Kvasny Prum.
64/2018 (2)

50

Brewing Microbiology— Bacteria of the Genera Bacillus, Brevibacillus and Paenibacillus

DOI: 10.18832/kp201813

Brewing Microbiology — Bacteria of the Genera Bacillus, Brevibacillus and
Paenibacillus and Cultivation Methods for their Detection — Part 1
Mikrobiologie pivovarské vyroby — bakterie roda Bacillus, Brevibacillus

a Paenibacillus a kultivacni metody pro jejich detekci — 1. ¢ast

Martina BROZOVA, Petra KUBIZNIAKOVA, Dagmar MATOULKOVA
Department of Microbiology, Research Institute of Brewing and Malting, Lipova 15, 120 44 Praha, Czech Republic
Mikrobiologické oddéleni, Vyzkumny tstav pivovarsky a sladafsky, a.s., Lipova 15, 120 44 Praha

e-mail: brozova@beerresearch.cz

Reviewed paper / Recenzovany ¢&lanek

Brozova, M., Kubizniakova, P., Matoulkova, D., 2018: Brewing microbiology — bacteria of the genera Bacillus, Brevibacillus and
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Bacteria of the genus Bacillus are often detected in brewing operations, but they rank among less hazardous contaminants. They are
not able to survive in the vegetative form in beer and spoil it. Spores of Bacillus bacteria are present especially in malt and grain adjuncts.
They are able to survive wort boiling, however in the following phases they are not able to germinate because of their sensitivity to bitter
hop substances and low pH of fermenting wort and finished beer. We provide here an overview of basic morphological and physiological
properties of these bacteria and describe their importance in brewing process. Particular attention is given to species B. cereus and
B. licheniformis for which has been proved the presence of the horA gene, which is associated with resistence of lactic acid bacteria to
hop substances. Species Brevibacillus brevis and Paenibacillus macerans, which were previously included in the genus Bacillus, are
also described.

BroZova, M., Kubizniakova, P., Matoulkova, D., 2018: Mikrobiologie pivovarské vyroby — bakterie rodt Bacillus, Brevibacillus
a Paenibacillus a kultivaéni metody pro jejich detekci — 1. éast. Kvasny Prum., 64(2): 50-57

Bakterie rodu Bacillus jsou v pivovarskych provozech ¢asto detekovany, fadi se v8ak mezi méné rizikové kontaminanty. Ve vegetativ-
ni formé nejsou schopné prezivat v pivu a nekazi ho. Spory bakterii Bacillus jsou pfitomny zejména ve sladu a obilnych nahrazkach
a hotového piva. V publikaci jsou popsany zakladni morfologické a fysiologické vlastnosti téchto bakterii, je zde popsan jejich vyznam
Vv procesu vyroby piva. Zvlastni pozornost je vénovana druhim B. cereus a B. licheniformis, u kterych byla prokédzana pfitomnost genu
horA, ktery je spojovan s rezistenci bakterii mlééného kvaseni k chmelovym latkam. Publikace se dale vénuje druhdm Brevibacillus

brevis a Paenibacillus macerans, které byly dfive fazeny do rodu Bacillus.

Keywords: aerobic/facultative anaerobic bacteria, Bacillus, Bacillus
cereus, Bacillus licheniformis, Brevibacillus, contamination of malt
and beer, Paenibacillus

1 INTRODUCTION

Bacteria of the genus Bacillus are generally considered to be haz-
ardous contaminants of various foods and food ingredients (meat,
vegetables, milk, cereals). Due to their frequent occurrence in nature
and thermoresistant spores, they enter the brewing operation mostly
with raw materials (water, malt, hop). Bacillus bacteria are able to
survive mashing and wort boiling, therefore they can also be found in
finished beer (Back, 2005; Vaughan et al., 2005). However, in most
species their following growth in beer is inhibited by bitter hop prod-
ucts and acid pH (Back, 2005; Basarova et al., 2010). Generally, they
are not considered hazardous brewing contaminants, due to their
inability to grow in beer, nor after adaptation to outer conditions, and
the fact that they do not affect biological stability of finished beer.
Undesirable is the ability of some bacilli to reduce nitrates to nitrites
that may cause the formation of N-nitrosamines in beer (Back, 2005;
Bokulich and Bamforth, 2013; Briggs et al., 2004).

2 GENERAL CHARACTERISTICS OF
GENUS BACILLUS

Bacteria of the genus Bacillus are aerobic or facultative anaerobic,
Gram-positive, mostly catalase-positive and sporogenous. Cells are
rod-shaped with rounded or straight ends. In later stages of growth
some species may have Gram-variable character. Bacillus cells oc-
cur singly, in pairs, or in shorter chains. The width and the length of
cells are in the range of 0.4-1.8 ym and 0.9-10 ym (Logan and De
Vos, 2015a; Silhankové, 2002). The genus name is derived from the
latin word ,bacillus“ which means a small rod (Logan and De Vos,
2015a).

Representatives of the genus Bacillus are mostly motile by means
of lateral (i.e. only on one side of the cell) or more often peritrichous
(i.e. over the cell surface) flagella (Logan and De Vos, 2015a;

Klic¢ova slova: aerobni/fakultativné anaerobni bakterie, Bacillus,
Bacillus cereus, Bacillus licheniformis, Brevibacillus, kontaminace
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1 UVOD

Bakterie rodu Bacillus jsou obecné povazovany za rizikové konta-
minanty rliznych potravin a potravinafskych surovin (maso, zelenina,
mléko, obilniny). Diky svému hojnému vyskytu v pfirodé a termore-
zistenci spor se dostavaji do prostfedi pivovarskych provoz( vétsi-
nou se vstupnimi surovinami (voda, slad, chmel). Bakterie rodu Ba-
cillus jsou schopny prezit rmutovani i chmelovar a mohou tak byt
nalezeny i v hotovém pivu (Back, 2005; Vaughan et al., 2005). Jejich
nasledny rdst v pivu je v8ak u vétSiny druhl inhibovan horkymi
chmelovymi latkami a kyselym pH (Back, 2005; Basarova et al.,
2010). Diky neschopnosti rlstu v pivu ani po adaptaci na vnéjsi pod-
minky a faktu, Ze neovlivriuji biologickou stabilitu hotového piva, ne-
jsou povazovany za rizikové pivovarské kontaminanty. Nezadouci je
schopnost nékterych bacilt redukovat dusi¢nany na dusitany, které
mohou byt pfi¢inou vzniku N-nitrosamind v pivu (Back, 2005; Boku-
lich a Bamforth, 2013; Briggs et al., 2004).

2 OBECNA CHARAKTERISTIKA RODU
BACILLUS

Bakterie rodu Bacillus jsou aerobni &i fakultativné anaerobni,
grampositivni, vétSinou katalasa-positivni, sporulujici bakterie ty€in-
kového tvaru se zakulacenymi nebo rovnymi konci. StarSi buriky
v kultufe mohou u nékterych druhl vykazovat gramvariabilni charak-
ter. Buriky bacil(i se vyskytuji samostatné, v parech ¢i v kratSich fe-
tizcich. Sitka a délka bunék se pohybuje v rozmezi 0,4-1,8 ym
a 0,9-10 ym (Logan a De Vos, 2015a; Silhankovéa, 2002). Nazev
rodu je odvozen od latinského vyrazu ,bacillus“ pro malou ty¢inku
(Logan a De Vos, 2015a).

Zastupci rodu Bacillus jsou vétsinou pohyblivi prostfednictvim bici-
ki umisténych lateralné (tj. pouze na jedné strané buriky) nebo ¢as-
t&ji peritrichalné (tj. po celém povrchu buriky) (Logan a De Vos,
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Silhankova, 2002). Spores are formed inside cells (endospores),
they may be located centrally, paracentrally, subterminally, terminally
or laterally. Only one endospore is always formed —bacteria form it
during growth, but also e.g. when some essential nutrients are lack-
ing in the environment (sporulation of bacilli is not related to repro-
duction, contrary to sporulation of yeasts and molds). The germina-
tion of spores of most Bacillus species takes place without any
activating factors. Based on the shape of the spore and the maternal
cell, Bacillus species are divided into three morphological groups
(Sedlacek, 2017).

Most species grow in common cultivation media such as nutrient
or blood agar. Colonies of bacilli are very variable in terms of mor-
phology, size and coloring. Large differences are observed between
but also within species. The composition of the cultivation medium
and cultivation conditions have a large influence. Some representa-
tives produce pigments or capsules (Logan and De Vos, 2015a).
This variability is often used for their identification. An example is the
use of Bacillus differentiation agar for microbiological control of sugar
syrups. On this medium B. cereus forms colorless colonies while the
colonies of B. subtilis are yellow (Hill et al., 2015).

The genus Bacillus has a variety of physiological properties — it
also includes psychrophilic, mesophilic and thermophilic representa-
tives. In relation to pH bacilli are halophilic, acidophilic and alkaliphi-
lic (Turnbull, 1996). Optimal growth temperature is within a range of
15-55 °C. Bacilli ranks among microorganisms with chemohetero-
trophic metabolism, only two species being facultative chemolitho-
trophic. Bacteria of the genus Bacillus are mostly isolated from soil or
from environment which is directly or indirectly in contact with soil,
i.e. from water, food, food waste, and human clinical specimens (Lo-
gan and De Vos, 2015a).

The genus Bacillus is very widespread in nature, due to the unu-
sual resistance of endospores, antibiotic formation, formation of mu-
cous capsules, and entomopathogenic effects (i.e. the ability to in-
duce insect disease). Endospores of genus Bacillus are one of the
most resistant life forms, which are resistant to high temperatures,
radiation, disinfectants, drying and other adverse effects. Species of
this genus are equipped with rich enzyme system (pectolytic, proteo-
lytic, amylolytic enzymes). These enzymes are used in a wide range
of industries (brewing industry, textile industry, starch industry, deter-
gents production, sugar industry, etc.). Many species also produce
antibiotics during sporulation, which is used in the industrial produc-
tion of bacitracin or polymyxin (Silhankova, 2002; Turnbull, 1996).
Due to their resistance they may be undesirable and problematically
removable contaminants of operating rooms, pharmaceutical prod-
ucts or food (Logan and De Vos, 2015a).

Most of the representatives of genus Bacillus are not pathogenic
nor potentially pathogenic and they are rarely associated with human
or animal disease. An exception is Bacillus anthracis, which is the
cause of anthrax. Some other Bacillus species may cause food poi-
soning. The most common cause of food poisoning is Bacillus cere-
us, which produces toxins in the course of growth on polysaccharide
substrates. The food poisoning occurs when a consumer consumes
a food containing 107 cells per g of food (Logan and De Vos, 2015a;
Silhankova, 2002).

Important is the use of some bacilli in agriculture and food industry.
The Bacillus thuringiensis synthesizes toxins with effects on certain
species of insects. Genes responsible for the synthesis of these tox-
ins were used in the preparation of transgenic ,Bt“ plants (cereals,
potatoes, cotton, tomatoes, soy, corn). The effects of ,Bt“ genes are
directed against larval stages of insects (beetles, butterflies, aphids,
mosquitoes, flies, etc.). Some Bacillus species (e.g. B. sphaericus)
are also used as an active ingredient in microbial pesticides. The use
of these bacteria in agricultural production has increased crops yield
(Betz et al., 2000; Turnbull, 1996). Bacillus subtilis subsp globigii is
generally used to verify the effectiveness of alternative sterilization
and fumigation processes, due to its high resistance to chemical and
physical agents (Turnbull, 1996).

The genus Bacillus currently contains 95 species. The current
classification, see Table 1, is based on gene analysis for 16S rRNA
sequences. This method has revealed a significant phylogenetic het-
erogeneity of the Bacillus genus and therefore some of the repre-
sentatives were reclassified to new genera and even to new families.
We can mention some bacteria which are interesting from the brew-
ery point of view — e.g. ,Bacillus brevis‘ (now Brevibacillus brevis,
family Paenibacillaceae) and ,Bacillus macerans” (now Paenibacil-
lus macerans) (Logan and De Vos, 2015a).

2015a; Silhankova, 2002). Spory jsou vytvareny uvniti bunék (endo-
spory), umistény mohou byt centralné, paracentralné, subterminal-
né, terminalné nebo lateralné. Vytvarena je vzdy jedna endospora —
jde o klidovou formu, kterou bakterie vytvareji béhem rastu, ale také
napf. po vyCerpani nékteré esencialni ziviny z prostfedi (sporulace
u bacill nesouvisi s rozmnozovanim, jako napf. u kvasinek a plisni).
Kli¢eni spor vétsiny druht rodu Bacillus probiha bez jakychkoliv ak-
tivaCnich faktor. Na zakladé tvaru spory a matefské buriky se druhy
rodu Bacillus déli do tfi morfologickych skupin (Sedlacek, 2017).

Vétsina druh( roste na béznych kultivaénich pldach (napf. maso-
peptonovy nebo krevni agar). Kolonie bacild jsou velmi variabilni,
pokud se tyka morfologie, velikosti i zbarveni, velké rozdily jsou po-
zorovany mezi jednotlivymi druhy, ale i v ramci druhd. Vyznamny vliv
ma slozeni kultivaéniho média a podminky kultivace. Néktefi zastup-
ci produkuji pigmenty nebo pouzdra (Logan a De Vos, 2015a). Této
variability se ¢asto vyuziva pfi mikrobiologické identifikaci. Jako pfi-
klad Ize uvést pouziti Bacillus differentiation agaru pouzivaného pro
mikrobiologickou kontrolu cukernych sirupll, na kterém B. cereus
tvofi bezbarvé kolonie, zatimco B. subtilis kolonie zluté (Hill et al.,
2015).

Rod Bacillus ma rozmanité fysiologické vlastnosti — zahrnuje
psychrofilni, mesofilni i termofilni zastupce, ve vztahu k pH jsou ba-
cily halofilni, acidofilni a alkalifiini (Turnbull, 1996), optimalni ristova
teplota je 15-55 °C. Bacily se fadi mezi mikroorganismy s chemohe-
terotrofnim metabolismem, pouze dva druhy jsou fakultativné che-
molitotrofni. Bakterie rodu Bacillus jsou izolovany z plidy nebo z pro-
stfedi, kterd jsou s pldou v pfimém ¢i nepfimém kontaktu, vody,
potravin, odpadl potravinafskych vyrob a humannich klinickych
vzorkd (Logan a De Vos, 2015a).

Diky neobvyklé odolnosti endospor, tvorbé antibiotik, tvorbé slizo-
vitych pouzder a entomopatogennim G¢inkdm (tj. schopnosti vyvolat
onemocnéni hmyzu) je rod Bacillus v pfirodé velmi rozSifeny. Endo-
spory rodu Bacillus tvofi jednu z nejodolnéjSich dosud poznanych
zivotnich forem, které jsou rezistentni vici vysokym teplotam, zare-
ni, desinfekénim prostfedkdm, vysu$eni a jinym nepfiznivym vlivim.
Druhy tohoto rodu jsou vybaveny bohatym enzymovym aparatem
(pektolytické, proteolytické, amylolytické enzymy), které jsou vyuzi-
vany v celé fadé odvétvi (pivovarsky prlmysl, textilni pramysl, skro-
barensky prlmysl, vyroba detergentd, cukrovarsky primysl atd.).
Rada druht produkuje ve stadiu sporulace latky s antibiotickymi
Gcinky, ¢ehoZ je vyuZivano pfi prdmyslové produkci bacitracinu Ci
polymyxinu (Silhankovéa, 2002; Turnbull, 1996). Diky své rezistenci
mohou byt nezadoucimi a problematicky odstranitelnymi kontami-
nanty operacnich mistnosti, farmaceutickych produktt i potravin (Lo-
gan a De Vos, 2015a).

Vétsina zastupcl rodu Bacillus neni patogenni ani potencialné pa-
togenni a jsou jen zfidka spojovani s onemocnénim ¢lovéka &i zvifat.
Vyjimkou je Bacillus anthracis, ktery je plivodcem onemocnéni an-
trax Cili snéti slezinné. Nékteré dalsi druhy rodu Bacillus mohou zp(-
sobit otravu z potravin. Nej¢astéjSim plvodcem potravinovych otrav
je Bacillus cereus, ktery produkuje toxiny pfi ristu na polysacharido-
vych substratech. K otravdm poté dochazi, pokud konzument pozfe
potravinu obsahujici 107 bunék/g potraviny (Logan a De Vos, 2015a;
Silhankova, 2002).

Vyznamné je vyuzivani nékterych bacild v zemédélstvi a potravi-
nafstvi. Druh Bacillus thuringiensis syntetisuje toxiny s (¢inky na né-
které druhy hmyzu. Geny zodpovédné za syntesu téchto toxind byly
vyuzity pfi pfipravé transgennich ,Bt” rostlin (obilniny, brambory, ba-
vinik, raj¢ata, soja, kukufice). U&inky ,Bt* gent jsou namifeny proti
larvalnim stadiim hmyzu (brouci, motyli, msSice, komari, moskyti,
mouchy a dal$i). Nékteré druhy rodu Bacillus (napf. B. sphaericus)
jsou pouzivany také jako aktivni slozka tzv. mikrobialnich pesticida.
Vyuzitim téchto bakterii v zemédélské produkci doslo ke zvySeni vy-
nosl péstovanych plodin (Betz et al., 2000; Turnbull, 1996). Bacillus
subtilis subsp. globigii se diky své vysoké odolnosti vi¢i chemickym
i fysikalnim ¢inidlim obecné pouziva k ovéfeni G¢innosti alternativ-
nich steriliza¢nich a fumigaénich postupt (Turnbull, 1996).

Do rodu Bacillus je v sou¢asné dobé fazeno 95 druhl. Soucasna
klasifikace (fab. 1) vychéazi ze sekvenace genu pro 16S rRNA. Tato
metoda odhalila vyraznou fylogenetickou heterogenitu rodu Bacillus,
a proto byli néktefi zastupci reklasifikovani do novych rodd a dokon-
ce i Celedi. Z pivovarsky zajimavych druh( Ize zminit napt. ,,Bacillus
brevis* (nyni Brevibacillus brevis, ¢eled Paenibacillaceae) a ,Ba-
cillus macerans“ (nyni Paenibacillus macerans) (Logan a De Vos,
2015a).
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Table 1 Classification of the genera Bacillus, Brevibacillus a Paeni-
bacillus
Tab. 1 Klasifikace rodd Bacillus, Brevibacillus a Paenibacillus

Domain . . .

Doména Bacteria Bacteria Bacteria

Phylum o _— .

Oddéleni Firmicutes Firmicutes Firmicutes

Class - - .

Trida Bacilli Bacilli Bacilli

%)g(jjer Bacillales Bacillales Bacillales
Family | gagil, Paenibacill Paenibacill
Seled acillaceae aenibacillaceae | Paenibacillaceae
gggus Bacillus Brevibacillus Paenibacillus

3 BACILLUS BACTERIA IN MALTING AND
BREWING

Bacteria are predominant in a total count of microorganisms in
healthy barley (Priest and Campbel, 2003). In publications, bacteria
like Erwinia herbicola and Xanthomonas campestris are often men-
tioned in connection with bacterial contamination of barley (Clarke
and Hill, 1981). The presence of the genus Bacillus has also been
proved in stored barley, which was intended for malting. Therefore it
is assumed that the genus Bacillus is present also on barley before
harvesting (Kosar, 1979; Priest and Campbell, 2003). Dohnal (1956)
states that the presence of Bacillus subtilis, Bacillus mycoides and
“Bacillus mesentericus” (now Bacillus pumilus) has been proven on
stored barley and other cereal grains, which have been heavily con-
taminated with dust particles.

Barley malting involves three basic steps: soaking of barley, germi-
nation of barley and drying and kilning of green malt. An increase of
microbial microflora occurs during soaking and germination of barley
(Bokulich and Bamforth, 2013; Kosaf and Savel, 2015). Therefore
multiplied microorganisms that were already present on the barley
accepted for brewing are also present on green malt. Some repre-
sentatives of the genus Bacillus may survive kilning temperatures,
therefore they may be present even on properly kilned malts (Priest
and Campbell, 2003). More vulnerable to microbial contamination
are malts for which lower kilning temperatures were used (e.g. light
pilsner malt or diastatic malt). Representatives of genus Bacillus
might also enter the brewing operations with malt surrogates (un-
malted cereals, starch extracts, syrups and concentrates, malt ex-
tracts, etc.) or with improperly treated and stored wort extract. Due to
the high degree of proteolytic activity and production of metabolites
(e.g. butyric acid, sulfur compounds), these bacteria may cause ir-
reversible debasement of these substrates. These substrates then
show the odor of butyric acid and rottenness (Back, 2005; Bamforth
et al., 2009). Representatives of genus Bacillus may also survive in
the form of spores even in environments with high osmotic pressure
and low water activity. For example, sugar and fruity syrups, which
are used as an additive for the preparation of a Radler like beverag-
es, represent such an environment in the brewing industry. The spe-
cies of B. cereus and B. subtilis are usually associated with con-
tamination of syrups (Hill et al., 2015).

During beer brewing (mainly during mashing), the genus Bacillus
presents a risk due to its ability to reduce nitrate to nitrite (Smith et
al., 1992). The nitrite ions, which are well soluble in water, then form
nitrous acid in the acidic agueous medium and further react to form
nitrogen oxides. Nitrogen oxides and protonated form of nitrous acid
act as nitrosating agents and cause the formation of N-nitrosamines
(Smith, 1992). On their long-term consumption N-nitrosamines have
carcinogenic, teratogenic and mutagenic effects. Although the con-
centration of N-nitrosamines in beer is relatively low, it should be
taken into account that N-nitrosamines are introduced into the body
from other foods (meat and dairy products). Regular consumption of
such spoiled beer may represent a certain health risk for the con-
sumer. The maximum acceptable amount of NDMA (N-nitrosodi-
methylamine — classified as one of the more hazardous volatile ni-
trosamines, which mainly come from malt) for beer is according to
the Czech brewery and malt association 0.5 pg/kg. The maximum
acceptable value for ATNC (apparent total nitrosamine content = the
total content of N-nitro compounds which are produced during the
production of beer) is not established within the EU. However, the

3 BAKTERIE BACILLUS VE SLADARSTVI
A PIVOVARSTVI

V celkovém zastoupeni mikroorganismi ve zdravém je€meni pfe-
vladaji svym mnozstvim pravé bakterie (Priest a Campbel, 2003).
V publikacich byvaji ¢asto s bakterialni kontaminaci je€mene zmino-
vany spiSe Erwinia herbicola a Xanthomonas campestris (Clarke
a Hill, 1981). V suchém skladovaném je¢meni uréeném pro sladova-
ni byla ovSem prokazana i pfitomnost rodu Bacillus a ma se tedy
za to, Ze je rod Bacillus pfitomen v je€meni i pfed sklizni (Kosafr,
1979; Priest a Campbell, 2003). Dohnal (1956) uvadi, Ze byla proka-
zana pfitomnost Bacillus subtilis, Bacillus mycoides a ,Bacillus me-
sentericus” (nyni Bacillus pumilus) u skladovaného jeCmene a obil-
nych zrn, ktera byla silné znecisténa prachovymi ¢asticemi.

Sladovani jeémene zahrnuje tfi zékladni kroky: méaceni jemene,
kli¢eni jemene a suseni a hvozdéni zeleného sladu. BEhem maceni
a kliceni jeCmene dochazi k nardstim mikrobialni mikroflory (Boku-
lich a Bamforth, 2013; Kosar a Savel, 2015). Na zeleném sladu se
nachazeji pomnozené mikroorganismy, které byly pfitomny jiz na pfi-
jatém je€meni. Néktefi zastupci rodu Bacillus mohou prezit i teploty
pfi hvozdéni a mohou se dostat do hotovych fadné odhvozdénych
sladt (Priest a Campbell, 2003). Vice nachylné na kontaminaci jsou
tedy slady, u nichz se pfi hvozdéni pouzivaji nizsi dotahovaci teploty
(napf. svétlé slady plzeriského typu ¢&i diastatické slady). Zastupci
rodu Bacillus mohou byt do pivovarského provozu zavlecCeni také
prostfednictvim sladovych nahrazek (nesladované obiloviny; Skrob-
naté vyluhy, sirupy a koncentraty; sladové vytazky; atd.) nebo ne-
vhodné osetfeného a skladovaného mladinového extraktu. Diky své-
mu vysokému stupni proteolytické aktivity a produkci metabolit(
(napf. kyselina maseln4, sirné slouceniny) mohou tyto bakterie zpu-
sobit nevratné znehodnoceni takovychto substratl, které poté vyka-
zuji pach po kyseliné maselné a hnilobé (Back, 2005; Bamforth et
al., 2009). Zastupci rodu Bacillus mohou ve formé spor pfezivat
i v prostfedi s vysokym osmotickym tlakem a nizkou aktivitou vody.
V pivovarstvi pfedstavu;ji takovéto prostiedi napf. cukerné a ovocné
sirupy, které jsou vyuzivany jako pfidavna latka pro pfipravu napoje
typu radler. S kontaminaci sirupt byvaji spojovany druhy B. cereus
a B. subtilis (Hill et al., 2015).

Na varné (hlavné b&éhem rmutovani) pfedstavuje rod Bacillus rizi-
ko diky své schopnosti redukovat dusi¢nany na dusitany (Smith et
al., 1992). Dusitanové ionty, které jsou dobfe rozpustné ve vodé, pak
tvofi v kyselém vodném prostfedi kyselinu dusitou a dale reaguji
na oxidy dusiku. Oxidy dusiku a protonisovanéa forma kyseliny dusité
pak plsobi jako nitrosaéni €inidla a zap¥iciriuji vznik N-nitrosamint
(Smith, 1992). Ty maji pfi dlouhodobé konzumaci karcinogenni, tera-
togenni a mutagenni u¢inky. A ac¢koliv je jejich koncentrace v pivu
relativné nizka, je nutné brat v potaz, Ze N-nitrosaminy pfijimame
do télai z jinych potravin (masné a mlé¢né vyrobky). Pravidelna kon-
zumace takto poskozeného piva pak mize pro konzumenta predsta-
vovat ur€ité zdravotni riziko. Nejvyssi pfipustné mnozstvi NDMA
(N-nitrosodimethylamin — fadi se mezi vice rizikové tékavé nitrosa-
miny, které se do piva dostavaji pfevazné ze sladu) pro pivo je podle
CSPS 0,5 pg’kg. Pro ATNC (apparent total nitrosamine content =
celkovy obsah N-nitroslou€enin, které vznikaji béhem vyroby piva)
neni v ramci EU legislativné stanovena nejvyS$si pfipustna hodnota.
Vétsinou je v8ak vyZadovan obsah ATNC do limitu 20 ug N-NO/kg,
ktery je doporuceny ve Velké Britanii. U kvalitnich piv se obsah ATNC
pohybuje pod ¢&i na hranici 20 pg N-NO/I. ZvySené obsahy ATNC
svéd¢i o zhor§ené mikrobiologické Cistoté pivovarského procesu (Ol-
Sovska et al., 2014). Vznik N-nitrosamint v disledku plsobeni nitrat-
-redukujicich zastupct rodu Bacillus (Caldebrank & Hammond,
1989) se da snizit pouzivanim vstupnich surovin s nizkym obsahem
dusi¢nand, zajisténim vyhovujici mikrobiologické cistoty (Kellner,
1998) ¢i pfidavkem chmelovych latek (Basarova et al., 2010).

Sladina je pro kontaminujici mikroorganismy bohatym zdrojem
nutrientd, avSak po povareni (chmelovar) je vznikla mladina témeér
bez mikrobiologické kontaminace. V této fazi predstavuji v pivovar-
stvi hlavni problém pravé sporotvorné mikroorganismy pfevazné
z rodu Bacillus, které jsou schopné pfezit i vysoké teploty béhem
varu, a mohou se tak dostat az do hotového piva. To ovéem nepod-
poruje jejich nasledny rast diky své nizké hodnoté pH a pfitomnos-
ti hofkych chmelovych latek (Bamforth et al., 2009; Bokulich
a Bamforth, 2013; Back, 2005; Basarova et al., 2010). Vyjimku
predstavuji Bacillus cereus a Bacillus licheniformis disponujici ge-
nem horA, u nichz byl prokazan jejich rist i po reinokulaci do piva
(Bokulich a Bamforth, 2013; Haakensen a Ziola, 2008), viz dale
v textu. Riziko pfedstavuje zejména B. cereus, ktery je producen-
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content of ATNC 20 pg N-NO/Kkg is usually required. This content is
recommended in the UK. The content of ATNC is below or at the
limit of 20 pg N-NO/I for quality beers. Increased levels of ATNC indi-
cate a deteriorated microbiological purity of the brewing process
(Olsovska et al., 2014). The formation of N-nitrosamines due to the
nitrate-reducing effects of Bacillus (Caldebrank & Hammond, 1989)
species can be reduced by the use of raw materials with a low nitrate
content, by ensuring a satisfactory microbiological purity (Kellner,
1998) or by the addition of hop substances (Basafova et al., 2010).

Wort is a rich source of nutrients for contaminating microorgan-
isms, but after the wort boiling the boiled wort is almost free of micro-
bial contamination. In this phase, the main problem in the brewing
process is spore-forming microorganisms, generally of the genus
Bacillus. These spore-forming microorganisms are able to survive
high temperatures during boiling and can thus get into the finished
beer. However, the finished beer does not enable their following
growth due to its low pH and the presence of bitter hop substances
(Bamforth et al., 2009; Bokulich and Bamforth, 2013; Back, 2005;
Basarova et al., 2010). The exception is Bacillus cereus and Bacillus
licheniformis, which have the HorA gene. It has been shown that
these bacteria are able to grow even after reinoculation into beer
(Bokulich and Bamforth, 2013; Haakensen and Ziola, 2008), see be-
low. Especially B. cereus, which produces a variety of toxins (emetic
toxin, diarrheagenic toxins) and enzymes (proteases, lipases), pre-
sents a risk and may be responsible for the formation of foreign sub-
stances in beer (Drobniewski, 1993). Further, B. megaterium,
B. pumilus, B. subtilis, B. circulans, B. coagulans, B. brevis (now
Brevibacillus brevis, family Paenibacillaceae) and B. macerans (now
Paenibacillus macerans, family Paenibacillaceae) species have
been detected in breweries (Back, 2005; Briggs et al., 2004; Logan
and De Vos, 2015a). The basic characteristics of species detected in
breweries are shown in Table 2.

The genus Bacillus has also positive significance for brewing.
Some representatives such as B. subtilis, B. amyloliquefaciens and
B. licheniformis are used for industrial production of amylolytic en-
zymes (thermostable a-amylases, B-glucosidases) (Basarova et al.,
2010; Sundarram and Murthy, 2014). Amylolytic enzymes are used
for optimization of the mashing process and their addition thus
makes it possible to prepare the wort with adequate and constant
composition. The addition of industrially produced exogenous en-
zymes can solve a number of process problems and economic prob-
lems. For example, substrates with a low content of amylolytic en-
zymes (corn, rice, sorghum, unmodified or badly malted barley) may
be used for the production of beer. It allows using readily available
local resources. Enzymatic kits are also used in the preparation of
special beer types (high-alcohol beers, gluten-free beers, or low-
calorie beers) (Basarova et al., 2010; Preedy, 2009).

It has been shown that Bacillus coagulans is able to produce
a considerable amount of lactic acid in the wort which is maintained
at 55-70 °C (Vaughan et al., 2005). The production of lactic acid is
generally taken as a positive factor. Acidification of wort is used to
increase yield, promote enzyme activity, or preserve coloring (Skach
et al., 1987). However, the ability to reduce nitrate to nitrite was also
demonstrated in this species, and the amount of created ATNC sig-
nificantly exceeded the recommended limit of 20 pg N-NO/kg
(Vaughan et al., 2005).

3.1 The resistance of Bacillus bacteria to bitter hop substances

Itis generally known that the growth of bacteria of genus Bacillus is
inhibited especially by acid pH (it affects the enzyme activity of the
cells and enhances the inhibitory effect of hop substances) and by the
content of bitter hop substances (they have an effect only on Gram-
positive bacteria and inhibit the cell membrane functions) in beer.
However, some studies show that B. cereus is able to survive and to
grow for a certain period of time even at pH 4.2-4.8. Thus, B. cereus
may grow even at pH values that are common for beer (the pH of beer
is in the range of 3.4-4.8) (Kim et al., 2014; Vrisekoop et al., 2012).
The other factor inhibiting the growth of B. cereus in beer is the con-
tent of bitter hop substances. The most important components of hop
in terms of bitterness and antimicrobial effects are hop resins. B-Acids
cannot be isomerized due to their structural differences (they do not
contain a tertiary alcohol group in the aromatic nucleus). Also their
solubility in wort is lower and their antimicrobial effects are not as
significant as those of a-acids (Krofta and Mikyska, 2014; Vrisekoop
et al., 2012). a-Acids are isomerized to iso-a-acids during wort boil-
ing. Iso-a-acids are more soluble in the boiled wort, therefore they
have higher antimicrobial effects. a-Acids in their isomerized form act
as proton ionophores and negatively affect the permeability of the

tem celé fady toxind (emeticky toxin, diarhogenni toxiny) a enzymu
(proteasy, lipasy), a muze tak byt zodpovédny za tvorbu cizorodych
latek v pivu (Drobniewski, 1993). Dale byly v pivovarskych provo-
zech detekovany druhy B. megaterium, B. pumilus, B. subtilis,
B. circulans, B. coagulans, B. brevis (nyni Brevibacillus brevis, ¢e-
led Paenibacillaceae) a B. macerans (nyni Paenibacillus mace-
rans, &eled Paenibacillaceae) (Back, 2005; Briggs et al., 2004; Lo-
gan a De Vos, 2015a). Zakladni charakteristika druh( detekovanych
v pivovarskych provozech je uvedena v fab. 2.

Rod Bacillus méa pro pivovarstvi i positivni vyznam. Néktefi za-
stupci (napf. B. subtilis, B. amyloliquefaciens a B. licheniformis)
jsou pouzivani pro pramyslovou produkci amylolytickych enzymda
(termostabilni a-amylasy, B-glukosidasy) (Basafova et al., 2010;
Sundarram a Murthy, 2014). Ty jsou vyuzivany pro optimalizaci
prabéhu rmutovani a jejich pfidavek umoznuje zajistit odpovidajici
a konstantni slozeni mladiny. Pfidavek primyslové vyrabénych
exogennich enzym0 muze vyresit fadu procesnich a ekonomickych
problémU. Napfiklad mohou byt pro vyrobu piva pouzity i substraty
s nizkym obsahem amylolytickych enzym0 (kukufice, ryze, €irok,
nesladovany ¢&i Spatné rozlustény je€émen) a mohou byt vyuzity do-
stupnéjsi lokalni zdroje. Enzymatické kity jsou vyuzivany pfi pfipra-
vé specialnich typl piv (piva s vysokym obsahem alkoholu, bezlep-
kova piva €i piva se snizenym obsahem kalorii) (Basafova et al.,
2010; Preedy, 2009).

Bylo prokazano, ze Bacillus coagulans je schopen produkovat
znacné mnozstvi kyseliny mlééné ve sladiné udrzované pfi teploté
55-70 °C (Vaughan et al., 2005). Tvorba kyseliny mlé¢né je obecné
bréna jako positivni faktor. Acidifikace rmutt je vyuZivana pro zvyse-
ni vytézku, podpofeni enzymové aktivity ¢i zachovani barvy (Skach
et al., 1987). Zaroven vSak byla u tohoto druhu prokazéna i schop-
nost redukovat dusi¢nany na dusitany a mnozstvi vytvorenych ATNC
vyrazné pfevysovalo doporuceny limit 20 pg N-NO/kg (Vaughan et
al., 2005).

3.1 Rezistence bakterii Bacillus k hofkym chmelovym latkam

Rust bakterii rodu Bacillus v pivu je inhibovan zejména kyselym
pH (ovliviiuje enzymovou aktivitu bunék a posiluje inhibi¢ni vliv
chmelovych latek) a obsahem horkych chmelovych latek (plsobi
pouze na grampositivni bakterie a inhibuji funkce bunééné membra-
ny). Nékteré studie ukazuji, ze B. cereus je schopen prezit a po ur-
¢itou dobu vykazovat rlst i pfi pH 4,2-4,8. Tedy i pfi hodnotach pH,
které jsou pro pivo bézné (pH piva se pohybuje v rozmezi 3,4-4,8)
(Kim et al., 2014; Vrisekoop et al., 2012). DalSim faktorem inhibuiji-
cim rlst B. cereus v pivu je obsah hofkych chmelovych latek. Nejvy-
znamnéjSimi slozkami chmele z hlediska hofkosti a antimikrobial-
nich G€inkd jsou chmelové pryskyfice. 3-hofké kyseliny nemohou
v disledku strukturni odli§nosti isomerovat (neobsahuji terciarni al-
koholovou skupinu v aromatickém jadru). Jejich rozpustnost v mla-
diné je nizsi a jejich antimikrobialni U¢inky nejsou ve srovnani s a-
-hotkymi kyselinami tak vyznamné (Krofta a MikySka, 2014;
Vrisekoop et al., 2012). a-hotké kyseliny v prabéhu chmelovaru
isomeruji na iso-a-hotké kyseliny, které jsou v mladiné vice rozpust-
né a maji vyssi antimikrobialni G¢inky. a-hofké kyseliny ve své iso-
merované formé plsobi jako protonové ionofory a negativné ovliv-
fuji propustnost cytoplasmatické membrany (zvySuji propustnost
pro H*). To nasledné vede u citlivych bakterii k inhibici aktivniho
transportu nutrienttd (cukrd a aminokyselin), bunééné respirace
a syntesy protein, DNA a RNA. Tim dochazi k potlaceni bunécéné-
ho rdstu a usmrceni buriky (Bokulich a Bamforth, 2013; Vrisekoop et
al., 2012). Haakensen a Ziola (2008) izolovali kmeny B. cereus MH1
a B. licheniformis MH2 z piva vyrobeného domovarniky a prokazali
u nich pfitomnost genu horA. Ten kdduje syntesu ATP-dependentni-
ho transportniho proteinu HorA, ktery je lokalizovan na cytoplasma-
tické membrané a zajistuje u rezistentnich bakterii transport hoi-
kych chmelovych latek z buriky (Bokulich a Bamforth, 2013). Autofi
potvrdili schopnost B. cereus MH1 a B. licheniformis MH2 rlst
i po naockovani do prlimyslové vyrabéného piva a inkubaci pfi tep-
loté 30 °C. Toto pivo vykazovalo viditelny zékal jiz za 18 dnt (B. ce-
reus MH1) a 14 dna (B. licheniformis MH2) od inokulace. Vliv bacilt
na aroma a chut kontaminovaného piva prozatim nebyl popsan
(Haakensen a Ziola, 2008).

3.2 Pivovarsky vyznamné druhy rodu Bacillus

Bacillus cereus

Fakultativnhé anaerobni ty€inky se zakulacenymi konci, vyskytujici
se jednotlivé ¢i v dlouhych Fetizcich, viz obr. 1. Buriky B. cereus maji
prameérnou velikost =1 ym a tvofi vzdy jednu endosporu. Ta ma oval-
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Table 2 The characteristics of significant brewery species Bacillus,
Brevibacillus and Paenibacillus

Tab. 2 Charakteristika pivovarsky vyznamnych druhl Bacillus, Brevi-
bacillus a Paenibacillus
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+, positive / positivni; -, negative / negativni; +/-, variable within
species / variabilni v ramci druhu; N, not defined / nedefinovano
(Djordjevic et al., 2000; Marshall a Beers, 1967; Nakamura, 1993;
Priest, 2013; Logan a de Vos, 2015a)

cytoplasmic membrane (they increase the permeability of H*). The
lowering of cytoplasmic membrane permeability inhibits the active
transport of nutrients (sugars and amino acids), cellular respiration
and synthesis of proteins, DNA and RNA in sensitive bacteria. These
effects lead to suppression of cell growth and then to cell death
(Bokulich and Bamforth, 2013; Vrisekoop et al., 2012). Haakensen
and Ziola (2008) isolated B. cereus MH1 and B. licheniformis MH2
strains from beer produced by the homebrewers and demonstrated
the presence of the horA gene in these bacterial strains. The horA
gene encodes the synthesis of ATP-dependent transport protein HorA
which is located on the cytoplasmic membrane and provides the
transport of bitter hop substances from the cells of resistant bacteria
(Bokulich and Bamforth, 2013). The authors confirmed the ability of
B. cereus MH1 and B. licheniformis MH2 to grow even after inocula-
tion into industrially produced beer incubated at 30 °C. This beer

ny az cylindricky tvar, je umisténa centralné ¢i subterminalné a ne-
zvétSuje prameér buriky. Teplotni optimum B. cereus je 28-35 °C. Rust
vykazuje pfi Sirokém rozmezi pH 4,4-9,3 (Drobniewski, 1993; Kra-
mer a Gilbert 1989). B. cereus je schopen utilisovat glukosu, fruktosu
a trehalosu, ale neni schopen metabolizovat pentosy a manitol. Dale
hydrolysuje Skrob a kasein, je lecitinasa-positivni a je schopen de-
gradovat tyrosin (Kramer a Gilbert, 1989; Priest, 2013).

Bacillus licheniformis

Fakultativné anaerobni ty€inky se zaoblenymi konci, vyskytujici
se jednotlivé &i v kratSich fetizcich, viz obr. 2. Buriky Bacillus liche-
niformis maji pramérnou velikost <1 ym, endospory maji ovalny az
cylindricky tvar, jsou umistény centralné i subterminalné a nezvét-
Suji primeér buriky. B. licheniformis je termofilni bakterie s optimalni
teplotou ristu okolo 50 °C, ale jsou schopny rudst i pfi 30 °C. B. li-
cheniformis utilizuje glukosu, fruktosu a trehalosu, xylosu, arabino-
su i manitol. Dale hydrolysuje Skrob a kasein, je lecitinasa-negativ-
ni a neni schopen degradovat tyrosin (Logan a de Vos, 2015a;
Priest, 2013).

Bacillus subtilis

Aerobni ty€inky uspofadané jednotlivé, po dvou, ¢i vyjimecné v fe-
tizcich, viz obr. 3. Velikost bunék 0,7-0,8 x 2,0-3,0 ym. Endospory
maji ovalny az cylindricky tvar, jsou umistény centralné, paracentral-
né nebo subterminalné a nezvétSuji primeér buriky. Teplotni optimum
B. subtilis je 28-30 °C. Rust pfi rozmezi pH 5,5-8,5. B. subtilis je
schopen utilisovat fruktosu, manitol a citrat a hydrolysovat Skrob
a kasein. Je lecitinasa-negativni a neni schopen degradovat propio-
nat. B. subtilis je schopen redukovat dusi¢nany na dusitany (Logan
a de Vos, 2015a; Priest, 2013). Druh B. subtilis se pfi tvorbé kolonii
vyznacuje mimofadnou variabilitou, na Grovni kmene ale i v ramci
kmene. | ista kultura mdze na zékladé morfologie kolonii vypadat
jako smiSené kultura. Kolonie jsou kruhovité, nebo nepravidelné tva-
rované, s hladkym nebo zvrasnénym povrchem, s velikosti 2-4 mm
v prméru, s nepravidelnymi az ,roztfepenymi“ okraji. Zbarveni kolo-
nii je bélavé, krémové az hnédé, konzistence kolonii maze byt mu-
koidni az maslovita. Spory B. subtilis jsou vSeobecné pfitomny v roz-
manitych typech prostfedi. Vegetativni buriky se u€astni ranych fazi
rozkladu organického materialu. B. subtilis je puvodce slizovaténi
chleba (Logan a De Vos, 2015a; Priest, 2013).

3.3 Bakterie roda Brevibacillus a Paenibacillus (dfive fazeny
do rodu Bacillus)

Rod Brevibacillus

Rod Brevibacillus byl vy&lenén z rodu Bacillus na zakladé fysiolo-
gickych a biochemickych vlastnosti a sekvence genu pro 16S rRNA.
Bakterie Brevibacillus jsou kratké rovné pohyblivé tycky, gramposi-
tivni nebo gramvariabilni, katalasa-positivni, oxidasa-variabilni, né-
které redukuji nitraty. Vétsina druhd je striktné aerobni. Buriky brevi-
bacilt se vyskytuji samostatné, v parech &i v kratSich fetizcich. Sitka
a délka bunék se pohybuje v rozmezi 0,7-1,0 ym a 3,0-6,0 ym (Lo-
gan a De Vos, 2015b). Endospory jsou ovalné a ztlustuji matefskou
buriku. Optimalni teplota ristu vétSiny zastupcl je 30 °C, optimélni
pH 5,7 (Sedlacek, 2007). Nazev rodu je odvozen od latinského ,.bre-
vis* — kratka — a ,bacillus“ — malé tycka, ty€inka (Logan a De Vos,
2015b).

Vétsina druhd roste na béznych kultivaénich padach, jako je ma-
sopeptonovy agar nebo tryptikasa-sojovy agar. Kolonie brevibacild
jsou vétsinou ploché, hladké, se Zlutavé-Sedym zbarvenim. Rod Bre-
vibacillus zahrnuje 14 druh(, vétSina byla izolovana z pady, vody
a potravin, ojedinéle dochazi k izolacim z humanniho klinického ma-
terialu (Logan a De Vos, 2015b). V pivovarském provoze byva izolo-
van druh Brevibacillus brevis v souvislosti s kontaminaci vstupnich
surovin (slad, chmel) (Back, 2005).

Brevibacillus brevis — strikiné aerobni, grampositivni nebo gram-
variabilni kratké ty€inky, vyskytujici se samostatné nebo po dvou.
Katalasa- a oxidasa-positivni. Vétsina kmenu redukuje nitraty. Endo-
spory jsou ovalné, ulozeny subterminainé a ztlustuji matefskou buri-
ku. Kolonie rostou na béznych kultivaénich plidach, kde vytvareji
lesklé, krémoveé zbarvené kolonie (Logan a De Vos, 2015b).

Rod Paenibacillus

Rod Paenibacillus byl vy€lenén z rodu Bacillus na zékladé sekven-
ce genu pro 16S rRNA. Bakterie Paenibacillus jsou rovné pohyblivé
ty€ky rdzné délky, grampositivni, gramnegativni nebo gramvariabilni,
katalasa-positivni (s vyjimkou P. larvae), oxidasa-variabilni, nékteré



Brewing Microbiology— Bacteria of the Genera Bacillus, Brevibacillus and Paenibacillus

Kvasny Prum.
64/2018 (2)

55

showed visible turbidity within 18 days (B. cereus MH1) and 14 days
(B. licheniformis MH2) after inoculation. However, the influence of ba-
cilli on the aroma and taste of contaminated beer has not yet been
described (Haakensen and Ziola, 2008).

3.2 Significant brewery species of genus Bacillus

Bacillus cereus

Facultative anaerobic rods with rounded ends, which occur indi-
vidually or in long chains, see Fig. 1. B. cereus cells have an average
size =1 ym and always form one endospore, which has an oval to
cylindrical shape. The endospore is located centrally or subtermi-
nally and does not increase the cell diameter. The temperature opti-
mum of B. cereus is in the range of 28-35 °C. The growth occurs over
a wide pH range of 4.4-9.3 (Drobniewski, 1993; Kramer and Gilbert
1989). B. cereus is able to utilize glucose, fructose and trehalose but
is unable to metabolize pentoses and mannitol. Further, it hydrolyzes
starch and casein, is lecithinase-positive and is able to degrade ty-
rosine (Kramer and Gilbert, 1989; Priest, 2013).

Bacillus licheniformis

Facultative anaerobic rods with rounded ends, which occur indi-
vidually or in shorter chains, see Fig. 2. Bacillus licheniformis cells
have an average size <1 ym. Their endospores have an oval to cy-
lindrical shape, they are located centrally or subterminally and do not
increase the cell diameter. B. licheniformis is a thermophilic bacteri-
um with an optimal growth temperature around 50 °C, but it is able to
grow even at 30 °C. B. licheniformis is able to utilize glucose, fruc-
tose and trehalose, xylose, arabinose, and even mannitol. Further, it
hydrolyzes starch and casein, is lecithinase-positive and is not able
to degrade tyrosine (Logan and de Vos, 2015a; Priest, 2013).

Bacillus subtilis

Aerobic rods which occur individually, in pairs, or exceptionally in
chains, see Fig. 3. The cell size is in range of 0.7-0.8 x 2.0-3.0 ym.
Endospores have an oval to cylindrical shape, they are located cen-
trally, paracentrally or subterminally and do not increase the cell diam-
eter. The temperature optimum of B. subtilis is in the range of
28-30 °C. The growth occurs over a pH range of 5.5-8.5. B. subtilis is
able to utilize fructose, mannitol and citrate and hydrolyze starch and
casein. ltis lecithinase-negative and is not able to degrade propionate.
B. subtilis is able to reduce nitrate to nitrite (Logan and de Vos, 2015a;
Priest, 2013). The B. subtilis species is characterized by extraordinary
variability during colony forming, its variability is at the strain level, but
even within the strain. Even a pure culture can appear to be a mixed
culture based on colony morphology. Colonies are circular or irregu-
larly shaped, with a smooth or wrinkled surface, 2—4 mm in diameter,
with irregular to “frayed” edges. The coloring of the colonies is whitish,
creamy to brown. The consistency of the colonies may be mucoid to
buttery. B. subtilis spores are generally present in a variety of environ-
ments. The vegetative cells participate in the early stages of decompo-
sition of organic material. B. subtilis causes the covering of bread with
slime (Logan and De Vos, 2015a; Priest, 2013).

3.3 Bacteria of genera Brevibacillus and Paenibacillus
(previously included in the genus Bacillus)

The genus Brevibacillus

The Brevibacillus genus was separated from the Bacillus genus
based on the physiological and biochemical properties and sequence
of the 16S rRNA gene. Brevibacillus bacteria are short straight and
motile rods, Gram-positive or Gram-variable, catalase-positive, oxi-
dase-variable, some of them reduce nitrate. Most species are strictly
aerobic. Cells of brevibacilli occur individually, in pairs or in shorter
chains. The width and length of cells are in the range of 0.7—1.0 ym
and 3.0-6.0 ym respectively (Logan and De Vos, 2015b). En-
dospores have an oval shape and increase the maternal cell diam-
eter. The optimal temperature for most representatives is 30 °C, op-
timal pH is 5.7 (Sedlacek, 2007). The genus name is derived from
the latin words ,brevis“ which means short and ,bacillus“ which
means a small rod (Logan and De Vos, 2015b).

Most species grow in common cultivation media such as nutrient
or tryptic-soy agar. Colonies of brevibacilli are usually flat, smooth,
yellowish-gray in color. The genus Brevibacillus includes 14 species.
Most species were isolated from soil, water and food, rarely from hu-
man clinical material (Logan and De Vos, 2015b). Brevibacillus bre-
vis is isolated from raw materials (malt, hops) in the brewing industry
(Back, 2005).

Fig. 1/ Obr. 1 Bacillus cereus CCM 20107

Fig. 3/ Obr. 3 Bacillus subtilis subsp. subtilis CCM 22167
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Brevibacillus brevis — strictly aerobic, Gram-positive or Gram-
variable short rods. Cells of Brevibacillus brevis occur individually or
in pairs. They are catalase- and oxidase-positive. Most species re-
duce nitrate. Endospores have an oval shape, are located subtermi-
nally and increase the maternal cell diameter. Colonies grow in com-
mon cultivation media, where they create shiny, creamy-colored
colonies (Logan and De Vos, 2015b).

The genus Paenibacillus

The Paenibacillus genus was separated from the Bacillus genus
based on the sequence of the 16S rRNA gene. Paenibacillus bacte-
ria are straight motile and rods of different lengths, Gram-positive,
Gram-negative or Gram-variable, catalase-positive (except P. lar-
vae), oxidase-variable, some of them reduce nitrate. They are strictly
aerobic or facultatively anaerobic. Cells of paenibacilli occur individ-
ually, in pairs, or in shorter chains. The width and lenght of cells are
in the range of 0.5-0.8 ym and 2.0-5.0 ym. Endospores have an oval
shape and increase the maternal cell diameter. The optimal tempera-
ture for most representatives is in the range of 28—40 °C, optimal pH
is 7.0. The genus name is derived from the latin words “paene” which
means almost and “bacillus” which means a small rod (Priest, 2015;
Sedlacek, 2007).

Most species grow in common cultivation media (nutrient agar,
tryptic-soy agar). Colonies of paenibacilli are usually flat, smooth,
light brown, white, sometimes with pinkish color. During the growth in
poor media or in media which contain antibiotics (Ben-Jacob et al.,
2000), colonies of different paenibacilli species acquire specific
shape and form different so-called morphotypes (the term morpho-
type expresses strains with morphology different from other strains
of the same species). Several morphophypes were described during
the growth of the genus Paenibacillus in poor media: branched di-
vided colonies (so-called T-morphotype), round chiral colonies (so-
called C-morphotype) and colonies which look like a vortex (so-
called V-morphotype) (Priest, 2015). The genus Paenibacillus
includes 73 species. Most species were isolated from soil, especially
that rich in humus and plant material. Paenibacilli produce phytohor-
mones, antifungal agents and enzymes. Due to their metabolite pro-
duction, paenibacilli contribute to the control of plant diseases. Some
species are entomopathogenic, i.e. they cause insect diseases
(Priest, 2015). Paenibacillus macerans is isolated from raw materials
(malt, hops, water) in the brewing industry. P. macerans produces
butyric acid and may cause off-flavors of contaminated substrates
(Back, 2005).

Paenibacillus macerans — facultative anaerobic, Gram-positive,
Gram-negative or Gram-variable rods. Most species are catalase-
positive and they are able to reduce nitrate. They hydrolyze starch,
chitin and some species hydrolyze also pectin. During glucose fer-
mentation, they produce a small amount of acetone. Under anaero-
bic conditions, they fix nitrogen (Priest, 2015). They grow in common
cultivation media, where they create small, flat, round, slightly trans-
parent, light-cream-colored colonies (Back, 2005; Priest, 2015).

4 CONCLUSIONS

The genus Bacillus is considered to be a low-risk contaminant of
beer. Although most of the Bacillus vegetative cells are inactivated in
beer, their ability to create spores must be taken into account. Their
spores may survive in distributed beer for a long time. Scientific stud-
ies have also demonstrated the ability of Bacillus cereus and Bacillus
licheniformis to grow in beer due to the presence of the horA gene.
In this case, B. cereus could pose an increased risk due to its ability
to produce a variety of toxins and enzymes. One should also pay
attention to spore-forming Brevibacillus brevis and Paenibacillus
macerans, which are widespread in the environment on the solid
plant materials and they can easily get into the breweries with raw
materials. Therefore, to properly predict potential risks, it is neces-
sary first to fully understand the mechanisms of survival of toxigenic
bacteria and their spores
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redukuji nitraty. Striktiné aerobni nebo fakultativné anaerobni. Buriky
paenibacilll se vyskytuji samostatné, v parech ¢i v kratSich Fetizcich.
Sitka a délka bunék se pohybuje v rozmezi 0,5-0,8 ym a 2,0-5,0 ym.
Endospory jsou ovalné a ztlustuji matetskou buriku. Optimélni teplo-
ta rGstu vétSiny zastupct se pohybuje v rozmezi 28-40 °C, optimalni
pH 7,0. Nazev rodu je odvozen od latinského ,paene” — témeér —
a ,bacillus‘ — ty€inka (Priest, 2015; Sedlacek, 2007).

VétsSina druh(l roste na béznych kultivaénich padach (masopepto-
novy agar, tryptikasa-sojovy agar). Kolonie paenibacild jsou vétsinou
ploché, hladké, svétle hnédé, bilé, nékdy s narlizovélym zbarvenim.
Pfi rGstu na chudych médiich nebo na médiich obsahujicich antibio-
tika (Ben-Jacob et al., 2000) ziskavaji kolonie rdznych kment paeni-
bacilll specificky tvar a tvofi tzv. odliSné morfotypy (termin morfotyp
oznaduje kmeny vykazujici morfologickou odli$nost od jinych kmen
téhoz druhu). U rodu Paenibacillus bylo pfi rGstu na chudych médiich
popsano nékolik morfotypu: rozvétvené délené kolonie (tzv. T-morfo-
typ), kulaté chiralni kolonie (tzv. C-morfotyp) a y kolonie pfipominaji-
ci svym tvarem vir (tzv. V-morfotyp) (Priest, 2015). Rod Paenibacillus
zahrnuje 73 druhd, vétSina byla izolovana z pldy, zejména bohaté
na humus a rostlinny material. Produkuji fytohormony, antifungéalini
latky, enzymy, ¢imz pfispivaji k potla¢ovani chorob rostlin. Nékteré
druhy jsou entomopatogenni, tj. jsou plvodci onemocnéni hmyzu
(Priest, 2015). V pivovarském provoze byva izolovan druh Paeniba-
cillus macerans, v souvislosti s kontaminaci vstupnich surovin (slad,
chmel, voda). P. macerans je producentem kyseliny maselné
a u kontaminovanych substratll mize zplsobovat vznik nezadouci
vuné (Back, 2005).

Paenibacillus macerans — fakultativné anaerobni, grampositivni,
gramnegativni nebo gramvariabilni ty€inky. VétSina kmen je katala-
sa-positivni a schopna redukovat dusi¢nany. Hydrolysuji Skrob, chi-
tin a nékteré kmeny pektin. Béhem fermentace glukosy produkuji
malé mnozZstvi acetonu. Pfi anaerobnich podminkéach fixuji dusik
(Priest, 2015). Rostou na béznych kultiva¢nich padach, kde vytvare-
ji malé, nizké, kulaté, mirné prosvitajici, svétle-krémové zbarvené
kolonie (Back, 2005; Priest, 2015).

4 ZAVER

Rod Bacillus je povazovan za malo rizikovou kontaminantu piva.
Pfestoze je vétSina vegetativnich bunék Bacillus v pivu inaktivovana,
je nutné brat v potaz jejich schopnost tvofit spory, které mohou v dis-
tribuovaném pivu prezit i po dlouhou dobu. Védecké studie prokaza-
ly schopnost Bacillus cereus a Bacillus licheniformis rast v pivu diky
pfitomnosti genu horA. V takovém pfipadé by mohl B. cereus pred-
stavovat zvysené riziko diky své schopnosti produkovat celou fadu
toxinG a enzymU. Je vhodné vénovat pozornost také sporotvornym
Brevibacillus brevis a Paenibacillus macerans, které jsou hojné roz-
Sifeny v zivotnim prostfedi na pevnych rostlinnych materialech,
a mohou se tak snadno dostavat do pivovarskych provozud se vstup-
nimi surovinami. Pro spravnou predikci potencialnich rizik je tedy
nutné nejdfive dokonale porozumét mechanismim preziti toxigen-
nich bakterii a jejich spor.
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