Kvasny Prum.
64/2018 (5)

242

Brewing microbiology — bacteria of the genus Clostridium

DOI: 10.18832/kp201830
Brewing microbiology — bacteria of the genus Clostridium
Mikrobiologie pivovarské vyroby — bakterie rodu Clostridium

Martina BROZOVA, Petra KUBIZNIAKOVA, Dagmar MATOULKOVA
Department of Microbiology, Research Institute of Brewing and Malting, Lipova 15, CZ-120 44 Prague
Mikrobiologické oddéleni, Vyzkumny ustav pivovarsky a sladaisky, a.s., Lipova 15, 120 44 Praha

e-mail: brozova@beerresearch.cz, kubizniakova@beerresearch.cz, matoulkova@beerresearch.cz

Reviewed paper / Recenzovany clanek

Brozova, M., Kubizniakova, P., Matoulkova, D., 2018: Brewing microbiology — bacteria of the genus Clostridium. Kvasny Prum.
64(5): 242-247

In most cases, the Clostridium species rank among the sporogenic obligate anaerobes, which are sensitive to bitter hop substances
and acidic pH. Thus they rank among the less dangerous contaminants in brewing operations. Their increased incidence in breweries
can be linked to the modernization of technologies, which reduces access to oxygen in individual production phases. The endospores
of Clostridium bacteria were isolated, e.g., from the storage vessels for liquid malt substitutes (glucose, starch syrups). They are able
to survive the conditions of mashing and wort boiling, but they can not germinate in the following phases of beer production. However,
their ability to be present in the vegetative form until the wort preparation presents a risk of damage to finished beer — vegetative cells
form a number of undesirable organic acids, which may pass into the finished product. We provide here an overview of basic morpho-
logical and physiological properties of these bacteria and describe their importance in the brewing process. Particular attention is given
to species Clostridium acetobutylicum, C. butyricum, C. cellulovorans, C. pasteurianum, C. thermocellum, ,,C. thermosaccharolyticum*
(Thermoanaerobacterium thermosaccharolyticum) and C. tyrobutyricum, which were detected in brewing operations.
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Druhy rodu Clostridium se ve vétsSiné pfipadl fadi mezi sporulujici obligatni anaeroby citlivé na horké chmelové latky a kyselé pH
a nepfedstavuiji tak v pivovarskych provozech zavazné riziko. Jejich zvySeny vyskyt v pivovarech mliZze byt spojen s modernizaci tech-
nologii, které snizuji pfistup kysliku v jednotlivych vyrobnich fazich. Endospory bakterii Clostridium byly izolovany napf. ze skladovacich
nadob (tanku) pro tekuté sladové nahrazky (glukosové, Skrobnaté sirupy). Jsou schopné prezit podminky rmutovani i chmelovaru, ale
v navazujicich fazich vyroby piva nemohou vykli€it. Jejich schopnost vyskytovat se ve vegetativni formé az do faze pfipravy mladiny vSak
pfinasi riziko poskozeni hotového piva - vegetativni buriky tvofi celou fadu nezadoucich organickych kyselin, které mohou pfejit az do
hotového vyrobku. V publikaci jsou popsany zékladni morfologické a fysiologické vlastnosti téchto bakterii, je zde popsan jejich vyznam
Vv procesu vyroby piva. Zvlastni pozornost je vénovana druhdm Clostridium acetobutylicum, C. butyricum, C. cellulovorans, C. pasteu-

rianum, C. thermocellum, ,,C. thermosaccharolyticum® (Thermoanaerobacterium thermosaccharolyticum) a

detekovany v pivovarskych provozech.

Keywords: anaerobic bacteria, Clostridium, C. acetobutylicum,
C. butyricum, C. cellulovorans, C. pasteurianum, C. thermocellum,
“C. thermosaccharolyticum” (Thermoanaerobacterium
thermosaccharolyticum), C. tyrobutyricum, contamination of beer,
endospores

1 INTRODUCTION

Bacteria of the genus Clostridium rank among the sporogenic bac-
teria. Due to the high resistance of endospores, these bacteria are
able to survive mashing and wort boiling, and can therefore be also
found in finished beer (Suzuki, 2015). However, their following
growth in beer is inhibited by bitter hop substances and acidic pH
(Basarova et al., 2010; Menz et al., 2009). Bacteria of the genus
Clostridium usually enter the brewing operations with raw materials
and their occurrence was also confirmed in the vegetative form in
intermediate brewing products (wort, boiled wort). In these sub-
strates or intermediates, a number of undesirable substances can be
produced due to the metabolic activity of Clostridium bacteria, which
may be responsible for changing the sensory profile of the finished
beer (Hawthorne et al., 1991; Storgérds, 2000). Thanks to the strong
resistance of their endospores Clostridium bacteria are very difficult
to remove from the brewing operations (Suzuki, 2015).

2 GENERAL CHARACTERISTICS OF
GENUS CLOSTRIDIUM

The genus Clostridium is characterized by its wide range and vari-
ability. Generally, bacteria of this genus are obligately anaerobic,
catalase-negative, oxidase-negative, sporogenic (Durre, 2014;
Rainey et al., 2015). The cells are in the form of pleomorphic rods
(i.e. straight or slightly curved with different lengths and diameters)
with rounded or pointed (less common) ends. Clostridium cells occur
in pairs, or in short chains. Only some species create long chains.

C. tyrobutyricum, které byly

Klicova slova: anaerobni bakterie, Clostridium, C. acetobutylicum,
C. butyricum, C. cellulovorans, C. pasteurianum, C. thermocellum,
,C. thermosaccharolyticum” (Thermoanaerobacterium
thermosaccharolyticum), C. tyrobutyricum, endospory, kontaminace
piva

1 UVOD

Bakterie rodu Clostridium se fadi mezi sporulujici bakterie. Vysoka
odolnost endospor umoznuje témto bakteriim pfezivat i nepfiznivé
podminky rmutovani ¢i chmelovaru a néktefi zastupci tak mohou byt
detekovani i v hotovém pivu (Suzuki, 2015). Jejich dalSi rozvoj je
vSak potlac¢en diky pfitomnosti hofkych chmelovych latek a kyselé-
mu pH (Basafova et al., 2010; Menz et al., 2009). Do pivovarskych
provozu vstupuji tyto bakterie vétSinou se surovinami a jejich vyskyt
byl také potvrzen ve vegetativni formé v pivovarskych meziproduk-
tech (sladina, mladina). V téchto substratech ¢i meziproduktech do-
chéazi diky metabolické aktivité bakterii Clostridium k tvorbé celé fady
nezadoucich latek, které mohou byt odpovédné za zménu senzoric-
kého profilu hotového piva (Hawthorne et al., 1991; Storgards,
2000). Diky zna¢né odolnosti endospor jsou klostridie velmi tézko
odstranitelné z pivovarskych provozl (Suzuki, 2015).

2 OBECNA CHARAKTERISTIKA RODU
CLOSTRIDIUM

Rod Clostridium je charakteristicky svou obsahlosti a rozmanitos-
ti. Zpravidla jsou bakterie tohoto rodu obligatné anaerobni, katalasa-
-negativni, oxidasa-negativni, sporulujici (Dirre, 2014; Rainey et al.,
2015). Buriky maji tvar pleomorfnich tyCinek (tj. rovné & mirné zakfi-
vené s rliznou délkou i primérem) se zakulacenymi nebo zaspicaté-
lymi konci (méné Casté), které jsou usporadané po dvou nebo v krat-
kych fetizcich. Nékteré druhy tvofi dlouha vliakna. Ojedinéle mohou
byt buriky uspofadany do spiral (Sedlacek, 2007). Buriky klostridii
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Occasionally, the cells can be spiral-shaped (Sedlacek, 2007).
Clostridia cells may be nonmotile or motile by means of peritrichous
flagella (i.e. spread over the cell surface) and are usually gram-pos-
itive in early stages of growth (Durre, 2014; Rainey et al., 2015;
Sedlacek 2007). Spores are formed inside cells (endospores) and
are very resistant to a number of adverse environmental factors (e.g.
oxygen or high temperatures). Endospores usually distend vegeta-
tive cells and have an oval or round shape. It has been shown that
some species tolerate oxygen at atmospheric pressure. These spe-
cies then showed slow growth but were not able to sporulate (Rainey
et al., 2015; Silhankova, 2002).

Representatives of the genus Clostridium can be psychrophilic,
mesophilic, thermophilic (2.5-70 °C), acidophilic, alkaliphilic (pH
3.6—11), the width and the length of cells are in the range of 0.3—
5 x 0.5-50 ym. Optimal growth conditions are usually 30-37 °C and
pH 6.5-7. Some representatives are halophilic and C. thiosulfatiredu-
cens is able to survive even in environments containing up to 60 g/l
NaCl (Rainey et al., 2015; Wiegel, 2015).

From a metabolic point of view it is a very diverse group, where
some species of this genus are chemoautotrophic or chemolitho-
trophic (Sedlacek, 2007). But most of the representatives rank
among microorganisms with chemoheterotrophic metabolism and
they are able to utilize a wide spectrum of carbon substances (mono-
saccharides, oligosaccharides, starch, cellulose) and nitrogen sub-
stances (proteins, peptones, purines, pyrimidines) to produce a wide
range of organic acids and alcohols (Durre, 2014). Some species are
able to fix atmospheric nitrogen (C. pasteurianum) (Dlrre, 2014;
Rainey et al., 2015; Sedlacek, 2007). The genus Clostridium does
not include representatives which are able to reduce sulphates and
sulphites. They were reassigned to the genus Desulfotomaculum
(Durre, 2014; Rainey et al., 2015; Silhankova, 2002). The Clostridi-
um genus is very rich in species (it includes more than 160 species);
based on different metabolic activities, clostridia can be divided into
three groups: 1) species with saccharolytic and proteolytic metabolic
pathways, which form acid from glucose and hydrolyze gelatin (e.g.
C. botulinum); 2) saccharolytic non-proteolytic species which form
acid from glucose but do not hydrolyze gelatin (e.g. C. butyricum); 3)
proteolytic species which hydrolyze gelatin but do not form acid from
glucose (e.g. C. tetani) (Sedlacek, 2007; Wiegel, 2015).

Clostridia are isolated from a variety of environments, such as
food, river and marine sediments, digestive tract of animals, wooden
mass, soil, dust, sewage sludge, decomposing plant material and
human or veterinary clinical material. Some of them even inhabit
thermal springs and volcanic systems (Rainey et al., 2015; Sedlacek,
2007; Silhankové, 2002). Thanks to their rich enzyme apparatus, this
genus is used in a wide range of biotechnological industries (produc-
tion of enzymes, biofuels and chemicals such as acetone, butanol,
butyric acid, etc.) (Durre, 2014; Silhankova, 2002). A small percent of
species (e.g. C. botulinum, C. perfringens, C. tetani) are able to pro-
duce very dangerous toxins and are pathogenic for humans and
animals (Dlrre, 2014). However, it has been reported that patho-
genic species from the genus Clostridium are not able to survive in
finished beer and have not been isolated from finished beer (van
Vuuren and Priest, 2003).

3 CLOSTRIDIUM BACTERIA IN BREWING

Bacteria of the genus Clostridium are generally considered to be
less hazardous brewing contaminants, which are rarely found in beer
and do not grow in it (so-called latent germs) (Back, 1991; Kosaf and
Prochazka, 2000). However, representatives of the genus Clostridi-
um which produce butyric acid may also be included among bacteria
causing indirect spoilage of beer. That means that although clostridia
are not able to grow in beer, they are able to grow during the prepa-
ration of wort and boiled wort or on various substrates, which enter
the technological process. Their metabolic activity may then cause
an undesirable taste and smell of beer (Storgards, 2000). Clostridia
growth in beer is inhibited by the presence of bitter hop substances,
which act on gram-positive bacteria and inhibit cell membrane func-
tions, and acidic pH that affects the enzyme activity of cells and en-
hances the inhibitory effect of hop substances (Vrisekoop et al.,
2012). However, the authors point out that some species of the ge-
nus Clostridium (e.g. C. butyricum, C. acetobutylicum, C. botulinum)
are able to grow at pH 3.7-4.8. Thus, they grow even at pH values
which are common for beer (the pH of the beer is in the range of 3.4-
4.8) (Rainey et al., 2015; Suzuki, 2015; Vrisekoop et al., 2012; Wong
et al., 1988). However, these bacteria pose a potential risk to less-

mohou byt nepohyblivé i pohyblivé, s bi¢iky uspofadanymi peritri-
chalné (po celém povrchu buriky) a v rané fazi rlistu se obvykle bar-
vi grampositivné (Dirre, 2014; Rainey et al., 2015; Sedlacek, 2007).
Endospory jsou vytvareny uvniti bunék a jsou velmi odolné vici fadé
nepfiznivych faktorhd vnéjSiho prosttedi (napf. kysliku & vysokym
teplotam). Endospory jsou ve vétsiné pfipadl SirSi nez vegetativni
buriky a maji ovalny ¢i kulaty tvar. U nékterych druhl byla prokazana
jejich tolerance vuci kysliku za atmosférického tlaku. Tyto druhy pak
vykazovaly pomaly rist, ale nebyly schopny sporulovat (Rainey et
al., 2015; Silhankova, 2002).

Zastupci rodu Clostridium mohou byt psychrofilni, mesofilni, ter-
mofilni (2,5-70 °C), acidofilni, alkalifilni (pH 3,6—11), Sitka a délka
bunék se pohybuje v rozmezi 0,3-5 x 0,5-50 pym. Optimalni rast vy-
kazuji vétSinou pfi teploté 30-37 °C a pH 6,5-7. Néktefi zastupci jsou
halofilni a C. thiosulfatireducens je schopno pfezivat i v prostfedi
obsahujicim az 60 g/l NaCl (Rainey et al., 2015; Wiegel, 2015).

Metabolicky se jedna o velmi rozmanitou skupinu, kdy nékteré
druhy tohoto rodu jsou chemoautotrofni ¢i chemolitotrofni (Sedlacek,
2007). VétSina zastupcl se vSak fadi mezi mikroorganismy s che-
moheterotrofnim metabolismem a je schopna utilisovat Siroké spek-
trum uhlikatych (monosacharidy, oligosacharidy, Skrob, celul6za)
i dusikatych latek (bilkoviny, peptony, puriny, pyrimidiny) za vzniku
celé fady organickych kyselin a alkoholl (Durre, 2014). Né&které dru-
hy jsou schopny fixovat vzdusny dusik (C. pasteurianum) (Dlrre,
2014; Rainey et al., 2015; Sedlacek, 2007). Do rodu Clostridium ne-
spadaji zastupci, ktefi jsou schopni redukovat sirany a sificitany. Ti
byli pfefazeni do rodu Desulfotomaculum (Dirre, 2014; Rainey et al.,
2015; Silhankova, 2002). Rod Clostridium je druhové velmi bohaty
(zahrnuje vice nez 160 druh(); na zakladé rdzné metabolické aktivity
Ize klostridia rozdélit do tfi skupin: 1) druhy se sacharolytickymi
i proteolytickymi metabolickymi drahami, které tvofi kyselinu z gluko-
sy a hydrolysuji Zelatinu (napf. C. botulinum); 2) sacharolytické ne-
proteolytické druhy, které tvofi kyselinu z glukosy, ale nehydrolysuji
Zelatinu (napf. C. butyricum); 3) proteolytické druhy, které hydrolysu-
ji Zelatinu, ale netvofi kyselinu z glukosy (napt. C. tetani) (Sedlacek,
2007; Wiegel, 2015).

Klostridia jsou izolovana z rdiznych prostiedi, jako jsou nap¥. potra-
viny, fiéni a morské usazeniny, zazivaci trakt Zivocich, dfevni hmo-
ta, plda, prach, sto¢ni kal, rozkladajici se rostlinny material a hu-
manni i veterinarni klinicky material. Nékteré dokonce osidluji ter-
malni prameny a vulkanické systémy (Rainey et al., 2015; Sedlacek,
2007; Silhankova, 2002). Diky své bohaté enzymové vybavenosti je
tento rod vyuzivan v celé fadé biotechnologickych odvétvi (produkce
enzym(, biopaliv a chemikalii jako: aceton, butanol, kys. maselna,
atd.) (Durre, 2014; Silhankova, 2002). Malé procento druhd (napt.
C. botulinum, C. perfringens, C. tetani) je schopné produkovat i vel-
mi nebezpecné toxiny a jsou patogenni pro ¢lovéka a zvifata (Durre,
2014). Tyto patogenni druhy klostridii nejsou schopny prezivat v ho-
tovém pivu a z hotového piva nebyly izolovany (van Vuuren a Priest,
20083).

3BAKTERIECLOSTRIDIUMVPIVOVARSTVI

Obecné je rod Clostridium fazen mezi méné rizikové pivovarské
kontaminanty, které se v pivu vyskytuji vzacné a nepomnozuji se
v ném (tzv. latentni zarodky) (Back, 1991; Kosaf a Prochazka, 2000).
Zastupci rodu Clostridium produkujici kyselinu maselnou se mohou
fadit t6éZ mezi bakterie zpusobujici nepfimé kazeni piva. To zname-
na, Ze klostridie sice nejsou schopny rust v pivu, ale jsou schopny
rst béhem pfipravy sladiny i mladiny nebo na rliznych substratech
vstupujicich do technologického procesu, a svou metabolickou akti-
vitou zapficinit vznik nezadouci chuti a viiné piva (Storgards, 2000).
Jejich rlst v pivu je inhibovan zejména pfitomnosti horkych chmelo-
vych latek (plisobi na grampositivni bakterie a inhibuji funkce bunéc-
né membrany) a kyselym pH (ovliviiuje enzymovou aktivitu bunék
a posiluje inhibi¢ni vliv chmelovych latek) (Vrisekoop et al., 2012).
Nicméné autofi odbornych publikaci poukazuji na to, ze nékteré dru-
hy rodu Clostridium (napf. C. butyricum, C. acetobutylicum, C. botu-
linum) jsou schopny rast i pfi pH 3,7-4,8. Tedy i pfi hodnotach pH,
které jsou pro pivo bézné (pH piva se pohybuje v rozmezi 3,4-4,8)
(Rainey et al., 2015; Suzuki, 2015; Vrisekoop et al., 2012; Wong et
al., 1988). Potencialni riziko vSak pfedstavuji tyto bakterie zejména
pro méné chmelena piva s vysSimi hodnotami pH, ve kterych by
mohlo dojit k jejich pomnozeni (Suzuki, 2015).

Bylo prokéazano, ze zastupci rodu Clostridium mohou do pivovar-
ského provozu vstupovat s chmelem, sladem (naSrotovany vihky
slad skladovany po del$i dobu) nebo ze sladovych nahrazek (nesla-
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hopped beers with higher pH values, in which they may grow (Su-
zuki, 2015).

It has been shown that the representatives of genus Clostridium
may enter the brewery with hops, malt (milled moist malt stored for
a longer period of time), or malt substitutes (unmalted barley, starch
extracts, syrups and concentrates; malt extracts; glucose syrups;
etc.) (Back, 2005; Bokulich and Bamforth, 2013; Hawthorne et al.,
1991; Storgéards, 2000). In connection with the contamination of
feedstocks, the publications mention species C. acetobutylicum,
C. cellulovorans and C. thermocellum, which were detected in malt
(Leschine, 2005); C. tertium, which was detected in a glucose syrup
storage tank (Hawthorne et al., 1991). According to Bennett (1996),
clostridia also represent a risk for the production of ciders, to which
these bacteria may get from contaminated apple juices. It can thus
be concluded that the brewing operation could be contaminated with
fruit juices and syrups, which are used as additives for the prepara-
tion of Radler-type beverages.

The genus Clostridium is most commonly associated with the con-
tamination of brewing intermediates (wort, boiled wort) (Back, 2005;
Hawthorne et al., 1991). In this connection the studies mention the
species C. acetobutylicum, C. butyricum, C. pasteurianum, ,,C. ther-
mosaccharolyticum® (now classified as Thermoanaerobacterium
thermosaccharolyticum) and C. tyrobutyricum (Back, 2005). The
comparison of species detected in brewing operations is shown in
Table 1. Due to their ability to produce substances such as butyric,
propionic, valeric, caproic acid, sulfur compounds, and others,
clostridia may cause irreversible degradation of these substrates
and finished beer, which then shows a cheesy, buttery, putrid and
rancid aroma, or aroma that evokes the smell of children‘s vomit
(Back, 2005; Bamforth et al., 2009; Bokulich and Bamforth 2013;
Hawthorne et al., 1991; Stewart, 2012; Storgéards, 2000). An increase
of viscosity has not been proven for such a spoiled beer (Storgards,
2000). T. thermosaccharolyticum was also isolated from yeast sam-
ples, but the production of unpleasant taste and odor of the finished
beer has not been confirmed (Back, 2005).

During fermentation, a small amount of butyric acid is produced in
beer by the metabolic pathways of the cultural yeast (e.g. in Austral-
ian beers the concentration of butyric acid is in the range of 0.5-1.4
mg/l) (Hawthorne et al., 1991). However, due to the activity of
clostridia (e.g. Clostridium butyricum), the limit of 2 mg/l of butyric
acid may be exceeded and it leads to the spoiling of the beer, which
then exhibits a strong buttery taste and odor (Stewart, 2012).

dovany je€men, Skrobnaté vyluhy, sirupy a koncentraty; sladové vy-
tazky; glukosové sirupy; atd.) (Back, 2005; Bokulich a Bamforth,
2013; Hawthorne et al., 1991; Storgards, 2000). V souvislosti s kon-
taminaci vstupnich surovin jsou v publikacich uvadény druhy C. ace-
tobutylicum, C. cellulovorans a C. thermocellum, které byly deteko-
vany ve sladu (Leschine, 2005); C. tertium, které bylo detekovano
v zasobnim tanku na glukosovy sirup (Hawthorne et al., 1991). Podle
Bennetta (1996) predstavu;ji klostridie riziko také pfi vyrobé ciderd,
do kterych se mohou tyto bakterie dostat z kontaminovanych jable¢-
nych tav. Z tohoto poznatku Ize usuzovat, Ze v pivovarském odvétvi
by mohlo dojit ke kontaminaci ovocnych $tav a sirupl pouzivanych
jako pfidavné latky pro pfipravu napoje typu radler.

Nejéastéji byva rod Clostridium spojovan s kontaminaci pivovar-
skych meziproduktl (sladina, mladina) (Back, 2005; Hawthorne et
al., 1991), v této souvislosti jsou v publikacich popsany druhy C. ace-
tobutylicum, C. butyricum, C. pasteurianum, ,,C. thermosaccharolyti-
cum” (nyni klasifikovano jako Thermoanaerobacterium thermosa-
ccharolyticum) a C. tyrobutyricum (Back, 2005). Srovnani druht de-
tekovanych v pivovarskych provozech je uvedeno v tab. 1. Diky své
schopnosti produkovat latky jako kyseliny maselnou, propionovou,
valerovou, kapronovou, sirné slou¢eniny a dal$i, mohou klostridie
zpuUsobit nevratné znehodnoceni takovychto substratd a hotového
piva, které poté vykazuje syrové, maslové, zatuchlé a Zluklé aroma
¢i aroma evokujici pach détskych zvratkd (Back, 2005; Bamforth et
al., 2009; Bokulich a Bamforth 2013; Hawthorne et al., 1991; Ste-
wart, 2012; Storgards, 2000). U takto poskozeného piva nebyl pro-
kazan narust jeho viskozity (Storgards, 2000). T. thermosaccharoly-
ticum bylo izolovano ze vzorkl nasadnich kvasnic, av§ak nebyl po-
tvrzen vznik nezadouci chuti a viiné hotového piva (Back, 2005).

V prabéhu kva$eni vznika metabolickymi drahami kulturnich kva-
sinek v pivu i malé mnozstvi maselné kyseliny, ktera v tomto pfipadé
dotvati chutovy charakter nékterych druht piv (napf. u australskych
piv se koncentrace maselné kyseliny pohybuje v rozmezi 0,5-1,4
mg/l) (Hawthorne et al., 1991). OvSem v disledku plsobeni klostridii
(napt. Clostridium butyricum) muze byt pfekro¢ena hranice kyseliny
maselné 2 mg/l a dochazi ke kazeni piva, které poté vykazuje silnou
maselnou chut a vini (Stewart, 2012).

3.1 Druhy rodu Clostridium izolované z pivovarského prostiedi
Clostridium acetobutylicum
Obligatné anaerobni rovné ty€inky se zakulacenymi konci vysky-
tujici se jednotlivé ¢&i v kratkych fetizcich. Buriky C. acetobutylicum
jsou pohyblivé pomoci peritrichalné lokalizovanych bi¢ikd a jejich

Table 1 The characteristics of significant brewery species of genera Clostridium

Tab. 1 Vlastnosti pivovarsky vyznamnych druhd rodu Clostridium

IS
3
L
S
S
S - 8
g s | = | S| 8 | §
> < S x Q
5 S S g 3 2 s
{ ) S 3 = g 5
[S) = = [ IS S 8
© S 2 @ @ () 9
S 3 8 3 £ = >
O O O O O Q O
Gram staining / Gramovo barveni +* + - +* - - +
Cellobiose utilization / Uutilisace celobiosy + + + - + + -
Glucose utilization / Utilisace glukosy + + + + - + +
Fructose utilization / Utilisace fruktosy + + + + - + +
Maltose utilization / Utilisace maltosy + + + + - + -
Arabinose utilization / Utilisace arabinosy + +/- - +- - + -
Starch hydrolysis / Hydrolysa skrobu + + - - - + -
Optimal growth temperatue (°C) / Optimalni teplota rastu (°C) 37 37 37 37 64 55 37

+* young cells gram-positive, older cells — switch to gram-negative / mladé buriky grampositivni, starsi buriky - pfechod na gramnegativni,

+ positive / positivni; negative / negativni;
+/- variable within species / variabilni v ramci druhu
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3.1 Species of the genus Clostridium isolated from the brewing
environment Clostridium acetobutylicum

Obligate anaerobic straight rods with rounded ends, which occur
individually or in short chains. C. acetobutylicum cells are motile by
means of peritrichous flagella and their size is in the range of 0.5-1.5
x 1.5-6 uym (Janssen et al., 2014; Wood, 1995). Younger cells are
gram-positive, but older cells switch to gram-negative. Endospores
have an oval shape, they are located subterminally and slightly in-
crease the cell diameter. The temperature optimum of C. acetobu-
tylicumis 37 °C, the optimal pH for growth is between pH 6.5-7 (Kha-
maiseh et al., 2013; Rainey et al., 2015). C. acetobutylicum grows in
common cultivation media such as PYG agar (peptone-yeast-glu-
cose agar) or blood agar. Colonies are then flat or slightly raised,
translucent to opalescent with irregular edges (Rainey et al., 2015).
In the brewing operations, C. acetobutylicum was isolated from malt
(Leschine, 2005) and brewing intermediates (wort, boiled wort)
(Back, 2005). C. acetobutylicum poses a risk mainly due to the fact
that its metabolites include acetate, butyrate (formed mainly during
the exponential growth phase), acetone and butanol (formed mainly
during the stationary growth phase), which may irreversibly degrade
the sensory character of the finished beer (Rainey et al., 2015).

Clostridium butyricum

Obligate anaerobic gram-positive straight rods with rounded ends,
which occur individually, in pairs or in short chains (the formation of
long chains is occasional). C. butyricum cells are motile by means of
peritrichous flagella and their width and lenght are in the range of
0.5-1.7 x 2.4-7.6 um. Endospores have an oval shape, they are lo-
cated centrally or subterminally and usually do not increase the cell
diameter. The temperature optimum of C. butyricum is between 30-
37 °C, but they are able to grow even at 10 °C (Rainey et al., 2015).
Growth can occur in the range of pH 5.5-8.5 and in the presence of
0-3% NaCl (Tanasupawat et al., 2014).

C. butyricum grows in common cultivation media such as GYP
agar (glucose-yeast-peptone agar) with addition of CaCO; or blood
agar. Colonies are then circular and opaque with slightly irregular
edges (Rainey et al., 2015; Tanasupawat et al., 2014; Zigova et al.,
1999). In the brewing operations, C. butyricum was isolated from
brewing intermediates (wort, boiled wort) (Back, 2005). The main
metabolites of C. butyricum are butyric, acetic and formic acids,
which can undesirably affect the finished beer. During the hydrolysis
of pectin, a large amount of methanol, H, and CO,, and a small
amount of ethanol are produced (Rainey et al., 2015).

Clostridium cellulovorans

Anaerobic gram-negative nhonmotile rods sized 0.7-0.9 x 2.5-3.5
pm, which occur individually or in pairs. Endospores are located cen-
trally or subterminally within a sporangium. They have oval to oblong
shape and measure 1-1.5 x 2-4 um. Sporangia then reach size 1.5-
2.0 x 4-7 um. Optimal conditions for growth of C. cellulovorans are
around 37° C and pH 7 (Rainey et al., 2015). C. cellulovorans ranks
among celulolytic bacteria with a cellulosomal system, which allows
them to degrade crystalline cellulose (Foong et al., 1991; Tamaru et
al., 2010). C. cellulovorans grows in common cultivation media, e.g.
in yeast extract, where it forms colonies with opaque irregular edges
and an empty center (Rainey et al., 2015). In the brewing operations,
C. cellulovorans was isolated from malt (Leschine, 2005).

Clostridium pasteurianum

Obligate anaerobic straight to slightly curved rods 0.5-1.3 x 2.7-
13.2 um in size, which occur individually or in pairs. Cells may be
motile by means of peritrichous flagella. Motility may be lost on sub-
culture. Younger cells are gram-positive, but older cells switch to
gram-negative. Endopores have an oval shape, they are located
subterminally and increase the cell diameter. The temperature opti-
mum of C. pasteurianum is around 37 °C, but some strains also grow
well at 25 °C. The optimal pH for growth is around pH 7. However,
during growth, the pH decreases to circa 5 (Rainey et al., 2015;
Riebeling et al., 1975).

C. pasteurianum grows in common cultivation media such as PYG
or blood agar, where it forms circular, slightly irregular, flat to slightly
convex colonies, which are transparent or semi-transparent with
a gray color and a mosaic structure (Rainey et al., 2015). | the brew-
ing operations, C. pasteurianum was isolated from brewing interme-
diates (wort, boiled wort) (Back, 2005). The main metabolites of
C. pasteurianum, which can undesirably affect the finished beer, in-
clude butyric and acetic acids and CO, (Rainey et al., 2015).

velikost se pohybuje v rozmezi 0,5-1,5 x 1,5-6 um (Janssen et al.,
2014; Wood, 1995). Mladsi buriky se barvi grampositivné, ale
u starSich bunék dochazi k pfechodu a buriky se barvi gramnega-
tivné. Endospory maji ovalny tvar, jsou umistény subterminalné
a mirné ztlustuji buriku. Teplotni optimum C. acetobutylicum je 37
°C. Optimalni pH pro rist se pohybuje okolo pH 6,5-7 (Khamaiseh
et al., 2013; Rainey et al., 2015). C. acetobutylicum roste na béz-
nych kultivacnich padach, jako je PYG agar (peptone-yeast-gluco-
se agar) Ci krevni agar. Kolonie jsou ploché €i mirné vyklenuté,
prasvitné az opalescentni s nepravidelnymi okraji (Rainey et al.,
2015). V pivovarskych provozech bylo C. acetobutylicum izolovano
ze sladu (Leschine, 2005) a pivovarskych meziproduktd (sladina,
mladina) (Back, 2005). V pivovarstvi pfedstavuje C. acetobutylicum
riziko prevazné diky svym metabolitdm - acetatu, butyratu (vznikaji
pfevazné béhem exponencialni faze ristu), acetonu a butanolu
(vznikaji pfevazné béhem stacionarni faze ristu), které mohou ne-
vratné znehodnotit senzoricky charakter hotového piva (Rainey et
al., 2015).

Clostridium butyricum

Obligatné anaerobni grampositivni rovné ty€inky se zaoblenymi
konci vyskytujici se jednotlivé, v parech &i kratkych fetizcich (tvor-
ba dlouhych fetizkd je ojedinéld). Buriky C. butyricum jsou pohybli-
vé pomoci peritrichalné umisténych bi¢ikd a jejich Sitka a délka se
pohybuje v rozmezi 0,5-1,7 x 2,4-7,6 um. Endospory maji ovalny
tvar, jsou umistény centralné ¢i subterminalné a obvykle nezvétsu-
ji pramér buriky. Teplotni optimum pro rdst C. butyricum se pohybu-
je okolo 30-37 °C, ale jsou schopny rlst i pfi 10 °C (Rainey et al.,
2015). Rast vykazuje v rozmezi pH 5,5-8,5 a v pfitomnosti 0-3%
NaCl (Tanasupawat et al., 2014). C. butyricum roste na béznych
kultivacnich padach, jako je GYP agar (glucose-yeast-peptone
agar) s pfidavkem CaCQO; &i krevni agar. Kolonie jsou pak kruhové
a neprihledné s mirné nepravidelnymi okraji (Rainey et al., 2015;
Tanasupawat et al., 2014; Zigova et al., 1999). V pivovarskych pro-
vozech bylo C. butyricum izolovano z pivovarskych meziprodukttd
(sladina, mladina) (Back, 2005). Mezi hlavni metabolity C. butyri-
cum, které mohou negativné ovlivnit hotové pivo, se fadi kyselina
maselna, octova a mravenci. B€hem hydrolysy pektinu vznika jesté
velké mnozstvi methanolu, H, a CO, a malé mnozstvi ethanolu
(Rainey et al., 2015).

Clostridium cellulovorans

Anaerobni gramnegativni nepohyblivé tyCinky o velikosti 0,7-
0,9 x 2,5-3,5 um vyskytujici se jednotlivé &i v parech. Endospory
jsou umistény centralné ¢i subterminalné ve sporangiu, maji oval-
ny az podlouhly tvar a jsou 1-1,5 x 2-4 um velké. Sporangia pak
dosahuiji velikosti 1,5-2,0 x 4-7 um. Optimalni podminky pro rdst
C. cellulovorans se pohybuji okolo 37 °C a pH 7 (Rainey et al.,
2015). C. cellulovorans se fadi mezi celulolytické bakterie dispo-
nujici celulosomalnim systémem, ktery jim umozriuje degradovat
krystalickou celulosu (Foong et al., 1991; Tamaru et al., 2010).
C. cellulovorans roste na béznych kultivaénich pudach, napf.
na kvasni¢éném extraktu, kde tvofi kolonie s neprihlednymi nepra-
videlnymi okraji a prazdnym stfedem (Rainey et al., 2015). V pivo-
varskych provozech bylo C. cellulovorans izolovano ze sladu
(Leschine, 2005).

Clostridium pasteurianum

Obligatné anaerobni rovné az mirné zakfivené tycinky o velikosti
0,5-1,3 x 2,7-13,2 um vyskytujici se jednotlivé ¢i v parech. Buriky
mohou byt pohyblivé pomoci peritrichalné umisténych bic¢ikd, v ram-
ci subkultury véak mlze dojit ke ztraté pohyblivosti bunék. Mladsi
buriky se barvi grampositivné, ale u starSich bunék dochéazi ke zmé-
né a barvi se gramnegativné. Endospory maji ovalny tvar, jsou umis-
tény subterminalné a zvétSuji pramér buriky. Teplotni optimum
C. pasteurianum se pohybuje okolo 37 °C, ale kmeny vykazuiji rela-
tivné dobry rist také pfi 25 °C. Optimalni pH pro rlst se pohybuje
okolo pH 7, béhem rustu vSak dochéazi k poklesu pH na hodnoty oko-
lo 5 (Rainey et al., 2015; Riebeling et al., 1975).

C. pasteurianum roste na béznych kultivacnich ptdach, jako PYG
¢i krevni agar, kde tvofi kruhové, mirné nepravidelné, ploché az mir-
né vypouklé kolonie, které jsou transparentni ¢i semitransparentni
se Sedavou barvou a mozaikovou strukturou (Rainey et al., 2015).

V pivovarskych provozech bylo C. pasteurianum izolovano z pivo-
varskych meziproduktl (sladina, mladina) (Back, 2005). Mezi hlavni
metabolity C. pasteurianum, které mohou negativné ovlivnit hotové
pivo, se fadi kyselina maseln4, octova a CO, (Rainey et al., 2015).
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Clostridium thermocellum

Obligate anaerobic straight or slightly curved rods sized 0.6-0.7 x
2.5-3.5 um, which occur mostly singly. They can also form long
chains in liquid media. Representatives of this genus are gram-neg-
ative, spore-forming bacteria, which are nonmotile or motile by
means of lateral flagella (i.e. located only on one side of the cell).
Endospores have an oval shape, they are located terminally and in-
crease the cell diameter (McBee, 1954; Rainey et al., 2015). They
are thermophilic, with optimal growth temperature between 60-64 °C.
Their growth is inhibited at 37 °C (Rainey et al., 2015). The optimal
pH for growth is in the range of pH 6.7-7 (Freier et al., 1988).

Representatives of this genus are able to grow in common culture
media, such as e.g.: cellulose agar. They then form watery, slightly
convex translucent colonies, which frequently produce an insoluble
yellow pigment. Deep colonies in cellulose agar have a round shape,
a white or yellow-orange color, and a filamentous character
(McBee,1954; Rainey et al., 2015). In the brewing operations,
C. thermocellum was isolated from malt (Leschine, 2005). The main
metabolites of C. thermocellum, which can undesirably affect the fin-
ished beer, include acetic and lactic acids, ethanol and CO, (Rainey
et al., 2015).

“Clostridium thermosaccharolyticum*
(Thermoanaerobacterium thermosaccharolyticum)

Species formerly classified (and in some literature sources still
named) as “Clostridium thermosaccharolyticum®, now classified as
Thermoanaerobacterium thermosaccharolyticum (Collins et al,,
1994). Obligate anaerobic gram-negative, slim and long rods. En-
dospores are circular, terminally located and increase the cell diam-
eter. The optimal growth temperature is around 55 °C. Optimal pH for
growth is in the range of 6.2-7.2 and optimal pH for sporulation is in
the range of 5-5.5 (Hsu and Ordal, 1969).

Commercially available media are commonly used for the detec-
tion of this genus, such as PE-2 media or liver broth (Ashton, 1981).
In the brewing operations, C. thermosaccharolyticum was isolated
from brewing intermediates (wort, boiled wort) and yeast samples
(Back, 2005).

Clostridium tyrobutyricum

Obligate anaerobic gram-positive rods 1.1-1.6 x 1.9-13.3 pm in
size, which occur individually or in pairs and are usually motile by
means of peritrichous flagella. Endospores have an oval shape, they
are located subterminally and increase the cell diameter. The optimal
growth temperature is in the range of 30-37 °C (Rainey et al., 2015).
Optimal pH for growth is 6.2-7.2, but Zhu and Yang (2004) have
shown, that C. tyrobutyricum is able to survive even at pH 4.5. Some
strains are able to reduce nitrate to nitrite and can thus participate in
the production of harmful N-nitrosamines (Fu et al., 2017; Rainey et
al., 2015; Zhu and Yang, 2004).

Rainey et al. (2015) mention as a suitable culture medium PYG
agar or blood agar. On it, bounded, slightly convex, round colonies
with a glossy surface and a gray pigment are formed.

In the brewing operations, C. tyrobutyricum was isolated from
brewing intermediates (wort, boiled wort) (Back, 2005). Due to the
metabolic activity of each strain, a large amount of acetic and butyric
acid is produced. Both these metabolites may undesirably affect the
sensory profile of the finished beer (Rainey et al., 2015).

4 CONCLUSIONS

Endospores of clostridia are able to survive the conditions of
mashing and wort boiling, but they cannot germinate in the following
phases of beer production — their growth is inhibited by bitter hop
substances and acidic pH. However, the presence of clostridia in the
early stages of boiled wort preparation also represents the risk of
damage of the finished beer - vegetative cells form a whole range of
undesirable organic acids, which may get to the finished product.
Pathogenic species of clostridia are unable to survive in finished
beer and were not isolated from the finished beer.
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Clostridium thermocellum

Obligatné anaerobni rovné €i mirné zakfivené ty€inky o velikosti
0,6-0,7 x 2,5-3,5 um vyskytujici se vétSinou jednotlivé. V kapalnych
médiich mohou tvofit i dlouhé Fetizky. Zastupci tohoto druhu jsou
gramnegativni sporulujici bakterie, které jsou nepohyblivé nebo po-
hyblivé pomoci lateralné umisténych bicikud (tj. pouze na jedné strané
buriky). Endospory maji ovalny tvar, jsou umistény terminalné a zvét-
Suji pramér buriky (McBee, 1954; Rainey et al., 2015). Jedné se o ter-
mofilni bakterie vykazujici optimalni rlist pfi teploté okolo 60-64 °C, pfi
37 °C dochazi k inhibici rastu (Rainey et al., 2015). Optimalni pH pro
rlst se pohybuje v rozmezi pH 6,7-7 (Freier et al., 1988).

Zastupci tohoto druhu jsou schopni rlst na kultivaénich médiich,
jako je napf. celulosovy agar, na jehoz povrchu se tvofi slizovité, mir-
né vypouklé prasvitné kolonie, které ¢asto produkuji nerozpustné
zZluto-oranzové pigmenty. Kolonie proristajici hloubéji do celuloso-
vého agaru maji kulaty tvar, bilou &i Zluto-oranzovou barvu a vlaknity
charakter (McBee,1954; Rainey et al., 2015).

V pivovarskych provozech bylo C. thermocellum izolovéano ze sla-
du (Leschine, 2005). Mezi hlavni metabolity C. thermocellum, které
mohou negativné ovlivnit hotové pivo, se fadi kyselina octova, mlé¢-
na, ethanol a CO, (Rainey et al., 2015).

,,Clostridium thermosaccharolyticum*
(Thermoanaerobacterium thermosaccharolyticum)

Druh plvodné klasifikovany (a v nékteré literatufe stéle uvadény)
jako ,Clostridium thermosaccharolyticum®, nyni klasifikovany jako
Thermoanaerobacterium thermosaccharolyticum (Collins et al,,
1994). Obligatné anaerobni gramnegativni, tihlé a dlouhé tycinky.
Endospory jsou cirkularni, terminalné umisténé a ztlustuji buriku.
Optimalni teplota rdstu se pohybuje okolo 55 °C. Optimalni pH pro
rist se pohybuje v rozmezi 6,2-7,2 a optimalni pH pro sporulaci
v rozmezi 5-5,5 (Hsu a Ordal, 1969).

Pro detekci tohoto rodu byvaji pouzivana komeréné dostupna mé-
dia, jako PE-2 médium ¢&i jatrovy bujon (Ashton, 1981). V pivovar-
skych provozech bylo T. thermosaccharolyticum izolovano z pivovar-
skych meziproduktl (sladina, mladina) a ze vzorkd nasadnich kvas-
nic (Back, 2005).

Clostridium tyrobutyricum

Obligatné anaerobni grampositivni ty€inky o velikosti 1,1-1,6 x
1,9-13,3 um vyskytujici se jednotlivé ¢i v parech, které jsou obvykle
pohyblivé pomoci peritrichalné umisténych bi¢ikl. Endospory jsou
ovalné, subterminalné umisténé a ztlustuji buriky. Optimalni teplota
rlstu se pohybuje v rozmezi 30-37 °C (Rainey et al., 2015). Optimal-
ni pH rlistu 6,2-7,2, ale Zhu a Yang (2004) prokéazali, ze je C. tyrobu-
tyricum schopen prezit i pfi pH 4,5. Nékteré kmeny jsou schopny
redukovat dusi¢nany na dusitany a mohou se tak podilet na tvorbé
zdravi Skodlivych N-nitrosamint (Fu et al., 2017; Rainey et al., 2015;
Zhu a Yang, 2004).

Rainey et al. (2015) uvadi jako vhodna kultivaéni média napf. PYG
agar Ci krevni agar, na kterém C. tyrobutyricum tvofi ohrani¢ené, mir-
né vypouklé kruhové kolonie s lesklym povrchem a Sedavou barvou.

V pivovarskych provozech bylo C. tyrobutyricum izolovano z pivo-
varskych meziproduktd (sladina, mladina) (Back, 2005). V disledku
metabolické ¢innosti jednotlivych kmenl dochazi k produkci velkého
mnozstvi kyselin octové a méaselné, coz muize negativné ovlivnit sen-
zoricky profil hotového piva (Rainey et al., 2015).

4 ZAVER

Endospory klostridii jsou schopné prezit podminky rmutovani
i chmelovaru, ale v navazujicich fazich vyroby piva nemohou vyklicit
- jejich dalsi rozvoj je potlacen plsobenim horkych chmelovych latek
a kyselého pH. Vyskyt klostridii v prvotnich fazich pfipravy mladiny
vSak i tak pfinasi riziko poSkozeni hotového piva - vegetativni buriky
tvofi celou fadu nezadoucich organickych kyselin, které mohou prejit
az do hotového vyrobku. Patogenni druhy klostridii nejsou schopny
prezivat v hotovém pivu a z hotového piva nebyly izolovany.
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