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Publikace navazuje na resersni ¢lanek Mikrobiologie pivovarské vyroby — Bakterie mlé€ného kvaseni a kultivaéni metody pro jejich
detekcei (Matoulkova a Kubizniakova, 2015: Kvasny Prum., 61(3): 76-88). Byl sledovan rist souboru 53 kmenu bakterii rodu Lactobacillus
a Pediococcus na ztuzenych kultivaénich ptudach, napf. MRS agaru a jeho riznych modifikacich, na pidé Raka-Ray, NBB, UBA atd.
Do studie byly zahrnuty i nékteré tekuté pady. Publikace obsahuje fotodokumentaci kolonii vybranych kmenu kultivovanych na rliznych
ztuZzenych pudach. Vyhodnocena byla redlna vyuzitelnost pld v provozni pivovarské laboratofi.
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This publication is a sequel to the study Microbiology of brewing — Lactic acid bacteria and cultivation methods for their detection
(Matoulkovéa and Kubizniakova, 2015: Kvasny Priimys| 61(3): 76-88). Growth was monitored in a set of 53 strains of Lactobacillus and
Pediococcus on solidified culture media, e.g. MRS agar and its various modifications, the media Raka-Ray, NBB, UBA, etc. The study
also included some liquid media. Photographic documentation is supplied of colonies of selected strains grown on different solid media.
The real usefulness of the media in brewery plant laboratory was evaluated.
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Der Artikel ist eine Fortsetzung des Reschersche Artikels ,Mikrobiologie der Brauherstellung — Milchsaurebakterien und Kultivation
Methoden zur ihren Detektion* (Matoulkova a Kubizniakova, 2015: Kvasny Prum., 61(3): 76—88). Es wurde verfolgt das Wachstum der
Datei von 53 Stdmmen von Bakterien des Geschlechts rodu Lactobacillus und Pediococcus auf den verfestigten Kultivationsbdden z.
B. MRS Agar und seinen verschieden Modifikation, auf den Béden Raka-Ray, NBB, UBA usw. In der Experimentalarbeit wurden auch
einige flissige Boden angewandt. Der Artikel enthélt eine Fotodokumentation der Kolonie von an den verschiedenen verfestigten Kulti-
vationsbdden kultivierten ausgesuchtesten Béden. Weiterhin wurde die reale Ausnutzung von diesen Boden im Betriebslab der Brauerei.
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1 UVOD

Studie navazuje na Uvodni Clanek tykajici se problematiky kulti-
vacnich metod detekce bakterii mlé€ného kvaseni, ktery je literarni
reSersi zahrnujici jednak zakladni charakteristiku této skupiny bakte-
rii z hlediska rizika pro vyrobu piva a jednak struény prehled vyvoje
kultivaénich médii. Z ivodniho ¢€lanku vyplynulo, Ze nej€astgji pou-
zivanymi pGdami pro detekci bakterii mlééného kvaseni jsou pldy
MRS a NBB, a to jak ve svém plvodné navrhovaném zakladnim
slozeni, tak i rizné modifikované. Z rlznych studii dale vyplyva, ze
z&dné z kultivacnich médii neumoznuje zachyt vSech mléénych bak-
terii, které se mohou vyskytnout jako kontaminace piva (Matoulkovéa
a Kubizniakova, 2015).

Testovali jsme 13 rdznych agarovych a 7 tekutych médii pro de-
tekci bakterii mlééného kvaseni. Soubor 53 kmenU bakterii mlé¢né-
ho kva$eni byl zvolen na zakladé Cetnosti jejich vyskytu a izolace
z piva nebo z pivovarského provozu a samoziejmée i dostupnosti
ve sbirkach mikroorganismd.

Cilem nasi prace bylo posouzeni rychlosti nardstu mléénych bak-
terii na/v rliznych kultivaénich médiich a fotodokumentace vzhledu
kolonii vybranych kment na rdznych ztuzenych plidach. Pro tyto
Ucely jsme vybrali kultivacni pldy, které jsou snadno dostupné pro
béznou pivovarskou mikrobiologickou laboratof, a to jak pudy doda-
vané komeréné (napf. MRS, Raka-Ray), tak pudy, které Ize snadno
pfipravit (PDM, ABD, B-MRS). Nékteré pudy doporucované star§imi
studiemi nebyly do této prace zahrnuty, napf. z divodu sloZzité pii-
pravy pudy ¢i nestandardnosti vstupnich surovin (Original Nakagawa
médium), popfipadé jejich slozeni obsahovalo nebezpeénou latku

Keywords: /actic acid bacteria, contamination of beer, cultivation
methods, Lactobacillus, Pediococcus

1 INTRODUCTION

This study is a sequel of a preceding article on the issue of culti-
vation methods for detection of lactic acid bacteria, which was a lit-
erature review covering both the basic characteristics of this group
of bacteria in terms of their risk for beer production and also a brief
overview of the development of culture media. The article pointed
out that the media most often used for detection of lactic acid bacte-
ria are MRS and NBB media, both in their originally proposed basic
composition and variously modified. Various studies also show that
none of the culture media ensures the capture of all the lactic acid
bacteria which may occur as contamination of beer (Matoulkova and
Kubizniakovd, 2015).

We tested 13 different agar and 7 liquid media for detecting lactic
acid bacteria. A set of 53 strains of lactic acid bacteria was chosen
based on the frequency of their occurrence and isolation from beer
or brewery operation and of course also availability in the collections
of microorganisms.

The aim of our study was to assess the rate of increase of lactic
acid bacteria on/in different culture media and provide photographic
documentation of the appearance of colonies of selected strains on
various solid media. For these purposes, we chose culture media
which are readily available for routine brewery microbiological labo-
ratory, both commercially supplied ones (e.g. MRS, Raka-Ray) and
media that can be easily prepared (PDM, ABD, B-MRS). Some me-
dia recommended by earlier studies were not included in this study,
e.g. because of a complex medium preparation or non-standard
input raw materials (Original Nakagawa medium) or because their
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(napf. azid sodny v pudé KL-2B). Podobné nebyly do studie zahrnu-
ty pldy, jejichz pouziti je v literatufe diskutovano jako nespolehlivé
(sacharosovy agar).

2 MATERIAL A METODY

2.1 Slozeni a pfiprava kultivaénich médii

Z&kladnim médiem pro kultivaci mléénych bakterii pfed vyockova-
nim na testované pudy byl de Mann Rogosa Sharp (MRS) agar, kte-
ry byl pfipraven z dehydratované pidy dodavané komeréné (Merck).

ZtuZena média

a) WLD (Wallerstein Laboratories Differential) agar (WLD): byl
pfipraven z komeréné dostupné dehydratované pudy WLN dle
navodu vyrobce (Oxoid): rozpusténim 75g dehydratované pldy
v 1000 ml destilované vody a sterilizaci 15 minut pfi 121 °C. Pfed
nalitim pady na misky se asepticky pfida 25 mg aktidionu (Sigma)
na 1000 ml pudy. Hotova pida ma modrozelené zbarveni.

b) Deanovo médium (Dean's medium) agar (DM): byl pfipraven
rozpuSténim a smichanim 5g kvasni¢ného extraktu (Merck)
a 15 g bakteriologického agaru (Oxoid) v 1000ml svétlého vy-
¢epniho piva. Pda se sterilizuje 20 minut pfi 121 °C a hotova ma
zlutohnédou barvu.

c) Williamsonovo médium L (Williamson's medium L) agar (WM):
1000 ml prokva$ené sladiny bylo prefiltrovano a byl z ni odvarfen
alkohol (objem byl zredukovan pfiblizné na polovinu). Po ochla-
zeni bylo k médiu pfidano a rozpusténo 10 g kvasni¢ného extraktu
(Merck), 10g maltosy (Merck), 10g kaseinu (Difco), 2g jaterniho
extraktu (HIMEDIA), 20 g bakteriologického agaru (Oxoid). Takto
ziskany roztok byl doplnén destilovanou vodou na vysledny ob-
jem 1000 ml. Puda se sterilizuje 20 minut pfi 121 °C a hotova ma
svétle Zlutou barvu.

d) MRS agar (MRSa): byl pfipraven z dehydratované puldy dle na-
vodu vyrobce (Merck): rozpusténim 68,29 dehydratované pldy
v 1000 ml destilované vody a sterilizaci 20 minut pfi 121 °C. Ho-
tova plida ma Zlutohnédou barvu.

e) VLB-S7 agar (VLB): byl pfipraven rozehfatim komeréné dodané
agarové pudy (VLB Berlin, Déehler) ve vodni lazni. Pida ma tma-
vé zelené zbarveni.

f) UBA (Universalni pivni agar; Universal Beer Agar) agar (UBA):
byl pfipraven z dehydratované pldy dle navodu vyrobce (Oxoid):
rozpusténim 62 g dehydratované pldy v 750 ml destilované vody
a pfidanim 250 ml svétlého vycepniho piva. Puda se sterilizuje 10
minut pfi 121 °C a hotova mé Zlutohnédou barvu.

g) Raka-Ray agar (RR), byl pfipraven z komeréné dostupné dehyd-
ratované pudy dle navodu vyrobce (Oxoid): rozpusténim 77,19
dehydratované pudy v 1000 ml destilované vody a sterilizaci 15
minut pfi 121 °C. Hotova plda ma hnédé zbarveni.

h) NBB (Nachweismedium fur Bierschadliche Bakterien) agar
(NBB-A): byl pfipraven z komeréné dodavané dehydratované
pudy (NBB-P) dle navodu vyrobce (Doéhler): rozpusténim 120g
dehydratované pldy a 15g bakteriologického agaru (Oxoid)
v 1000 ml destilované vody a sterilizaci 10 minut pfi 115 °C. Ho-
tova plida ma ¢ervené zbarveni.

i) B-MRS agar (B-MRSa): byl pfipraven rozpusténim a smichanim
55g MRS broth (Merck), 159 bakteriologického agaru (Oxoid),
250 ml svétlého vycepniho piva a 750 ml destilované vody. Plda
se sterilizuje 20 minut pfi 121 °C a hotovd ma zlutohnédou barvu.

j) PDM (Pediococcus damnosus medium) agar (PDMa): pida byla
pfipravena rozpusténim a smichanim 40g MRS broth (Merck),
0,3g L-cystein-hydrochloridu (Sigma), 250 ml svétiého vy&epniho
piva, 15g bakteriologického agaru (Oxoid) a 750ml destilované
vody. Plda se sterilizuje 20 minut pfi 121 °C a hotova ma svétle
Zlutou barvu.

k) BMB (Barney-Miller Brewery) agar (BMB): byl pfipraven rozpu$-
ténim a smichanim 15 g tomatového bujonu (Fluka), 15 g maltosy
(Merck), 10g glukosy (Merck), 5g polypeptonu (Oxoid), 2g ma-
sového vytazku (Bio-Rad), 0,2 g L-cystein-hydrochloridu (Sigma),
3g octanu draselného (Penta), 0,5g kyseliny jable¢né (Fluka),
0,5g Tween 80 (Sigma), 159 bakteriologického agaru (Oxoid),
250ml piva a 750 ml destilované vody. Plda se sterilizuje 15 mi-
nut pfi 121 °C a hotova ma zlutou barvu.

1) ABD (Advanced Beer-spoiler Detection) agar (ABDa): byl pfi-
praven rozpu$ténim a smichanim 2,6 g MRS broth (Merck), 159
bakteriologického agaru (Oxoid), 0,5g octanu sodného (Sigma),
1000 ml svétlého vycepniho piva. Plida se sterilizuje 20 minut pfi
121 °C a hotova ma Zlutohnédou barvu.

composition contained hazardous substances (e.g. sodium azide
in the KL-2B medium). Other media not included in the study were
those whose use is discussed in the literature as unreliable (sucrose
agar).

2 MATERIALS AND METHODS:

2.1 Composition and preparation of culture media

The basic medium for the cultivation of lactic bacteria prior to in-
oculation of the test medium was de Mann Rogosa Sharp (MRS)
agar, which was prepared from commercially supplied dehydrated
medium (Merck).

Solid media:

a) WLD (Wallerstein Laboratories Differential) agar (WLD) was pre-
pared from commercially available dehydrated WLN medium ac-
cording to manufacturer's instructions (Oxoid) by dissolving 759
of dehydrated medium in 1000 ml of distilled water and sterilizing
it for 15 minutes at 121 °C. Before pouring the medium on the
dish 25mg actidione was aseptically added (Sigma) per 1000 ml
of medium. Finished medium has a blue-green color.

b) Dean‘s agar medium (DM) was prepared by dissolving and mix-
ing 59 of yeast extract (Merck) and 15 g bacteriological agar (Ox-
oid) in 1000 ml of light draft beer. The medium was sterilized for
20 minutes at 121 °C; finished medium has a tan color.

c) Williamson‘s L agar medium (WM): 1000ml fermented wort
was filtrated, and alcohol was boiled off (the volume was reduced
to approximately half). After cooling, the medium was supplied
with 10g of yeast extract (Merck), 10g maltose (Merck), 10g of
casein (Difco), 2g of liver extract (HIMEDIA) and 20g bacterio-
logical agar (Oxoid). The resulting solution was made up with dis-
tilled water to a final volume of 1000 ml. The medium was steri-
lized for 20 minutes at 121 °C; finished medium has a pale yellow
color.

d) MRS agar (MRSa) was prepared from dehydrated medium ac-
cording to manufacturer’s (Merck) instructions by dissolving
68.2g of dehydrated medium in 1000ml of distilled water and
sterilizing it for 20 minutes at 121 °C. Ready medium has a tan
color.

e) VLB-S7 agar (VLB) was prepared by warming up commercially
supplied agar (VLB Berlin, D6ehler) in a water bath. The medium
has a dark green color.

f) UBA (Universal Beer Agar) was prepared from dehydrated me-
dium according to the manufacturer's instructions (Oxoid) by dis-
solving 62 g of dehydrated medium in 750 ml of distilled water and
250ml of draft beer. The medium was sterilized for 10 minutes at
121 °C and finished medium has a tan color.

g) Raka-Ray agar (RR) was prepared from commercially available
dehydrated medium according to the manufacturer's instructions
(Oxoid) by dissolving 77.1g of dehydrated medium in 1000 ml of
distilled water and sterilizing it for 15 minutes at 121 °C. Ready
medium is brown.

h) NBB (Nachweismedium fir Bierschadliche Bakterien) agar
(NBB-A) was prepared from commercially available dehydrated
medium (NBB-P) according to the manufacturer’s instructions
(Dohler) by dissolving 120 g of dehydrated medium and 15g bac-
teriological agar (Oxoid) in 1000 ml distilled water and sterilizing it
for 10 minutes at 115 °C. Ready medium is red in color.

i) B-MRS agar (B-MRSa) was prepared by dissolving and mixing
559 MRS broth (Merck), 15g bacteriological agar (Oxoid), 250 ml
of draft beer and 750 ml of distilled water. The medium was steri-
lized for 20 minutes at 121 °C and finished medium has a tan
color.

j) PDM (Pediococcus damnosus medium) agar (PDMa) medium
was prepared by dissolving and mixing 40g MRS broth (Merck),
0.3g L-cysteine hydrochloride (Sigma), 250 ml of draft beer, 15g
bacteriological agar (Oxoid) and 750ml of distilled water. The
medium was sterilized for 20 minutes at 121 °C and finished me-
dium has a pale yellow color.

k) BMB (Barney Miller Brewery) agar (BMB) was prepared by
dissolving and mixing 15g tomato broth (Fluka), 15g maltose
(Merck), 10g glucose (Merck), 5g polypeptone (Oxoid), 2g meat
extract (Bio-Rad), 0.2g L-cysteine hydrochloride (Sigma), 3g po-
tassium acetate (Penta), 0.5g malic acid (Fluka), 0.5g Tween
80 (Sigma), 159 bacteriological agar (Oxoid), 250 ml of beer and
750ml of distilled water. The medium was sterilized for 15 min-
utes at 121 °C and finished medium has a yellow color.
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m) MRS agar s katalasou (K-MRS): byl pfipraven MRS agar stan-
dardnim zpUsobem (od. d)). Pfed vlastnim nao¢kovanim kultur/
vzorku bylo na povrch pudy v Petriho miskach asepticky apli-
kovano 0,1ml sterilniho roztoku katalasy (Sigma) v destilované
vodeé tak, aby koncentrace enzymu byla 800 U/misku.

Tekuté pudy

a) MRS bujon (MRS): byl pfipraven z dehydratované pady dle
navodu vyrobce (Merck): rozpusténim 52,29 dehydratovaného
MRS bujonu v 1000 ml destilované vody a sterilizaci 20 minut pfi
121 °C. Hotova plida ma zlutohnédou barvu.

b) HLP médium (Hsu's Lactobacillus / Pediococcus médium)
(HLP): byl pfipraven z dehydratované pudy HLP dle navodu vy-
robce (Merck) rozpusténim 70g dehydratované pady v 1000 ml
destilované vody a sterilizaci 2,5 minuty pfi 100 °C. Hotova plada
ma svétle zluté zbarveni a po vychladnuti je lehce ztuzena.

c) NBB (Nachweismedium fiir Bierschadliche Bakterien) bujon
(NBB-B): byl pfipraven z komeréné dodavané dehydratované
pudy (NBB-P) dle navodu vyrobce (Doéhler): rozpusténim 120g
dehydratované ptdy v 1000ml destilované vody a sterilizaci 10
minut pfi 115 °C. Hotova plida ma éervené zbarveni.

d) B-MRS bujon (B-MRS): byl pfipraven rozpusténim a smichanim
55¢g dehydratovaného MRS bujonu (Merck), 250 ml svétiého vy-
¢epniho piva a 750ml destilované vody. Puda se sterilizuje 20
minut pfi 121 °C a hotova ma Zlutohnédé zbarveni.

e) S-MRS: byl pfipraven rozpusténim a smichanim 55g dehydra-
tovaného MRS bujénu (Merck), 4g Na,CO, (Lachema), 0,25¢g
L-cystein hydrochloridu (Sigma), 250 ml svétlého vy&epniho piva
a 750 ml destilované vody. Puda se sterilizuje 20 minut pfi 121 °C
a hotova ma hnédou barvu.

f) PDM bujon (Pediococcus damnosus médium) (PDMb): plida
byla pfipravena rozpusténim a smichanim 40 g dehydratované-
ho MRS bujoénu (Merck), 0,3g L-cystein-hydrochloridu (Sigma),
250 ml svétlého vyéepniho piva a 750 ml destilované vody. Pluda
se sterilizuje 20 minut pfi 121 °C a hotova ma svétle zlutou bar-
Vu.

g) ABD bujén (ABDb): byl pfipraven rozpusténim a smichanim
2,6 g dehydratovaného MRS bujénu (Merck), 0,5 g octanu sodné-
ho (Sigma), 1000 ml svétlého vy&epniho piva. Plda se sterilizuje
20 minut pfi 121 °C a hotova ma zlutohnédou barvu.

Na nékterych pudach (MRS agar, Raka-Ray, atd.) mohou rlst
i kvasinky, plisné a nékteré gramnegativni bakterie. Pro jejich inhibi-
ci se bézné vyuziva antibiotikum aktidion (Savel, 1980). V nasi studii
jsme pracovali s €istymi kulturami bakterii a média proto inhibitory
neobsahovala. Pfi pfipravé pud pro detekci mlé€nych bakterii v re-
alnych vzorcich je pfidavek inhibitord nutny, v zavislosti na slozeni
konkrétni pady.

2.2 Mikroorganismy a kultivaéni podminky

Kmeny bakterii, které byly pouzity v této praci, pochazeji ze Sbirky
pivovarskych mikroorganismii VUPS (RIBM), Némecké sbirky mik-
roorganismul a bunéénych kultur (DSMZ) v Braunschweigu (Némec-
ko) a Ceské sbirky mikroorganismu (CCM) v Brné. Seznam kmend,
jejich oznaceni a plvod jsou uvedeny v tab. 1. Pfed vyockovanim
na testované pldy byly kmeny inkubovany na MRS agaru pfi teploté
28 °C po dobu 72 hodin.

Priprava bakterialni suspense

Suspense bakterii byly pfipraveny rozmichanim 1 kolonie ve ste-
rilnim fysiologickém roztoku, s vyslednou koncentraci bunék pfibliz-
né 3x10%ml. Suspense byly nafedény tak, aby na Petriho miskach
narostlo pocitatelné mnozstvi kolonii (tj. 10-50). Tekuté pldy byly
zaockovany nafedénou suspensi tak, aby vysledna koncentrace bu-
nék byla 10-50 na 1 ml média. Inkubace probihala pfi teploté 28 °C
po dobu 7 dni a kazdy den byl vyhodnocovan a dokumentovan na-
rGst kultur. U kultur na ztuZzenych puddach byla posuzovana rychlost
tvorby viditelnych kolonii (ij. velikost kolonii cca 0,1 mm); po 5 dnech
kultivace byly kolonie zméfeny posuvnym méfitkem. U tekutych mé-
dii byla vyhodnocovana tvorba zakalu/sedimentu v ¢ase.

3 VYSLEDKY A DISKUZE

Na souboru 53 kmend mléénych bakterii bylo porovnavano 13
rlznych Zivnych médii, z toho u 6 pud (MRS, NBB, BMRS, PDM,
BMB, ABD) byla testovana jejich pevna i tekuta verze, u 7 (WLD,
DM, WM, VLB, UBA, R-R, K-MRS) pouze pevna varianta a 2 plidy

I) ABD (Advanced Detection of Beer-spoiler) agar (ABDa) was
prepared by dissolving and mixing 2.6 g MRS broth (Merck), 15g
bacteriological agar (Oxoid), 0.5g sodium acetate (Sigma) and
1000 ml draft beer. The medium was sterilized for 20 minutes at
121 °C and finished medium has a tan color.

m) MRS agar with catalase (K-MRS) was prepared in a standard
manner (see point d)). Prior to inoculation the cultures/sample
the surface medium in a Petri dish was aseptically supplied with
0.1 ml sterile solution of catalase (Sigma) in distilled water so that
the concentration of the enzyme was 800 U/dish.

Liquid Media:

a) MRS broth (MRS) was prepared from dehydrated medium as
prescribed by the manufacturer (Merck) by dissolving 52.2g of
dehydrated MRS broth in 1000 ml of distilled water and sterilizing
it for 20 minutes at 121 °C. Ready medium has a tan color.

b) HLP medium (Hsu’s Lactobacillus/Pediococcus medium) (HLP)
was prepared from dehydrated HLP medium according to manu-
facturer’s instructions (Merck) by dissolving 70g of dehydrated
medium in 1000 ml of distilled water and sterilizing it for 2.5 min-
utes at 100 °C. Ready medium has a pale yellow color and after
cooling is slightly thickened.

c) NBB (Nachweismedium fiir Bierschadliche Bakterien) broth
(NBB-B) was prepared from commercially available dehydrated
medium (NBB-P) according to the manufacturer’s instructions
(Dohler) by dissolving 1209 of dehydrated medium in 1000 ml of
distilled water and sterilizing it for 10 minutes at 115 °C. Ready
medium is red in color.

d) B-MRS broth (MRS-B) was prepared by dissolving and mixing
559 of dehydrated MRS broth (Merck), 250ml of draft beer and
750ml of distilled water. The medium was sterilized for 20 min-
utes at 121 °C and finished medium has a tan color.

e) S-MRS was prepared by dissolving and mixing 559 of dehydrat-
ed MRS broth (Merck), 4g Na,CO, (Lachema), 0.25g L-cysteine
hydrochloride (Sigma), 250 ml of draft beer and 750 ml of distilled
water. The medium was sterilized for 20 minutes at 121° C and
finished medium has a brown color.

f) PDM broth (Pediococcus damnosus medium) (PDMb) me-
dium was prepared by dissolving and mixing 40g of dehydrat-
ed MRS broth (Merck), 0.3g L-cysteinehydrochloride (Sigma),
250ml of draft beer and 750ml of distilled water. The medium
was sterilized for 20 minutes at 121 °C and, when finished, it has
a pale yellow color.

g) ABD broth (ABDb) was prepared by dissolving and mix-
ing 2.6g dehydrated MRS broth (Merck), 0.5g sodium acetate
(Sigma) and 1000ml of draft beer. The medium was sterilized
for 20 minutes at 121 °C and finished medium has a tan color.

Some media (MRS agar, Raka-Ray, etc.) can support the growth
of yeasts, molds and certain Gram-negative bacteria. The antibiotic
actidione is commonly used for their inhibition (Savel, 1980). Here
we worked with pure cultures of bacteria and the media therefore did
not contain inhibitors. The addition of inhibitors is required when pre-
paring media for detecting lactic bacteria in real samples, depending
on the specific composition of the medium.

2.2 Microorganisms and culture conditions

Strains of bacteria that were used in this study originate from the
Collection of Brewing Microorganisms of the RIBM, the German Col-
lection of Microorganisms and Cell Cultures (DSMZ) in Braunsch-
weig (Germany) and the Czech Collection of Microorganisms (CCM)
in Brno. The list of the strains, their designations and origin are listed
in Table 1. Prior to inoculation in the test medium the strains were
incubated on MRS agar at 28 °C for 72 hours.

2.3 Preparation of bacterial suspensions

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 countable number
(i.e. 10-50) of grown colonies on Petri dishes. Liquid media were
inoculated with diluted suspensions so that the final cell concentra-
tion was from 10 to 50 per 1 ml of medium. Incubation was conducted
for 7 days at 28 °C and the growth of the cultures was evaluated
and documented each day. The rate of appearance of visible colo-
nies (i.e. colony size of about 0.1 mm); was assessed in cultures on
solid media; after 5 days of culture, the colonies were measured with
a caliper. Haze formation/sediment appearance over time was evalu-
ated in cultures in liquid media.
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Tab. 1 Seznam kmenU mlécnych bakterii / Table 1 List of lactic strains

Druh / Species Kmen * / Strain * Puvod / Origin
L. amylolyticus DSM 116647 Okyselend sladina / acidified beer wort
L. backii DSM 180807 Zkazené pivo / spoilt beer
L. brevis RIBM 2-4 Pivovarsky provoz / brewery plant
RIBM 2-16 Zkazené pivo / spoilt beer
RIBM 2-20 Zkazené pivo / spoilt beer
RIBM 2-27 Zkazené pivo / spoilt beer
RIBM 2-32 Zkazené pivo / spoilt beer
RIBM 2-40 Zkazené pivo / spoilt beer
RIBM 2-42 Pivo / beer
RIBM 2-56 Pivo / beer
RIBM 2-68 Zkazené pivo / spoilt beer
RIBM 2-69 Zkazené pivo / spoilt beer
RIBM 2-70 Zkazené pivo / spoilt beer
RIBM 2-72 Pivo / beer
RIBM 2-78 Zkazené pivo / spoilt beer
RIBM 2-85 Zkazené pivo / spoilt beer
RIBM 2-111 Pivovarsky provoz / brewery plant
L. buchneri RIBM 2-9 Pivovarsky provoz / brewery plant
CCM 18197 Raj¢atova duzina / tomato pulp
L. casei/paracasei RIBM 2-26 Zkazené pivo / spoilt beer
RIBM 2-30 Zkazené pivo / spoilt beer
RIBM 2-41 Pivovarsky provoz / brewery plant
RIBM 2-46 Pivovarsky provoz / brewery plant
RIBM 2-51 Pivo / beer
RIBM 2-59 Pivo / beer
RIBM 2-71 Pivo / beer
RIBM 2-77 Pivovarsky provoz / brewery plant
RIBM 2-79 Pivovarsky provoz / brewery plant
RIBM 2-95 Pivovarsky provoz / brewery plant
RIBM 2-113 Zkazené pivo / spoilt beer
L. coryniformis CCM 46187 Silaz / silage
subsp. coryniformis
L. curvatus CCM 75587 Mléko / milk
L. delbrueckii subsp.delbrueckii CCM 71917 Kysely rmut / sour mash
L. fermentum CCM 71927 Fermentovana fepa / fermented beet
L. fructivorans CCM 7700 Neni znamo / not known
L. hilgardii CCM 7701 Neni znamo / not known
L. lindneri DSM 206907 Zkazené pivo / spoilt beer
L. malefermentans DSM 57057 Pivo / beer
L. paracollinoides DSM 155027 Pivovarské prostfedi / brewery environment
L. plantarum RIBM 2-29 Zkazené pivo / spoilt beer
RIBM 2-89 Pivovarsky provoz / brewery plant
RIBM 2-90 Pivovarsky provoz / brewery plant
RIBM 2-91 Pivovarsky provoz / brewery plant
P, acidilactici CCM 3449 Neni znamo / not known
P, claussenii DSM 148007 Zkazené pivo / spoilt beer
P. damnosus CCM 34537 Pivovarské kvasnice / brewing yeast
CCM 3454 Pivo / beer
P, dextrinicus CCM 34577 Silaz /silage
P, inopinatus CCM 34517 Pivovarské kvasnice / brewing yeast
CCM 3452 Pivo / beer
P, parvulus CCM 34507 Silaz /silage
P, pentosaceus CCM 77967 Susené pivovarské kvasnice / dried brewing yeast
CCM 3447 Pivovarské kvasnice / brewing yeast

* CCM — Ceska sbirka mikroorganismii, Brno, Ceské republika / Czech Collection of Microorganisms, Brno, Czech Republic; DSM — Némec-
ka sbirka mikroorganisml a bunéénych kultur, Braunschweig, Némecko / German Collection of Microorganisms and Cell Cultures, Braun-
schweig, Germany; RIBM — Sbirka pivovarskych mikroorganism(, VUPS, a.s., Praha / Collection of The Research Institute of Brewing and
Malting, Prague, Czech Republic
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Tab. 2 Souhrnné vysledky rastu bakterii na pevnych padach / Table 2 Summary results on growth rate of bacteria on solid media

Kultivaéni médium / Culture media

o = < (= o = w o w > ~

Rod / Genus E = § 3 - g o g :Igo E % g :lgu
7 7

Pocet kmenl (%) / Number of strains (%
Lactobacillus 95.3 0 721 100 95.3 90.7 95.3 95.3 97.7 95.3 97.7 0 100
Pediococcus 70 0 70 100 100 80 90 90 100 100 100 0 100
Doba inkubace (hodina) / Incubation time (hours)*
Lactobacillus 67 - 90 58 71 73 74 57 62 61 65 - 43
Pediococcus 113 - 89 86 98 120 120 93 91 91 98 - 58
Velikost kolonii po 5 dnech kultivace (mm) / Colony size after 5 days of cultivation (mm)

Lactobacillus 1.44 - 1.92 2.68 1.8 1.43 1.53 2.18 2.18 1.8 1.68 - 2.2
Pediococcus 1.08 - 1.28 1.65 1.52 0.91 0.96 1.46 1.28 1.33 1.18 - 1.3

* doba, po které mohou byt viditelné kolonie vyhodnoceny / Time after which the number of visible colonies can be evaluated

(HLP, SMRS) se pouzivaji pouze tekuté. Vysledky jsou uvedené
viab.2a 3.

3.1 Rychlost nartstu mléénych bakterii na ztuzenych plidach

Souhrnné vysledky schopnosti a rychlosti ristu laktobacili a pe-
diokokd a priimérné hodnoty velikosti kolonii po 5 dnech inkubace
na jednotlivych pudach jsou uvedeny v tab. 2.

Z 13 pevnych zivnych médii rostly vSechny kmeny mlécnych
bakterii pouze na dvou plddach — na zakladni varianté pady MRS
a na jeji modifikaci K-MRS. MRS je komplexni médium obsahujici
glukosu jako zdroj uhliku, vyvinuté pro izolaci, kultivaci a uchovava-
ni Sirokého spektra mléénych bakterii (de Man et al., 1960; Casey
a Ingledew, 1981). MRS agar je doporu¢ovan tfemi hlavnimi pivo-
varskymi asociacemi — European Brewery Convention (2011), Ame-
rican Society of Brewing Chemists (Crumplen et al., 1991) a Brewery
Convention of Japan (1999).

Modifikace zakladni MRS pudy urychluji nebo zvyhodriuiji rist pivu
Skodicich mléénych bakterii. Pida K-MRS obsahuje enzym katalasu,
jejiz funkci je ochrana organismi pred oxidativnim stresem — jeji pfi-
tomnost v rlistovém médiu tak zabranuje inhibici ristu anaerobnich/
fakultativné anaerobnich bakterii vlivem fotooxidace slozek pudy
(Hoffman et al., 1983). Na ostatnich pevnych padach narostio 90,7
az 97,7 % laktobacilt, na Wiliamsonové médiu L (WM) rostlo pou-
ze 72,1% kmen(. Rychlost rastu laktobacilt na jednotlivych pidach
byla vyrovnana, primérna doba detekce byla 65 h, kolonie byly dobfe
viditelné na v§ech pudach priimérné do 3 dnli, pouze u WM byla pri-
mérna doba detekce delSi nez 89 hodin. Nejrychlejsi rast vykazovaly
laktobacily na MRS pudé s enzymem katalasa (K-MRS), a to 43 hodin.

VSechny kmeny rodu Pediococcus rostly na pudach MRS, VLB,
B-MRS, PDM, BMB a K-MRS, nejméné (70%) jich vyrostlo na pu-
dach WLD a WM. Primérna doba rdstu pediokokt byla 96 hodin,
nejrychleiji rostly na pldé K-MRS (58 hodin) a nejpomalejsi rlst byl
pozorovan na ptdach UBA a R-R, kde byly prvni kolonie detekovany
pramérné po 5 dnech kultivace.

Na Deanové médiu (DM) a padé ABD, jejichz zakladem je mini-
malné obohacené pivo, nenarostl zadny kmen mléénych bakterii.

3.2 Velikost kolonii

Po 5 dnech kultivace byla proméfena velikost kolonii, oba rody
mléénych bakterii tvofily nejvétsi kolonie na zakladni ptdé MRS,
na které byla primérna velikost kolonii laktobacilll 2,7 mm a pedio-
kokl 1,6 mm. Primérna velikost kolonii kmene L. brevis RIBM 2-20
se pohybovala v intervalu od 2,2mm na WLD pudé az po 5,1mm
na MRS agaru, u kmene L. brevis RIBM 2-56 od <1 mm na pldéach
WM a UBA az 4,0mm na NBB. V rozmezi od <1 mm na ptidach WLD
a R-R do 4,1mm na pudé MRS rostl L. curvatus (CCM 7558) nebo
od 1,4mm na WLD a VLB do 4,5mm na MRS L. plantarum (RIBM
2-89). Vyrovnanou velikost kolonii na jednotlivych piddach mély
napfiklad nékteré kmeny L. casei/paracasei, v rozmezi od <1 mm
na WLD, VLB, UBA a R-R do 1,8 mm na MRS rostl kmen RIBM 2-71
nebo od <1 mm na UBA a R-R do 1,9mm na MRS kmen RIBM 2-51.
Mensi rozdily ve velikosti kolonii vykazovaly pediokoky.

3.3 Vyhodnoceni nartstu mléénych bakterii na jednotlivych
pudach
WLD agar je jednou z nejstarSich puad vyuzivanych pro prikaz
mléénych bakterii ve vzorku piva. Je to komplexni ristové médium

3 RESULTS AND DISCUSSION

In a set of 53 strains of lactic acid bacteria, we compared 13 dif-
ferent nutrient media, of which six media (MRS, NBB, BMRS, PDM,
BMB, ABD) were tested in their solid and liquid version, 7 (WLD, DM,
WM, VLB, UBA, RR, K-MRS), only in the solid version and 2 media
(HLP, SMRS) were used only in the liquid version. The results are
listed in Tables 2 and 3.

3.1 The growth rate of lactic acid bacteria on solid media

Summary results on the ability and growth rate of lactobacilli and
pediococci and the average value of the size of colonies after 5 days
of incubation at various media are shown in Table 2.

Of the 13 solid nutrient media, all strains of lactic acid bacteria
grew only on two media — the basic variant of MRS medium and
its modification K-MRS. MRS is a complex medium containing glu-
cose as a carbon source, developed for the isolation, cultivation and
maintenance of a broad spectrum of lactic acid bacteria (de Man et
al., 1960; Casey and Ingledew, 1981). MRS agar is recommended
by three main brewer associations — European Brewery Convention
(2011), American Society of Brewing Chemists (Crumplen et al,,
1991) and Brewery Convention of Japan (1999).

Modifications of basic MRS medium accelerate or favor the growth
of beer-spoiling lactic acid bacteria. Medium K-MRS contains the en-
zyme catalase, whose function is to protect the organisms against
oxidative stress — its presence in the growth medium prevents inhibi-
tion of the growth of anaerobic/facultative anaerobic bacteria due to
photo-oxidation of medium components (Hoffman et al., 1983). The
other solid media supported the growth of 90.7 to 97.7% lactobacilli,
on Williamson L medium (WM) grew only 72.1% of strains. The rate
of growth of lactobacilli on various media was similar, the average
detection time being 65 hours. On average, colonies were clearly
visible on all media within 3 days; the average detection time was
longer than 89 hours only on WM medium. The fastest growth (43
hours) was recorded with lactobacilli on MRS medium with catalase
(K-MRS).

All strains of the genus Pediococcus grew on MRS, VLB, B-MRS,
PDM, BMB and K-MRS media, the least (70%) had grown on media
WLD and WM. Average growth time of pediococci was 96 hours, the
fastest growth (58 hours) was recorded on K-MRS medium and the
slowest growth was observed on media UBA and R-R, the first colo-
nies being detected on average after 5 days of culture.

No strains of lactic acid bacteria grew on Dean‘s medium (DM) and
ABD medium whose base is minimally enriched beer.

3.2 Colony size

Colony size was measured after 5 days of culture. Two genera of
lactic bacteria formed colonies on the most basic MRS medium, the
average size of the colonies of lactobacilli being 2.7mm and 1.6 mm
with pediococci. The average size of the colonies of L. brevis strain
RIBM 2-20 ranged from 2.2mm on WLD medium to 5.1 mm on MRS
agar, in the L. brevis strain RIBM 2-56 it was from <1mm on WM and
UBA media to 4.0mm in NBB. The size of L. curvatus (CCM 7558)
colonies ranged from <1mm on WLD and YY media to 4.1 mm on the
MRS medium, that of L. plantarum (RIBM 2 -89) ranged from 1.4 mm
on WLD and VLB to 4.5mm on MRS. About equal colony size on
various media was exhibited by some strains of L. casei paracasei.
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s glukosou jako zdrojem uhliku a bromkresolovou zeleni jako indika-
torem zmény pH. WLD Ize pfipravit z komeréné dodavané dehyd-
ratované pudy WLN s pfidavkem aktidionu pro inhibici rastu kvasi-
nek. Za anaerobnich rustovych podminek umozriuje detekci bakterii
mlécného kvaseni (Green a Grey, 1950). Ze souboru 43 kmenu rodu
Lactobacillus jich na WLD pldé narostlo 95,3 %, pouze L. paracolli-
noides a L. malefermentans na tomto médiu nerostly. Z 10 bakte-
rii rodu Pediococcus nerostly na WLD 3 kmeny (P damnosus CCM
3453 a CCM 3454, P, inopinatus CCM 3452). Rozdil v rychlosti rGstu
laktobacilll a pediokoku byl na WLD agaru pomérné vyznamny — pra-
mérna doba prvni detekce laktobacilli byla 67 hodin, coz je rychlost
srovnatelna s rlstem na ostatnich padach, u pediokok( 113 hodin,
coz je tieti nejpomalejsi rdst, po UBA a R-R (viz déle). Velikost na-
rostlych kolonii patfila k nejmenSim (obr. 1) v porovnani s koloniemi
na ostatnich pddach, u laktobacilll byla primérna velikost kolonie
1,4mm u pediokokd 1,1 mm.

Deanovo médium (DM) a Williamsonovo médium L (WM) jsou
starsi kultivaéni pady pro detekci mléénych bakterii, které v dnes-
nich provoznich pivovarskych laboratofich nejsou pouzivané. Podle
autort (Dean, 1957; Williamson, 1959) a starSich srovnavacich stu-
dii (Ault a Woodward, 1965; Casey a Ingledew, 1981) vykazovaly
velmi dobré vysledky, proto jsme je zafadili do nasi studie. WM agar
byl vyhodnocen jako srovnatelny s pddou WLD a umoznoval vyssi
zachyt laktobacild z piva nez Deanovo médium (Ault a Woodward,
1965; Casey a Ingledew, 1981). V nasi studii na DM agaru, jehoz
zékladem je pivo, nevyrostl zadny kmen mléénych bakterii. Na WM
agaru narostlo pouze 72,1 % laktobacild a 70 % pediokokl. Rychlost
rlstu byla u obou rodd také podobna, primérna doba detekce prv-
nich kolonii byla za 90 hodin, tato rychlost rlistu je pro laktobacily
nejpomalejsi a pro pediokoky naopak jedna z nejvyssich.

MRS agar umoznil rGst vSem kmenim miéénych bakterii véetné
pomérné problematického druhu L. paracollinoides. Tato bakterie

Obr. 1 Kolonie Lactobacillus brevis RIBM 2-111 na padé MRS (vle-
vo) a WLD po 5 dnech inkubace / Fig. 1. Colonies of Lactobacillus
brevis RIBM 2-111 after 5 days of incubation on MRS (left) and WLD
agar

se $patné pomnoZzovala na tuhych pldach (rostla pouze na MRS
a K-MRS), v tekutych médiich je jeji schopnost rlstu srovnatelna
s ostatnimi kmeny rodu Lactobacillus.Pramérnda detekce prvnich ko-
lonii laktobacilt byla 58 hodin a u rodu Pediococcus 86 hodin. Z lak-
tobacilt nejpomaleji na pidé MRS rostly kmeny L. backii a L. para-
collinoides (5 dni), z pediokokdl P damnosus (CCM 3453T) — 6 dni.
Kolonie P, dextrinicus a P, pentosaceus (CCM 7796) byly detekovany
jiz po dvou dnech inkubace. Primérna velikost kolonii laktobacilt
na MRS agaru byla 2,7mm a pediokokd 1,7mm — nejvétsi kolonie
ze vSech testovanych ztuzenych plid. Rozmezi velikosti kolonii se
pohybovala v rozmezi od 1,4mm u L. casei/paracasei (RIBM 2-59)
Ci L. delbrueckii az po 5,1mm u L. brevis (RIBM 2-20). Velikost ko-
lonii pediokokl se pohybovala v rozmezi od 1 mm (P, claussenii)
do 2,6 mm (P, pentosaceus CCM 77967).

Pudda VLB-S7 byla ptvodné navrzena pro izolaci a identifikaci
pediokoku (Emeis, 1969), ale rostou na ni i laktobacily (Casey a In-
gledew, 1981). Plida se pouziva zejména v Némecku, je komeréné
dostupna a dodavana je pouze hotova ve ztuzené podobé, pfipra-

Colony size of strain RIBM 2-71 ranged from <1mm on WLD, VLB,
UBA and RR to 1.8 mm on MRS, that of strain RIBM 2-51 from <1mm
on UBA and RR to 1.9mm on MRS. Pediococci showed minor differ-
ences in the size of the colonies.

3.3 Evaluation of the growth of lactic acid bacteria on various
media

WHLD agar is one of the oldest media used for the detection of lac-
tic bacteria in beer samples. It is a complex growth medium with glu-
cose as carbon source and bromocresol green as an indicator of pH
change. WLD can be prepared from commercially available dehy-
drated medium WLN by addition of actidione that inhibits the growth
of yeast. Under anaerobic growth conditions it allows the detection
of lactic acid bacteria (Green and Grey, 1950). From a group of 43
Lactobacillus strains, 95.3% grew on WLD medium while L. paracol-
linoides and L. malefermentans did not grow on this medium. Of the
10 bacteria of genus Pediococcus 3 strains did not grow on WLD
(P damnosus CCM 3453 and CCM 3454, P, inopinatus CCM 3452).
The difference in the rate of growth of lactobacilli and pediococci on
WLD agar was quite significant — the average time of the first detec-
tion of lactobacilli was 67 hours, which is comparable to the growth
in other media, with pediococci it was 113 hours, which is the third
slowest growth after that on UBA and RR (see further). The size of
the grown colonies was among the smallest (Fig. 1) compared with
the colonies on other media. The average colony size of lactobacilli
was 1.4mm, that of pediococci 1.1 mm.

Dean‘s medium (DM) and Williamson L medium (WM) are
older culture media for detecting lactic acid bacteria, which are no
longer used in today‘s operating brewery laboratories. According to
the authors (Dean, 1957; Williamson, 1959) and earlier compara-
tive studies (Ault and Woodward, 1965; Casey and Ingledew, 1981)
they showed very good results and we therefore included them in
our study. WM agar was evaluated as comparable with WLD me-
dium and permitted a higher capture of beer lactobacilli than Dean
medium (Ault and Woodward, 1965; Casey and Ingledew, 1981). In
our study no strains of lactic acid bacteria grew on DM agar which is
beer-based. WM agar allowed the growth of a mere 72.1 % lactoba-
cilli and 70 % pediococci. The growth rate for both genera was also
similar, the average detection time of the first colony being under 90
hours. This rate of growth is the slowest for lactobacilli but one of the
highest for pediococci.

MRS agar allowed the growth of all the strains of lactic acid bac-
teria, including the quite problematic species L. paracollinoides. This
bacterium is poorly reproducible on solid medium, growing only on
MRS and MRS-K, while in liquid media its ability to grow is compa-
rable with other Lactobacillus strains. The average detection time of
first lactobacilli colonies was 58 hours, and 86 hours for the genus
Pediococcus. The slowest growth on MRS medium among lacto-
bacilli was recorded for strains of L. backii and L. paracollinoides
(5 days), among pediococci for P damnosus CCM 3453T (6 days).
Colonies of P dextrinicus and P. pentosaceus (CCM 7796) were
detected already after two days of incubation. The average colony
size of lactobacilli on MRS agar was 2.7mm and that of pediococci
1.7mm — the largest colonies on all tested solid media. The size of
the colonies ranged from 1.4mm in L. casei/paracasei (RIBM 2-59)
or L. delbrueckiito 5.1 mm in L. brevis (RIBM 2-20). The colony size
of pediococci ranged from 1 mm (P, claussenii) to 2.6 mm (P, pentosa-
ceus CCM 7796T).

VLB-S7 medium was originally designed for the isolation and
identification of pediococci (Emeis, 1969), but lactobacilli also grow
on it (Casey and Ingledew, 1981). The medium is mainly used in
Germany; it is commercially available and is supplied only in the fin-
ished solidified form, ready to warm-up and pour onto the dish. In our
study it allowed the growth of 95.3 % strains of lactobacilli and all the
strains of pediococci. The growth rate of Lactobacillus bacteria was
rather slow, colonies were detected after approximately 71 hours
and the growth rate of pediococci on this medium was average (98
hours). The size of the colonies of lactobacilli reached average val-
ues of 1.8mm, with pediococci it was the second largest — 1.5mm.

Universal Beer Agar (UBA) allows the detection of beer-spoiling
lactic and acetic acid bacteria and yeast (Kozulis and Page, 1968).
Addition of actidione can eliminate the growth of yeast and anaerobic
culture conditions suppress the growth of acetic bacteria; the me-
dium will then allow the determination of lactic acid bacteria adapted
to growth in beer. The ability of lactic acid bacteria to grow on uni-
versal beer agar UBA was one of the lowest, 90.7 % lactobacilli and
80% pediococci grew on the medium. The growth rate and colony
size was also one of the smallest (Fig. 2). The average time of first
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Obr. 2 Kolonie Lactobacillus brevis RIBM 2-111 na ptidé MRS (vlevo)
a UBA po 5 dnech inkubace / Fig. 2 Colonies of Lactobacillus brevis
RIBM 2-111 after 5 days of incubation on MRS (left) and UBA agar

vena k rozehrati a naliti na misky. V nasi studii umozfiovala rast
95,3% kmenlm laktobacild a vdem kmenim pediokoku. Rychlost
rlstu bakterii rodu Lactobacillus patfila k pomalej$im, kolonie byly
detekovany priblizné po 71 hodin, rychlost ristu bakterii Pedioco-
ccus byla na této padé priimérna (98 hodin). Velikost kolonii laktoba-
cilt dosahovala pramérnych hodnot 1,8 mm, u pediokoku byla druha
nejvétsi — 1,5mm.

Universalni pivni agar (UBA) umoznuje detekci pivu $kodicich
mikroorganism( — mléénych a octovych bakterii a kvasinek (Kozu-
lis a Page, 1968). Pridavkem aktidionu Ize eliminovat rdst kvasinek
a anaerobni podminky kultivace potla¢i rast octovych bakterii —
puda pak umozni stanoveni mléénych bakterii adaptovanych na riist
v pivu. Schopnost rlistu mléénych bakterii na universalnim pivnim
agaru UBA byla jedna z nejnizSich, na médiu rostlo 90,7 % laktobaci-
10 a 80 % pediokoku. Také rychlost rlstu a velikost kolonii byly jedny
z nejmensich (obr. 2). Primérna doba prvni detekce kolonii u lak-
tobacilll byla 73 hodin a pediokokd 120 hodin. Primémé velikosti
kolonii 1,4mm u laktobacild a 0,9 mm pro pediokoky jsou nejmensi
pro oba rody na v$ech kultivaénich pudach.

Raka-Ray (R-R) je komplexni médium obsahujici maltosu a frukto-
su, bez obsahu piva, navrzené pro detekci mlé€nych bakterii (Saha et
al., 1974). Vysledky kultivaci na padé byly velmi podobné s vysledky
kultivaci na UBA — rychlost narlstu viditelnych 74 hodin u laktoba-
cili a 120 hodin u pediokokd. Velikosti kolonii byly také jedny z nej-
mensSich — 1,5mm pro laktobacily a pod 1 mm pro pediokoky. Zachyt
mléénych bakterii byl o néco vy$si nez na padé UBA — 95,3 % lakto-
bacili a 90% kmenu pediokokl. Ve srovnavaci studii Caseye a In-
gledewa (1981) na R-R mlécné bakterie rostly rychleji a tvofily vétsi
kolonie nezli na plidach UBA a WLD. V nasi studii nerostly bakterie
na pudé R-R vyrazné rychleji nez na UBA a WLB, kolonie laktobacill
byly vétsi, u pediokokd srovnatelné s UBA a WLD. Podle Jespersena
a Jakobsena (1996) neni R-R dostate¢né selektivni vici bakteriim,
které nekazi pivo, sou¢asné ma mensi zachyt pivu Skodicich mlé¢-
nych bakterii, a proto ma spise informativni vyznam. Plda je i pfesto
doporuéovana Evropskou pivovarskou konvenci (European Brewery
Convention; EBC) k rutinnim kontrolam piva a pivovarského provozu.

Puda NBB byla plvodné vyvinuta Backem (1980) jako zakladni
nespecifické médium. Jeji sloZzeni bylo pozdéji riizné modifikovano
tak, aby poskytla rychlejsi vysledky a umoznila vétsi zachyt pivu Sko-
dicich mikroorganism( (Back et al., 1984; Nishikawa a Kohgo, 1985).
Puda NBB je dodavana v rdznych variantadch — hotova, pfipravena
k rozliti na Petriho misky (NBB-agar) nebo do vySetfovanych lahvi
na stanoveni mlé€nych bakterii v pivu (NBB-C, koncentrat), dehyd-
ratovana (NBB-P), a pro Uc¢ely inkubace vzork( odebranych stérem
(NBB-B-AM). Kindraka (1987) uvadi, ze modifikované NBB médium
je vice specifické a ma vétsi zachyt pivu Skodicich mikroorganismu
nez UBA. Crumplen et al. (1988) naopak vyhodnotili plivodni i mo-
difikované NBB médium jako méné ucinné nez UBA. V nasi studii
NBB puda poskytovala velmi dobré vysledky. Z laktobacild na NBB
sice nerostly L. paracollinoides a L. backii, z pediokokl P. damnosus
(CCM 3454), ale primérna rychlost rdstu pro oba rody byla vysoka
a také velikost kolonii patfila k nejvétSim (obr. 3). Primérna doba

Obr. 3 Kolonie Lactobacillus brevis RIBM 2-111 na ptidé NBB (vlevo)
a BMB po 5 dnech inkubace / Fig. 3 Colonies of Lactobacillus brevis
RIBM 2-111 after 5 days of incubation on NBB (left) and BMB agar

detection of the colonies of lactobacilli was 73 hours, with pediococci
120 hours. The average colony size was 1.4mm in lactobacilli and
0.9mm in pediococci, i.e. the smallest for both genera in all culture
media.

Raka-Ray (R-R) is a beer-free complex medium containing malt-
ose and fructose, designed for detecting lactic acid bacteria (Saha
et al., 1974). The results of cultivation on medium were very similar
with the results of culture on UBA — the rate of appearance of vis-
ible colonies in lactobacilli was 74 hours, for pediococci 120 hours.
Colony sizes were also among the smallest — 1.5mm for lactoba-
cilli and below 1 mm for pediococci. Detection of lactic acid bacteria
was somewhat higher than on UBA medium — 95.3% in lactobacilli
and 90% in pediococci. In a comparative study Ingledew and Casey
(1981) lactic bacteria grew faster and formed larger colonies on R-R
than on UBA and WLB media. In our study, the bacteria did not grow
on R-R significantly faster than on UBA and WLB. The colonies of
lactobacilli were larger than on UBA and WLD, those of pediococci
were comparable. According to Jespersen and Jakobsen (1996),
R-R is not sufficiently selective against beer-nonspoiling bacteria.
At the same time, it shows a lower capture of beer-spoiling lactic
acid bacteria, and the results are therefore rather preliminary. The
medium is nevertheless recommended by the European Brewery
Convention (EBC) for routine checks of beer and brewing operation.

NBB medium was originally developed by Back (1980) as a basic
nonspecific medium. Its composition was later variously modified so
as to provide faster results and allow for greater capture of beer-
spoiling microorganisms (Back et al., 1984; Nishikawa and Kohgo,
1985). NBB medium is supplied in different variants — ready, pre-
pared for pouring on Petri dishes (NBB-agar) or in testing bottles for
the determination of lactic acid bacteria in beer (NBB-C concentrate),
dehydrated (NBB-P), and a version for incubating collected swab
samples (NBB-B-AM). Kindraka (1987) reported that the modified
NBB medium is more specific and has higher detection of beer-spoil-
ing microorganisms than UBA. On the other hand, Crumplen et al.
(1988) evaluated both the original and modified NBB medium as less
effective than the UBA. In our study, NBB medium gave very good
results. Although the lactobacilli L. paracollinoides and L. backii and
the pediococcus P. damnosus (CCM 3454) did not grow on NBB, the
average growth rate for both genera was high and the size of colo-
nies was among the largest (Fig. 3). The average time of first de-
tection of colonies of lactobacilli was 57 hours, which is the second
highest rate after growth on MRS medium. Most lactobacilli were
clearly detected after three days of culture at the latest, only L. lind-
neri after 4 days and L. amylolyticus after 6 days. Pediococci were
slightly below the average value of 93 hours; the slowest growing
on the medium was P. damnosus (CCM 3453) that was detected
after 7 days of cultivation. The average colony size, 2.2 mm for lac-
tobacilli and 1.5 mm for pediococci was the second largest.

B-MRS medium is one of the modifications of MRS medium.
When preparing 1000 ml of culture broth, 250 ml of beer is added to
MRS (Holzapfel, 1992). B-MRS medium showed excellent results,
the only species that did not grow on it was L. paracollinoides. The
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prvni detekce kolonii kmenU rodu Lactobacillus byla 57 hodin, coz je
po rdstu na MRS plidé druha nejvy$si rychlost. Vétsina laktobacill
byla jednoznacné detekovana nejpozdéji po tfech dnech kultivace,
pouze L. lindneri po 4 dnech a L. amylolyticus po 6 dnech. U rodu
Pediococcus to bylo lehce pod primérnou hodnotou 93 hodin, nej-
pomaleji na této pudé rostl P damnosus (CCM 3453), ktery byl de-
tekovan po 7 dnech kultivace. Pramérné velikosti kolonii 2,2 mm pro
laktobacily a 1,5mm pro pediokoky byly druhé nejvétsi.

Plda B-MRS je jednou z modifikaci MRS puldy, kde pfi pfipravé
1000 ml kultivaéni pady je k zakladni MRS pfidano 250 ml piva (Hol-
zapfel, 1992). Pida B-MRS vykazovala vyborné vysledky, na ptdé
nerostl pouze druh L. paracollinoides. Pramérna doba detekce prv-
nich kolonii byla 62 hodin pro laktobacily a 91 hodin pro pediokoky,
coz je pro oba rody nadprimérna rychlost. Velikost kolonii laktoba-
cilt byla nadprimérna (2,2 mm) u pediokok( pramérna (1,3 mm).

PDM je plida navrzena pro prikaz bakterii druhu P damnosus.
Vychozi padou je B-MRS se snizenymi koncentracemi vSech slozek
a niz8im pH (Taskila et al. 2010b). Na ptdé rostou vSechny pedio-
koky pouzité ve studii a Siroké spektrum laktobacild (95,3 %), coz
je v souladu s vysledky studie Taskily et al. (2010b). Rychlost ristu
kmenU byla stejna jako u predchazejici ptdy B-MRS, ato 61 /91 h
pro laktobacily /pediokoky, coz je nadpriimérna rychlost pomnozeni.
Velikost kolonii byla pro oba rody primérna. Prdmérna velikost ko-
lonii 1,8 mm u laktobacilt byla nejmensi mezi plidami, jejichz zakla-
dem je MRS agar.

Na americké plidé BMB (Barney-Miller Brewery) rostly v§echny
kmeny mléénych bakterii kromé L. paracollinoides, primérna doba
detekce kolonii laktobacilt byla 65 hodin, pediokokl 98 hodin. Veli-
kost kolonii byla u obou rod(i lehce podprimérna, 1,7 mm u laktoba-
cili a 1,2mm u pediokok(l. Porovnani velikosti kolonii kmene L. bre-
vis RIBM 2 -111 na ptudé MRS a BMB je zobrazeno na obr. 4. Pida
obsahuje tomatovy dzus, maltosu, pivo a L-cystein-HCI (Barney et
al., 1990). Crumplen et al. (1991) ve své srovnavaci studii uvadi, ze
mlécné bakterie rostou rychleji na BMB nez na MRS, NBB a KOT.

Na médiu ABD, které bylo navrzeno pro prikaz a kultivaci obtizné
kultivovatelnych pivo-kazicich bakterii L. lindnerii a L. paracollinoides
(Suzuki et al., 2008b) a je stejné jako Deanovo médium pfipraveno
z piva s minimalnim pfidavkem Zivin, nerostl jediny kmen mléénych
bakterii. Pida ABD je zalozena na bazi piva s pfidavkem malého
mnozstvi MRS, octanem sodnym (inhibice gramnegativnich bakterii)
a aktidionem (inhibice kvasinek). ABD puda podle autor(i (Suzuki et
al., 2008) umoznuje prikaz pivu Skodicich bakterii ve vzorku, které
jsou hufe detekovatelné béznymi pudami jako je MRS, BMB, Raka-
-ray a NBB-A. Oproti tomu Taskila et al. (2010a) prezentuji porovna-
ni pdy ABD s B-MRS na 19 realnych vzorcich piva a nedoporuduji ji
k rutinni mikrobiologické kontrole piva a pivovarského provozu.

Na K-MRS agaru, na jehoz povrch byl aplikovan enzym katalasa,
rostly vSechny kmeny mlécnych bakterii a to vyrazné rychleji v po-
rovnani s ostatnimi kultivaénimi médii. Primérna detekce prvnich
kolonii byla kratsi nez 2 dny (43 hodin) u laktobacild a 58 hodin
u pediokokU. Velikost kolonii byla pro oba rody nadstandardni, pra-
mér 2,2mm u laktobacild byl po zakladni ptidé MRS druhy nejvétsi
a 1,3mm pro pediokoky byl lehce nadprimérmy.

Ve studii Denga et al. (2014) pfidavek katalasy v koncentraci
800 U na misku urychlil dobu detekce kolonii L. plantarum, L. aceto-
tolerans a P. damnosus az o nékolik dni.

3.4 Rust mléénych bakterii v tekutych médiich

Souhrnné vysledky rustu rodll Lactobacillus a Pediococcus v te-
kutych médiich jsou prezentovany v tab. 3. Zaznamenavan byl po-
¢et dni potfebnych k vytvoreni viditelného zakalu ¢i sedliny. V po-
lotuhém HLP médiu bakterie tvofily zakal podobny chomacku vaty
(obr. 5). VSechny kmeny rostly v médiich MRS, B-MRS a PDM. V pu-
dach NBB-B a HLP rostlo 100% pediokokl a 95,3 % laktobacild.
V pladé S-MRS se pomnozilo nejméné mléénych bakterii, a to pfi-
blizné 77 % kmenu laktobacilll a 60 % pediokok(. Stejné jako u tuhé
podoby pudy ABD nevyrostl Zadny kmen ani v jeji tekuté verzi.

Primérna doba detekce ristu laktobacill a pediokokul v testova-
nych pudach je velmi podobnd, 51 hodin pro laktobacily a 49 hodin
pro pediokoky. Bakterie rodu Lactobacillus rostly nejrychleji v ptdé
HLP, kde byly detekovany prdmérné po 36 hodinach a v PDM, kde
byla doba prvni detekce 46 hodin. Nejpomaleji se pomnoZzovaly
v ptidé S-MRS, kde doba detekce byla téméf 3 dny (67 hodin). U pe-
diokokl byla primérna doba detekce rustu v pudach MRS, PDM
a HLP pod 2 dny a to 46 hodin. Nejpomaleji rostly pediokoky v ptdé
B-MRS, kde byla prdimérna doba prvni detekce 58 hodin.

V tekuté pudé MRS rostly nejrychleji kmeny druhu L. plantarum
a nékteré pediokoky (P acidilactici, P. claussenii, P dextrinicus,

average time for the early detection of colonies was 62 hours for
the lactobacilliand 91 hours for pediococci, which is an above aver-
age speed for both genera. The size of colonies of lactobacilli was
above average (2.2mm) for pediococci it was average (1.3 mm).

PDM is a medium designed for the detection of P damnosus. Ini-
tial medium is B-MRS with reduced concentrations of all the com-
ponents and a lower pH (Taskila et al., 2010b). The medium allows
the growth of all pediococci used in the study and a wide range of
lactobacilli (95.3%), which is consistent with the results of Taskila
et al. (2010b). The growth rate of the strains was the same as in the
previous B-MRS medium and was 61 / 91 h for lactobacilli/pedio-
cocci, which is above the average speed of propagation. Colony
size was average for both genders. The average colony size of
1.8 mm with lactobacilli was the smallest among MRS agar-based
media.

The American BMB medium (Barney Miller Brewery) allowed the
growth of all strains of lactic acid bacteria except L. paracollinoides,
the average detection time of lactobacilli colonies was 65 hours, for
pediococci 98 hours. Colony size in both genera was slightly below
the average, 1.7 mm for the lactobacilli and 1.2 mm for pediococci.
Comparison of colony size of L. brevis strain RIBM 2 -111 on MRS
and BMB media is shown in Fig. 4. The medium contains toma-
to juice, maltose, beer, and L-cysteine-HCI (Barney et al., 1990).
Crumplen et al. (1991) attested in their comparative study that lac-
tic acid bacteria grow faster on BMB than on MRS, NBB and KOT.

ABD medium, which was designed for the detection and cul-
tivation of poorly cultivable beer-spoiling bacteria L. lindnerii and
L. paracollinoides (Suzuki et al., 2008b) and, like Dean‘s medium,
is prepared from beer with minimal addition of nutrients, did not
support the growth of any strain of lactic acid bacteria. ABD me-
dium is based on beer with the addition of small quantities of MRS,
sodium acetate (inhibition of Gram negative bacteria) and actidione
(inhibition of yeast). According to the authors (Suzuki et al., 2008)
ABD medium allows determination of beer-spoiling bacteria which
are harder to detect by conventional media such as MRS, BMB,
Raka-Ray and NBB-A. In contrast, Taskila et al. (2010a) compared
ABD with B-MRS on 19 real samples of beer and recommended it
for routine microbiological control of beer and brewing operation.

K-MRS agar, the surface of which was treated with the catalase,
allows the growth of all strains of lactic acid bacteria, which is sig-
nificantly faster compared with other culture media. The average
for the early detection of colonies was less than 2 days (43 hours)
for lactobacilli and 58 hours for pediococci. Colony size for both
genera was above-average, 2.2mm diameter for lactobacilli, sec-
ond largest after basic MRS medium, and 1.3mm for pediococci,
which was slightly above average.

In a study of Deng et al. (2014) the addition of catalase at a con-
centration of 800 U/dish accelerated the detection of colonies of
L. plantarum, L. acetotolerans and P. damnosus by up to several
days.

Obr. 4 Kolonie Lactobacillus brevis RIBM 2-111 na ptidé MRS (vle-
vo) a BMB po 5 dnech inkubace / Fig. 4 Colonies of Lactobacillus
brevis RIBM 2-111 after 5 days of incubation on MRS (left) and BMB
agar



Mikrobiologie pivovarské vyroby — Bakterie mlécného kvasSeni a kultivacni metody jejich detekce — II. cast

Kvasny Prum.
62/2016 (11-12)

343

Obr. 5 Narust bakterii L. brevis RIBM 2-111 ve zkumavce s polotu-
hym médiem HLP / Fig. 5 Growth of L. brevis RIBM 2-111 in a test
tube with semi-solid medium HLP

P. pentosaceus), které byly detekovatelné jiz za 24 hodin kultivace.
Kmeny L. brevis a L. casei/paracasei (izolaty z pivovarskych provo-
zU) narostly po pfiblizné 2 dnech kultivace. Nejpomaleji v této pude
rostly druhy L. backii, L. lindneri, které jsou povazovany za velmi
Skodlivé, a dale L. amylolyticus, u kterych byl pozorovan narust az
po 4 dnech kultivace (pozn. — $kodlivost jednotlivych druht miéénych
bakterii je popsana v prvni ¢asti studie, Matoulkova a Kubizniakova,
2015). V porovnani s tuhou variantou pady byl rist mléénych bakterii
rychlejsi, u laktobacilll primérné o 7 hodin, a u pediokoku byl v teku-
tém médiu narlst pozorovan dfive o 41 hodin.

V polotuhém médiu HLP byla vétsina kmenU laktobacilt detekova-
telna po dvou dnech kultivace, pouze kmen L. malefermentans po 4
a L. amylolyticus az po 7 dnech. Rlst pediokokl byl rozpoznatelny
do 3 dnli od zao¢kovani.

Primérna doba detekce laktobacilll na piidé NBB-A a NBB-B je
témeér stejna 57 (55) hodin, pediokoky rostou stejné jako v tekuté
MRS rychleji, primérna doba detekce jejich ristu se zkratila o 43
hodin na 50. V tekuté varianté pidy NBB se pomnozovaly vSechny
kmeny rodu Pediococcus, a 95,3 % kmenu rodu Lactobacillus.

V modifikované ptdé MRS s pfidavkem piva (B-MRS) se pomno-
zovaly vSechny kmeny mléénych bakterii, rychlost rastu laktobacilt

3.4 Growth of lactic acid bacteria in liquid media

Summary results on the growth of Lactobacillus and Pediococcus
genera in liquid media are given in Table 3. The number of days
needed to produce a visible turbidity or sediment was recorded.
In the semi-solid HLP medium, bacteria formed a cotton wool-like
haze (Fig. 5). All strains were grown in MRS, B-MRS and PDM me-
dia. NBB-B and HLP media supported the growth of 100% pedio-
cocci and 95.3% lactobacilli. The propagation of lactic acid bacteria
was the lowest in S-MRS medium, approximately 77% of strains
of lactobacilli and 60% of pediococci. Like in the solid form of ABD
medium, no strains grew in its liquid version.

Average time of detection of growth of lactobacilli and pedio-
cocci in tested media is very similar, 51 hours for lactobacilli and
49 hours for pediococci. Lactobacillus bacteria grew the fastest in
HLP medium, on which they were detected on average after 36
hours, and in PDM where the time of first detection was 46 hours.
The growth was the slowest in S-MRS medium where the detection
time was nearly 3 days (67 hours). The average detection time of
growth of pediococci in media MRS, PDM and HLP was under 2
days — 46 hours. The slowest growth of pediococci was recorded
in B-MRS medium, where the average time for the first detection
was 58 hours.

The liquid MRS medium supported the fastest growth of strains
of L. plantarum and some pediococci (P, acidilactici, P. claussenii,
P. dextrinicus, P. pentosaceus) which were detectable as early as
after 24 hours of culture. Strains of L. brevis and L. casei/paraca-
sei (isolates from brewing operations) showed detectable growth
after approximately 2 days of cultivation. The slowest growth in
this medium was observed with L. backii and L. lindneri, which are
considered highly beer-spoiling, and L. amylolyticus, the growth of
which was observed after 4 days of culture (Note — the beer-spoil-
ing ability of individual species of lactic acid bacteria is described
in the first part of the study (Matoulkova and Kubizniakové, 2015).
Compared with the solid variant of the medium, the growth of lactic
bacteria was on average 7 hours faster with lactobacilli, the growth
of pediococci in liquid medium was faster by 41 hours.

In the semi-solid HLP medium, most strains of lactobacilli were
detectable after two days in culture, only L. malefermentans
showed detectable growth after 4 and L. amylolyticus after 7 days.
The growth of pediococci was recognizable within 3 days after the
inoculation.

The average time to detection of lactobacilliin NBB-A and NBB-
B media was almost the same (57 versus 55 hours); pediococci
grew faster similarly as in liquid MRS and the average detection
time of their growth was 43 hours shorter and reached 50 hours.
All Pediococcus strains and 95.3% of lactobacilli reproduced in the
liquid variant of the NBB medium.

In the modified MRS medium supplemented with beer (B-MRS)
grew all strains of lactic acid bacteria, and lactobacilli growth rate
was comparable with that of pediococci (55 versus 58 hours). When
comparing the growth of bacteria in the liquid and solid variant of
B-MRS medium, growth faster by about 7 hours was observed in
the liquid medium for lactobacilli and up to 33 hours for pediococci.
In comparison with the original variant of MRS medium without the
addition of beer, lactic acid bacteria grew slower — lactobacilli by
about 5 hours, pediococci by about 12 hours. The reason is prob-
ably the use of collection strains that were maintained longer in
laboratory conditions and are therefore not adapted to the condi-
tions in beer (as assumed, this may reflect the action of bitter hop
substances; Suzuki et al., 2004).

In S-MRS medium (MRS modification enriched with beer and L-
cysteine hydrochloride) grew only 76.7% of Lactobacillus strains
and 60% of pediococci, which was the least among the test liquid

Tab. 3 Souhrnné vysledky rastu bakterii v tekutych pldach / Table 3 Summary results on growth rate of bacteria on liquid media

Rod / Genus Kultivaéni médium / Culture media
MRS | HLP | NBB | BMRS | sMRS | PDM | ABD
Pocet kmenl (%) / Number of strains (%
Lactobacillus 100 95.3 95.3 100 76.7 100 0
Pediococcus 100 100 100 100 60 100 0
Doba inkubace* (h) / Incubation time* (hour)
Lactobacillus 50 36 55 55 67 46 -
Pediococcus 46 46 50 58 55 46 -

* doba, po které mohou byt viditelné kolonie vyhodnoceny / Time after which the number of visible colonies can be evaluated
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i pediokokl byla srovnatelna 55 (58) hodin. Pfi porovnani nardstu
bakterii v tekuté a na tuhé varianté pudy B-MRS byl pozorovan rych-
lej§i narust v pudé tekuté o 7 hodin u laktobacill a az o 33 hodin
u pediokokd. V porovnani s plvodni variantou pudy MRS bez pfi-
davku piva rostly mlé¢né bakterie pomaleji, laktobacily o 5 hodin,
pediokoky o 12 hodin. Dlvodem je pravdédobné pouziti sbirkovych
kmend, které byly del$i dobu uchovavané v laboratornich podmin-
kach a nebyly tedy adaptované na podminky v pivu (pfedpoklada se
zejména pUsobeni horkych chmelovych latek; Suzuki et al., 2004).

V padé S-MRS (modifikace MRS obohacena o pivo a L-cystein
hydrochlorid) narostlo pouze 76,7% kmen( Lactobacillus a 60 %
pediokokU, coz je nejméné v testovanych tekutych pudach. Rlst
u kmenU Lactobacillus byl také nejpomalejsi, primérna detekce ras-
tu byla 67 hodin, pediokoky rostly rychleji a srovnatelné s narlistem
v tekutych padach B-MRS a NBB-B. Médium PDM bylo pGvodné
navrzeno pro detekci P damnosus (Taskila et al., 2010b), Uspésné
v ném vSak rostou dal$i druhy pediokokl a také kmeny laktobaci-
10. V nas$i studii se v tomto médiu pomnozily vSechny kmeny, a to
rychlosti stejnou pro oba rody — primérna doba detekce 46 hodin
fadi PDM pldu na druhé misto za HLP médium, ve kterém rostly
laktobacily o 10 hodin rychleji.

Jak jiz bylo vy$§e zminéno, nenarostl v kultiva¢ni ptidé ABD ani je-
diny kmen mléénych bakterii. Ptda byla navrzena hlavné pro prikaz
a kultivaci obtizné kultivovanych druh L. lindneria L. paracollinoides
(Suzuki et al 2008), ani tyto kmeny se vSak v pddé nepomnozily.
Po desetidenni kultivaci kultur v tekuté ABD bylo 0,1 ml (odebrano
ode dna zkumavky) vyo¢kovano na tuhou MRS pldu, 83,7 % kmenu
Lactobacillus, véetné zminovanych druht, a 80,0 % kmenl Pedioco-
ccus bylo schopno rustu. Kmeny tedy nebyly schopné riastu a mno-
zeni v ABD médiu, avSak dokdzaly v ném prezit.

4 ZAVER

V prlibéhu laboratornich experimentd jsme posuzovali nejen rych-
lost rGstu bakterii, velikost kolonii na/v jednotlivych plidach, ale také
vlastni pfipravu a praci s médii. Narast kolonii byl sledovan v pribé-
hu kultivace, po 5 dnech byla proméfovana velikost kolonii.

PFi pouziti zdkladniho MRS agaru a jeho modifikace s katalasou
(K-MRS) byly detekovany v8echny pouzité kmeny mlécnych bakterii.
Na K-MRS byl zaznamenan jejich nejrychlejsi narast (43 hodin pro
Lactobacillus, 58 hodin pro Pediococcus), na MRS pak 2. nejrych-
lej8i (58 hodin pro Lactobacillus, 86 hodin pro Pediococcus). Oba
rody mléénych bakterii tvofily po 5 dnech inkubace nejvétsi kolonie
na zakladni pidé MRS (2,7 mm u laktobacild a 1,6 mm u pediokok).
O néco uzsi spektrum kmenu postihuje MRS agar s pfidavkem piva
(B-MRS) a puda BMB, ktera umoznila riist véem kmenlm pedioko-
k(. Z rodu Lactobacillus nerostl na téchto ptdach Lactobacillus pa-
racollinoides. Doba detekce na B-MRS 62 hodin / Lactobacillus a 91
hodin / Pediococcus. Na plidé BMB 65 hodin / Lactobacillus a 98
hodin / Pediococcus.

Rychlého rlistu bakterii a pomérné velké velikosti kolonii bylo do-
sazeno s pldou NBB. Z laktobacill na NBB v$ak nerostly L. para-
collinoides a L. backii, z pediokokli P damnosus (CCM 3454). Pra-
mérna doba prvni detekce kolonii kmenu rodu Lactobacillus byla 57
hodin, coz je po riistu na MRS pudé druha nejvyssi rychlost. Vétsina
laktobacil(l byla jednoznaéné detekovana nejpozdéji po tfech dnech
kultivace, pouze L. lindneri po 4 dnech a L. amylolyticus po 6 dnech.
U rodu Pediococcus to bylo lehce pod primérnou hodnotou 93 hod.
Pramérné velikosti kolonii 2,2mm pro laktobacily a 1,5mm pro pe-
diokoky byly druhé nejvétsi v ramci rodu.

Doba detekce v tekutych plidach je krat$i nez pfi kultivaci na ztu-
zenych padach. Nevyhodou tekutych médii je malé mnozstvi vySet-
fovaného vzorku nasazené ke kultivaci, sou¢asné naroky na kva-
litu hotového vyrobku pozaduji nulovou kontaminaci minimalné
ve 100 ml piva. Proto je vhodnéjsi pouzivat kultivaci v tekutych médi-
ich pro rychly orienta¢ni screening na pfitomnost mléénych bakterii.

U HLP média je nevyhodou jeho pfiprava — médium nelze auto-
klavovat a po jeho minutovém prevareni ve vodni Iazni je potfeba jej
asepticky rozplnit do sterilnich zkumavek a co nejrychleji spotfebo-
vat. Velmi naro¢na pfiprava je u Williamsova média, které pfedchazi
prokvaseni sladiny, nasleduije jeji filtrace a odpareni na polovinu pl-
vodniho objemu (tento krok je velmi nebezpecny). Pfiprava komer¢-
né nedostupné BMB plidy neni naro¢nd, médium vSak obsahuje vel-
ké mnozstvi ingredienci, z nichz ne vSechny jsou béznou soucasti
pivovarskych mikrobiologickych laboratofi. Vy$8i naroky na pfipravu
klade modifikovany agar MRS s katalasou (K-MRS). Na klasicky

media. Growth of Lactobacillus strains was also the slowest, the av-
erage time of detection being 67 hours; pediococci grew faster and
comparably with the growth in liquid B-MRS and NBB-B media. PDM
medium was originally designed for the detection of P damnosus
(Taskila et al., 2010b), but it successfully supports the growth of
other species of pediococci and strains of lactobacilli. In our study,
all strains propagated in this medium at the same rate for both gen-
era — the average detection time of 46 hours ranks the PDM me-
dium second after HLP medium in which lactobacilli grew about 10
hours faster.

As mentioned above, not a single strain of lactic acid bacteria
grew in the ABD culture medium. Though the medium was de-
signed primarily for the detection and cultivation of poorly cultivable
species L. lindneri and L. paracollinoides (Suzuki et al., 2008), in
the medium these strains failed to grow. After ten days of cultiva-
tion in liquid culture, 0.1 ml ABD was withdrawn from the bottom of
the tube and plated onto solid MRS medium. 83.7% Lactobacillus
strains, including the above two species, and 80.0% Pediococcus
strains were capable of growth. The strains were therefore not ca-
pable of proliferation in ABD medium but managed to survive in it.

4 CONCLUSION

In the course of laboratory experiments, we assessed not only
the rate of bacterial growth and colony size on/in various media, but
also preparation of the media and work with them. The growth of
colonies was observed in the course of the cultivation, colony size
was measured after 5 days.

When using basic MRS agar and its modifications with catalase
(K-MRS), we detected all the strains of lactic acid bacteria. Their
fastest growth was recorded on K-MRS (43 hours for Lactobacillus,
58 hours for Pediococcus), the second fastest on MRS (58 hours
for Lactobacillus, 86 hours for Pediococcus). The two genera of lac-
tic acid bacteria formed after 5 days of incubation the largest colo-
nies on basic medium MRS (2.7 mm for the lactobacilliand 1.6 mm
for pediococci). A slightly narrower range of strains thrived on MRS
agar supplemented with beer (B-MRS) and BMB medium, which
enabled the growth of all the strains of pediococci. The Lactoba-
cillus specie that did not grow on these media was Lactobacillus
paracollinoides. The detection time on B-MRS was 62 hours (Lac-
tobacillus) and 91 hours (Pediococcus), for the BMB medium it was
65 hours (Lactobacillus) and 98 hours (Pediococcus).

Rapid growth of bacteria and a relatively large size of colonies
were obtained with the NBB medium. The lactobacilli that did not
grow on NBB were L. paracollinoides and L. backii, pediococci that
failed to grow included P. damnosus (CCM 3454). The average time
of first detection of colonies of lactobacilli was 57 hours, which is
the second highest rate after growth on MRS medium. Most lacto-
bacilli were clearly detected after three days of culture at the lat-
est, with L. lindneri being detected after 4 days and L. amylolyticus
after 6 days. For the genus Pediococcus the detection times were
slightly below the average value of 93 hours. The average colony
sizes, 2.2mm for lactobacilli and 1.5mm for pediococci, were the
second largest within the genera.

The detection time in liquid media is shorter compared to solid
media. The disadvantage of liquid media is a small amount of the
inoculated sample; the current demands on the quality of the fin-
ished product require zero contamination in at least 100 ml of beer.
It is preferable to use liquid media for rapid screening indicative of
the presence of lactic acid bacteria.

The disadvantage of HLP medium is its preparation — the medi-
um cannot be autoclaved and, after a 1-min boiling in a water bath,
it needs to be aseptically dispensed into sterile tubes and use it as
quickly as possible. Very demanding is the preparation of Williams
medium that is preceded by the fermentation of wort, followed by fil-
tration and evaporation to half the original volume (this step is very
dangerous). Preparing commercially unavailable BMB medium is
not difficult but the medium contains a large number of ingredi-
ents, not all of which are a normal part of brewery microbiological
laboratories. Modified MRS agar with catalase (K-MRS) puts higher
demands on preparation. A sterile solution of catalase is aseptically
applied on a classically prepared MRS medium and, after drying, the
dishes are ready for use. Dishes with the enzyme cannot be stored
and must be prepared fresh each time before the microbiological
analysis. Raky-Ray and UBA media have been frequently observed
to be contaminated even during cold storage.
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pfipravenou MRS plidu se asepticky nanese sterilni roztok enzymu
katalasa a po zaschnuti jsou misky pfipravené k pfimému pouZziti.
Misky s enzymem nelze uchovéavat a je nutné pfipravit je Cerstvé
vzdy pred vlastnim mikrobiologickym rozborem. U pud Raky-Ray
a UBA byla pozorovana pomérné ¢asta kontaminace i pfi skladovani
v chladu.

PODEKOVANI

Vysledky byly ziskany s vyuzitim institucionalni podpory Minister-
stva zemédélstvi Ceské republiky na dlouhodoby koncepéni rozvoj
VUPS — Vyzkum kvality a zpracovani sladafskych a pivovarskych
surovin (RO1916) a podpory Ministerstva Skolstvi, mladeze a télo-
vychovy CR — Vyzkumné senzorické centrum v Praze a Vyzkumna
a vyvojova varna — udrzitelnost a rozvoj (LO1312).

LITERATURA / REFERENCES

Ault, R. G., Woodward, J. D., 1965: Estimation of viable lactobacilli
in beer and pitching yeasts. |. a rapid method for the estimation of
viable brewery lactobacilli. J. Inst. Brew., 71: 36—-40. DOI: 10.1002/
j-2050-0416.1965.tb02020.x.

Back, W., 1980: Bierschadliche Bakterien, Nachweis und Kultivie-
rung bierschédlicher Bakterien im Betriebslabor. Brauwelt, 120:
1562-1569.

Back, W., Diirr, P., Anthes, S., 1984: Naehrboeden VLB-S7 und
NBB. Erfahrungen mit beiden Medien in Jahre 1983. Monatsschr.
Brauwiss. 37: 126-131.

Barney, M. C., Kot, E. J., Chicoye, E., 1990: Culture medium for
detection of beer spoilage microorganisms. U.S. patent 4,906,573.

Brewery Convention of Japan, 1999: Detection methods for contami-
nants in wort and beer. In BCOJ Microbiology Methods. ed. BCOJ
Analysis Committee. Tokyo: Brewers Association of Japan.

Casey, G.P., Ingledew, W.M., 1981: The use and understanding of
media used in brewing bacteriology Il. Selective media for the iso-
lation of lactic acid bacteria. Brew. Dig., X: 38—45.

Crumplen, R., Armstrong, J., Barney, M., Bendiak, D., Berndt, R.,
Gould, A., Hatfield, E., Holmay, S., Ingledew, W., Lin, Y., Mill, J.,
Russell, I., Schroeder, R., Vargas, G., Middlekauff, J., 1988: NBB
Agar. J. Am. Soc. Brew. Chem., 46: 129-131. DOI: 10.1094/AS-
BCJ-46-0129.

Crumplen, R., Bendiak, D., Curran, C., DeBruyn, L., Dowhanick, T.,
Hedges, P., Hjortshgj, B., Holmay, S., Jansen, G., Van Engel, E.,
Mdller, J., 1991: Media for lactobacilli. J. Am. Soc. Brew. Chem.,
49: 174-176.

Dean, R.T., 1957: Some investigations on Lactobacillus infection. J.
Inst. Brew., 63: 36—43. DOI: 10.1002/j.2050-0416.1957.tb02903.x.

De Man, J.C., Rogosa, M., Sharpe, M.E., 1960: A medium for the
cultivation of lactobacilli. J. Appl. Bacteriol., 23: 130-135. DOI:
10.1111/j.1365-2672.1960.tb00188.x.

Deng, Y., Liu, J., Li, H,, Li, L., Tu, J., Fang, H., Chen, J., Qian, F.,
2014: An improved plate culture procedure for the rapid detection
of beer-spoilage lactic acid bacteria. J. Inst. Brew., 120: 127-132.
DOI: 10.1002/jib.121.

Emeis, C. C., 1969: Methoden der brauereibiologischen Betriebs-
kontrolle. Ill. VLB-S7 agar zum Nachweis bierschédlicher Pedio-
kokken. Monastsschr. Brau., 22: 8-11.

European Brewery Convention, 2011: Detection of contaminants,
Section 4. In Analytica-Microbiologica-EBC 2nd edn. ed. EBC Mi-
crobiology Subcommittee. Nurnberg: Verlag Hans Carl.

Green, S.R., Gray, P.P., 1950: Wallerstein Laboratories Communi-
cations, 13: 357.

Hoffman, P. S., Pine, L., Bell, S., 1983: Production of superoxide and
hydrogen peroxide in medium used to culture Legionella pneu-
mophila: Catalytic decomposition by charcoal. Appl. Environ. Mi-
crobiol., 45: 784-791.

ACKNOWLEDGEMENTS

The results were obtained with the institutional support of the Min-
istry of Agriculture of the Czech Republic of a long-term conceptual
RIBM development - Quality research and processing of malting and
brewing raw materials (RO1916) and were supported by the Min-
istry of Education, Youth and Sports — Research sensory center in
Prague, and Research and development brew house — Sustainability
and development (LO1312).

Holzapfel, W.H., 1992: Culture media for non-sporulating grampos-
itive food spoilage bacteria. Int. J. Food Microbiol., 17: 113-133.
DOI:10.1016/0168-1605(92)90110-0.

Jespersen, L., Jakobsen, M., 1996: Specific spoilage organisms in
breweries and laboratory media for their detection. Int. J. Food
Microbiol., 33: 139-155. DOI:10.1016/0168-1605(96)01154-3.

Kindraka, J. A., 1987: Evaluation of NBB anaerobic medium for beer
spoilage organisms. MBAA T.Q. 24: 146-151.

Kozulis, J. A., Page, M.E., 1968: A new universal beer agar medium
for the enumeration of wort and beer microorganisms. Proc. Am.
Soc. Brew. Chem., 52-58.

Matoulkova, D., Kubizniakové, P. 2015: Brewing microbiology —
lactic acid bacteria and cultivation methods for their detection —
Part I. Kvasny Prum., 61(3): 76—88.

Nishikawa, N., Kohgo, M., 1985: Microbial control in the brewery.
MBAA T.Q. 22: 61-66.

Saha, R.B., Sondag, R. J., Middlekauff, J. E., 1974: An improved
medium for the selective culturing of lactic acid bacteria. J. Am.
Soc. Brew. Chem., 32: 9—10.

Suzuki, K., Asano, S., lijima, K., Kuriyama, H., Kitagawa, Y., 2008b:
Development of detection medium for hard-to-culture beer spoil-
age lactic acid bacteria. J. Appl. Microbiol., 104: 1458-1470. DOI:
10.1111/j.1365-2672.2007.03669.x.

Suzuki, K., Funahashi, W., Koyanagi, M., Yamashita, H., 2004: Lac-
tobacillus paracollinoides sp. nov., isolated from brewery environ-
ments. Int. J. Syst. Evol. Microbiol., 54: 115-117. DOI: 10.1099/
ijs.0.02722-0.

Savel, J., 1980: Mikrobiologicka kontrola v pivovarech. 1. vyd. Praha:
SNTL, 184 s.

Taskila, S., Tuomola, M., Kronléf, J., Neubauer, P., 2010a: Compar-
ison of enrichment media for routine detection of beer spoiling lac-
tic acid bacteria and development of trouble-shooting medium for
Lactobacillus backii. J. Inst. Brew., 116: 151-156. DOI: 10.1002/
j-2050-0416.2010.tb00411.x.

Taskila, S., Tuomola, M., Kronléf, J., Ruuska, J., Neubauer, P.,
2010b: Note — preliminary aplications of response surface model-
ling to the evaluation of optimal growth conditions for beer-spoifling
Pediococcus damnosus. J. Inst. Brew., 116: 211-214. DOI:
10.1002/j.2050-0416.2010.tb00423.x.

Williamson, D. H., 1959: Selective media in the enumeration of bac-
teria in pitching yeasts. J. Inst. Brew., 65: 154—164. DOI: 10.1002/
j-2050-0416.1959.tb01440.x.

Do redakce doslo / Manuscript received: 20/09/2016
Prijato k publikovani / Accepted for publication: 11/10/2016



