases of beer spoilage by bacteria of the
genus Pectinatus and other anaerobes is due to the modernization
of the filling technology, which leads to the reduction of the oxygen
content in the beer to a minimum. Beer thus becomes an anaerobic
environment suitable for the growth and reproduction of these micro-
organisms. Contamination of beer by anaerobic bacteria (especially
the genera Megasphaera and Pectinatus) has specific features:
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rysy: kontaminovany nejsou celé 8arze, ale pouze ndhodné nékteré
lahve/plechovky (ke kontaminaci dochazi vétSinou prostfednictvim
aerosolu pfi plnéni piva do oball); k vizualnimu poskozeni piva (ij.
k pomnozeni bakterii) mize dojit az nékolik tydn od kontaminace,
kdy je pivo uz v trzni siti; v extrémnich pfipadech mize dochazet
k explozi lahvi vlivem nahromadéni plyn(; kontaminovana mohou
byt i piva dietni (tyto bakterie jsou schopné vyuzivat rizné zdroje uh-
liku, napf. laktat a nezvyklé cukry); pfi pouziti béznych kultivacnich
metod nejsou tyto kontaminanty pfi provozni kontrole detekovany.
Identifikaci anaerobnich bakterii v pivu Ize provést s pouzitim speci-
fickych kultivaénich pid a podminek, nebo metodami zalozenymi na
PCR/real-time PCR, MALDI-TOF MS a HPA.
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