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This publication is a sequel to the study Microbiology of brewing — bacteria of the genera Bacillus, Brevibacillus and Paenibacillus
and cultivation methods for their detection — part 1 (BroZova et al.: Kvasny Prum., 64(2): 50-57, 2018). We monitored the growth of 5
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Publikace je pokra¢ovanim reSer$niho ¢lanku Mikrobiologie pivovarské vyroby — bakterie rodl Bacillus, Brevibacillus a Paenibacillus
a kultivaéni metody pro jejich detekci — ¢ast | (Brozova et al.: Kvasny Prum., 64(2): 50-57, 2018). Sledovan byl rist 5 pivovarsky vyznam-
nych kmen( bakterii rodu Bacillus, Brevibacillus a Paenibacillus na vybranych ztuzenych kultivaénich pudach. V publikaci je obsazena
fotodokumentace bakterialnich kolonii a diskutovana je vyuzitelnost kultivanich médii v provozni pivovarské laboratofi.
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1 INTRODUCTION

Bacteria of the genus Bacillus are considered to be a low-risk con-
taminants of beer. They are not able to grow in beer and therefore
do not affect its biological stability (Back, 2005; Basafova et al.,
2010; Vaughan et al., 2005). Spores, resting forms, are extremely
resistant to environmental conditions. Therefore, the spores created
by these bacteria may survive even for a long time in the distributed
beer and germinate under suitable conditions (especially in less
hopped beers and beers with higher pH). Haakensen and Ziola
(2008) confirmed the ability of the strains B. cereus MH1 and B. li-
cheniformis MH2 to grow even after inoculation into finished beer
incubated at 30 °C. B. cereus may represent an increased risk due
to its ability to produce various toxins (Logan and De Vos, 2015a).
Undesirable is also 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).
Strains Brevibacillus brevis and Paenibacillus macerans are wide-
spread in the environment on the solid plant materials and they can
easily get into the breweries with raw materials (Back, 2005; Priest,
2015).

This study deals with the most commonly used media for the culti-
vation and detection of bacteria B. cereus, B. licheniformis, Bacillus
subtilis, B. brevis and P. macerans. Commercially available diagnos-
tic media used for the identification of B. cereus are also included in
this study. We selected a group of 5 strains of the genera Bacillus,
Brevibacillus and Paenibacillus, which were detected in the brewing
operations. The strains were chosen based on their availability in the
collections of microorganisms. We tested 6 different commercially
available agar media designed for cultivation and diagnostics of the
above-mentioned bacterial species. Furthermore, cultivation was
conducted on culture media used for the detection of coliform bacte-
ria in the brewing operations — Chromocult Coliform agar, Endo agar
and MacConkey agar and for the detection of lactic acid bacteria —
MRS agar. The aim of the study was to assess the growth rate of
selected strains on the particular culture media, the morphology of
colonies and provide photographic documentation.

Klicova slova: aerobni bakterie, fakultativné anaerobni bakterie,
Bacillus, Bacillus cereus, Bacillus licheniformis, Brevibacillus,
Paenibacillus, spory

1 UVOD

Rod Bacillus je povazovan za malo rizikovou kontaminantu
piva. Neni schopen rdstu v pivu a neovlivriuje tedy jeho biologickou
stabilitu (Back, 2005; Basarfova et al., 2010; Vaughan et al., 2005).
Spory, klidové formy, extrémné odolné k podminkam prostfedi, vy-
tvafené témito bakteriemi vSak mohou v distribuovaném pivu prezit
i po dlouhou dobu a za vhodnych podminek (zejména u méné chme-
lenych piv a u piv s vy§Simi hodnotami pH) vyklicit. V praci Haaken-
sen a Ziola (2008) byla potvrzena schopnost kmen( Bacillus cereus
MH1 a Bacillus licheniformis MH2 rdst i po nao¢kovani do hotového
piva, které bylo inkubovano pfi teploté 30 °C. Diky své schopnosti
produkovat celou fadu toxind, by tak mohl B. cereus pfedstavovat
zvySené riziko (Logan a De Vos, 2015a). Nezadouci je i schopnost
nékterych bacild redukovat dusi¢nany na dusitany, které mohou byt
pfi¢inou vzniku N-nitrosamind v pivu (Back, 2005; Bokulich a Bam-
forth, 2013; Briggs et al., 2004). Druhy Brevibacillus brevis a Paeni-
bacillus macerans jsou hojné rozsifeny v zivotnim prostfedi na pev-
nych rostlinnych materiadlech a mohou se snadno dostavat do pivo-
varskych provoz( se vstupnimi surovinami (Back, 2005; Priest,
2015).

Tato studie se zabyva nejc¢astéji pouzivanymi pldami pro kultiva-
ci a detekci bakterii B. cereus, B. licheniformis, Bacillus subtilis,
Brevibacillus brevis a P. macerans. Do studie byla zahrnuta ko-
meréné dostupné diagnostickd média pouzivana pro stanoveni
B. cereus. Byla vybrana skupina 5 kmenU bakterii rod(l Bacillus,
Brevibacillus a Paenibacillus, které byly detekovany v pivovarskych
provozech. Pfi vybéru kmen( bylo pfihlédnuto k jejich dostupnosti
ve sbirkach mikroorganism(. Testovali jsme 6 rliznych komeréné
dostupnych agarovych médii, uréenych pro kultivaci a diagnostiku
vySe uvedenych bakterialnich druhd. Dale byly kultivace vedeny
na pldach pouzivanych v pivovarskych provozech pro stanoveni
koliformnich bakterii — Chromocult Coliform agar, Enddv agar
a MacConkeyho agar a k detekci mlé¢nych bakterii — MSR agar.
Cilem prace bylo posouzeni rychlosti rGstu vybranych kmen(
na jednotlivych kultivaénich pudach, fotodokumentace a popis mor-
fologie kolonii.
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2 CULTIVATION AND DETECTION OF
SELECTED TAXONS

For the determination of the number of spore forming bacteria, the
vegetative forms of spore forming and other microorganisms have to
be inactivated with heat prior to cultivation. The aim of this step is to
kill the vegetative bacilli cells and cells of non-spore forming microor-
ganisms and also activate the germination of the spores. Thermal
inactivation of the sample should take place within 10 minutes of
preparation of the first sample dilution. The temperature of the dilu-
tion samples should be as low as possible, to avoid underestimation
of the number of spores due to their germination during the prepara-
tion of samples and subsequent killing by the thermal inactivation (Te
Giffel et al., 1995).

Bacillus cereus — grows on common enriched media (e.g. blood
agar or BHI = brain heart infusion agar), on which it creates large, light
creamy and opaque colonies with irregular edges and a dry wrinkled
surface (Drobniewski, 1993; Logan and De Vos, 2015; Salkinoja-Sa-
lonen et al., 1999). The diagnostics of B. cereus makes use of culture
media which contain selective components (polymyxin B) inhibiting
the growth of the associated microorganisms. When using selective
diagnostic culture media, egg yolk and mannitol are usually included
into these media. Mannitol-egg yolk polymyxin agar (MYP) is intended
for the isolation of B. cereus from food according to CSN EN 1SO 7932
(2005). The diagnostic components in these media are egg yolk (pre-
cipitation due to the lecithin hydrolysis) and mannitol. Unlike the other
species of genus Bacillus, B. cereus is not able to utilize mannitol.
Cultivation then takes 20—24 hours at 30-32 °C. Bacillus cereus cre-
ates large flat colonies 2-5mm in diameter with irregular edges, which
have a dry and rough surface. Colonies are creamish-pink (mannitol is
not metabolised) with a pink zone of precipitation (lecithinase activity)
(Kramer and Gilbert, 1989). Other commonly used selective-diagnos-
tic media are polymyxin-pyruvate-egg yolk-mannitol agar with addition
of bromothymol blue (PEMBA) or bromocresol red, Trypticase Soy
Broth (TSB) with the addition of polymyxin B, Bacillus cereus medium
(BCM) or chromogenic media (detection based on B-glucosidase ac-
tivity). During cultivation of B. cereus on PEMBA, it creates large tur-
quoise colonies with irregular edges and a diameter of about 2-5mm
after 18—24 hours at 37 °C (Kramer and Gilbert, 1989). MYP agar
provides better identification of B. cereus and makes it easier to deter-
mine B. cereus because fewer confirmatory tests are needed (Drob-
niewski, 1993; Harmon et al., 1984). To determine the presence of the
B. cereus spores, thermal inactivation is performed at 62.5 °C for 15
minutes and its subsequent cultivation is performed on a suitable se-
lective medium at 32—35 °C (Drobniewski, 1993).

Bacillus licheniformis — grows on most common culture media
(nutrient or blood agar) (Salkinoja-Salonen et al., 1999). The studies
also mention BHI agar (brain heart infusion agar) (Cladera-Olivera et
al., 2004). For the diagnostics of B. licheniformis are used the same
culture media as for B. cereus, e.g. MYP, PEMBA or TSB (Némeckova
et al., 2011; Salkinoja-Salonen et al., 1999). On MYP and PEMBA
agar, B. licheniformis forms medium-sized yellow to yellow-green
colonies with irregular edges with a diameter up to 5mm (Némeckova
et al., 2011). To determine the presence of the spores, thermal inac-
tivation is performed at 80 °C for 10 minutes. Then follows cultivation
at 50 °C on nutrient agar enriched with KNO,, on which B. licheni-
formis forms creamy to reddish, mucoid colonies with undulate to
lobate edges (Logan and De Vos, 2015).

Bacillus subtilis — grows on common culture media such as, e.g.,
blood agar, BHI agar, TSB agar or nutrient agar (Salkinoja-Salonen
et al.,, 1999). Other culture media include Penassay broth with the
addition of chloramphenicol or magnesium, Penassay G-TH (glu-
cose-thiamine) medium (Atlas, 2010) or Luria-Bertani agar (LB agar),
on which B. subtilis forms gray wrinkled colonies (Back, 2005). Se-
lective media for B. subtilis are not published.

Brevibacillus brevis and Paenibacillus macerans — grow on
common culture media such as nutrient agar or TSB (Logan and De
Vos, 2015; Nehra et al., 2016; Priest, 2015). On these media, Brevi-
bacillus brevis forms glossy, milky, cream-colored colonies 1-3mm
in diameter (Logan and De Vos, 2015). Tyrosine agar is recommend-
ed as a selective medium for the determination of B. brevis. Breviba-
cillus brevis utilizes tyrosine and forms colonies with a typical light
brown pigment on this medium (Edwards and Seddon, 2000). Selec-
tive media for Paenibacillus macerans are not published.

2 KULTIVACE A DETEKCE VYBRANYCH
TAXONU

Pro stanoveni poctu sporotvornych bakterii je pfed samotnou kul-
tivaci nutné tepelné inaktivovat vegetativni formy sporotvornych
i ostatnich mikroorganismu. Cilem tohoto kroku je usmrceni vegeta-
tivnich bunék bacilt a nesporotvornych mikroorganismi a zaroven
aktivace germinace (kli€eni) spor. Tepelna inaktivace vzorku by méla
probéhnout do 10 minut od pfipravy prvniho fedéni vzorku a teplota
fedicich vzork( by méla byt co nejnizsi, aby nedochéazelo k podhod-
noceni poctu spor v dlsledku jejich vyklieni béhem pfipravy vzorku
a nasledného usmrceni inaktivacnim zahfevem (Te Giffel et al.,
1995).

Bacillus cereus — roste na béznych obohacenych médiich (napf.
krevni agar ¢i BHI = brain heart infusion agar), na kterych vytvafi
velké svétle krémové a neprlhledné kolonie s nepravidelnymi okraji
a suchym zvrasnénym povrchem (Drobniewski, 1993; Logan a De
Vos, 2015; Salkinoja-Salonen et al., 1999). Pro diagnostiku B. cere-
us se pouzivaji zivna média obsahujici selektivni slozky (polymy-
xin B) inhibujici rast pfidruzenych mikroorganismd. V pfipadé pouziti
selektivné diagnostickych pld byvéa soucasti médii obvykle vajecny
Zloutek a manitol. Pro izolaci B. cereus z potravin je podle CSN EN
ISO 7932 (2005) uréen Mannitol-egg yolk polymyxin agar (MYP).
Jako diagnosticka slozka je v této plidé vyuzivan vaje€ny Zloutek
(precipitace v dusledku hydrolysy lecitinu) a manitol, ktery neni
B. cereus na rozdil od jinych druhd rodu Bacillus schopen utilisovat.
Kultivace probiha 20—24 hodin pfi teploté 30-32 °C. Bacillus cereus
tvofi velké nevypouklé kolonie s nepravidelnymi okraji o prdméru
2-5mm, které maji suchy a zdrsnély povrch. Kolonie jsou krémové-
-rizové (manitol neni metabolisovan), obklopené rdzovou zénou
precipitace (lecitinasova aktivita) (Kramer a Gilbert, 1989). Dal§imi
bézné pouzivanymi selektivné-diagnostickymi pldami jsou polymy-
xin-pyruvate-egg yolk-mannitol agar s pfidavkem bromthymolové
modfi (PEMBA) nebo bromkresolové Cerveni, Trypticase Soy Broth
(TSB) s pfidavkem polymyxinu B, Bacillus cereus médium (BCM) i
chromogenni média (detekce na zakladé B-glukosidasové aktivity).
P¥i kultivacich B. cereus za pouziti PEMBA se po 18-24 hodinach pfi
37 °C vytvoti velké tyrkysové kolonie s nepravidelnymi okraji o pri-
méru cca 2-5mm (Kramer a Gilbert, 1989). MYP agar poskytuje lep-
§i identifikaci B. cereus a jeho stanoveni je snadnéjsi, jelikoz je na-
sledné potfeba méné potvrzovacich testd (Drobniewski, 1993; Har-
mon et al., 1984). Pro stanoveni pfitomnosti spor B. cereus se tepel-
né inaktivace provadi pfi 62,5 °C po dobu 15 minut a nasledna kulti-
vace je vedena na vhodném selektivnim médiu pfi teplotach 32-35 °C
(Drobniewski, 1993).

Bacillus licheniformis — roste na vétsiné béznych kultivacnich
pud (masopeptonovy &i krevni agar) (Salkinoja-Salonen et al., 1999).
Ve studiich je také zmifiovan BHI agar (brain heart infusion agar)
(Cladera-Olivera et al., 2004). Pro diagnostiku B. licheniformis jsou
pouzivana stejna Zivna média jako v pfipadé B. cereus, tedy napf.
MYP, PEMBA ¢&i TSB (Némeckova et al., 2011; Salkinoja-Salonen et
al.,, 1999). Na MYP a PEMBA agaru tvofi B. licheniformis stfedné
velké zZluté az Zluto-zelené kolonie s nepravidelnymi okraji o priimé-
ru do 5mm (Némeckova et al., 2011). Pro stanoveni pfitomnosti spor
se tepelné inaktivace provadi pfi 80 °C po dobu 10 minut. Poté na-
sleduje kultivace pfi 50 °C na masopeptonovém agaru obohaceném
o KNO,, kde B. licheniformis tvofi krémové az nacervenalé slizovité
kolonie s vy¢nélky a lalt¢ky (Logan a De Vos, 2015).

Bacillus subtilis — roste na béznych médiich, jako je napf. krevni
agar, BHI agar, TSB agar ¢i masopeptonovy agar (Salkinoja-Salonen
et al., 1999). V publikacich jsou také uvadény kultivaéni pady Pena-
ssay bujon s pfidavkem chloramfenikolu ¢i hof¢iku, Penassay G-TH
(glucosa-thiamin) médium (Atlas, 2010) nebo Luria-Bertani agar (LB
agar), na kterém tvori B. subtilis Sedavé zvrasnélé kolonie (Back,
2005). Selektivni pldy pro stanoveni B. subtilis nejsou publikovany.

Brevibacillus brevis a Paenibacillus macerans — rostou na béz-
nych médiich, jako napf. masopeptonovy agar ¢i TSB (Logan a De
Vos, 2015; Nehra et al., 2016; Priest, 2015). Brevibacillus brevis tvo-
fi na téchto pldach lesklé, mlé¢né, krémoveé zbarvené kolonie o pri-
méru 1-3mm (Logan a De Vos, 2015). Jako selektivni médium pro
stanoveni Brevibacillus brevis je doporuovan tyrosinovy agar.
B. brevis utilisuje tyrosin a vytvari na této pidé kolonie s typickym
svétle hnédym pigmentem (Edwards a Seddon, 2000). Selektivni
pudy pro stanoveni Paenibacillus macerans nejsou publikovany.
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3 MATERIALS AND METHODS

3.1 Composition and preparation of culture media

a) PC agar (Plate Count agar) (PCA): was prepared from dehydrat-
ed medium according to manufacturer's instructions (Merck): by
dissolving 22.5g of dehydrated medium in 1000 ml of distilled wa-
ter and sterilizing it for 20 minutes at 121 °C. Finished medium
has a light yellow color.

b) Meat-peptone agar (nutrient agar) (MPA): was prepared from
dehydrated medium according to manufacturer's instructions
(Merck): by dissolving 20g of dehydrated medium in 1000 ml of
distilled water and sterilizing it for 20 minutes at 121 °C. Finished
medium has a light yellow color.

c) Soyabean Casein Diges Medium (Tryptone Soya Broth) (TSB)
with the addition of polymyxin B: was prepared from dehydrated
medium according to manufacturer's instructions (HiMedia): by
dissolving 30g of dehydrated medium in 1000 ml of distilled water
with the addition of 15g of bacteriological agar (Oxoid, 1.5%) and
sterilizing it for 20 minutes at 121 °C. Before pouring onto plates:
to finished and cooled (45-50 °C) medium was aseptically added
a rehydrated polymyxin B sulfate (HiMedia, 50 000 USP) solution
to a final concentration of 100 units per ml. Finished medium has
a light slightly yellowish color.

d) Blood agar (KA): was prepared from dehydrated medium ac-

cording to manufacturer‘s instructions (Merck): by dissolving 409

of dehydrated medium in 1000 ml of distilled water and sterilizing

it for 20 minutes at 121 °C. Before pouring onto plates: to finished
and cooled (45-50 °C) medium was aseptically added defibrinat-
ed ram blood to a final concentration of 8%. Finished medium has

a dark reddish-brown color.

MYP agar (Phenol Red Egg Yolk Polymyxin Agar) (MYP): was

prepared from dehydrated medium according to manufacturer's

instructions (HiMedia): by dissolving 46.0g of dehydrated medi-
um in 900 ml of distilled water and sterilizing it for 20 minutes at

121 °C. Before pouring onto plates: to finished and cooled

(45-50 °C) medium was aseptically added 100 ml egg yolk emul-

sion (HiMedia) and a rehydrated polymyxin B sulfate (HiMedia,

50 000 USP) solution to a final concentration of 100 units per ml.

Finished medium has a light pinkish-orange color.

f) PEMB agar (Polymyxin Pyruvate Egg Yolk Mannitol Bromothy-
mol Blue Agar) (PEMBA): was prepared from dehydrated medium
according to manufacturer’s instructions (HiMedia): by dissolving
46.4 g of dehydrated medium in 950 ml of distilled water and ster-
ilizing it for 20 minutes at 121 °C. Before pouring onto plates: to
finished and cooled (45-50 °C) medium was aseptically added
50ml egg yolk emulsion (HiMedia) and a rehydrated polymyxin B
sulfate (HiMedia, 50 000 USP) solution to a final concentration of
100 units per ml. Finished medium has a light bright green color.

g) Chromocult Coliform agar (Coli): was prepared from dehydrat-
ed medium according to the manufacturer's instructions (Merck):
by dissolving 26.5g of dehydrated medium in 1000 ml of distilled
water and sterilizing it for 20 minutes at 121 °C. Finished medium
has a light slightly yellowish color.

h) Endo agar (Endo): was prepared from dehydrated medium accord-
ing to the manufacturer's instructions (Merck): by dissolving 399 of
dehydrated medium in 1000 ml of distilled water and sterilizing it for
20 minutes at 121 °C. Finished medium has a dark pink color.

i) MacConkey agar (Mac): was prepared from dehydrated medium
according to the manufacturer‘s instructions (Merck): by dissolv-
ing 50g of dehydrated medium in 1000 ml of distilled water and
sterilizing it for 20 minutes at 121 °C. Finished medium has a light
pink color.

J) MRS agar (De Man, Rogosa and Sharpe agar) (MRS): was pre-
pared from dehydrated medium according to manufacturer's in-
structions (Merck): by dissolving 68.2g of dehydrated medium in
1000 ml of distilled water and sterilizing it for 20 minutes at 121 °C.
Before pouring onto plates: to finished and cooled (45 °C) medi-
um was aseptically added actidione (0.025g of actidione in 10ml
of distilled water) and B-phenylethanol at a final concentration of
0.3% vol. Finished medium has a yellowish-brown color.

e

~

3.2 Microorganisms and culture conditions

Strains of bacteria that were used in this study originate from the
Czech Collection of Microorganisms (CCM) in Brno. The list of the
strains and their designations are listed in Table 1. The strains were
stored on oblique nutrient (MPA) agar under paraffin oil. Prior to in-
oculation to test media, the strains were incubated for 48 h on MPA
agar at 28 °C.

3 MATERIAL A METODY

3.1 Slozeni a pfiprava kultivaénich médii

a) PC agar (Plate Count agar) (PCA): byl pfipraven z dehydratova-
né pady dle navodu vyrobce (Merck): rozpusténim 22,5g dehyd-
ratované pudy v 1000 ml destilované vody a sterilizaci 20 minut
pfi 121 °C. Hotova plida méla svétle Zlutou barvu.

b) Masopeptonovy agar (nutrient agar) (MPA): byl pfipraven z de-
hydratované pudy dle navodu vyrobce (Merck): rozpusténim 20g
dehydratované pady v 1000 ml destilované vody a sterilizaci 20
minut pfi 121 °C. Hotovéa pada méla svétle Zlutou barvu.

c) Soyabean Casein Diges Medium (Tryptone Soya Broth) (TSB)

s pfidavkem polymyxinu B: byl pfipraven z dehydratované ptdy

dle navodu vyrobce (HiMedia): rozpusténim 30g dehydratované

pudy v 1000 ml destilované vody s pfidavkem 15g bakteriologic-
kého agaru (Oxoid, 1,5%) a sterilaci 20 minut pfi 121 °C. Do ho-
tové a ochlazené (45-50 °C) pldy byl pfed jejim nalitim na misky
asepticky pfidan rehydratovany polymyxin B sulfat (HiMedia,

50 000 m.j.) tak, aby bylo dosazeno kone¢né koncentrace 100

jednotek polymyxinu B na ml média. Hotova pida méla svétlou

lehce nazloutlou barvu.

Krevni agar (Blood agar) (KA): byl pfipraven z dehydratované

pudy dle navodu vyrobce (Merck): rozpusténim 40 g dehydratova-

né ptdy v 1000 ml destilované vody a sterilizaci 20 minut pfi 121

°C. Do hotové a ochlazené (45-50 °C) pudy byla pfed jejim nalitim

na misky asepticky pfidana defibrinovana berani krev tak, aby
bylo dosazeno kone¢né koncentrace 8% berani krve. Hotova
puda méla tmavou ¢erveno-hnédou barvu.

MYP agar (Phenol Red Egg Yolk Polymyxin Agar) (MYP): byl pfi-

praven z dehydratované pudy dle navodu vyrobce (HiMedia): roz-

pusténim 46,0g dehydratované pldy v 900 ml destilované vody

a sterilaci 20 minut pfi 121 °C. Do hotové a ochlazené (45-50 °C)

pudy bylo pfed jejim nalitim na misky asepticky pfidano 100ml

emulze vaje¢ného Zloutku (HiMedia) a rehydratovany polymyxin

B sulfat (HiMedia, 50 000 m.j.) tak, aby bylo dosazeno kone¢né

koncentrace 100 jednotek polymyxin B sulfatu na 1 ml média. Ho-

tova puda méla svétlou rlizovo-oranzovou barvu.

f) PEMB agar (Polymyxin Pyruvate Egg Yolk Mannitol Bromothy-
mol Blue Agar) (PEMBA): byl pfipraven z dehydratované ptdy dle
navodu vyrobce (HiMedia): rozpusténim 46,4g dehydratované
puady v 950ml destilované vody a sterilaci 20 minut pfi 121 °C.
Do hotové a ochlazené (45-50 °C) pldy bylo pfed jejim nalitim
na misky asepticky pfidano 50 ml emulze vaje¢ného zloutku (Hi-
Media) a rehydratovany polymyxin B sulfat (HiMedia, 50 000 m.j.)
tak, aby bylo dosazeno kone¢né koncentrace 100 jednotek poly-
myxin B sulfatu na ml média. Hotova ptda méla svétlou syté ze-
lenou barvu.

g) Chromocult Coliform agar (Coli): byl pfipraven z dehydratova-
né pudy dle navodu vyrobce (Merck): rozpusténim 26,59 dehyd-
ratované pady v 1000 ml destilované vody a sterilizaci 20 minut
pfi 121 °C. Hotova plida méla svétlou lehce naZloutlou barvu.

h) Endo agar (Endo): byl pfipraven z dehydratované ptdy dle navo-
du vyrobce (Merck): rozpusténim 39g dehydratované pldy
v 1000 ml destilované vody a sterilizaci 20 minut pfi 121 °C. Hoto-
va pida méla tmavé rGzovou barvu.

i) MacConkey agar (Mac): byl pfipraven z dehydratované ptdy dle
navodu vyrobce (Merck): rozpusténim 50g dehydratované pudy
v 1000 ml destilované vody a sterilizaci 20 minut pfi 121 °C. Hoto-
va plida méla svétle rizovou barvu.

j) MRS agar (De Man, Rogosa and Sharpe agar) (MRS): byl pfipra-
ven z dehydratované pidy dle navodu vyrobce (Merck): rozpusté-
nim 68,29 dehydratované ptdy v 1000 ml destilované vody a steri-
lizaci 20 minut pfi 121 °C. Do hotové a ochlazené (45 °C) pady byl
pfed jejim nalitim na misky asepticky pfidan aktidion (0,025g akti-
dionu v 10ml destilované vody) a B-fenylethanol v kone¢né konce-
traci 0,3 % obj. Hotovéa ptda méla Zlutohnédou barvu.

d

~

e

~

3.2 Mikroorganismy a kultivaéni podminky y

Kmeny bakterii, které byly pouzity v této praci, pochazeji z Ceské
sbirky mikroorganism (CCM) v Brné. Seznam pouzitych kmenl
a jejich oznaceni je uveden v tab. 1. Kmeny byly uchovavany na Sik-
mych masopeptonovych (MPA) agarech pod parafinovym olejem
a pred vyockovanim na testované pudy byly inkubovany na MPA
agaru pfi teploté 28 °C po dobu 48 hodin.

3.3 Priprava bakterialni suspense a kultivaéni podminky
Suspense bakterii byly pfipraveny rozmichanim 1 kolonie ve steril-
nim fysiologickém roztoku, s vyslednou koncentraci bunék pfiblizné
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Table 1 The list of strains and their designation
Tab. 1 Seznam kmenu a jejich oznaceni

; 3 « | Optimal growth temperature - . .
Species / Druh Strain / Kmen / Optimalni teplota ristu Colony pigment / Pigment kolonii
Bacillus cereus CCM 20107 37°C Whitish to cream / Bélavy aZ smetanové krémovy

: . . . o Whitish may become creamy or brown / Bélavy muize prejit
.

Bacillus licheniformis CCM 2145 50 °C na krémovy & hnédavy
Bacillus subtilis subsp. T o Whitish may become creamy or brown / Bélavy az
subtilis CCM 2216 30°C smetanové krémovy
Brevibacillus brevis CCM 20507 30°C Creamy to beige / Krémovy az béZzovy
Paenibacillus macerans | CCM 20127 37 °C Light creamy / Svétle krémovy

* CCM — Czech Collection of Microorganisms / Ceské sbirka mikroorganismu, Brno, Czech Republic

3.3 Preparation of bacterial suspensions and culture
conditions

Suspensions of bacteria were prepared by stirring one colony in
sterile saline, with a final concentration of approximately 3x108 cells/
ml. The suspension was diluted so as to give a separate and well
visible colonies on Petri dishes. Incubation on tested media was con-
ducted aerobically for 48 hours at 28 °C. After completion of cultiva-
tion, bacterial growth was evaluated and documented.

4 RESULTS AND DISCUSSION

The cultivation results are presented in Table 2. All strains were
able to grow on the basic non-selective media (PCA, blood agar,
MPA). The strains of B. cereus CCM 2010" and B. subtilis subsp.
subtilis CCM 22167 grew faster on these culture media than other
tested strains. After 18-24 hours, glossy, smooth colonies with irregu-
lar edges were visible on the plates (Fig. 1A). After an extension of
the incubation time to 48 hours they significantly increased in size
and changed their appearance to dry and wrinkled (Fig. 1B). The
change in the appearance of the colonies occurred as a result of
sporulation (Back, 2005).

Almost all strains grew on the selective media (MYP, PEMBA and
TSB medium with the addition of polymyxin B). An exception was the
strain P. macerans CCM 20127, which did not grow on TSB medium
with the addition of polymyxin B, and its inability to hydrolyze casein
was thus confirmed (Priest, 2015).

Thermophilic B. licheniformis CCM 21457 grew on culture media
as fast as other (mesophilic) strains.

4.1 Growth and appearance of colonies

All strains grew on the basic non-selective cultivation media MPA,
PCA and blood agar. It can be seen from Fig. 1, 2 and 3 that the
morphology of bacillus colonies is highly variable. B. cereus grew in
the form of large, convex, wrinkled colonies with irregular edges. On
PCA and MPA agar the colonies had creamy-white pigment (Fig. 1B)
and on blood agar brownish-green pigment (Fig. 3A). On all non-
selective media, B. licheniformis formed medium-sized colonies, cir-
cular, flat and smooth (before sporulation) or slightly curved and

Table 2 Growth of bacteria at 28 °C
Tab. 2 Rlst bakterii pfi 28 °C

3x10%/ml. Suspense byly nafedény tak, aby na Petriho miskach na-
rostlo takové mnozstvi kolonii, aby byly jednotlivé kolonie oddélené
a dobre viditelné. Kultivace na testovanych ptdach probihala aerob-
né pfi teploté 28 °C po dobu 48 hodin. Po ukonc&eni kultivace byl rist
bakterii vyhodnocen a zdokumentovan.

4 VYSLEDKY A DISKUZE

Vysledky kultivaci jsou uvedeny v tab. 2. VSechny kmeny byly
schopné rlst na zakladnich neselektivnich ptdach (PCA, krevni
agar, MPA). Kmeny B. cereus CCM 2010" a B. subtilis subsp. subtilis
CCM 22167 vykazovaly na téchto pudach oproti zbylym testovanym
kmendm rychlejsi naristy. Po 18-24 hodinach byly na pidach viditel-
né lesklé, hladké kolonie s nepravidelnymi okraji (obr. 1A). Po pro-
dlouzeni inkubaéni doby na 48 hodin doslo k jejich vyraznému zvét-
Seni a ke zméné vzhledu na suché a zvrasnélé (obr. 1B). Zména
vzhledu kolonii nastala v disledku sporulace (Back, 2005).

Na selektivnich médiich (MYP, PEMBA a TSB médiu s pfidavkem
polymyxinu B) narostly téméf vSechny kmeny. Vyjimkou byl kmen
P. macerans CCM 20127, ktery nevykazoval rlist na TSB médiu s pfi-
davkem polymyxinu B, tim byla potvrzena jeho neschopnost hydro-
lyzovat kasein (Priest, 2015).

Termofilni B. licheniformis CCM 2145T rostl na kultivacnich padach
stejné rychle jako ostatni (mesofilni) kmeny.

4.1 Rust a vzhled kolonii

Na zakladnich neselektivnich ptdach, MPA, PCA a krevnim aga-
ru, rostly v8echny bakterialni kmeny. Z obr. 1, 2 a 3 je patrné, Ze
morfologie kolonii bacild je zna¢né variabilni. Bacillus cereus rostl
ve formé velkych, vypouklych, zvrasnénych kolonii s nepravidelnymi
okraji, které mély na PCA a MPA agarech smetanové bilou barvou
(obr. 1B) a na krevnim agaru hnédo-zelenou barvu (obr. 3A). B. Ii-
cheniformis tvofil na MPA a PCA svétle hnédé kolonie se smetanové
bilym ohrani¢enim (obr. 2A). Na krevnim agaru se tvofily kolonie bé-
lavé barvy (obr. 3B). Na v8ech neselektivnich plidach tvofil B. liche-
niformis kolonie stfedné velké, kulaté, ploché a hladké (pfed sporu-
laci) ¢i mirné vypouklé a zvrasnéné s lesklym povrchem (po sporula-
ci). B. subtilis subsp. subtilis rostl na neselektivnich ptdach ve formé

Species / Druh Strain / Kmen Culture medium / Kultivacni médium
MPA PCA TSB KA MYP |[PEMBA| Coli Endo Mac MRS

Bacillus cereus CCM 20107 + + + + + + - +/- - -
Bacillus licheniformis CCM 21457 + + + + + + - - - -
Bacillus subtilis subsp.

SubtilisS SUbils stbsp CCM 22167 + + + + + + - - - -
Brevibacillus brevis CCM 20507 + + + + + + - - - -
Paenibacillus macerans | CCM 20127 + + - + + + - - - -

+ growth; - no growth; +/- little growth; MPA, nutrient agar; PCA, plate count agar; TSB, tryptone soya broth; KA, blood agar; MYP, phenol red
egg yolk polymyxin agar; PEMBA, polymyxin pyruvate egg yolk mannitol bromothymol blue agar; Coli, chromocult coliform agar; Endo, Endo

agar; Mac, MacConkey agar; MRS, De Man, Rogosa Sharpe agar

+ narust; - bez nardstu; +/- maly nardst; MPA, masopeptonovy agar; PCA, plate count agar; TSB, tryptone soya bujén; KA, krevni agar; MYP,
phenol red egg yolk polymyxin agar; PEMBA, polymyxin pyruvate egg yolk mannitol bromothymol blue agar; Coli, chromocult coliform agar;
Endo, Endlv agar; Mac, MacConkeyho agar; MSR, De Man, Rogosa Sharpe agar
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Fig. 1 Colonies of Bacillus cereus CCM 20107 on plate-count-agar at 28 °C; A, after 24 hours of incubation; B, after 48 hours of incubation
Obr. 1 Kolonie Bacillus cereus CCM 20107 na plate-count agaru pfi 28 °C; A, po 24 hodinach inkubace; B, po 48 hodinach inkubace

Fig. 2 Colonies of bacteria on nutrient agar after 48 hours of incubation at 28 °C

Obr. 2 Kolonie bakterii na masopeptonovém agaru po 48 hodinach inkubace pfi 28 °C;
A, Bacillus licheniformis CCM 2145T; B, Bacillus subtilis subsp. subtilis CCM 22167; C, Brevibacillus brevis CCM 2050"; D, Paenibacillus mac-

erans CCM 20127,
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Fig. 3 Colonies of bacteria on blood agar after 48 hours of incubation at 28 °C
Obr. 3 Kolonie bakterii na krevnim agaru po 48 hodinach inkubace pfi 28 °C
A, Bacillus cereus CCM 2010T; B, Bacillus licheniformis CCM 2145T; C, Brevibacillus brevis CCM 20507; D, Paenibacillus macerans CCM

2012W.

Fig. 4 Bacillus cereus CCM 20107 after 48 hours of incubation at 28 °C
Obr. 4. Bacillus cereus CCM 2010" po 48 hodinach inkubace pfi 28 °C
A, MYP agar; B, PEMB agar




Brewing microbiology — bacteria of the genera Bacillus, Brevibacillus and Paenibacillus and cultivation methods...

Kvasny Prum.
64/2018 (5)

239

wrinkled with a glossy surface (after sporulation). B. subtilis subsp.
subtilis grew on non-selective media in the form of medium-sized,
circular, smooth and dry colonies with creamy white color and the
structure of “icing sugar” (Fig. 2B). Like B. cereus, B. subtilis subsp.
subtilis exhibited faster growth rate and the older colonies were sig-
nificantly larger and had irregular edges. Brevibacillus brevis grew
on PCA and MPA media in the form of regular, small, circular, flat,
shiny colonies with creamy to beige pigment (Fig. 2C). In comparison
with PCA and MPA media, smaller and white colonies were formed
on blood agar (Fig. 3C). On these media, the colonies of P. macer-
ans were circular, transparent with pale creamy pigment and regular
edges (Fig. 2D and 3D). On the PCA medium, P. macerans formed
smaller colonies than on blood agar and MPA.

All strains grew on selective MYP, PEMBA and TSB media with the
addition of polymyxin B except P. macerans, which did not grow on
TSB with the addition of polymyxin B. On MYP agar, B. cereus
formed creamish-pink colonies (confirmation of its inability to utilize
mannitol). These colonies were surrounded by an opalescent pink
zone of precipitation (confirmation of lecithinase activity) (Fig. 4A).
On solidified PEMBA medium, B. cereus formed creamish-blue colo-
nies (inability to utilize mannitol), which were surrounded by the opal-
escent blue zone of precipitation (lecithinase activity) (Fig. 4B). In the
case of PEMBA medium, the blue staining of B. cereus colonies was
less intense and B. cereus could be misidentified (only on the basis
of its lecithin activity). In this regard, MYP agar is a more suitable
medium for the identification of B. cereus. The results were consist-
ent with the descriptions of the colonies reported by Kramer and Gil-
bert (1989) and Némeckova et al. (2011).

On MYP agar, the colonies of the strains B. licheniformis, B. brevis
and B. subtilis subsp. subtilis (Fig. 5A) had creamy color without any
visible zone of precipitation. P. Macerans created bright yellow colo-
nies on this agar (Fig. 5B). On PEMB agar, colonies of the strains B.
licheniformis and Brevibacillus brevis (Fig. 6A) had creamy to yellow-
ish color. On this medium as well as on MYP agar, P. macerans
formed bright yellow and mucoid colonies, which grew into the me-
dium. The creamy and yellow color of the colonies confirmed the
ability of the strains to utilize mannitol. On PEMBA medium, B. subti-
lis subsp. subtilis formed large whitish colonies that had a roughened
surface at their center while the edges of the colonies were glossy
and smooth (Fig. 6B).

None of the strains Bacillus, Brevibacillus and Paenibacillus grew
on MRS medium, which is intended for the detection of lactic acid
bacteria. Most of the strains did not grow on selective media, which
are intended for the cultivation of gram-negative bacteria (Chromoc-
ult Coliform, Endo and MacConkey agar). An exception was the
strain B. cereus CCM 20107, which grew slightly and formed a light
pink colonies after 48 hours of cultivation on Endo agar (Fig. 7) (the

stfedné velkych, kulatych, hladkych a suchych kolonii se smetanové
bilym zabarvenim a strukturou ,mouckového cukru“ (obr. 2B).
B. subtilis subsp. subtilis vykazoval, stejné jako B. cereus, rychlejsi
rychlost rdstu a starSi kolonie byly vyrazné vétsi a mély nepravidelné
okraje. B. brevis rostl na ptidach PCA a MPA ve formé pravidelnych,
malych, kulatych, nevypouklych, lesklych kolonii krémové az bézové
barvy (obr. 2C). Na krevnim agaru tvofil v porovnani s PCA a MPA
mensi a bilé kolonie (obr. 3C). Kolonie P. macerans byly na téchto
padéach kulaté, pravidelné ohrani¢ené, transparentni a se svétle kré-
movou barvou (obr. 2D a 3D). Na ptdé PCA tvofil v porovnani s krev-
nim agarem a MPA P. macerans mensi kolonie.

Na selektivnich pudach MYP, PEMBA a TSB s pfidavkem polymy-
xinu B narostly vSechny kmeny kromé P. macerans, ktery nerostl
na TSB s pfidavkem polymyxinu B. Bacillus cereus tvofil na MYP
agaru krémové-rizové kolonie (potvrzeni neschopnosti utilisovat
manitol), které byly obklopeny opalizujici rizovou zénou precipitace
(potvrzeni lecitinasové aktivity) (obr. 4A). Na ztuzené pudé PEMBA
byly jeho kolonie zabarveny do krémové-modré barvy (neschopnost
utilisovat manitol) a byly obklopeny opalizujici modrou zénou preci-
pitace (lecitinasové aktivita) (obr. 4B). U pldy PEMBA bylo modré
zabarveni kolonii B. cereus méné intenzivni a mohlo by tak dojit
k jeho chybné identifikaci (pouze na zakladé jeho lecitinasové aktivi-
ty). Z tohoto hlediska se jako vhodnéjsi plida pro identifikaci B. cere-
us ukazuje MYP agar. Vysledky byly ve shodé s popisy kolonii uva-
dénymi v publikacich Kramera a Gilberta (1989) a Némeckové et al.
(2011).

Kolonie kmen( B. licheniformis, B. brevis a B. subtilis subsp. sub-
tilis (obr. 5A) mély na ptidé MYP krémové zabarveni a nebyla u nich
viditelna zéna precipitace. P. macerans tvofil na této pldeé jasné Zlu-
té kolonie (obr. 5B). Na ptidé PEMBA byly kolonie kment B. licheni-
formis a B. brevis (obr. 6A) krémové az Zlutavé barvy. P. macerans
tvofil na této pldé kriklavé Zluté, slizovité, prorUstajici kolonie stejné
jako na MYP agaru. Kremova a zluta barva kolonii potvrzovala
schopnost danych kmenU utilisovat manitol. B. subtilis subsp. subtilis
tvofil na této pudé velké bélavé kolonie, které mély ve svém stfedu
zdrsnély povrch, zatimco okraje kolonii byly lesklé a hladké (obr.
6B).

Na ptdé MRS, kteréa je uréena pro detekci mléénych bakterii, ne-
narostl zadny z kmend rodd Bacillus, Brevibacillus a Paenibacillus.
VétSina kmenu nerostla na selektivnich padach pro kultivace gram-
negativnich bakterii (Chromocult Coliform, Endidv a MacConkeyho
agar). Vyjimkou byl kmen B. cereus CCM 20107, ktery po 48 hodi-
nach kultivace slabé narostl na Endové agaru a vytvofil na ném svét-
le rGizové kolonie (obr. 7) (barva kolonii potvrdila, Ze B. cereus neuti-
lisuje laktosu, coz je ve shodé s Loganem a De Vosem (2015)). Sla-
by nardst nékterych grampositivnich bakterii na Endové agaru vy-
robce pldy nevyluéuje.

A

Fig. 5 Colonies of bacteria on Phenol Red Egg Yolk Polymyxin Agar after 48 hours of incubation at 28 °C
Obr. 5 Kolonie bakterii na MYP agaru po 48 hodinach inkubace pfi 28 °C
A, Bacillus subtilis subsp. subtilis CCM 2216T; B, Paenibacillus macerans CCM 2012T.
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Fig. 6 Colonies of bacteria on Polymyxin Pyruvate Egg Yolk Mannitol Bromothymol Blue Agar after 48 hours of incubation at 28 °C
Obr. 6 Kolonie bakterii na PEMB agaru po 48 hodinach inkubace pfi 28 °C
A, Brevibacillus brevis CCM 20507; B, Bacillus subtilis subsp. subtilis CCM 2216™.

Fig. 7 Colonies of Bacillus cereus CCM 20107 on Endo agar after 48 hours of incubation at 28 °C
Obr. 7 Kolonie Bacillus cereus CCM 2010 na Endoveé agaru po 48 hodinach inkubace pfi 28 °C.

color of the colonies confirmed that B. cereus does not utilize lac-
tose, which is in agreement with Logan and De Vos (2015)). The
media manufacturer does not exclude a slight growth of some gram-
positive bacteria on Endo agar.

5 CONCLUSIONS

The genus Bacillus is considered to be a low-risk contaminant of
beer and its specific monitoring is not common. Bacillus vegetative
cells are not able to grow and multiply in beer, but the spores of these
microorganisms may survive in beer even for a long time. Another

5 ZAVER

Rod Bacillus je v pivovarstvi povazovan za malo rizikovou konta-
minantu a jako takovy neni bézné cilené sledovan. Vegetativni buri-
ky Bacillus nejsou schopny ristu a mnozeni v pivu, spory téchto mi-
kroorganismi v8ak mohou v pivu pfezit i po dlouhou dobu. Dal$im
rizikovym faktorem je schopnost nékterych bacilt redukovat dusi¢-
nany na dusitany a podilet se na vzniku karcinogennich nitrosaming.
ZvySeneé riziko by mohl predstavovat druh B. cereus, ktery je navic
schopen produkovat celou fadu toxind.

Vétsina kmenu vykazovala rist na selektivnich médiich, uréenych
primarné pro diagnostiku B. cereus (MYP, PEMBA, TSB s pfidavkem
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risk factor is the ability of some bacilli to reduce nitrates to nitrites,
thus contributing to the formation of carcinogenic nitrosamines.
B. cereus may represent an increased risk due to its ability to pro-
duce various toxins.

Most strains showed growth on selective media, which are primar-
ily intended for diagnostics of B. cereus (MYP, PEMBA and TSB with
the addition of polymyxin B). The exception was the strain P. macer-
ans CCM 20127, which did not grow on TSB medium with the addi-
tion of polymyxin B. B. cereus CCM 2010 and B. subtilis subsp.
subtilis CCM 2216T showed higher growth rates than other strains on
all media. The most suitable medium for the isolation of bacilli was
MYP agar, which gave the most significant color differentiation.

None of the strains showed growth on MRS agar. Most of the
strains did not grow on selective media for the cultivation of gram-
negative bacteria (Chromocult Coliform, Endo and MacConkey
agar). An exception was the strain B. cereus CCM 20107, which grew
slightly and formed a light pink colonies after 48 hours of cultivation
on Endo agar. All strains of bacilli were able to grow on common and
readily available culture media (nutrient agar, plate count agar, blood
agar), which are used to determine the total number of microorgan-
isms in food.
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