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The Enterobacterales order contains 7 families with more than 40 bacterial genera which are isolated from various types of environ-
ment. The genera Shimwellia, Obesumbacterium, Rahnella, Citrobacter, Klebsiella, Raoultella, Serratia and Enterobacter are often found
in the beer brewing process. The ability of these bacteria to grow and multiply in the finished beer is minimal. The bacteria occur primar-
ily as contamination of yeast. They are harmful because these bacteria produce sensory undesirable substances (e.g. dimethylsulfide,
diacetyl, acetoin) at the beginning of the main fermentation and get into the finished beer. Some species are involved in the formation of
N-nitrosamines harmful for health. Here we present an overview of the basic morphological and physiological properties of these bacteria
and describe their importance from the point of view of harmfulness in the beer brewing process.

Matoulkova, D., Vontrobova, E., Brozova, M., Kubizniakova, P., 2018: Mikrobiologie pivovarské vyroby — bakterie radu
Enterobacterales. Kvasny Prum. 64(4): 161-166

R&d Enterobacterales obsahuje 7 €eledi s vice nez 40 bakterialnimi rody, které jsou izolovany z rozmanitych typd prostfedi. V pivovar-
ském provoze se vyskytuji zejména zastupci rodd Shimwellia, Obesumbacterium, Rahnella, Citrobacter, Klebsiella, Raoultella, Serratia
a Enterobacter. Schopnost téchto bakterii rdst a mnozit se v hotovém pivu je minimalni, vyskytuji se zejména jako kontaminace kvas-
nic. Jejich Skodlivost spociva v produkci senzoricky nezadoucich latek (napf. dimethylsulfidu, diacetylu, acetoinu) na za¢atku hlavniho
kvaSeni a jejich pfechodu do hotového piva. Nékteré druhy se podili na tvorbé zdravi Skodlivych N-nitrosamint. V publikaci je uveden
prehled zékladnich morfologickych a fysiologickych vlastnosti téchto bakterii a je popsan jejich vyznam z hlediska Skodlivosti v procesu

vyroby piva.
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1 INTRODUCTION

In the brewing laboratory, enterobacteria are sometimes called
thermobacteria, bacteria of wort or coliform bacteria, or coliforms.
These terms are fairly inaccurate. The term thermobacteria was in-
troduced at the end of the 19" century and was related with their
difficult observation by microscopes — for their small size, the bacte-
ria were at the border of discernibility; terminus = final (Savel, 1980).
The term bacteria of wort is misleading because other bacteria than
enterobacteria (e.g. gram-positive Bacillus) can also occur in the
wort. The term coliform bacteria (coliforms) is used for bacteria of
Enterobacterales order which ferment lactose to produce acid and
gas (at 30-37 °C to 48 hours) and includes Escherichia coli (and
most other species of Escherichia genus) and Citrobacter, Entero-
bacter, Klebsiella, Raoultella and some bacteria from Serratia genus.
Coliforms do not include (i.g. lactose-positive bacteria) e.g. Obesum-
bacterium proteus or re-classified Shimwellia pseudoproteus, which
are very important for microbiological control of brewing operations
(Van Vuuren and Priest, 2003).

Another term that is used in connection with bacteria of Enterobac-
teriaceae family, is “fecal coliform” more precisely “thermotolerant
coliform bacteria”. It denotes bacteria that retain growth and fermen-
tation properties at 44 °C and can serve as indicators of fecal con-
tamination (Veger and BaudiSova, 1996).

Enterobacterales order includes more than 40 bacterial genera
which are found in various types of environment — water, soil, fruit,
vegetables, grains, flowering plants, trees, human skin and digestive
tract of animals including humans. Some representatives are agents
of human and animal diseases. Many Enterobacterales species pri-
marily attack the intestinal tract and may cause diarrheal diseases.
In addition, some enterobacteria can cause urinary infections, infec-
tions of wounds and respiratory tract, etc. (Brenner and Farmer,
2015; Sedlacek, 2007).

From the point of view of microbiological control in the brewing
laboratory, particularly important genera in Enterobacterales order
are Shimwellia, Obesumbacterium, Rahnella, Citrobacter, Klebsiella,
Raoultella, Serratia and Enterobacter. Pathogenic species, including
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1 UVOD

Enterobakterie jsou nékdy v pivovarské laboratofi nazyvany jako
termobakterie, mladinové bakterie nebo koliformni bakterie, pfipad-
né koliformy. Uvedené terminy jsou pomérné nepfesné. Termin ter-
mobakterie byl zaveden na konci 19. stoleti a souvisel s jejich obtiz-
nym pozorovanim tehdejsimi mikroskopy — pro své malé rozméry
byly tyto bakterie na hranici rozeznatelnosti; terminus = konecny
(Savel, 1980). Termin mladinové bakterie je zavadégjici, nebof v mla-
diné se mohou vyskytovat i jiné bakterie nezli jen enterobakterie
(napf. grampositivni rod Bacillus). Pojem koliformni bakterie (kolifor-
my) je pouzivan pro bakterie z fadu Enterobacterales, které fermen-
tuji laktosu za tvorby kyseliny a plynu (pfi teploté 30-37 °C do 48
hodin), a zahrnuje Escherichia coli (a vétSinu ostatnich druh( rodu
Escherichia) a rody Citrobacter, Enterobacter, Klebsiella, Raoultella
a nékteré zastupce rodu Serratia. Mezi koliformy (ij. laktosa-positivni
bakterie) tedy nepatfi napf. druh Obesumbacterium proteus ani re-
klasifikovany Shimwellia pseudoproteus, ktery je z hlediska mikro-
biologické kontroly pivovarského provozu velmi dilezity (Van Vuuren
a Priest, 2003).

Dal§im pojmem, ktery je pouzivan v souvislosti s bakteriemi fadu
Enterobacterales, jsou .fekalni koliformy“, pfesnéji ,termotolerantni
koliformni bakterie®. Jedna se o oznaceni bakterii, které maji zacho-
vany rustové a fermentacni vlastnosti pfi teploté 44 °C a mohou slou-
zit jako indikatory fekalniho znecisténi (Veger a BaudiSova, 1996).

Rad Enterobacterales zahrnuje vice nez 40 bakterialnich roda,
které jsou nachazeny v rozmanitych typech prostfedi. Vyskytuji se
ve vodé, v pldé, na ovoci, zelening, zrnech, kvetoucich rostlinach
a stromech, na povrchu téla a v travicicim traktu zivocichd véetné
Cloveka. Néktefi zastupci jsou plvodci onemocnéni ¢lovéka a zvirat.
Mnoho druhl fadu Enterobacterales primarné napada strevni trakt
a muze zplsobovat prdjmova onemocnéni. Kromé toho mohou byt
nékteré enterobakterie plvodci mocovych infekci, infekci ran, respi-
racniho traktu apod. (Brenner a Farmer, 2015; Sedlacek, 2007).

Z hlediska mikrobiologické kontroly v pivovarské provozni labora-
tofi jsou z fadu Enterobacterales dulezité zejména rody Shimwellia,
Obesumbacterium, Rahnella, Citrobacter, Klebsiella, Raoultella,
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E. coli, have not been found in the brewing industry (Van Vuuren and
Priest, 2003). Shigella, Salmonella and E. coli were inoculated into
beer and died within 48 hours after inoculation, despite high initial
cell concentration (Boulton and Quain, 2001).

2 BACTERIA OF ENTEROBACTERALES
ORDER IN THE BREWERY PRODUCTION

Enterobacteria are not sensitive to bitter hop acids, and aerated
wort is the ideal environment for their growth and reproduction. They
can compete with brewer’s yeasts and reduce their growth. Howev-
er, most enterobacteria are inhibited by ethanol and acidic pH, so
they are not able to survive later phases of the main fermentation
and are not transferred into the finished beer. Exceptions are Shim-
wellia pseudoproteus and Rahnella aquatilis, which are contami-
nants of pitching yeast, are transferred into the new wort and can
damage several batches of beer in row (Bokulich and Bamforth,
2013). They can slow down fermentation and the finished beer has
a high pH (Priest et al., 1974). Both species are to some extent re-
sistant to ethanol (especially S. pseudoproteus) and are killed during
the fermentation of HGB batches (ethanol concentration > 6 vol. %)
(Van Vuuren and Priest, 2003). Their presence in yeast can be elim-
inated to some extent by acidic washing — bacteria of Enterobacte-
rales order are sensitive to low pH (< 4,4) (Boulton and Quain, 2001;
Hill, 2009).

The presence of enterobacteria in the fermented wort is associat-
ed with multiple sensory defects of the finished beer which can have
sweet, honey, fruity to vegetable and faecal character. Enterobacte-
ria produce various organic acids (formic, acetic, lactic) and other
sensory active substances (acetaldehyde, acetoin, dimethylsulfide,
diacetyl, 2,3-butanediol), that can significantly change the character
of the environment in which these microorganisms occur (Briggs et
al., 2004; Jespersen and Jakobsen, 1996).

Some species of enterobacteria can reduce nitrates to nitrites which
subsequently react with amines. This reaction results in the formation
of carcinogenic N-nitrosamines (Fig. 7). In this case, the most hazard-
ous bacteria is S. pseudoproteus. S. pseudoproteus reduces nitrates,
which are always present in the wort, to nitrites and thus provides
a precursor to the formation of nitrosamines (Smith, 1994).

The contamination of wort with enterobacteria can also lead to an
increased concentration of biogenic amines in beer. In this case, bio-
genic amines are formed enzymatically by decarboxylation of free
amino acids by decarboxylase-active bacteria (Burika et al., 2012;
Gasarasi et al., 2003).

Enterobacteria can be introduced into the brewing process from
contaminated water or e.g. from leaking pipe connections. These
connections can cause the entrance of dirt and bacteria from the
environment to cooled wort (Vaughan et al., 2005). Enterobacteria
present in samples of water and yeast and during sanitation control
are an indicator of poor hygiene conditions and low sanitation levels
in the brewing process (Boulton and Quain, 2001).

The order Enterobacterales

The name of the Enterobacterales order is derived from Latin en-
terobacterium (an intestinal bacterium) and -ales ending to denote
an order (Brenner and Farmer, 2015).

Members of the order Enterobacterales are Gram negative, rod-
shaped, some genera are motile. The enterobacterial cell size rang-
es from 0.3-1.0 x 1.0-6.0 um. Enterobacteria are facultatively an-
aerobic with both a respiratory and a fermentative type of metabolism.
Species that occur in brewery are catalase positive and oxidase
negative. Most of them also reduce nitrates to nitrites in an anaerobic
respiration process. Most members grow on common media contain-
ing peptone or meat extract such as, e.g., MacConkey agar. The
optimum growth temperature of most enterobacteria ranges from 22
to 35 °C (Brenner and Farmer, 2015; Sedlacek, 2007).

The basic characteristics, occurrence and harmfulness of Entero-
bacterales order in the brewing process are summarized in Table 1.

The genera Obesumbacterium and Shimwellia

Bacteria of Obesumbacterium genus are pleomorphic (shape-
changeable) nonmotile rods. The size of this bacteria ranges from
0.8-2.0 x 1.5-100 pym. Short thick rods predominate in the wort and
long rods usually predominate when grown in most bacteriological
media (Priest et al., 1974). The catalase reaction is weak and de-
layed. Members of Obesumbacterium genus reduce nitrates to ni-
trites. The name Obesumbacterium comes from Latin obesum (thick)

Serratia, a Enterobacter. Patogenni druhy, v€etné E. coli, nebyly v pi-
vovarském provoze prokazany (Van Vuuren a Priest, 2003). PFi ino-
kulaci piva bakteriemi Shigella, Salmonella a E. coli doSlo k jejich
usmrceni béhem 48 hodin od zao¢kovani i pfes vysokou plvodni
koncentraci bunék (Boulton a Quain, 2001).

2 BAKTERIE RADU ENTEROBACTERALES
V PIVOVARSKE VYROBE

Enterobakterie nejsou citlivé na plisobeni hotkych chmelovych ky-
selin a provzdu$néna mladina pro né predstavuje idealni prostiedi
pro rlst a mnozeni. Mohou konkurovat pivovarskym kvasinkam
a zpomalovat jejich rlst. VétSina enterobakterii je vSak citliva
na ethanol a kyselé pH, nejsou tedy schopné prezit v pozdéjsich fa-
zich hlavniho kvaseni a nepfechazeji do hotového piva. Vyjimkou
jsou druhy Shimwellia pseudoproteus a Rahnella aquatilis, které
jako kontaminanty nasadnich kvasnic pfechazeji opakované do nové
mladiny a mohou poskodit nékolik varek za sebou (Bokulich a Bam-
forth, 2013). Mohou zpomalovat fermentaci a vyrobené pivo miva
vysoké pH (Priest et al., 1974). Oba druhy jsou do jisté miry rezis-
tentni k ethanolu (zejména S. pseudoproteus), pti kvaseni HGB va-
rek (koncentrace ethanolu > 6 obj. %) jsou usmrceny (Van Vuuren
a Priest, 2003). Jejich pfitomnost v kvasnicich Ize do jisté miry elimi-
novat kyselym pranim — bakterie fadu Enterobacterales jsou citlivé
k nizkému pH (<4,4) (Boulton a Quain, 2001; Hill, 2009).

Pfitomnost enterobakterii v zakvaSené mladiné souvisi s rozmani-
tymi senzorickymi vadami hotového piva, které maze mit sladky, me-
dovy, ovocity az zeleninovy a fekalni charakter. Enterobakterie pro-
dukuji rGzné organické kyseliny (mravenci, octovou, mlé¢nou)
a dal$i senzoricky aktivni latky (acetaldehyd, acetoin, dimethylsulfid,
diacetyl, 2,3-butandiol), které mohou vyrazné zménit charakter pro-
stfedi, v némz se tyto mikroorganismy vyskytuji (Briggs et al., 2004;
Jespersen a Jakobsen, 1996).

Nékteré druhy enterobakterii jsou schopny redukovat dusi¢nany
na dusitany, které nasledné reaguji s aminy, coz ma za néasledek
tvorbu karcinogennich N-nitrosamint (obr. 1). Nejvice rizikovou bak-
terii je v tomto pfipadé S. pseudoproteus. V mladiné jsou vzdy pfi-
tomny dusi¢nany, a jejich redukci na dusitany S. pseudoproteus po-
skytuje prekursory pro vznik nitrosaminC (Smith, 1994).

Kontaminace mladiny enterobakteriemi mize vést ke zvysené kon-
centraci biogennich amin( v pivu. Biogenni aminy v takovém pfipadé
vznikaji enzymaticky, dekarboxylaci volnych aminokyselin bakteriemi
s dekarboxylasovou aktivitou (Burika et al., 2012; Gasarasi et al., 2003).

Zdrojem enterobakterii v pivovarském provoze je kontaminovana
voda nebo napf. netésnosti spojd potrubi, kterymi se do zchlazené
mladiny mohou dostévat necistoty a bakterie z prostfedi (Vaughan et
al., 2005). Enterobakterie pfitomné ve vzorcich vody a kvasnic,
a zjisténé pfi kontrole sanitace, jsou indikatorem zhorSenych hygie-
nickych podminek a nizké Urovné sanitace v daném pivovarském
provoze (Boulton a Quain, 2001).

Rad Enterobacterales

Nazev fadu Enterobacterales je odvozen z latinského enterobac-
terium (stfevni bakterie) a pfipony -ales pro oznaceni fadu (Brenner
a Farmer, 2015).

Bakterie fadu Enterobacterales jsou gramnegativni, rovné tycky,
nékteré mohou byt pohyblivé. Velikost bunék enterobakterii se pohy-
buje v rozmezi 0,3—-1,0 x 1,0-6,0 ym. Enterobakterie jsou fakultativ-
né anaerobni s respiratornim i fermentativnim typem metabolismu.
Druhy vyskytujici se v pivovarském prostfedi jsou katalasa-positivni
a oxidasa-negativni. VétSina enterobakterii redukuje dusi¢nany
na dusitany v procesu anaerobni respirace. VétSina zastupcu roste
na bézné pldé obsahujici pepton nebo masovy vytazek. Velmi ¢asto
se pouziva napf. MacConkeyho agar. Optimalni teplota rlstu vétSiny
enterobakterii je v rozmezi 22-35 °C (Brenner a Farmer, 2015; Sed-
lacek, 2007).

Zakladni charakteristika, vyskyt a Skodlivost bakterii fadu Entero-
bacterales v pivovarské vyrobé jsou shrnuty v tab. 1.

Rody Obesumbacterium a Shimwellia

Bakterie rodu Obesumbacterium jsou pleomorfni (tvarové pro-
ménlivé) nepohyblivé tyCky. Jejich velikost se pohybuje v rozmezi
0,8-2,0 x 1,5-100 pym. V mladiné se vyskytuji vétSinou jako kratké
silné tyCky, pfi inkubaci na béznych bakteriologickych médiich maji
tvar dlouhych ty¢ek (Priest et al., 1974). Katalasovéa reakce muize byt
nékdy velmi slaba a zpozdéna. Redukuji dusi¢nany na dusitany. Na-
zev Obesumbacterium je odvozen z latinského obesum (tlusty)
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Table 1 Occurrence and harmfulness of Enterobacterales order in the brewing process

(“Hafnia protea®)

Bacteria Occurence and general characteristic Harmfulness
Shimwellia — yeast contamination — production of DMS, higher alcohols, diacetyle
pseudoproteus — multiply at the early stages of main fermentation — reduction of nitrates to nitrites (non-volatile

— relative tolerant to ethanol (< 6 %)
— survive in yeast, can contaminate following batch

N-nitrosamines formation)
— slowdown of fermentation, higher pH of final beer

Rahnella aquatilis
(“Enterobacter
agglomerans®)

— yeast contamination

— multiply at the early stages of main fermentation,
mainly in ales

— relative sensitivity to ethanol

— survive in yeast, can contaminate following batch

— production of diacetyle, DMS, acetaldehyde and ethyl
acetate

— increase of initial rate of wort fermentation

— higher pH of final beer

Citrobacter freundii

— contamination of pitched wort
— sensitivity to ethanol
— do not survive the main fermentation

— production of organic acids and DMS
— increase of initial rate of wort fermentation

Klebsiella oxytoca
Raouiltella terrigena

— contamination of pitched wort
— sensitivity to ethanol
— do not survive the main fermentation

— production of 4-vinylguayacol, acetoine,
2,3-butandiole and DMS

Serratia marcescens

— contamination of water
— multiply at the early stages of main fermentation

— production of sulphur and phenolic compounds
— reduction of nitrates to nitrites (non-volatile
N-nitrosamines formation)

Enterobacter cloacae

— contamination of water
— multiply at the early stages of main fermentation

— production of sulphur and phenolic compounds, DMS
— reduction of nitrates to nitrites (non-volatile

N-nitrosamines formation)

Tab. 1 Vyskyt a Skodlivost bakterii fadu Enterobacterales v pivovarské vyrobé

(,Hafnia protea“) — relativné tolerantni k ethanolu (< 6 %)

varku

Bakterie Vyskyt a zakladni charakteristika Skodlivost
Shimwellia — kontaminace kvasnic — produkce DMS, vyssich alkohol(, diacetylu
pseudoproteus — mnozeni v ranych fazich hlavniho kvaseni — redukce dusi¢nan( na dusitany (vznik netékavych

— prezivaji v kvasnicich, mohou kontaminovat dalsi

N-nitrosamint)
— zpomaleni kva$eni, vy$si pH hotového piva

Rahnella aquatilis — kontaminace kvasnic
(,Enterobacter
agglomerans®) u svrchné kvasenych piv

— relativné citliva k ethanolu

varku

— mnozeni v ranych fazich hlavniho kvaseni, zejména

— prezivaji v kvasnicich, mohou kontaminovat dalSi

— produkce diacetylu, DMS, acetaldehydu

a ethylacetatu
— zrychleni po¢ate¢ni rychlosti kvaseni mladiny
— vy$8i pH hotového piva

Citrobacter freundii — kontaminace zakvasené mladiny
— citlivost k ethanolu

— neprezije hlavni kvadeni

— produkce organickych kyselin a DMS
— zrychleni po¢ateéni rychlosti kvaseni mladiny

Klebsiella oxytoca
Raouiltella terrigena

— kontaminace zakvasené mladiny
— citlivost k ethanolu
— nepreziji hlavni kvaseni

— produkce 4-vinylguajakolu, acetoinu, 2,3-butandiolu
a DMS

Serratia marcescens |— kontaminace zakvasené mladiny

— mnozeni v ranych fazich kvaseni

— produkce sirnych a fenolickych latek
— redukce dusi¢nan(l na dusitany (vznik netékavych
N-nitrosamin()

Enterobacter cloacae |- kontaminace vody

— mnozeni v ranych fazich kvaseni

— produkce sirnych a fenolickych latek, DMS
— redukce dusi¢nanl na dusitany (vznik netékavych
N-nitrosamin()

and bacterium (rod). Originally, these bacteria were classified as Fla-
vobacterium proteus, later reclassified as O. proteus (Shimwell,
1963; 1964). The older brewery literature also gives the name
“Hafnia protea” which has never been officially recognized (Farmer
and Brenner, 2015).

Bacteria of Obesumbacterium genus grow on ordinary media and
form colonies of up to 0.5mm. The optimum growth temperature is 25-
32 °C; growth at 37 °C (commonly used for incubating enterobacteria)
is comparatively poor. From sugars, they mainly use glucose and man-
nose, and only a limited range of other sugars. They are biochemically
much less active than other enterobacteria (Sedlacek, 2007).

Only one species was described; Obesumbacterium proteus exist-
ed in two biogroups (i.e. two groups of strains that share high homol-
ogy of DNA but exhibit specific biochemical or physiological proper-
ties; taxonomically, the biogroup is a lower level than subspecies
(Farmer and Brenner, 2015; Sedlacek, 2007)). Obesumbacterium
proteus biogroup 1 is closely related to Hafnia alvei and was less com-
mon in breweries than biogroup 2. Biogroup 1 was associated with the
intestines of fish and snails. O. proteus biogroup 2 occured only in the
environment of beer production. In 2010 O. proteus biogroup 2 was

a bacterium (ty€ka). Plvodné byla tato bakterie fazena do druhu Fla-
vobacterium proteus, pozdéji byla reklasifikovana jako Obesumbac-
terium proteus (Shimwell, 1963, 1964). Ve starsi pivovarské literatu-
fe je uvadeén i nazev ,Hafnia protea“, ktery vSak nikdy nebyl oficialné
uznan (Farmer a Brenner, 2015).

Rostou na béznych zivnych pudach, vytvafi kolonie o velikosti
do 0,5 mm. Teplotni optimum vétSiny zastupcl je 25-32 °C; pfi teplo-
té 37 °C (pouzivané bézné pro inkubaci enterobakterii) rostou vyraz-
né pomaleji. Z cukrll vyuzivaji jen omezené spektrum cukrl, zejmé-
na glukosu a manosu. Celkové jsou biochemicky mnohem méné
aktivni nez ostatni enterobakterie (Sedlacek, 2007).

Popsan byl pouze jediny druh, O. proteus, ktery existoval ve dvou
biotypech (. ve dvou skupinach kmend, které sdileji navzajem vyso-
kou homologii DNA, ale vykazuji specifické biochemické nebo fysiolo-
gickeé vlastnosti; taxonomicky je biotyp nizsi Groven nez poddruh) (Far-
mer a Brenner, 2015; Sedlacek, 2007). O. proteus biotyp 1 je blizce
pfibuzny druhu Hafnia alvei a v pivovarské vyrobé je nalézan jen zfid-
ka, jeho pfitomnost byla zaznamenana napf. ve stievni soustavé ryb
a hlemyzd'a. O. proteus biotyp 2 byl nachazen vzdy jen v souvislosti
s prostfedim pivovarské vyroby a v roce 2010 probéhla reklasifikace
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transferred to the genus Shimwellia
and species O. proteus was reclas-
sified as Shimwellia pseudoproteus
(Priest and Barker, 2010).

S. pseudoproteus is a brewery
spoilage bacterium because can
multiply in the wort and is relatively i
tolerant to alcohol (up to 6 vol. %).
It multiplies in fermented wort along
with cultured yeast, inhibits the fer-
mentation process and causes fin- soluble in water
ished beer to have a higher residu- +acidic environment '
al extract and pH (Priest et al,
1974). The bacterial production of
dimethyldisulfide, n-propanol, isob-
utanol, isopentanol, 2,3-butanediol
and diacetyl also damages beer.
These substances impart to beer
a vegetable flavor and a passion- |
like flavor. S. pseudoproteus sur- I

vives during yeast storage, which is

water, malt, hops NITRATE

bacterial reduction,
enzyme nitrate-reductase _ |
e.g. from O. proteus (¥

NITROSATING AGENTS
(nitrogen oxides, nitric acid)

nitrosation of
wort amines

tohoto taxonu — bylo navrzeno a va-
lidovano prefazeni O. proteus bio-
typ 2 do rodu Shimwellia a reklasifi-
kace druhu O. proteus biotyp 2 jako
Shimwellia pseudoproteus (Priest
a Barker, 2010).

Skodlivost S.  pseudoproteus
v pivovarské vyrobé spociva v jeho
schopnosti mnozZit se v mladiné
a relativni toleranci k alkoholu (az 6
obj. %). S. pseudoproteus se mno-
[ zi v zakvasené mladiné spolu s kul-

; turnimi kvasinkami, brzdi fermen-
NITROSAGNI CINIDLA ta¢ni proces a hotové pivo mé tak
(oxidy dusiku, kys. dusita) vy88i zbytkovy exrakt a pH (Priest
et al.,, 1974). Pivo dale poskozuje
produkci dimethyldisulfidu, n-pro-
panolu, isobutanolu, isopentanolu,
2,3-butandiolu a diacetylu. Tyto lat-
ky dodavaji pivu zeleninovou vini
a chut pfipominajici pastinak. S.
pseudoproteus preziva i v prabéhu

voda, slad, chmel DUSIGNANY

bakterialni redukce,
enzym nitratreduktasa |
napt. z O. proteus

DUSITANY

rozpustné ve vodé |
+kyselé prostfedi | |

nitrosace amindi
obsazenych v mladiné

N-NITROSAMINY

the source of further contamination
of beer production (Van Vuuren and

Priest, 2003). Fig. 1 ATNC formation during

The presence of S. pseudopro- wort fermentation

teus can result in the formation of

non-volatile N-nitrosamines (apparent total N-nitroso compounds,
ATNC). In the wort, O. proteus reduces nitrate to nitrite (by the activ-
ity of bacterial enzyme nitrate reductase). Nitrites are precursors of
nitrosamines since they react with amines to form ATNC (schemati-
cally in Fig. 1). The contamination of yeast with greater than 0,03 %
S. pseudoproteus cells results in exceeding recommended 20 pg/l
limit of ATNC (Boulton and Quain, 2001).

The genus Rahnella

Bacteria of Rahnella genus are small straight rods, motile when
grown at 25 °C but nonmotile at 36 °C. Cell size ranges from 0.5-0.7
x 2.0-3.0 ym. They reduce nitrates to nitrites. The genus Rahnella
was named after the microbiologist Otto Rahn who proposed the
name Enterobacteriaceae family (Kampfer, 2015). Rahnella is found
in water and soil and was also isolated from clinical material
(Sedlacek, 2007).

Rahnella grows on ordinary media. The optimum growth tempera-
ture of most members is 25-35 °C; at 37 °C (temperature commonly
used for incubation of enterobacteria) they grow more slowly. Most
strains are psychrotolerant, i.e. they grow (but significantly slower)
even at 4 °C. They use a wide range of sugars (Kampfer, 2015).

The genus Rahnella currently includes 6 species. Some strains of
the Enterobacter agglomerans complex that is sometimes referred to
as species of Enterobacteriaceae in the older brewery literature have
been included in Rahnella genus (e.g. Hamze et al., 1991; Van Vu-
uren et al., 1980).

Rahnella can influence the main fermentation. In the production of
top fermented beer, Rahnella cells rise to the fermentation cover along
with yeast and can survive 60-70 hours of fermentation. They are not
affected by rising ethanol concentrations and decreasing pH. In this
case, other enterobacteria remain in the volume of fermenting wort
and their activity is gradually diminished (Priest et al., 1974). If Rah-
nella contaminates the wort in the production of lager beer, finished
beer is usually less fermented (although Rahnella initially accelerates
fermentation) and has a higher pH. During fermentation, the aroma
and the taste of beer damaged by Rahnella are described as fruity,
lactic and sulfuric, due to higher concentration of dimethylsulfide, acet-
aldehyde, methylacetate and diacetyl (Van Vuuren et al., 1980). As
shimwellia and obesumbacteria, Rahnella cells are accumulated in
the yeast and damage another batch of beer (Hamze et al., 1991).

The genus Citrobacter

Bacteria of Citrobacter genus are straight rods, occur single or in
pairs, and are usually motile. They reduce nitrates to nitrites. Cells
size ranges from 1.0 x 2.0-6.0 um. The genus was named after his
typical property - most strains use citrate as the exclusive source of
carbon (Frederiksen, 2015).

Citrobacteria grow on ordinary media and create smooth, low con-
vex, gray colonies with shiny surface and entire edge. The optimum
growth temperature is 37 °C (Frederiksen, 2015; Sedlacek, 2007).

At present, 14 species of Citrobacter genus are described. Citro-
bacter freundii has been reported as an occasional contamination of

skladovani kvasnic, které jsou pak
zdrojem dalsi kontaminace vyroby
(Van Vuuren a Priest, 2003).

S. pseudoproteus se podili na
vzniku netékavych N-nitrosamind (apparent total N-nitroso com-
pounds, ATNC). Dusi¢nany pfitomné v mladiné jsou témito bakterie-
mi redukovany na dusitany (¢innosti bakterialnich enzymd nitratre-
duktas). Dusitany jsou prekursory nitrosaminll — reaguji s aminy
za tvorby ATNC (schematicky na obr. 7). Kontaminace kvasnic vice
nez 0,03 % bunék O. proteus vede k pfekroceni doporuéeného limitu
ATNC 20 pg/l (Boulton a Quain, 2001).

Obr. 1 Tvorba ATNC v priibé-
hu kvaseni mladiny

Rod Rahnella

Bakterie rodu Rahnella jsou malé rovné tycky, jejichz pohyblivost
je dana teplotou inkubace — pfi teploté 36 °C nejsou pohyblivé, pfi
25 °C jsou pohyblivé. Velikost bunék se pohybuje v rozmezi 0,5-0,7
x 2,0-3,0 yum. Redukuji dusi¢nany na dusitany. Rod byl pojmenovan
na pocest mikrobiologa Otto Rahna, ktery navrhnul oznageni ¢eledi
Enterobacteriaceae (Kampfer, 2015). Rahnella se vyskytuje ve vodé,
pletivech stromd a v pldé, izolovana byla i z klinického materialu
(Brady et al., 2014; Sedlacek, 2007).

Bakterie Rahnella rostou na béznych zivnych pldéach. Teplotni op-
timum vétsiny zastupcl je 25-35 °C; pfi teploté 37 °C (pouzivané
bézné pro inkubaci enterobakterii) rostou pomaleji. VétSina kmen je
psychrotolerantni, tj. rostou (ov8em vyrazné pomaleji) i pfi teploté
4 °C. Vyuzivaji Siroké spektrum cukrd (Kampfer, 2015).

V soucasné dobé je v ramci rodu Rahnella popsano 6 druhG.
Do rodu Rahnella byly zafazeny nékteré kmeny druhového komple-
xu Enterobacter agglomerans, ktery je nékdy ve starsi pivovarskeé li-
teratufe uvadén jako druh Celedi Enterobacteriaceae (napf. Hamze
et al., 1991; Van Vuuren et al., 1980).

Rahnella svou pfitomnosti v mladiné dokaze ovlivnit cely proces
hlavniho kvaseni. P¥i vyrobé svrchné kvasenych piv jsou buriky Rah-
nella vynaSeny do kvasné deky spolu s kvasinkami a dokazi tak pre-
Zit i 60—70 hodin kva$eni, aniz by byly ovlivnény stoupajici koncent-
raci ethanolu a klesajicim pH. Ostatni enterobakterie v takovém
pfipadé zustavaji v objemu kvasici mladiny a jejich ¢innost je po-
stupné tlumena (Priest et al., 1974). Pokud Rahnella kontaminuje
mladinu pfi vyrobé piva typu lezak, je vysledné pivo obvykle méné
prokvasené (ackoliv Rahnella ze zacatku urychluje kvaseni) a ma
vy$8i pH. Aroma a chut piva po$kozeného v prabéhu kvasgeni &in-
nosti bakterie Rahnella jsou popisovany jako ovocné, mlécné a sir-
naté, coz je dano vysSimi koncentracemi dimethylsulfidu, acetalde-
hydu, methylacetatu a diacetylu (Van Vuuren et al., 1980). Tak jako
v pripadé shimvelii a obesumbakterii dochazi k hromadéni bunék
v kvasnicich a poSkozeni dalsi varky piva (Hamze et al., 1991).

Rod Citrobacter

Bakterie rodu Citrobacter jsou rovné ty€ky usporadané jednotlivé
nebo po dvou, vétsinou pohyblivé. Redukuji dusiénany na dusitany.
Velikost bunék se pohybuje v rozmezi 1,0 x 2,0-6,0 um. Nazev Cit-
robacter je odvozen od typické vlastnosti tohoto rodu — vyuzivani
citratu jako vyhradniho zdroje uhliku vétSinou kmen( (Frederiksen,
2015).

Citrobaktery rostou na béznych kultivaénich padach, kde vytvari
hladké, mirné vypouklé, naSedivélé kolonie s lesklym povrchem
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the pitched wort. Citrate negative strains have been found in beer
breweries (Van Vuuren et al., 1981). C. freundii and other species
are commonly found in the intestinal tract and human and animal
feces, soil, water, food and waste water. Citrobacter is isolated from
clinical material as an opportunistic or secondary pathogen (Fred-
eriksen, 2015).

Contamination of wort with C. freundii leads to faster fermentation,
reduces yeast viability and damages the sensory profile of beer by
increasing the concentration of lactate, succinate, isocitrate and di-
methylsulfide in the final beer. Citrobacter is sensitive to ethanol and
is viable only at the early stages of fermentation (Van Vuuren and
Priest, 2003).

The genus Klebsiella

Bacteria of genus Klebsiella are nonmotile straight rods, arranged
singly, in pairs or short chains. Cells are often surrounded by a cap-
sule and can produce slimy colonies. Members of the genus reduce
nitrates to nitrites and use a wide range of sugars and sugar alco-
hols. Cell size ranges from 0.3-1.0 x 0.6—6.0 ym. They grow on or-
dinary media in the form of dome-shaped, glistening colonies of
varying degrees of “stickiness” or “slime” depending on the strain
and composition of the medium. The optimum growth temperature is
30-35 °C. They do not grow at 10 °C. The genus Klebsiella is named
after Edwin Klebs, a German microbiologist (Grimont and Grimont,
2015a).

Species of Klebsiella genus occur in human feces, mammalian
mucosa, soil, water and plants. Klebsiellas are isolated from a vari-
ety of industries — food industry, textile industry, paper industry, etc.
Some members can cause pneumonia in humans and, e.g., urinary
tract infections (Grimont and Grimont, 2015a; Sedlacek, 2007).
Some species of Klebsiella genus were transferred to the new genus
Raoultella (Drancourt et al., 2001).

K. oxytoca has been reported in brewery environment. In the fer-
mented wort, Klebsiella species produce phenolic aroma and taste
due to the formation of 4-vinylguaiacol. A considerable amount of
dimethylsulfide passes into the finished beer from wort contaminated
with klebsiellas (Van Vuuren and Priest, 2003).

The genus Raoultella

Bacteria of Raoultella genus were originally included in Klebsiella
genus. A hallmark of the genus Raoultella is growth at 10 °C. They
have been recovered from water, soil, plants and occasionally from
clinical material. Raoultella terrigena (formerly Klebsiella terrigena)
has been reported in brewery environment. The presence of R. ter-
rigena in the fermented wort, as well as K. oxytoca, is associated
with beer damage by a high concentration of 4-vinylguaiacol and di-
methylsulfide. In addition, R. terrigena produces high concentration
of acetoine and 2,3-butanediol (Blomquist et al., 1993; Drancourt et
al., 2001; Sedlacek, 2007).

The genus Serratia

Bacteria of Serratia genus are straight rods, usually motile by per-
itrichous flagella. They are facultatively anaerobic and reduce ni-
trates to nitrites. Cell size ranges from 0.5-0.8 x 0.9-2.0 ym. The
optimum growth temperature is 30-37 °C. They grow on ordinary
media and form opaque white colonies, some species have pink or
red pigment.

At present, 18 species of the genus Serratia have been described.
Its members have been reported in clinical material, soil, water, plant
surface and in the intestinal tract of rodents and insects. Serratia
marcescens is an opportunistic pathogen for hospitalized patients
and can cause urinary infections. Serratia can pass into brewery en-
vironment by contaminated water. Their occurrence and activity are
limited to the beginning of fermentation (Grimont and Grimont,
2015b; Sedlacek, 2007).

The genus Enterobacter

Cells of the genus Enterobacter are straight rods, usually motile by
peritrichous flagella. Its members are facultatively anaerobic, reduce
nitrates to nitrites and ferment glucose and other saccharides for
production of acids and gas. Cell size ranges from 0.6-1.0 x 1.2-3.0
pm. They are easy to grow on ordinary media and the optimum
growth temperature is 30 °C. Most clinical strains grow at 37 °C (Gri-
mont and Grimont, 2015c).

Enterobacteria are widely distributed in the environment, being
found in both sweet water and wastewater, soil, plants, animal and
human feces (Sedlacek, 2007). More than 20 species have been
described, some of them being opportunistic pathogens. Enterobac-

a ohrani¢enymi okraji. Optimalni rGstova teplota je 37 °C (Frederik-
sen, 2015; Sedlacek, 2007).

V soucasné dobé je popsano 14 druhl rodu Citrobacter, z nichz
druh Citrobacter freundii je nachazen jako ob¢asnéa kontaminace za-
kvasené mladiny. V pivovarském prostfedi byly identifikovany i tzv.
citrat-negativni kmeny citrobaktert (Van Vuuren et al., 1981). C. fre-
undii a ostatni druhy se bézné vyskytuji ve stfevnim traktu a stolici
Clovéka a zvifat, v pldé, ve vodé, v potravinach a odpadni vodé.
Byvaiji izolovany z klinického materiélu jako oportunni nebo sekun-
darni patogeny (Frederiksen, 2015).

Kontaminace mladiny bakteriemi C. freundiivede k urychleni kvaSe-
ni, snizeni Zivotaschopnosti kvasinek a poskozeni senzorického profi-
lu piva — produkovéany jsou zvySené koncentrace laktatu, sukcinatu,
isocitratu a dimethylsulfidu. Citrobakter je citlivy na ethanol a je tedy
aktivni pouze v prvnich fazich kvaseni (Van Vuuren a Priest, 2003).

Rod Klebsiella

Klebsiely jsou nepohyblivé rovné tycky, uspofadané jednotlive,
po dvou nebo v kratkych fetizcich. Buriky byvaji opouzdiené a kolo-
nie mohou mit slizovity vzhled. Redukuji dusi€nany na dusitany. Vy-
uzivaji celou fadu cukrd a cukernych alkoholl. Velikost bunék se
pohybuje v rozmezi 0,3-1,0 x 0,6—6,0 ym. Rostou na béznych médi-
ich ve formé vypouklych lesklych kolonii, jejichz ,lepivost® nebo ,sliz-
natost” je zavisla na konkrétnim kmeni a slozeni kultiva¢niho média.
Optimalni rlstova teplota je 30-35 °C, nerostou pfi 10 °C. Nazev
rodu je odvozen od pfijmeni némeckého mikrobiologa Edwina Kleb-
se (Grimont a Grimont, 2015a).

Rod Klebsiella zahrnuje druhy, které se se vyskytuji zejména
ve stolici ¢lovéka, na sliznicich savcu, v pldé, ve vodé, na rostlinach.
Klebsiely jsou izolovany z rozmanitych prdmyslovych provozl — po-
travinarskych, textilnich, papirenskych atd. Néktefi zastupci mohou
u Clovéka zplsobovat pneumonie a napf. infekce mocovych cest
(Grimont a Grimont, 2015a; Sedlacek, 2007). Nékteré druhy klebsiel
byly pfefazeny do nového rodu Raoultella (Drancourt et al., 2001).

V pivovarském prostfedi je nachazen druh Klebsiella oxytoca. P¥i-
tomnost téchto bakterii v zakvasené mladiné je spojovana s fenolic-
kou vUni a chuti piva, coz je dano produkci 4-vinylguajakolu. Z mla-
diny kontaminované klebsielami pak pfechazi do hotového piva
i znacné mnozstvi dimethylsulfidu (Van Vuuren a Priest, 2003).

Rod Raoultella

Bakterie rodu Raoultella byly pavodné fazeny do rodu Klebsiella.
Charakteristickym znakem rodu Raoultella je schopnost ristu pfi
teploté 10 °C. Raoultely jsou izolovany z vody, pldy, rostlin, pfilezi-
tostné i z klinického materiélu. V pivovarském prostfedi se vyskytuje
druh Raoultella terrigena (dfive Klebsiella terrigena), jehoz pritom-
nost v zakvasené mladiné stejné jako u druhu K. oxytoca souvisi
s poskozenim piva vysokymi koncentracemi 4-vinylguajakolu a di-
methylsulfidu. R. terrigena navic produkuje vysoké koncentrace ace-
toinu a 2,3-butandiolu (Blomquist et al., 1993; Drancourt et al., 2001;
Sedlacek, 2007).

Rod Serratia

Bakterie rodu Serratia jsou rovné tycky, které se vétSinou pohybu-
ji pomoci peritrichalnich bi¢ikd. Jsou fakultativné anaerobni, reduku-
ji dusi€nany na dusitany. Velikost bunék se pohybuje v rozmezi 0,5-
0,8 x 0,9-2,0 um. Optimalni teplota rdstu je 30-37 °C. Na bézném
zivném agaru vytvareji neprahledné bilé kolonie, nékteré druhy maji
rlZzovy nebo €erveny pigment.

V soucasné dobé je popsano 18 druht rodu Serratia. Vyskytuji se
v klinickém materiélu, v padé, ve vodé, na povrchu rostlin, ve stfev-
nim traktu hlodavcl a hmyzu. Serratia marcescens je oportunnim
patogenem pro hospitalizované pacienty, mize zplsobovat infekce
mocovych cest. Do prostfedi pivovaru se seracie mohou dostat kon-
taminovanou vodou. Jejich vyskyt a plsobeni jsou vSak omezené
na zagatek fermentace (Grimont a Grimont, 2015b; Sedlacek, 2007).

Rod Enterobacter

Rod Enterobacter jsou rovné tycky, vétsinou se pohybujici pomoci
peritrichalnich bi€ikl. Fakultativné anaerobni, redukuji dusi¢nany
na dusitany. Glukosu a dal&i sacharidy fermentuji za produkce kyse-
lin a plynd. Velikost bunék se pohybuje v rozmezi 0,6-1,0 x 1,2-3,0
Mm. Snadno rostou na béznych médiich a optimalni teplota rdstu je
30 °C, vétsina klinickych izolatl roste pfi 37 °C (Grimont a Grimont,
2015c).

Enterobaktery jsou velice rozSifené, nachazeji se ve sladke i od-
padni vodé, v pidé, na rostlinach, ve zvitecich vykalech i lidské sto-
lici (Sedlagek, 2007). Je popsano vice nez 20 druh(, z nichz nékteré
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teria can pass to brewery environment by contaminated water. They
can grow in the wort and at the beginning of the main fermentation.
Enterobacter cloacae is harmful due to the production of phenolic
substances and dimethylsulfide at the beginning of the main fermen-
tation and due to the passage of substances into finished beer (Priest
and Campbell, 2003).

3 CONCLUSIONS

Enterobacteria usually cannot grow in finished beer. However,
their strains can grow and multiply in the early stage of the main
fermentation and damage the final product by its metabolites. Their
presence in the sample (water, wort, yeast, beer) indicates a re-
duced hygienic level of the beer brewing process
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