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Ve studii byl sledovan riist souboru 10 kmenl bakterii rodu Lactobacillus a Pediococcus na ztuzenych kultivaénich pidach, napf.
MRS agaru a jeho rdznych modifikacich, na pidé Raka-Ray, NBB, UBA atd. Sledovana byla rychlost tvorby bakterialnich kolonii
a jejich velikost. Kmeny byly na kultivaéni média nao¢kovany pfimo z piva, a to ve dvou variantach — s prfedchozi postupnou adaptaci
na pivo a bez faze adaptace. Postupné prevadéni bakterii do pudy se stoupajici koncentraci piva (faze adaptace) u nékterych kmenu
zvysilo jejich schopnost dlouhodobého prezivani v pivu. Pfi nasledném testovani kultivaénich médii byla jako nejucinnéjsi vyhodno-
cena puda MRS a jeji modifikace. Plida Raka-Ray byla vyhodnocena jako nejméné vhodna pro detekci bakterii mlééného kvaseni.

Kubizniakova, P., Vontrobova, E., Vrzal, T., Matoulkova, D., 2017: Brewing microbiology — Lactic acid bacteria and cultivation
methods of their detection — part Ill. Kvasny Prum. 63(6): 307-313

Here we present data on the growth of 10 strains of Lactobacillus and Pediococcus species on solidified culture media, e.g. MRS
agar and its various modifications, the media RakaRay, NBB, UBA, etc. The rate of formation of bacterial colonies and their size were
monitored. Strains were inoculated into culture media directly from beer, in two varieties — with previous gradual adaptation to beer and
without the adaptation phase. Some strains showed increased long-term survival ability in beer if the bacteria were gradually transferred
to a medium with increasing concentration of beer (adaptation phase). In subsequent testing of cultivation media, MRS and its modifica-
tion were evaluated as the most effective. Raka-Ray was evaluated as the least suitable for the detection of lactic acid bacteria.

Kubizniakova, P., Vontrobova, E., Vrzal, T., Matoulkova, D., 2017: Mikrobiologie der Brauproduktion Milchsaurebakterien und
Kultivationsmethoden ihrer Detektion- lll.Teil. Kvasny Prum. 63(6): 307—313

Im Artikel wird ein Wachstum von 10 Stdmmen Bakterien der Gattung Lactobacillus und Pediococcus auf den verharteten Bdden,
z.B. MRS Agar und seinen verschiedenen Modifikationen, Raka-Ray Boden, NBB, UBA u.s.w. beschrieben. Es wurde die Bildungs-
geschwindigkeit und GréBe von Bakterienkolonien verfolgt. Die Stémme aus dem Bier wurden in zwei Varianten — mit einer vorherigen
Anpassung an das Bier, und ohne das Stadium der Anpassung direkt auf das Kulturmedium geimpft. Die allmahliche Ubertragung von
Bakterien auf den Boden mit einer zunehmenden Bierkonzentration (Anpassungsphase), bei einigen Stammen ist ihre Fahigkeit des
Langzeitliberlebens im Bier erhoht worden. Aus den folgenden Testen der Kulturmedien ist der MRS Boden und seine Modifikation als

die beste ausgewertet. Raka-Ray Boden wies als der am wenigsten geeignet fir die Detektion von Milchsauren auf.

Klicova slova: adaptace, bakterie mlécného kvaseni, kontaminace
piva, kultivacni metody, Lactobacillus, Pediococcus

1 UVOD

Tato studie navazuje na ¢lanky tykajici se problematiky kultivac-
nich metod detekce bakterii mlééného kvaseni: literarni reSersi zahr-
nujici jednak zakladni charakteristiku této skupiny bakterii z hlediska
rizika pro vyrobu piva a jednak struény prehled vyvoje kultivacnich
médii (Matoulkova a Kubizniakova, 2015) a ¢lanek shrnujici vysled-
ky laboratorniho testovani vybranych pud uréenych pro detekci
mléénych bakterii (Kubizniakova a Matoulkova, 2016). Z uvodniho
¢lanku vyplynulo, Ze nej¢astéji pouzivanymi ptidami pro detekci bak-
terii mlé€ného kvaSeni jsou rdzné modifikované pudy MRS a NBB.
V navazujici studii byla jako nejlep$i vyhodnocena pida MRS a jeji
modifikace, K-MRS (s aplikaci enzymu katalasy) a B-MRS (s pfidav-
kem piva), na nichz narostly v8echny bakteridlni kmeny nejrychleji
a poskytovaly nejvétsi kolonie (Kubizniakova a Matoulkova, 2016).
Ve studii byly pouzity €isté laboratorni kmeny, které sice byly izolo-
vany z piva nebo z pivovarského prostredi, ale jiz dlouhou dobu byly
uchovavany v laboratornich podminkach, tj. bez horkych chmelo-
vych latek, alkoholu, v médiu s optimalnim slozenim. Takové kmeny
pak nemusi rast napf. na padach obsahujicich pivo, nebot béhem
dlouhodobého skladovani v laboratornich podminkach ztratily
schopnost rlst v pfitomnosti horkych chmelovych latek a alkoholu
(Suzuki et al., 2006). V literatufe byl u nékterych mléénych bakterii
popsan stav ,,obtizné kultivovatelnosti“, ktery souvisi s jejich adapta-
ci na specifické prostfedi, v tomto pfipadé na pivo. Tento stav, nazy-
vany také stavem ,Zivotaschopnosti ale nekultivovatelnosti“ (tzv.

Keywords: adaptation, lactic acid bacteria, contamination of beer,
cultivation methods, Lactobacillus, Pediococcus

1 INTRODUCTION

This study is a sequel of a series of articles on the issue of culti-
vation methods for detection of lactic acid bacteria: a literature re-
view including the basic characteristics of this group of bacteria in
terms of their risk for beer production and a brief overview of the
development of culture media (Matoulkova and Kubizniakova,
2015) and an article summarizing the results of laboratory testing
of selected culture media for detection of lactic bacteria (Kubiznia-
kova and Matoulkova, 2016). The introductory article showed that
the most commonly used media for detection of lactic acid bacteria
are variously modified MRS and NBB media. In the following
study, MRS and its modification were evaluated as the best, all
bacterial strains grew fastest and had the largest colonies in media
of K-MRS (with the enzyme catalase) and B-MRS (with beer addi-
tion) (Kubizniakova and Matoulkova, 2016). Here we used pure
laboratory strains that were isolated from beer or from brewing
environment. These strains have been stored for a long time under
laboratory conditions, i.e. without bitter hop substances, alcohol,
on a medium with optimal composition. Such strains need not
grow e.g. on media containing beer, because they lost their ability
to grow in the presence of bitter hops substances and alcohol dur-
ing long-term storage under laboratory conditions (Suzuki et al.,
2006). In the literature, the characteristic “difficult cultivation” de-
scribed for some lactic bacteria is related to the adaptation of bac-
teria to a specific environment, in this case to beer. This condition
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VBNC; viable but nonculturable), je indukovan pfi naockovani bakte-
rii ze specifického prostredi (napf. piva) na bézné kultivacni médium.
Tzv. VBNC fenotyp, ktery je charakterizovan neschopnosti bunék
vytvaret kolonie na rlstovém médiu, prestoze jsou zivé a udrzuji si
metabolickou aktivitu, se vyskytuje u bakterii, které jsou vysoce
adaptované na podminky prostredi, v némz se vyskytuji pfed pfene-
senim na standardni zivnou pldu (Oliver, 2005). Existence fenomé-
nu VBNC je znama jiz pres 30 let, mechanismy tohoto zplsobu exi-
stence mikroorganismu v8ak zdaleka nejsou objasnény (Pinto et al.,
2015). Mezi druhy bakterii schopnymi kazit pivo byl fenomén VBNC
popsan u Lactobacillus acetotolerans, L. lindneri, L. paracollinoides
a L. plantarum (Deng et al., 2014; Li et al., 2017; Liu et al., 2016;
2017; Suzuki et al., 2004).

Ve studiich, které se zabyvaji mléénymi bakteriemi adaptovanymi
na podminky v pivu, se k indukci stavu VBNC vyuziva napf. jejich
inkubace v odplynéném pivu s upravenym pH a opakované preocko-
vani v pravidelnych intervalech do ¢erstvého odplynéného piva; me-
tody mohou byt rizné modifikované (Deng et al., 2015; Suzuki et al.,
2006). Cilem téchto praci je zavedeni metody, kterd by umoznila
v podminkach provozni pivovarské laboratofe detekovat bakterie vy-
skytujici se ve stavu VBNC.

Abychom se pfiblizili podminkam v pivovarské laboratofi, pouzili
jsme v této studii 10 vybranych kmen( mléénych bakterii, které byly
na testované pady naockovany z piva. Pro testovani byly zvoleny
dva odlisné pfistupy: 1) naockovani bakterii do piv a jejich nasledné
naocCkovani v urcitych intervalech na testovana kultiva¢ni média a 2)
postupné pfevadéni bakterii do médii se stoupajici koncentraci piva
(tzv. faze adaptace) a jejich nasledné naockovani do piva a navazu-
jici testovani kultivacnich pad.

2 MATERIAL A METODY

2.1 Slozeni a pfiprava kultivaénich médii

Z&kladnim médiem pro kultivaci mlé€nych bakterii pfed naockova-
nim na testované pudy byl de Mann Rogosa Sharp (MRS) agar, kte-
ry byl pfipraven z dehydratované plidy dodavané komeréné (Merck).
Pro adaptaci kmenl na horké chmelové latky a alkohol byl pouzit
komeréné dodavany dehydratovany MRS bujén (Merck) s pfidav-
kem piva. Pfi jeho pfipravé byla ¢ast destilované vody nahrazena
pivem, a to v koncentraci 25, 50 a 75 obj. %. Pro pfipravu kultiva¢-
nich pud obsahujicich pivo a MRS bujénu s pivem pro fazi adaptace
bylo pouzito svétlé vycepni pivo jedné znacky a Sarze. Stejné pivo
bylo pouzito i pro inkubaci bakterii (kap. 2.4.).

Pouzita média:

a) MRS bujon: byl pfipraven z dehydratované plidy dle navodu vy-
robce (Merck): rozpusténim 52,2 g dehydratovaného MRS bujo-
nu v 1000 ml destilované vody a sterilizaci 20 minut pfi 121 °C.

b) MRS bujon (MRS) s pridavkem piva: byl pfipraven z dehydra-
tované pldy dle navodu vyrobce (Merck): rozpusténim 52,2 g
dehydratovaného MRS bujénu, 250 (500, 750) ml svétlého vy-
¢epniho piva a 750 (500, 250) ml destilované vody a sterilizaci
20 minut pfi 121 °C.

c) MRS agar (MRS): byl pfipraven z dehydratované pudy dle navo-
du vyrobce (Merck): rozpusténim 68,2 g dehydratované pldy
v 1000 ml destilované vody a sterilizaci 20 minut pfi 121 °C. Ho-
tova plida ma Zlutohnédou barvu.

d) VLB-S7 agar (VLB): byl pfipraven rozehfatim komeréné dodané
agarové pldy (VLB Berlin, Déehler) ve vodni lazni. Pada ma
tmavé zelené zbarveni.

e) UBA (Universalni pivni agar; Universal Beer Agar) agar (UBA):
byl pfipraven z dehydratované plidy dle navodu vyrobce (Oxoid):
rozpusténim 62 g dehydratované pldy v 750 ml destilované
vody a pfidanim 250 ml svétlého vy€epniho piva. Pida se sterili-
zuje 10 minut pfi 121 °C a hotova ma Zlutohnédou barvu.

f) Raka-Ray agar (R-R): byl pfipraven z komer¢éné dostupné de-
hydratované pady dle navodu vyrobce (Oxoid): rozpusténim
77,1 g dehydratované pudy v 1000 ml destilované vody a sterili-
zaci 15 minut pfi 121 °C. Hotova pGda ma hnédé zbarveni.

g) NBB (Nachweismedium filir Bierschadliche Bakterien) agar
(NBB): byl pfipraven z komeréné dodavané dehydratované pldy
(NBB-P) dle navodu vyrobce (Déhler): rozpusténim 120 g dehyd-
ratované pudy a 15 g bakteriologického agaru (Oxoid) v 1000 ml
destilované vody a sterilizaci 10 minut pfi 115 °C. Hotova plda
ma Cervené zbarveni.

h) B-MRS agar (B-MRS): byl pfipraven rozpusténim a smichanim
55 g dehydratovaného MRS bujonu (Merck), 15 g bakteriologic-

is also known as “viable but nonculturable” (VBNC) and is indi-
cated by inoculating of bacteria from a specific environment (e.g.
beer) to a common culture media. VBNC phenotype is character-
ized by the inability of cells to form colonies on growth media, al-
though the bacteria are alive with metabolic activity. The VBNC
phenotype occurs in bacteria that are highly adapted to environ-
mental conditions in which they were prior to transfer to standard
media (Oliver, 2005). The existence of VBNC phenomenon has
been known for 30 years, but the life mechanisms of microorgan-
isms in this state are not clarified (Pinto et al., 2015). In a group of
bacteria that degrade beer, VBNC phenomenon was described in
Lactobacillus acetotolerans, L. lindneri, L. paracollinoides and L.
plantarum (Deng et al., 2014; Li et al., 2017; Liu et al., 2016; 2017;
Suzuki et al., 2004).

In studies that deal with lactic bacteria adapted to conditions in
beer, VBNC is induced by e.g. incubation in degassed beer with
adjusted pH and repeated inoculation at regular intervals into fresh
degassed beer; the methods may be variously modified (Deng et
al., 2015; Suzuki et al., 2006). The aim of all these studies is to in-
troduce a method that would allow detecting bacteria that exhibit the
VBNC trait, under conditions of operational brewing laboratory.

To get closer to the conditions of brewery laboratory, we used
10 selected strains of lactic bacteria that were inoculated from
beer to tested media. Two different approaches were chosen for
testing: 1) inoculation of bacteria into beers and their subsequent
inoculation at specified intervals to tested culture media and 2)
gradual transfer of bacteria to media with increasing concentration
of beer (phase of adaptation) and subsequent inoculation into beer
and sequential testing of culture media.

2 MATERIALS AND METHODS

2.1 Composition and preparation of culture media

The basic medium for the cultivation of lactic bacteria prior to
inoculation of the test medium was de Mann Rogosa Sharp (MRS)
agar, which was prepared from a commercially supplied dehydrat-
ed medium (Merck). Commercially supplied dehydrated MRS
broth (Merck) with beer addition was used to the adaptation of
strains to bitter hops products and alcohol. In the preparation of
MRS, part of distilled water was replaced with beer at a concentra-
tion of 25, 50 and 70 vol. %. Draft beer of one brand and batch was
used for the preparation of beer-containing culture media and
MRS broth with beer for adaptation phase. The same beer was
used for incubation of bacteria (chapter 2.4.).

Media:

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

b) MRS broth (MRS) with addition of beer was prepared from
dehydrated medium as prescribed by the manufacturer (Mer-
ck) by dissolving 52.2g of dehydrated MRS broth, 250 (500,
700) ml of draft beer and 750 (500, 250) ml distilled water and
sterilizing it for 20 minutes at 121 °C.

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

d) VLB-S7 agar (VLB) was prepared by warming up commer-
cially supplied agar (VLB Berlin, Déehler) in a water bath. The
medium has a dark green color.

e) UBA (Universal Beer Agar) agar (UBA) was prepared from
dehydrated medium according to the manufacturer’s instruc-
tions (Oxoid) by dissolving 62g of dehydrated medium in
750ml of distilled water and 250 ml of draft beer. The medium
was sterilized for 10 minutes at 121 °C and finished medium
has a tan color.

f) Raka-Ray agar (R-R) was prepared from commercially avail-
able dehydrated medium according to the manufacturer’s in-
structions (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.

g) NBB (Nachweismedium flr Bierschadliche Bakterien) agar
(NBB-A) was prepared from commercially available dehydrated
medium (NBB-P) according to the manufacturer”s instructions
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kého agaru (Oxoid), 250 ml svétlého vycepniho piva a 750 ml
destilované vody. Plda se sterilizuje 20 minut pfi 121 °C a hoto-
va ma zlutohnédou barvu.

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

j) BMB (Barney-Miller Brewery) agar (BMB): byl pfipraven rozpus-
ténim a smichanim 15 g dehydratovaného tomatového dzZusu
(Fluka), 15 g maltosy (Merck), 10 g glukosy (Merck), 5 g polypep-
tonu (Oxoid), 2 g masového vytazku (Bio-Rad), 0,2 g L-cystein-
-hydrochloridu (Sigma), 3 g octanu draselného (Penta), 0,5 g
kyseliny jable¢né (Fluka), 0,5 g Tween 80 (Sigma), 15 g bakterio-
logického agaru (Oxoid), 250 ml piva a 750 ml destilované vody.
Puda se sterilizuje 15 minut pfi 121 °C a hotova ma Zlutou barvu.

k) ABD (Advanced Beer-spoiler Detection) agar (ABD): byl pfipra-
ven rozpusténim a smichanim 2,6 g dehydratovaného MRS bu-
jonu (Merck), 15 g bakteriologického agaru (Oxoid), 0,5 g octanu
sodného (Sigma), 1000 ml svétiého vycepniho piva. Pida se
sterilizuje 20 minut pfi 121 °C a hotova ma zlutohnédou barvu.

I) MRS agar s katalasou (K-MRS): byl pfipraven MRS agar stan-
dardnim zplsobem (bod c). Pfed vlastnim naoc¢kovanim vzorku
byl na povrch pudy v Petriho miskach asepticky aplikovan 0,1 ml
sterilniho roztoku katalasy (Sigma) v destilované vodé o takové
koncentraci, aby koncentrace enzymu byla 800 U/misku.

2.2 Mikroorganismy a kultivaéni podminky

Kmeny bakterii mlé¢ného kvaSeni pochazeji ze Sbirky pivovar-
skych mikroorganism VUPS (RIBM), Némecké sbirky mikroorgani-
sm0 a bunéénych kultur (DSMZ) v Braunschweigu (Némecko)
a Ceské sbirky mikroorganismt (CCM) v Brné. Seznam kmend, je-
jich oznaceni a plavod jsou uvedeny v tab. 1. Pfed dalSim pouzitim
byly kmeny inkubovany na MRS agaru pfi teploté 28 °C po dobu 72
hodin.

2.3 Faze adaptace bakterii na horké chmelové kyseliny

Bakterie byly naockovany do 10 ml MRS bujénu a kultivovany 4
dny pfi 28 °C. Poté bylo od kazdého kmene nao¢kovano 0,1 ml sus-
penze bunék do 10 ml MRS bujénu, ktery obsahoval 25 obj. % piva.
Inkubace probihala 4 dny pfi teploté 28 °C. Stejnym zpusobem byly
kmeny postupné prevadény do MRS bujénu se stoupajicim obsa-
hem piva (50 a 75 obj. %).

2.4 Inkubace bakterii v pivu

Suspenze bakterii byly pfipraveny rozmichanim kolonii ve steril-
nim fysiologickém roztoku na koneé¢nou koncentraci bunék 3x108/ml.
U adaptovanych kmenu byl pouzit sediment bunék pomnozenych
ve MRS bujonu se 75 obj. % piva. Pomoci desitkového fedéni byla
naockovana 3 pasterovana vycepni piva pro kazdy kmen tak, aby
vysledna koncentrace mléénych bakterii v pivu byla 5x10%/ml. Vzorky
byly nésledné deponovany pfi pokojové teploté po dobu az 7 tydna.

2.5 Testovani kultivaénich pad
V intervalech 3 dny, a 5 a 7 tydn(i byla piva nao¢kovana na v§ech-
ny testované pady. Pro kultivaci na pevnych pldach byla pouZita

Tab.1 Seznam kmen( / Table 1 List of strains

(Dohler) by dissolving 120g of dehydrated medium and 15 g
bacteriological agar (Oxoid) in 1000 ml distilled water and steri-
lizing it for 10 minutes at 115 °C. Ready medium is red in color.

h) B-MRS agar (B-MRS) was prepared by dissolving and mixing
55g MRS broth (Merck), 15g bacteriological agar (Oxoid),
250ml of draft beer and 750ml of distilled water. The medium
was sterilized for 20 minutes at 121 °C and finished medium
has a tan color.

i) PDM (Pediococcus damnosus medium) agar (PDM) medium
was prepared by dissolving and mixing 40g MRS broth (Mer-
ck), 0.3g L-cysteine hydrochloride (Sigma), 250ml of draft
beer, 159 bacteriological agar (Oxoid) and 750 ml of distilled
water. The medium was sterilized for 20 minutes at 121 °C and
finished medium has a pale yellow color.

j) BMB (Barney Miller Brewery) agar (BMB) was prepared by dis-
solving and mixing 15 g tomato broth (Fluka), 15g maltose (Mer-
ck), 10g glucose (Merck), 5g polypeptone (Oxoid), 2g meat
extract (Bio-Rad), 0.2g L-cysteine hydrochloride (Sigma), 39
potassium acetate (Penta), 0.5g malic acid (Fluka), 0.5g Tween
80 (Sigma), 15g bacteriological agar (Oxoid), 250ml 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.

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

1) 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.

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
Collection of Microorganisms and Cell Cultures (DSMZ) in Braun-
schweig (Germany) and the Czech Collection of Microorganisms
(CCM) in Brno. The list of the strains with designations and origin
is given in Table 1. Prior to inoculation on the test medium the
strains were incubated on MRS agar for 72 hours at 28 °C.

2.3 Phases of bacteria adaptation to bitter hops acids

Bacteria were inoculated to 10ml of MRS broth and incubated for
4 days at 28 °C. Subsequently, 0.1 ml of cultured culture from each
strain was aseptically transferred into 10 ml of MRS broth containing
25 vol. % of beer. Incubation was conducted for 4 days at 28 °C. In
the same way, strains of bacteria were gradually converted to MRS
broth with an increasing concentration of beer (50 and 75 vol. %).

2.4 Incubation of bacteria in beer

Bacterial suspensions were prepared by stirring of colonies in
sterile saline, with a final concentration of 3x108 cells/ml. The sedi-
ment of cells in MRS broth with 75 vol. % of beer was used for
adapted strains. The draft beer for each strain was inoculated by the
decimal dilution, with a final concentration of 5x10° cells/ml of lactic
bacteria. Samples were stored at room temperature for 7 weeks.

Druh / Species Kmen* / Strain * Puvod / Origin
L. backii DSM 180807 Zkazené pivo / spoilt beer
L. brevis RIBM 2-16 Zkazené pivo / spoilt beer
RIBM 2-56 Pivo / beer
L. buchneri RIBM 2-9 Pivovarsky provoz / brewery plant
L. lindneri DSM 206907 Zkazené pivo / spoilt beer
L. paracollinoides DSM 155027 Pivovarskeé prostiedi / brewery environment
L. plantarum RIBM 2-90 Pivovarskeé prostredi / brewery environment
P. damnosus CCM 34537 Pivovarské kvasnice / brewing yeast
P, inopinatus CCM 34517 Pivovarské kvasnice / brewing yeast
P, pentosaceus CCM 3447 Pivovarské kvasnice / brewing yeast

* CCM — Ceska sbirka mikroorganism( / Czech Collection of Microorganisms, Brno, Czech Republic
DSM — Némecka sbirka mikroorganism( a bunéénych kultur / German Collection of Microorganisms and Cell Cultures, Braunschweig, Germany
RIBM — Sbirka pivovarskych mikroorganismu / Collection of The Research Institute of Brewing and Malting, Prague, Czech Republic
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membranova filtrace, pfi niz bylo filtrovano 10 ml piva (standardné
filtrovany objem pfi provozni kontrole hotového piva). Piva byla pied
membranovou filtraci promichana a k filtraci byly pouzity ¢erné mem-
branové filtry o velikosti pért 0,45 um (Whatman). Vzorky byly kulti-
vovany pfi teploté 28 °C po dobu 7 dni. Poté byl vyhodnocen narlst
kolonii na jednotlivych pudach.

2.6 Statistické zpracovani dat

Vstupni data v podobé poétl kolonii v jednotkach KTJ/10 ml byly
podrobeny analyze hlavnich komponent (Principal Component Ana-
lysis, PCA). Pro ucely analyzy byla data uvedena jako nepoditatelny
pocet kolonii (NP) nahrazena konstantou 300 a data byla standardi-
zovéana souborem vS8ech kmen( na jednotlivych médiich prostrednic-
tvim z-skoére. Vysledna PCA na prvnich dvou hlavnich komponen-
tach popisuje 97,69 % z celkové variability dat.

3 VYSLEDKY A DISKUZE

Pro testovani kultivaénich médii byly zvoleny dva odlisné pfistupy:
1) inkubace bakterii v pivu a jejich naockovani na kultivaéni média
v intervalech 3 dny, 5 tydn( a 7 tydnd, 2) inkubace bakterii v pivu
s jejich pfedchozi postupnou adaptaci na pivo, nasledné s postupem

2.5 Testing of culture media

Beer was inoculated on all tested media at intervals of 3 days, 5
and 7 weeks. Membrane filtration was used for cultivation on solid
media and 10 ml of beer was filtered (standard filtration volume for
operational control of finished beer). The beer was stirred prior to
the membrane filtration and 0.45 pm black membrane filters
(Whatman) were used. Samples were incubated at 28 °C for 7
days. The growth of colonies on individual media was evaluated.

2.6 Statistical data processing

Input data included the number of colonies in KTJ/10ml and were
analyzed by the principal component analysis (PCA). For the analy-
sis, data listed as an uncountable number of colonies (NP) were re-
placed by a constant of 300 and were standardized by a set of all
strains on individual media by z-score. The resulting PCA on the first
two major components describes 97.69 % of total data variability.

3 RESULTS AND DISCUSSION

Two different approaches were used for testing culture media:
1) an incubation of bacteria in beer and their inoculation to culture
media at intervals of 3 days, 5 and 7 weeks, and 2) an incubation

Tab. 2 Rust neadaptovanych/adaptovanych kment po 3 dnech inkubace v pivu (KTJ/10 ml)
Table 2 Growth of non-adapted/adapted strains after 3 days of incubation in beer (CFU/10 ml)

Kmen / Strain Kultivaéni médium / Culture media
MRS VLB UBA R-R NBB B-MRS PDM BMB K-MRS
L. backiiDSM 180807 103 ({100 | 85 | 90 | 30 | 35 | 20 | 10 | 95 | 100 | 93 | 100 | 100 | 90 | 90 | 97 | 108 | 115
L. brevis RIBM 2-16 38 |10 |12 | 25 | 26 | 12 | 8 3 7 |25 |16 | 27 |22 |25 |12 | 7 | 30 | 14
L. brevis RIBM 2-56 2 |40 | 1 30| 0 |27 | O 7 1 10 | 10 [ 34 | O |28 | 5 | 30| 1 | 20
L. buchneri RIBM 2-9 2 | 31 6 | 20| O 5 0 0 1 17 | 1 34 | 1 30 | 1 36 | 9 | 23
L. lindneri DSM 206907 NP | NP | NP | NP | 40 | NP | 15 | 17 | NP | NP | NP | NP [ 150 | NP | NP | NP | NP | NP
L. paracollinoides DSM 155027 | 40 | 45 | 42 | 39 | 4 6 2 5 |30 |40 | 50 | 47 | 65 | 63 | 20 | 30 | 60 | 61
L. plantarum RIBM 2-90 0 0 1 0 0 2 0 0 0 1 0 0 1 0 0 0 0 0
P. damnosus CCM 34537 45 | 75 | 60 | 28 | 1 0 0 0 0 0O |50 | 50 | 40 | 30 | 30 | 60 | 10 | 4
P, inopinatus CCM 34517 0 0 0 0 0 0 0 0 0 0 0 0 0 0 4 0 0 0
P. pentosaceus CCM 3447 0 |28 | 1 12| 0 0 0 0 0 |12 | 0 |27 | O [ 14| O | 40 | 50 | 4
Tab. 3 Rust neadaptovanych/adaptovanych kmen( po 5 tydnech inkubace v pivu (KTJ/10 ml)
Table 3 Growth of non-adapted/adapted strains after 5 weeks of incubation in beer (CFU/10 ml)
Kmen / Strain Kultivaéni médium / Culture media
MRS VLB UBA R-R NBB B-MRS PDM BMB K-MRS
L. backiiDSM 180807 150 | 160 | 150 | 140 | 40 | 60 | 10 | 15 [ 110|130 | 120 | 145|130 | 140 | 150 | 130 | 130 | 155
L. brevis RIBM 2-16 0 0 0 0 0 1 0 0 0 1 0 1 0 0 0 1 0 1
L. brevis RIBM 2-56 80 | NP | 50 | NP | 30 | NP | 40 |200| 45 | NP | 90 | NP | 60 | NP | 65 | NP | 60 | NP
L. buchneri RIBM 2-9 10 |40 | 15| 26| 0 [ 25| O 0O |11 |3 | 8 |38 |13 |40 |15 | 45| 9 | 33
L. lindneri DSM 206907 NP | NP | NP | NP [ NP | NP | 30 | 17 | NP [ NP [ NP | NP | NP | NP | NP | NP | NP | NP
L. paracollinoides DSM 15502T | 0 | 39 | O | 28 | O 0 0 0 0O 3| 0 |40| O [B53| 0 |20 | O | 50
L. plantarum RIBM 2-90 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0
P.damnosus CCM 34537 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
P, inopinatus CCM 34517 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
P. pentosaceus CCM 3447 0 (130 O |120| O | 80 | O 3 0 [90 | O |120| O [140| O |150| O | 150
Tab. 4 Rust neadaptovanych/adaptovanych kment po 7 tydnech inkubace v pivu (KTJ/10 ml)
Table 4 Growth of non-adapted/adapted strains after 7 weeks of incubation in beer (CFU/10 mi)
Kmen / Strain Kultivaéni médium / Culture media
MRS VLB UBA R-R NBB B-MRS PDM BMB KMRS
L. backiiDSM 180807 O [NP| O |[NP| O [40| O | 30| O [200| O |[NP| 1 [NP| O |NP| O | NP
L. brevis RIBM 2-16 O [NP| O |[NP| O [NP| O |20 | O [NP| O |[NP| O [NP| O |NP| O | NP
L. brevis RIBM 2-56 0 [10 | O 9 0 8 0 3 0 5 0 6 0 5 0 [13 | 0 | 12
L. buchneri RIBM 2-9 O [NP| O |[NP| O [200| O 4 O [NP| O |[NP| O [NP| O |NP| O | NP
L. lindneri DSM 206907 NP | NP | NP | NP | NP | NP | 10 | 50 | NP [ NP | NP | NP | NP | NP | NP | NP | NP | NP
L. paracollinoides DSM 155027 | 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
L. plantarum RIBM 2-90 O [NP| O |[NP| O [NP| O |45 | O [NP| O |[NP| O [NP| O |NP| O | NP
P. damnosus CCM 34537 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
P, inopinatus CCM 34517 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
P, pentosaceus CCM 3447 O [NP| O |[NP| O [NP| O | 60| O [NP| O |[NP| O [NP| O |[NP| 0O | NP
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jako v pfipadé 1). Tzv. adaptované kmeny byly ziskany postupnym
prfeockovavanim do tekutého MRS média, které bylo obohaceno pi-
vem v koncentracich 25, 50 a 75 obj. %. Cilem nasi studie bylo vy-
hodnoceni kultivaénich médii pro detekci bakterii mlééného kvaseni
v podminkach provozni pivovarské laboratore. Na zékladé vysledkud
pfedchozi studie (Kubizniakova a Matoulkova, 2016) bylo vybrano
10 kultivacnich pld, které jsou snadno dostupné pro béZnou pivo-
varskou mikrobiologickou laboratof, a to jak plidy dodavané komer¢-
né (MRS, Raka-Ray, UBA, NBB, VLB-S7), tak pldy, které Ize snad-
no pfipravit (PDM, BMB, ABD, B-MRS, K-MRS). K testovani bylo
vybrano 7 kmen( rodu Lactobacillus a 3 kmeny rodu Pediococcus
(tab. 1).

B&hem postupné kultivace bakterii v MRS bujénu se vzristajicim
obsahem piva nebyly pozorovany zadné rozdily v rychlosti rlistu.
V8echny bakterialni kmeny rostly stejné rychle a ani stoupajici kon-
centrace piva v kultivaénim médiu jejich mnozeni nezpomalila.
V pribéhu faze adaptace nedo$lo k morfologickym zménam u zad-
ného z kmend.

Vysledky rustu bakterii na kultivaénich padach po naockovani
z piva jsou shrnuty v tab. 2—-4. Srovnavany byly vzdy pocty kolonii
na rliznych kultivaénich ptudach a zohledriovan byl, jak pocet kolonii
kmenl o€kovanych pfimo do piva (tzv. neadaptované variety kme-
nu), tak soucasné i pocet kolonii variet, které pred inokulaci do piva
prosly fazi adaptace na horké chmelové kyseliny. Z vysledkd byla
vyfazena pida ABD, na které nenarostly Zadné kolonie. V ramci vy-
braného souboru kmen( byly pozorovany velké rozdily ve schopnos-
ti pfezivat a mnozit se v pivu. Porovnavany tedy nejsou jednotlivé
bakterialni kmeny mezi sebou, ale vzdy u kazdého kmene jeho indi-
vidualni zachyt na riznych kultivaénich pidach a komentovan je
i rozdil mezi tzv. neadaptovanou a adaptovanou varietou daného
kmene.

V tab. 2 jsou uvedeny pocty kolonii neadaptovanych a adaptova-
nych variet kmen( po 3 dnech inkubace v pivu. | pfes vysokou kon-
centraci bunék o¢kovanych do piva (5x10%ml) byl u vétSiny kmen
po tfech dnech inkubace v pivu zachycen pouze zlomek plvodniho
poctu zivotaschopnych bunék. Vyjimkou byl kmen L. lindneri DSM
206907, ktery po 3 dnech (tab. 2) i po 5 a 7 tydnech (tab. 3 a 4) vyka-
zoval na vétsiné pad rist nepocitatelného poctu kolonii. Pro prace
zabyvaji se aspekty rezistence k horkym chmelovym latkdm a schop-
nosti bakterii kazit pivo je tento kmen vhodnym kandidatem. Nicmé-
né cilem této studie je porovnani kultivaénich ptid mezi sebou z hle-
diska nejspolehlivéjSiho zachytu kontaminant piva. Kmen P, inopina-
tus CCM 3451 nerostl na zadné z kultivaénich pud ani po 5 a 7 tyd-
nech inkubace (tab. 3 a 4), bez vlivu pfedchozi adaptace na horké
chmelové latky. Kmen L. plantarum RIBM 2-90 po tfech dnech inku-
bace v pivu narostl v jednotkovém mnozstvi na ctyfech padach.
Ostatni kmeny byly vétSinou detekovany v desitkach kolonii na 10 ml
piva. Kmen L. backii DSM 18080T nebyl nijak ovlivnén fazi adaptace
na chmelové kyseliny — jeho zachyt na vSech pldéach byl srovnatelny
v pfipadé obou variet. Pidy UBA a Raka-Ray vykazovaly obecné

Po 5 tydnech inkubace mléénych bakterii v pivu nebyl detekovan
rist kmene P damnosus CCM 3453" (tab. 3). Naopak u kmene
P, pentosaceus CCM 3447 byl u adaptované variety pozorovan rlst
kolonii v fadu desitek/10 ml piva. Jesté vyraznéjsi vliv pfedchozi
adaptace na chmelové latky na zachyt bakterii z piva byl pozorovan
u kmene L. brevis RIBM 2-56. U kmene L. backii DSM 18080" nebyl,
stejné jako po 3 dnech inkubace v pivu, pozorovan rozdil mezi varie-
tami. Kmen L. lindneri DSM 20690 rostl v nepocitatelnych pocétech
na vSech pudach, kromé Raka-Ray, nezdvisle na predchozi fazi
adaptace.

Po 7 tydnech inkubace bakterii v pivu byl opét kmen L. lindneri
DSM 206907 zachycen v nepocitatelnych poétech nezavisle na pred-
chozi adaptaci, na vSech pudach, s vyjimkou Raka-Ray (fab. 4).
U kmen0 L. backii DSM 180807, L. brevis RIBM 2-16, L. buchneri
RIBM 2-9, L. plantarum RIBM 2-90, P, pentosaceus CCM 3447 a sla-
bé i u L. brevis RIBM 2-56 byl prokazatelny vliv faze adaptace
na chmelové latky na Zivotaschopnost bakterii v pivu a jejich nasled-
ny zachyt na kultivaénich plidach. Jako nejméné vhodna byla vyhod-
nocena puda Raka-Ray, UBA a NBB.

Statistické vyhodnoceni vysledkl pomoci Analyzy hlavnich kom-
ponent (PCA) je dokumentovano na obr. 1. Experimentalni body
v grafu reprezentuji adaptované a neadaptované kmeny po raznych
dobach inkubace v pivu. Jejich poloha v grafu je dana jejich rozdil-
nou intenzitou rGstu na testovanych médiich. Cim blize jsou si dva
body, tim podobné&j$i v ramci rdstu (poctu kolonii) na testovanych
médiich si kmeny jsou (a naopak). Usecky vychazejici z pocatku gra-
fu popisuji jednotliva testovana média a jejich smér uruje smér roz-

of bacteria in beer with their prior adaptation to beer, followed by
the procedure as in 1). So-called adapted strains were generated
by gradual inoculation to liquid MRS medium containing beer at
concentrations of 25, 50 and 75 vol. %. The aim of our study was
to evaluate culture media for detection of lactic acid bacteria in the
conditions of operational brewery laboratory. Based on results of
a previous study (Kubizniakova and Matoulkova, 2016), 10 easily
available culture media for a conventional brewery microbiology
laboratory were selected, including both commercially available
media (MRS, Raka-Ray, UBA, NBB, VLB-S7), and media easy to
prepare (PDM, BMB, ABD, B-MRS, K-MRS). 7 strains of the ge-
nus Lactobacillus and 3 strains of the genus Pediococcus (Table 1)
were selected for testing.

No differences were observed in the growth rate of bacteria dur-
ing gradual cultivation in MRS broth with increasing concentration
of beer. All strains of bacteria grew at the same rate and the growth
was not slowed down by increasing concentration of beer. Mor-
phological changes were not observed during the adaptation
phase.

The results of bacterial growth on culture media after incubation
in beer are summarized in tables 2-4. Numbers of colonies on dif-
ferent culture media were compared. A consideration was given to
both the number of colonies of strains vaccinated directly into beer
(non-adapted strains) and the number of varieties of colonies that
were adapted to bitter hop acids prior to inoculation into beer. ABD
medium without growing colonies was discarded from the results.
There were large differences in the ability to survive and breed in
beer by selected strains of bacteria. Different bacterial strains are
not compared to each other but the growth of individual strains on
different culture media is compared. The difference between non-
adapted and adapted variety of individual strain is also comment-
ed.

Table 2 shows the number of colonies of non-adapted and
adapted varieties of strains after 3 days of incubation in beer. Al-
though high concentration of cells (5x10%ml) was inoculated into
the beer, only a small number of viable cells were present in most
strains after 3 days of incubation. An exception was L. lindneri
DSM 20690" that showed an uncountable number of colonies after
3 days (Table 2) and after 5 and 7 weeks (Table 3 and 4) on most
culture media. This strain is a suitable candidate for studies deal-
ing with aspects of resistance to bitter hop substances and the
ability of bacteria to spoil beer. However, the aim of this study is to
compare to cultivation media with each other in terms of the most
reliable trapping of beer contaminants. P, inopinatus CCM 3451
did not grow on any of culture medium even after 5 and 7 weeks of
incubation (Table 3and 4), without the influence of prior adaptation
to bitter hop substances. The counts of L. plantarum RIBM 2-90
grew on four media amounted to single colonies. Other strains
were mostly detected in tens of colonies per 10ml of beer. The
adaptation phase on bitter hops substances did not affect L. back-
iiDSM 18080™ — the number of colonies was comparable for both
varieties in all media. Media UBA and Raka-Ray generally showed
the lowest number of lactic acid bacteria.

After 5 weeks of incubation of lactic bacteria in beer, the growth
of P damnosus CCM 3453 was not detected (Table 3). On the
other hand, the adapted variety of P pentosaceus CCM 3447
showed tens of colonies per 10ml of beer. An even more signifi-
cant effect of prior adaptation to bitter hops substances on the
capture of bacteria in beer was observed in strain L. brevis RIBM
2-56. No difference between varieties was observed in L. backii
DSM 18080" even after 3 days incubation in beer. L. lindneri DSM
206907 grew independently of prior adaptation in uncountable
numbers on all culture media except Raka-Ray.

After 7 weeks of bacteria incubation in beer, L. lindneri DSM
20690T was again captured in uncountable numbers, indepen-
dently of prior adaptation on all culture media, except Raka-Ray
(Table 4). In strains L. backii DSM 180807, L. brevis RIBM 2-16, L.
buchneri RIBM 2-9, L. plantarum RIBM 2-90, P. pentosaceus CCM
3447 and also slightly in L. brevis RIBM 2-56, the phase of adapta-
tion to hops substances had a demonstrable effect on the viability
of bacteria in beer and their subsequent capture on cultivation me-
dia. The least suitable were culture media Raka-Ray, UBA and
NBB.

The statistical evaluation of results by the Principal component
analysis (PCA) is documented in Fig. 1. Experimental points in the
graph represent adapted and non-adapted strains after various
incubation periods in beer. Their position in the graph is due to
different intensity of growth on tested media. The closer two points
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loZzeni  experimentélnich  bodu
(kmen) dle jejich rlstu na jednot-
livych médiich. Stejny smér Use-
¢ek ukazuje na podobnost médii
z pohledu jejich schopnosti umoz-
nit rust testovanych kmend. Zaro-
ven ¢im vétSi uhel sviraji dvé
usecky, tim méné podobné si mé-
dia jsou. Oblasti bodl nachazejici
se mimo definované oblasti A, B
a C Ize charakterizovat jako priinik
sousedicich oblasti, napf. oblast
bodl nachdazejici se kolem sou-
fadnice [1; -0,5] Ize charakterizo-
vat jako oblast se stfednim rlistem
na vSech pldach s vyjimkou Ra-
ka-Ray. Experimentalni body vy-
skytujici se kolem bodu [0; 0] jsou
\Y rémci daného souboru dat (tzn.
kazuji vyrazné vlastnosti zadnym
smérem v grafu (tzn. jedna se
o kmeny s primérnym rdstem
na testovanych pudach). Z vy-
sledkd vyplyva, Ze médium Raka-
-Ray se vyrazné odliSuje od ostat-
nich testovanych médii a poskytu-
je nejhorsi podminky pro rust ko-
lonii testovanych kment (s vyjim-
kou adaptovaného kmene L. bre-
vis RIBM 2-56 po 35 dnech (5
tydnech) inkubace v pivu, ktery se
nachazi v oblasti A). Ze shluku
médii vybocuje i médium UBA,
a to ve smeéru horSich podminek
pro rust kolonii s vyjimkou adapto-

e
o N

PC2 7.13%

8 6 4 2 0 2
PC 1: 90,56%

Obr. 1. Analyza hlavnich komponent PCA biplot: oblast A — oblast
vyrazného rustu na vSech testovanych médiich, zejména pak Raka-
-Ray (zahrnuje pouze jeden kmen); oblast B — oblast vyrazného rlis-
tu na véech médiich s vyjimkou Raka-Ray; oblast C — oblast minimal-
niho ¢&i zadného ristu na véech médiich / Fig. 1 Principal component
analysis (PCA) biplot: area A — area of intensive growth on all media,
in particular on Raka-Ray (includes only one strain); area B — area
of intensive growth on all media, except Raka-Ray; area C — area of
minimal or no growth on any of media

are, the more similar the strains
are in growth (number of colo-
nies) on tested media (and vice
versa). Lines from the beginning
of the graph describe individual
tested media and their direction
determines the direction of the
distribution of  experimental
points (strains) according to
their growth on individual media.
The same direction of lines
shows a similarity of culture me-
dia in terms of their ability to al-
low the growth of tested strains.
And a larger angle between two
lines means greater culture me-
dia difference. Areas of points
located outside of defined areas
A, B and C can be characterized
as an intersection of adjacent ar-
eas; for example, the area of
points located around the coor-
dinate [1; -0,5] can be character-
ized as an area with medium
growth on all culture media ex-
cept Raka-Ray. Experimental
points occurring around point [0;
0] are the most typical and
do not show significant traits in
any direction of the graph (i.e.
strains with average growth on
tested media) within this dataset
(i.e. within the experiment). Re-
sults show that Raka-Ray differs
significantly from other culture
media and provides the worst

vanych kmenu L. lindneri DSM

206907, L. plantarum RIBM 2-90

a P, pentosaceus CCM 3447 po 49 dnech (7 tydnech) inkubace
v pivu (experimentalni body v PCA plotu vyskytujici se nad oblasti
B). Ostatni média jsou si z pohledu podminek pro rlst kolonii téméf
identicka a zaroven z provedeného experimentu vychazeji jako nej-
lepsi.

4 ZAVER

Zaveéry hodnoceni rGstu bakterii na jednotlivych kultivaénich médi-
ich odpovidaji vysledklim nasi prfedchazejici studie, kde je také dis-
kutovano slozeni pud a vysledky studii ostatnich autort (Kubizniako-
va a Matoulkovd, 2016). Pro testovani kultivaénich médii uréenych
pro detekci mléénych bakterii pfimo z piva je podstatna predchozi
faze adaptace bakterii na podminky v pivu (ij. postupné prevadéni
kultur do média se stoupajici koncentraci piva) — jsou tak simulovany
realné podminky v provozni pivovarské laboratofi.

Vliv obsahu piva v nékterych z médii (B-MRS, PDM, BMB a UBA)
na zvySeni detekce mlécnych bakterii z piva nebyl prokazan.

Puda MRS a jeji modifikace (B-MRS, PDM, K-MRS) poskytovaly,
spolu s VLB, NBB a BMB nejlepSi zachyt mlé&nych bakterii z piva -
na téchto padach vytvarely bakterie velké a snadno odecitatelné ko-
lonie.

Pudy Raka-Ray a UBA poskytovaly ve véech sledovanych para-
metrech nejhorsi vysledky.

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 télovy-
chovy CR — Vyzkumné senzorické centrum v Praze a Vyzkumna
a vyvojova varna - udrzitelnost a rozvoj (LO1312).

conditions for the growth of colo-

nies of tested strains (except for
adapted L. brevis RIBM 2-56 after 35 days (5 weeks) of incubation
in beer, in area A). In addition, UBA medium is also positioned
away from the media cluster in the worst colony conditions, except
for adapted strains L. lindneri DSM 206907, L. plantarum RIBM
2-90 and P, pentosaceus CCM 3447 after 46 days (7 weeks) of
incubation in beer (experimental points above B area). Other me-
dia are almost identical in terms of colony growth conditions and
they are the best within the experiment.

4 CONCLUSION

Our conclusions from the evaluation of bacterial growth on indi-
vidual culture media correspond to the results of our previous
study, which also discusses the composition of culture media and
results of studies by other authors (Kubizniakova and Matoulkova,
2016). For testing culture media for the detection of lactic bacteria
directly in beer, the previous phase of bacterial adaptation to beer
is essential (i.e. gradual transfer of cultures to media with increas-
ing concentration of beer) since this simulates real conditions in
brewery laboratory.

No influence of beer concentration in some culture media (B-
MRS, PDM, BMB and UBA) signifying an increased detection of
lactic bacteria from beer has been demonstrated.

MRS medium and its modification (B-MRS, PDM, K-MRS) to-
gether with VLB, NBB and BMB provided the best capture of lactic
bacteria from beer — the bacteria produced large and readily de-
ductible colonies on these media.

Raka-Ray and UBA provided the worst results in all observed
parameters.
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