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Matoulkova, D.: Strikiné anaerobni bakterie v pivu a pivovarském provozu. Kvasny Prum. 54, 2008, ¢. 11-12, s. 338-343.

Obsah kysliku je jednim z hlavnich faktord ovliviujicich mikrobiologickou stabilitu piva. Sou¢asnym trendem ve vyvoji plnicich technologii
je snizeni koncentrace kysliku v hotovém pivu na minimalni hodnoty. Pivo se tak stava prostfedim, kde se mohou uplatnit strikiné anaerobni
bakterie, které pro sv(j rist a mnozeni vyZaduji velmi nizky nebo nulovy obsah kysliku. Striktné anaerobni bakterie schopné kazit pivo nebo
kontaminovat pivovarské kvasnice patfi do rod Pectinatus, Megasphaera, Zymophilus a Selenomonas. Ke zvySovani pocétu pfipadu kazeni
piva témito mikroorganismy pfispiva také stoupajici produkce piv, ktera jsou vice nachylna k mikrobialnimu kazeni — piva nepasterovana, ne-
alkoholicka, nizkoalkoholickd a méné chmelend.V €lanku je uveden pfehled zékladnich morfologickych, biochemickych a fyziologickych viast-
nosti této skupiny bakteri.

Matoulkova, D.: Strictly anaerobic bacteria in beer and in breweries. Kvasny Prum. 54, 2008, No. 11-12, p. 338-343.

The content of oxygen is one of the main factors affecting microbiological stability of beer. The current trend in the development of bottling
technologies therefore accentuates lowering of oxygen tension in finished beer to a minimum. Beer thus becomes a medium in which strictly
anaerobic bacteria that require for their growth and proliferation very low or zero oxygen level can thrive. Strictly anaerobic bacteria capable
of spoiling beer or contaminating brewer’s yeast belong to the genera Pectinatus, Megasphaera, Zymophilus and Selenomonas. The incre-
asing frequency of beer spoilage cases is also promoted by increasing production of beers that have a higher propensity to microbial spoi-
lage — nonpasteurized, nonalcoholic, low-alcoholic and low hopped beers. A survey is presented here of basic morphological, biochemical
and physiological properties of this group of bacteria.

Matoulkova, D.: Die striktanaerobe Bakterien im Bier und in der Brauerei. Kvasny Prum. 54, 2008, Nr. 11-12, S. 338-343.

Der Sauerstoffgehalt im Bier ist ein von den die mikrobiologische Bierstabilitdt meist beeinflussenden Hauptfaktoren. Der heutige Trend in
der Entwicklung von Abfiillungsanlagen fihrt zur einen Sauerstoffkonzentrationreduktion im Bier auf den minimalen Wert. Damit wird das
Bier ein Medium, wo die strikt anaeroben Bakterien, die keine oder minimale Anforderung an Sauerstoffgehalt haben, gute Bedingungen fiir
ihr Wachstum und weitere Vermehrung finden kénnen. Die strikt anaeroben Bakterien, die das Bier verderben oder die Brauereihefe konta-
minieren kénnen, gehdren zu den Stdmmen Pectinatus, Megasphaera, Zymophilus und Selenomonas. Zu der steigenden Zahl der Félle,
wann das Bier durch diese Mikroorganismen verdorben wird, tragt auch die steigende Produktion von Bieren bei, die eine erhéhte Neigung
zum mikrobiellen Verderben aufweisen - nicht pasteurisierte, alkoholfreie, alkoholarme oder weniger gehopfte Biere. In dem Artikel ist eine
Ubersicht von den grundlegenden morphologischen, biochemischen und physiologischen Merkmalen dieser Bakteriengruppe angefihrt.

MaTtoynkoBa, [l.: BakTepuu KateropMyecku aHaepobHble B NMBe U B NMBOBapeHHbIX 3aBofax. Kvasny Prum. 54, 2008, Ho. 11-12,
cTp. 338-343.

CogaeprxaHwve Kucrnopoaa saBnseTcs O4HNM U3 rNaBHbIX hakTOPOB BANSIOLMX HA MUKPOOMOSOrMYeCcKyo CTabubHOCTb NMBa. HacToawmm
TPEHAOM B PasBUTUM PO3NIMBOYHBIX TEXHOMOMMIA ABNSAETCA MOHMXXEHWE KOHLEHTpauumu Kucnopoga B roTOBOM MMBE K MUHUMASIbHOMY
3Ha4eHnto. Takum 06pa3oM NUBO CTAHOBUTCS CPeaou, KAe MOryT HaWTu NPUMEHEHWEe KaTeropudeckn aHaspobHble 6akTepun, TpebytoL-
yee 4119 pocTa U pa3MHOXXEHMUSA OYEHb HU3KO0E UK HyfeBoe cofepxxanue kucnopoaa. Kateropudeckn aHaspobHble 6aKTepumn CrocobHbIe
noepexxgaTb NMBO UNW 3arpsA3HATL MMBOBAPEHHbIE APOXOKM NpuHaanexart B poga Pectinatus, Megasphaera, Zymophilus v Selenomonas.
BospacTatowee npom3BoACTBO HENACTEPU30BAHHBIX, 6€3aIKOrofibHbIX, HU3KOANKOrObHbIX MUB 1 NUB C 60NEee HU3KUM CoAep>XXaHnem
XMeJieBbIX BELWEeCTB, T. €. NUMB 60M1ee NpeapacnofioOXXEHHbIX K U3BPAaLLEHUIO MUKPOOPraHn3Mamu, CnocobCcTByeT NOBbLILWEHWe Ynucna cny-
YaeB M3BpalleHNs NUB 3TUMU MUKPOOpraHuscMamu. B ctaTbe npuBefeHa CBOAKa OCHOBHbLIX MOPOMOrMYECcKUX, BUOXUMUHECKUX U
PU3NONOrNHECKNX CBOMCTB ITOW rpynnbl 6akTepuen.

Klicova slova: strikiné anaerobni bakterie, Pectinatus, Zymophilus,
Selenomonas, Megasphaera, kaZeni piva, kontaminace kvasnic

uvoD

Hotové pivo, jeho meziprodukty a zafizeni v pivovarskych provo-
zech predstavuiji prostfedi, v némz nachazeji uplatnéni jak pivovarské
kvasinky, pouzivané pro vyrobu piva, tak i Skodlivé mikroorganismy
(bakterie, plisné, divoké kvasinky), jejichz pfitomnost a metabolicka
¢innost je pfi vyrobé piva nezadouci. V poslednich tficeti letech na-
byvaji mezi $kodlivymi bakteriemi na vyznamu striktné anaerobni bak-
terie, které vyZzaduji pro svuj rist prostfedi s minimalnim nebo nulo-
vym obsahem rozpusténého kysliku. Stoupajici pocet pfipadl kazeni
piva témito bakteriemi je v pfimé souvislosti s modernizaci plnicich
technologii, jejichz cilem je snizit obsah kysliku v pivu na minimalni
hodnoty. Pivo se tak stava anaerobnim prostfedim vhodnym pro rlist
a mnozeni striktnich anaerobu [1].

Striktné anaerobni bakterie pfizplsobené prostiedi pivovarskych
provozll predstavuiji skupinu Ctyf bakterialnich roda: Pectinatus, Zy-
mophilus, Selenomonas a Megasphaera. V sou€asné dobé jsou tyto
rody fazeny do &eledi Acidaminococcaceae (doména Bacteria, kmen
Firmicutes, tfida Clostridia, fad Clostridiales) [2, 3]. Jejich vyskyt je
témér vyhradné vazan na moderni pivovarské provozy produkujici
pivo s velmi nizkym obsahem kysliku (pod 1 mg/l). Rody Pectinatus
a Megasphaera se ve vétsiné pfipadl vyskytuji jako sekundarni kon-
taminace piva [4]. Jsou nachazeny méné ¢asto nez napf. mlé¢né bak-

Keywords: strictly anaerobic bacteria, Pectinatus, Zymophilus, Se-
lenomonas, Megasphaera, beer spoilage, yeast contamination

INTRODUCTION

Finished beer, its intermediate products and brewery machinery
are environments that may host not only brewer’s yeast used for beer
production but also unwanted microorganisms (bacteria, fungi, wild
yeasts) whose presence and metabolic activity during beer produc-
tion is highly undesirable. In the last decades, a prominent position
among harmful bacteria has increasingly been taken by anaerobic
bacteria that require for their growth an environment with minimum
or zero level of dissolved oxygen. The rising incidence of beer spoi-
lage by these bacteria is directly associated with the modern advan-
ces in bottling technologies, which aim at lowering oxygen content in
beer to a minimum. Beer thus becomes an anaerobic environment
suitable for growth and reproduction of strict anaerobes [1].

Strictly anaerobic bacteria adjusted to the brewery environment fall
within four bacterial genera: Pectinatus, Zymophilus, Selenomonas
and Megasphaera. These genera are currently classed into the fa-
mily Acidaminococcaceae (domain Bacteria, phylum Firmicutes,
class Clostridia, order Clostridiales) [2, 3]. Their occurrence is nearly
exclusively linked with modern brewery plants producing beers with
very low oxygen content (below 1 mg/l). The genera Pectinatus and
Megasphaera are mostly found as secondary beer contaminants [4].
Their incidence is lower than that of lactic acid bacteria [1, 5] but, in
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terie [1, 5]. Av8ak na rozdil od mlé¢nych bakterii, u nichZ se vysky-
tuji kmeny pivo kazici i nekazici, jsou Pectinatus a Megasphaera bak-
terie obligatné pivo kazici [1]. Bakterie Zymophilus a Selenomonas
jsou sporadicky izolovany z kontaminovaného piva a kvasnic [3, 6].

Pro rody Pectinatus, Zymophilus, Selenomonas a Megasphaera je
dale charakteristické, ze se jedna o mesofilni, nesporulujici bakterie
se strikiné fermentativnim typem metabolismu. VétSina zastupcl,
s vyjimkou rodu Megasphaera a druhu Pectinatus portalensis, ma
tyCkovity tvar bunék a vyznacuje se velmi aktivnim pohybem. Meto-
dou podle Grama se tyto bakterie barvi gramnegativné ¢i gramva-
riabilné [3, 6].

V nasledujicim pfehledu jsou uvedeny zakladni morfologické, bio-
chemické a fyziologické vlastnosti jmenovanych bakterialnich rodd,
jejich vyskyt a Skodlivost.

Pectinatus

Do rodu Pectinatus jsou fazeny Ctyfi druhy: P, cerevisiiphilus, P, fri-
singensis, P haikarae a P, portalensis. Prvni tfi jmenované druhy jsou
nachazeny vzdy pouze ve spojeni se zkazenym pivem a pivovarskymi
provozy, druh P, portalensis byl izolovan z odpadu pfi vyrobé vina [6,
7, 8].

Bakterie rodu Pectinatus jsou rovné az mirné zakfivené pohyblivé
ty€ky uspoféddané po jedné nebo po dvou buhkach, jen vyjimeéné
v kratkych fetizcich (obr. 1). Starsi buriky v kultufe mohou mit spira-
lovity, v pfipadé P, haikarae také smyckovity &i kyjovity tvar [8, 9, 10].
Velikost bunék se pohybuje v rozmezi 0,4-0,9 x 2-50 um. Uspofa-
dani bi¢ikl Ize popsat jako hiebinkovité (obr. 2) —bi¢iky (v poctu 1-23)
vystupuji pouze z jedné strany burky [10]. Katalasova reakce je ne-
gativni, pouze u P, haikarae pozitivni [6, 8]. Pohyb mladych bunék pfi-
pomina pismeno X. Star&i buriky se pohybuji hadovité, popfipadé ne-
musi byt viibec pohyblivé [8, 11, 12]. Zakladni charakteristika rodu je
uvedena v tab. 1.

Tyto mikroorganismy jsou povazovany za pfechodovou formu mezi
gramnegativnimi a grampozitivnimi bakteriemi — jejich bunky maji
vnéjsi membranu typickou pro gramnegativni bakterie a zaroven sil-
nou peptidoglykanovou vrstvu a dalsi znaky typické pro grampozitivni
bakterie [12, 13, 14, 15].

Bakterie rodu Pectinatus mohou jako zdroj uhliku vyuzivat pomérné
Siroké spektrum cukril. Zkvaduji glukosu, fruktosu, galaktosu, mal-
tosu, ribosu, arabinosu a také laktat, pyruvat a glycerol. Ethanol neni
témito mikroorganismy vyuzivan ani produkovan [9]. Hlavnim pro-
duktem metabolismu bakterii Pectinatus je propionat v mnozstvi az
100 mmol/I[16], dale acetat, acetoin, sirovodik, methylmerkaptan a di-
methylsulfid a stopova mnozstvi butyratu [6].

Pectinatus byl poprvé izolovan ze zkazeného piva na konci 60. let
20. stoleti [9, 17].V nasledujicich letech dochazelo, v souvislosti s mo-
dernizaci plnicich technologii, k prudkému zvyseni poctu pfipadi ka-
Zeni piva touto bakterii [6, 14, 18]. Pectinatus je nejcastéji izolovan
ze zkazenych piv v Némecku, Svédsku, Norsku, Finsku, USA, Ja-
ponsku a Francii [8, 19, 20, 21, 22, 23, 24]. Zkazené pivo je charak-
teristické masivnim zakalem a intenzivnim zéapachem pfipominajicim
zkazena vejce [12, 25].

Pro rast v pivu jsou tyto mikroby velmi dobfe pfizplsobeny — tole-
ruji pH v rozmezi 3,5-8,0 a alkohol v koncentraci az 4,5 % (w/v) [12,
26]. Druh Pectinatus frisingensis vykazuje vy$Si rezistenci k pdsobeni
kysliku, alkoholu a toleranci k $ir§imu rozmezi hodnot pH neZli P. ce-
revisiiphilus, a vyuziva také Sir§i spektrum zdrojd uhliku [27, 28].

V soucasné dobé je podle odhadl Pectinatus pivodcem 20-30 %
pfipadli bakterialniho kazeni lahvového, velmi ¢asto nepasterova-
ného piva [1, 29, 30]. Nachylngjsi ke kazeni touto bakterii jsou dale
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Obr. 1/ Fig. 1 Pectinatus sp. RIBM 2-85 / Pectinatus sp. RIBM 2-85
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contrast to lactic acid bacteria that include both beer-spoiling and
-nonspoiling strains, Pectinatus and Megasphaera are obligate beer
spoilers [1]. Bacteria Zymophilus and Selenomonas are sporadically
isolated from contaminated beer and yeast [3, 6].

Genera Pectinatus, Zymophilus, Selenomonas and Megasphaera
are characteristically mesophilic, nonsporulating bacteria with strictly
fermentative metabolism. Most species, with the exception of genus
Megasphaera and species Pectinatus portalensis, are represented
by rod-like cells with very active motion. When stained according to
Gram these bacteria appear either as gram-negative or gram-vari-
able [3, 6].

The following survey gives basic morphological, biochemical and
physiological properties of these bacterial genera, their occurrence
and harmfulness.

Pectinatus

The genus Pectinatus contains four species: P. cerevisiiphilus, P
frisingensis, P haikarae and P, portalensis. The former three species
are found always only in connection with spoiled beer and brewery
plants while P, portalensis was isolated from wine production wastes
[6, 7, 8].

Bacteria of the Pectinatus species are straight to slightly curved
rods found singly or in pairs, exceptionally as short chains (Fig. 7).
Older cells in the culture may have spiral, with P. haikarae also loop-
like or club-like shape [8, 9, 10]. Cell size varies in the range of 0.4-0.9
x 2-50 um. The arrangement of flagella can be described as comb-
like (Fig. 2) — flagella (numbered 1-23) emerge only on one side of
the cell [10]. Catalase reaction is negative, in P. haikarae positive [6,
8]. The motion of young cells resembles the letter X, older cells ex-
hibit a snake-like motion or are immotile [8, 11, 12]. The basic cha-
racteristics of the genus are given in Table 1.

These microorganisms are taken to be a transitory form between
gram-negative and gram-positive bacteria- the cells possess the ou-
ter membrane typical for gram-negative bacteria and, at the same
time, a thick peptidoglycan layer and other features typical for gram-
positive bacteria [12, 13, 14, 15].

Bacteria of the genus Pectinatus can utilize a broad range of su-
gars as carbon sources. They ferment glucose, fructose, galactose,
maltose, ribose, arabinose and also lactate, pyruvate and glycerol.
They neither utilize nor produce ethanol [9]. The main metabolic pro-
duct of Pectinatus bacteria is propionate in amounts of up to 100
mmol/l [16], and also acetate, acetoin, hydrogen sulphate, methyl-
mercaptan and dimethylsulfide, and trace amounts of butyrate [6].

Pectinatus was isolated for the first time from spoiled beer at the
end of 1960ies of the last century [9, 17]. In the following period the
frequency of cases of beer spoilage by this bacterium sharply rose
in connection with the introduction of modern bottling technologies
[6, 14, 18]. Pectinatus is most often isolated from spoiled beers in
Germany, Sweden, Norway, Finland, USA, Japan and France [8, 19,
20, 21, 22, 23, 24]. The spoiled beer is characterized by a massive
haze and intense smell resembling addled eggs [12, 25].

These bacteria are well adapted for growth in beer — they tolerate
pH in the range of 3.5 to 8.0 and alcohol concentrations of up to 4.5
% (w/v) [12, 26]. The species Pectinatus frisingensis displays a hig-
her resistance to oxygen, alcohol and tolerance to a broader pH range
than P, cerevisiiphilus, and utilizes also a broader spectrum of car-
bon sources [27, 28].

At present, Pectinatus is estimated to be the source of 20 to 30 %
cases of spoilage of bottled beer, very often nonpasteurized one [1,
29, 30]. More inclined to spoilage are also nonalcoholic, low-alcohol

Obr. 2/ Fig. 2 Hfebinkovité usporadani bi¢ik( Pectinatus / Comb-like
arrangement of flagella in Pectinatus
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Tab. 1/ Table 1 Zakladni charakteristika bakterii Pectinatus, Zymophilus, Selenomonas a Megasphaera | Basic characteristics of bacteria of
genera Pectinatus, Zymophilus, Selenomonas and Megasphaera

Mikroorganismus | Tycky | Koky | Velikost Pohyb | Gramovo | Optimélni | Rozmezi Optimalni | Katalasovéa | Vyskyt
Microorganism Rods | Cocci | bunék Motion | barveni | teplota teplot ph reakce Occurrence
Cell size Gram Optimum Temperature | Optimum | Catalase
(m) staining | temperature | range pH reaction

P, cerevisiiphilus | + - 0.4-09x2-32 | + v 30-32°C 15-40 °C 45-6.2 - pivo. pivovarsky provoz /
beer. brewery plants

P, frisingensis + - 0.7-09x3-20 | + -Iv 30-32 °C 15-40 °C 45-49 - pivo. pivovarsky provoz /
beer. brewery plants

P, portalensis +a - 1.0 - - 37°C 12-42 °C n - odpady pfi vyrobé vina /
wine production wastes

P, haikarae +b - 0.6-0.8x3-50 | +-~ -Iv 20-30 °C 15-30 °C n + pivo. pivovarsky provoz /
beer. brewery plants

Z. paucivorans + - 0.8-1.0x5-30 | + - 30°C N n - kvasnice. odpady / yeast.
wastes

Z. raffinosivorans | + - 0.7-09x315 | + - 30°C N n - kvasnice. odpady / yeast.
wastes

S. lacticifex + - 0.6-0.9x5-15 | + - 30°C N - - kvasnice / yeast

M. cerevisiae - + 1.3-1.6 - - 30 °C 15-37 °C 6.3 - pivo / beer

M. paucivorans | - 1.2-1.5 - - 30°C 15-37 °C 6.3 - pivo / beer

M. sueciensis - 1.0-1.2 - - 30°C 15-37 °C 6.3 - pivo / beer

Pozn. / Note: + pozitivni reakce / positive reaction; — negativni reakce / negative reaction; v — variabilni reakce / variable reaction; a — ovalny tvar bunék /
oval cell shape; b — ve stacionarni fazi mze byt tvar bunék kulovity, kyjovity nebo smyckovity / cell shape in stationary phase can be round club-like or loop-

like; n — neni znamo / not known

piva nealkoholicka, nizkoalkoholicka a méné chmelena. Pectinatus
byl izolovan ve staeci hale: z kanalizace, drenaznich systém(, z ma-
zadel smichanych se zbytky piva, z plni€e, z podlahy a kondenzo-
vané vody na stropé staceci haly [4, 9, 31, 32]. Jako hlavni zdroje
kontaminace piva jsou uvadény voda a vzduch. Pfestoze je Pectina-
tus striktné anaerobni, dokaze zfejmé po urcitou dobu prezivat v pro-
stfedi staceci haly (napf. v aerosolu) a kontaminovat pivo [14]. Vy-
soka vilhkost a zvySena teplota ve staeci hale znaéné usnadniuji
neni nahodnou kontaminaci, ale trvale obyvé pivovarsky provoz [12,
17, 33]. Pfirozené prostredi, zplsob prenosu do pivovarského pro-
vozu, rezervoar a zpUsob perzistence téchto bakterii v provozu ne-
byly dosud objasnény [1, 20, 29].

Charakteristika druhu P, portalensis se neshoduje s obecnou cha-
rakteristikou rodu Pectinatus. Buniky P portalensis jsou ovalné, ne-
pohyblivé, velké pfiblizné 1 um. Vyskytuji se jednotlivé, po dvou
a v rané stacionarni fazi rGstu Ize pozorovat fetizky tvofené az deseti
burikami. Optimalniho rlstu (s az dvojnasobnou rychlosti v porovnani
s ostatnimi druhy rodu Pectinatus) je dosazeno pfi teploté 37 °C. P,
portalensis byl izolovan z odpadt vzniklych pfi vyrobé vina. Jedna se
zatim o jediny pfipad vyskytu Pectinatus v prostfedi mimo pivovarsky
provoz [7].

Zymophilus
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 [1, 3].
Bakterie rodu Zymophilus jsou rovné, mirné zakfivené az helikalni
pohyblivé ty¢ky vyskytujici se jednotlivé, po dvou nebo méné ¢asto
v kratkych fetizcich (obr. 3). Pohyblivost Zymophilus se mlze po sub-

10 pm e /

Obr. 3/ Fig. 3 Zymophilus raffinosivorans DSM 20765

and low-hopped beers. In bottling halls, Pectinatus was isolated from
the sewer system, drainage system, from lubricants mixed with beer
residues, from the filler, from the floor and water condensed on the
ceiling of the bottling hall [4, 9, 31, 32]. The main sources of beer
contamination are taken to be air and water. Although Pectinatus is
strictly anaerobic, it can obviously survive for some period of time in
the environment of the bottling hall (e.g. in aerosol) and contaminate
beer [14]. High air humidity and high temperature in the bottling hall
greatly facilitates the survival of these bacteria in the brewery [4, 32].
Pectinatus probably does not represent an accidental contaminant
but persists permanently in brewery plants [12, 17, 33]. The natural
environment, mode of transfer into the brewery, sources and reser-
voirs and the basis of persistence of these bacteria in breweries have
not yet been elucidated [1, 20, 29].

The characteristics of the species P, portalensis differs from the ge-
neral characteristics of the genus Pectinatus. Cells of P. portalensis
are oval, nonmotile, about 1 um in size. They occur singly, in pairs and,
in the early stationary phase, they may form chains consisting of up
to ten cells. Optimum growth (with a growth rate up to twice that of ot-
her Pectinatus species) occurs at 37 °C. P, portalensis was isolated
from the wastes of wine production. It represents as yet the only known
example of Pectinatus occurrence outside brewery plants [7].

Zymophilus

The genus Zymophilus comprises two species: Z. paucivorans and
Z. raffinosivorans, which are found solely in connection with brewery
plants, namely in pitching yeast and in brewery wastes [1, 3].

Zymophilus bacteria are straight, slightly curved to helical motile
rods found singly, in pairs or less frequently in short chains (Fig. 3).
The motility of Zymophilus cells may disappear after subculturing [3,
6]. These species were previously erroneously classified as Pectina-
tus based on morphological similarity [34]. The basic characteristics
of the genus are given in Table 1.

Z. paucivorans utilizes a narrower range of sugars than Z. raffino-
sivorans. Main metabolic products are acetic and propionic acids, Z.
paucivorans produces also trace amounts of lactic acid [6]. Zymop-
hilus grows at pH above 4.3—4.6 and at alcohol concentrations of up
to 5 % (w/v) [31, 35] and its ability to spoil beer is similar to that of
Pectinatus [1].

Selenomonas

The genus Selenomonas includes at present 10 species out of
which only Selenomonas lacticifex has been isolated from contami-
nated brewer’s yeast [6]. Other species are found in the oral cavity of
humans, in the rumen of herbivores and in the intestine of pigs and
some rodents [3, 36].

Selenomonas are typically moonlike to helical, with some flagella
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kultivacich vytratit [3, 6]. Na zakladé morfologické podobnosti byly
dfive chybné identifikovany jako rod Pectinatus [34]. Zakladni cha-
rakteristika rodu je uvedena v fab. 1.

Z. paucivorans vyuziva v porovnani se Z. raffinosivorans uzsi spekt-
rum cukrd. Hlavnimi produkty metabolismu téchto bakterii jsou ky-
selina octova a propionova, Z. paucivorans navic produkuje stopova
mnozstvi kyseliny mlééné [6]. Zymophilus roste pfi pH nad 4,3-4,6
a pfi obsahu alkoholu do 5 % (w/v) [31, 35], a jeho schopnost kazit
pivo je podobna rodu Pectinatus [1].

Selenomonas

Do rodu Selenomonas je v sou¢asné dobé razeno 10 druh(, z ni-
chz pouze jediny, Selenomonas lacticifex, byl izolovan ve spojitosti
s kontaminovanymi pivovarskymi kvasnicemi [6]. Ostatni druhy se vy-
skytuji v Ustni dutiné ¢lovéka, v bachoru byloZravcl a ve stfevech pra-
sat a nékterych hlodavct [3, 36].

Pro Selenomonas je typicky mésickovity az helikalni tvar bunék
s nékolika biCiky vychazejicimi ze svazku nebo v kratké linii v cent-
ralni ¢asti konkavni strany bunék [3, 12]. Schematicky je toto uspo-
fadani bi¢ikl znazornéno na obr. 4. Bunky se vyskytuji jednotlivé, po
dvou nebo v kratkych fetizcich (obr. 5). Pohyb Selenomonas Ize po-
psat jako prevalujici se [6, 36]. Zakladni charakteristika druhu S. lac-
ticifex je uvedena v tab. 1.

Selenomonas lacticifex je mnohdy uvadéna jako pivo-kazici bak-
terie, presto vSak nebyla nikdy izolovana pfimo ze zkazeného piva,
ale pouze z kontaminovanych kvasnic [1, 6, 29]. Glukosu tato bakte-
rie fermentuje na kyselinu mléénou jako hlavni produkt a kyselinu oc-
tovou a propionovou jako vedleji produkty [37]. Tim se také lisi od
vétSiny ostatnich druhtl rodu Selenomonas, které zkvasuiji glukosu za
vzniku pouze kyseliny propionové a octové [6].

Megasphaera

V ramci rodu Megasphaera je rozliSovano pét druhd: M. cerevi-
siae, M. paucivorans, M. sueciensis, M. elsdenii a M. micronucifor-
mis. Druhy M. cerevisiae, M. paucivorans, M. sueciensis jsou na-
chazeny pouze v souvislosti se zkazenym pivem, v jednom pfipadé
byla tato bakterie izolovana z pivovarskych kvasnic [37]. Druhy M.
elsdenii a M. micronuciformis jsou izolovany z prostfedi mimo pivo-
varsky provoz — M. elsdenii se vyskytuje v bachoru ovci a dobytka
a ve stfevnim traktu a stolici Clovéka, M. micronuciformis je izolovana
z klinického materialu [3, 38].

Bakterie rodu Megasphaera jsou mesofilni, nesporulujici, nepo-
hyblivé, gramnegativni mirné ovalné koky vyskytujici se nejcastéji sa-
mostatné nebo po dvou, u pivovarskych izolatd jen velmi vyjimeéné
v kratkych Fetizcich (obr. 6). Velikost bunék se pohybuje v rozmezi
1-1,6 um [8, 12]. Katalasova reakce je u téchto bakterii negativni [3].

Megasphaera byla poprvé izolovana ze zkazeného piva v 70. le-
tech 20. stoleti [22, 39]. Podobné jako v pfipadé rodu Pectinatus stoupl
v nasledujicich letech pocet pfipadl kazeni piva touto bakterii v sou-
vislosti se zavadénim modernich plnicich technologii. Vyskyt bakteri
rodu Megasphaera byl zaznamenan ve zkazenych pivech ve Finsku,
Némecku, Australii a USA [8, 40, 41, 42].

V soucasné dobé je podle odhadid Megasphaera ptivodcem 3-7 %
pfipadl bakterialniho kazeni lahvového, nej¢astéji nepasterovaného
piva. Nachylngjsi ke kazeni jsou piva méné chmelena, nizkoalkoho-
lickd a nealkoholickd, a kromé zkaZeného piva jsou tyto bakterie na-
chazeny v prostredi staCeci haly [1]. V literatufe se uvadi izolace Me-
gasphaera ze vzduchu v okoli pivovaru [41].

Pro rod Megasphaera je typicka velmi pomala (az 6 tydn(y) tvorba
zakalu kontaminovaného piva [42]. Kontaminované pivo vykazuje
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Obr. 5/ Fig. 5 Selenomonas lacticifex DSM 20757

Obr. 4/ Fig. 4 Usporadani bi¢iki Selenomonas — bi¢iky vychazi z cent-
ralni ¢asti konkavni strany buriky / Flagellar organization in Seleno-
monas — flagella emerge from the central part of the concave side of
the cell

originating from a bunch or a short line in the central part of the con-
cave side of the cell [3, 12]. Fig. 4 shows a schematic representation
of this arrangement of flagella. The cells occur singly, in pairs or in
short chains (Fig. 5). The motion of Selenomonas can be described
as tumbling [6, 36]. Basic characteristics of the S. lacticifex species
are given in Table 1.

Although Selenomonas lacticifex is often presented as a beer-spo-
iling bacterium it has never been isolated directly from spoiled beer
but only from contaminated yeast [1, 6, 29]. The bacterium ferments
glucose to lactic acid as the main product and acetic and propionic
acids as side products [37]. In this it differs from most other species
of genus Selenomonas, which ferment glucose to propionic and ace-
tic acids only [6].

Megasphaera

The genus Megasphaera comprises five species: M. cerevisiae, M.
paucivorans, M. sueciensis, M. elsdenii a M. micronuciformis. The
species M. cerevisiae, M. paucivorans, M. sueciensis are ;found only
in association with spoiled beer in one case the bacteria were isola-
ted from brewer’s yeast [37]. Species M. elsdenii and M. micronuci-
formis have been isolated from environments outside brewery plants
— M. elsdenii occurs in the rumen of sheep and cattle and in the in-
testinal tract and stools of humans, M. micronuciformis has been iso-
lated from clinical material [3, 38].

Bacteria of genus Megasphaera are mesophilic, nonsporulating,
nonmotile, gram-negative slightly oval cocci occurring most frequ-
ently singly or in pairs, in brewery isolated also exceptionally in short
chains (Fig. 6). Cell size is in the range of 1-1.6 um [8, 12]. The ca-
talase reaction of the bacteria is negative [3].

Megasphaera was first isolated from spoiled beer in the seventies
of the last century [22, 39]. Like with the genus Pectinatus the num-
ber of cases of beer spoilage by this bacterium has then risen due
to the introduction of modern bottling technologies. Occurrence of
Megasphaera bacteria in spoiled beer has been noted in Finland,
Germany, Australia and USA [8, 40, 41, 42].

Current estimates ascribe to Megasphaera some 3 to 7 % cases
of bacterial spoilage of bottled, most often nonpasteurized beer. More
spoilage-prone are low-hoppped, low-alcohol and nonalcoholic be-
ers. Apart from beer, the bacteria are found in various locations in
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Obr. 6 / Fig. 6 Megasphaera cerevisiae DSM 20461
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silny zakal a zapach pfipominajici zkazena vejce [12, 25]. Megasp-
haera produkuje butyrat jako hlavni produkt, dale pak isobutyrat, pro-
pionat, valerat, isovalerat, kaproat a sirovodik [12]. Druh M. cerevi-
siae produkuje navic kyselinu octovou a M. sueciensis stopova
mnozstvi acetoinu [8].

Udaje o citlivosti bakterii Megasphaera k alkoholu se v literarnich
zdrojich zcela neshoduji — jako limitni jsou uvadény koncentrace
2,8 %, 3,8 % a 5,5 % (w/v) [12, 29, 35]. Optimalni pH 6,3 s tole-
ranénim rozmezim 4,0-7,5 [43]. Chelack a Ingledew [12] uvadi mini-
malni pH 4,3.

ZAVER

V béznych podminkéch pivovarskych provozi neni mozné zabra-
nit vnikani a mnohdy i trvalé perzistenci pivu Skodicich bakterii v su-
rovinach a provoznich zafizenich. Nejcastéjsi kontaminaci pivovarské
vyroby a hotového piva jsou bakterie mlééného kvaseni (rody Lacto-
bacillus, Pediococcus). Podili se na pfiblizné 70 % vSech pfipadl bak-
terialniho kazeni piva [5]. Jejich stanoveni je v provoznich laborato-
fich zalozeno na kultivaénich metodach — membranové filtraci a pfimé
kultivaci na ztuZzenych padach [35, 44]. Strikiné anaerobni bakterie,
obzvlasté rody Pectinatus a Megasphaera, jsou méné Castymi pl-
vodci kazeni piva [5]. Jejich pfitomnost v pivovaru neni odhalena pfi
bézné mikrobiologické kontrole — strikiné anaerobni bakterie nelze
detekovat pomoci membranové filtrace, nerostou na pevnych padach.
Stanoveni je také limitovano technikou odbéru vzorku — pfi kontaktu
téchto bakterii s kyslikem dochazi k jejich odumfeni a k ziskani fa-
le$né negativnich vysledkl [12, 45].

Vyskyt strikiné anaerobnich bakterii a nardst poctu pfipad( kazeni
piva témito mikroorganizmy je v pfimé souvislosti se sou¢asnym vy-
vojem plnicich technologii v pivovarstvi, jehoZ cilem je snizit obsah
kysliku v pivu na minimalni hodnoty. Ke zvySenému vyskytu Pectina-
tus a Megasphaera v pivovarskych provozech dale pfispiva pouzi-
vani pratokové pasterace a studené sterilizace a stoupajici produkce
piv, ktera jsou vice nachylna ke kaZeni (piva nepasterovana, nealko-
holicka, nizkoalkoholicka a méné chmelend) [35, 43].
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[43]. Chelack and Ingledew [12] give pH 4.3 as the lower limit.

CONCLUSION

Under conditions commonly encountered in brewery plants the
transfer and sometimes permanent persistence of beer spoilage bac-
teria is practically impossible to prevent. The most frequent contami-
nants in breweries and in finished beer are lactic acid bacteria (ge-
nera Lactobacillus, Pediococcus), which are responsible for some
70 % of all cases of bacterial beer spoilage [5]. Their determination
in brewery laboratories is based on cultivation methods- membrane
filtration and direct cultivation on solid media [35, 44]. Strictly anae-
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less frequent beer contaminants [5]. Their presence in a brewery is
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rilization, and the ever increasing production of beers with propen-
sity to spoilage (nonpasteurized, nonalcoholic, low-alcohol and low-
hopped beers) [35, 43].
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