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Significant brewery species of micrococcus were reclassified to the genus Kocuria: Kocuria kristinae (previously Micrococcus Kristinae)
and Kocuria varians (previously Micrococcus varians). Bacteria of genus Kocuria belong to less risky microbial contaminants of beer
and brewery plant. Species Kocuria kristinae may exceptionally cause beer spoilage. Significant is their misplacement for pediococci.
Here we present an overview of basic morphological and physiological properties of Kocuria (Micrococcus) species and describe their
harmfulness in the brewing process.
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Pivovarsky vyznamné druhy mikrokok byly reklasifikovany do rodu Kocuria: Kocuria kristinae (dfive Micrococcus kristinae) a Kocuria
varians (dfive Micrococcus varians). Bakterie rodu Kocuria patfi k méné rizikovym mikrobialnim kontaminacim piva a pivovarského pro-
vozu. Vyjimeéné mlze byt druh Kocuria kristinae plivodcem kazeni piva. Vyznam téchto bakterii spo¢iva zejména v moznosti zamény
s pediokoky. V publikaci je uveden prehled zakladnich morfologickych a fysiologickych vlastnosti téchto bakterii a popsan je jejich vy-

znam z hlediska Skodlivosti v procesu vyroby piva.
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1 INTRODUCTION

The genus Kocuria (previously Micrococcus) is not considered to
be a serious contaminant in the brewing production. Kocuria are
gram-positive aerobic bacteria (cocci) with a respiratory type of me-
tabolism. These bacteria are sensitive to bitter products of hops, al-
cohol and acid pH. Their potential risk for brewing production is not
as high as that of lactic acid bacteria (Bokulich and Bamforth, 2013).

Only two species, Kocuria kristinae (previously Micrococcus kristi-
nae) and Kocuria varians (,Micrococcus varians”), are microbiologi-
cally significant in brewery laboratory. Kocuria kristinae is exceptional
because it is a facultative anaerobe (other species are strictly aerobic).
Kocuria kristinae breeds only in beer with low concentration of alcohol
and low concentration of bitter hops products, and at pH above 4,5.
Because of these growth limitations, Kocuria is isolated only sporadi-
cally as the cause of beer spoilage. Beer damaged by K. kristinae has
an atypically fruity aroma. Kocuria varians is common in the brewing
environment and survives for a long time even in beer. However,
K. varians does not damage beer - it is strictly aerobic and sensitive to
bitter substances of hops, alcohol and acid pH, like other species of
Kocuria. Kocuria varians was also isolated from yeast (Back, 1981;
Lawrence and Priest, 1981; Vaughan et al., 2005).

The sources of Kocuria during the production of beer can be input
raw materials (barley, malt, hops), air, water, returnable packaging
from the market, polluted operating equipment and operator service
(Back, 2005).

The risk of damage to beer by Kocuria is relatively negligible. Signifi-
cant is the misplacement of Kocuria for other bacteria during routine
microbiological control. Cells of Kocuria, which may occur as tetrades in
a microscopic sample, can be mistaken for Pediococcus that is harmful
for beer. Conversely, Pediococcus may be falsely determined as harm-
less Kocuria (Micrococcus). The substitution occurs primarily if yeast
sample is checked only microscopically without culture assay or other
tests, e.g. catalase reaction, etc. (Priest and Campbell, 2003).

2 THE GENUS MICROCOCCUS

Micrococcus species are Gram-positive, mesophilic, nonspore-
forming, nonmotile, catalase positive and oxidase positive cocci. Mi-
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1 UVOD

Bakterie rodu Kocuria (dfive Micrococcus) nejsou povazovany
za zdvaznou kontaminaci pivovarské vyroby. Jsou to grampositivni
aerobni bakterie (koky) s respiratornim typem metabolismu, jsou cit-
livé na hotrké chmelové latky, alkohol a kyselé pH, a nepredstavuji
tedy takové riziko jako napf. bakterie mlécného kvaseni (Bokulich
a Bamforth, 2013).

Z hlediska mikrobiologické kontroly v pivovarské laboratofi jsou
vyznamné pouze dva druhy, Kocuria kristinae (dfive Micrococcus
kristinae) a Kocuria varians (,Micrococcus varians”). Druh Kocuria
kristinae je vyjimecny tim, ze je fakultativné anaerobni (ostatni druhy
jsou striktné aerobni). Jako pUvodce kazeni piva je K. kristinae izolo-
vana jen velmi sporadicky - mdze se mnozit pouze v pivu s nizsi
koncentraci alkoholu a hotkych chmelovych latek a s pH vyssim nez
4,5. Pivo poskozené metabolickou cinnosti K. kristinae vykazuje aty-
pické ovocné aroma. Druh Kocuria varians je bézné nachazen v pi-
vovarském prostiedi a mdze se vyskytovat i v pivu a prezivat v ném
delsi dobu. Pivo vsak nekazi — tento druh je striktné aerobni a jako
ostatni kocurie je citlivy na horké chmelové latky, alkokol a kyselé
pH. Kocuria varians byla izolovana také z kvasnic (Back, 1981; Law-
rence a Priest, 1981; Vaughan et al., 2005).

Riziko poskozeni piva kocuriemi je pomérné zanedbatelné, jejich
vyznam spocivd zejména v moznosti zdmény s jinymi bakteriemi pfi
rutinni mikrobiologické kontrole. Kocurie se mohou vyskytovat uspo-
fadané v tetradach a pfi mikroskopii vzorku mohou byt nespravné
identifikovany jako pivu skodici bakterie Pediococcus a naopak - pe-
diokoky mohou byt nespravné urceny jako neskodné kocurie, zejmé-
na pokud je provddéna napf. jenom mikroskopie vzorku kvasnic, bez
kultiva¢niho stanoveni, pfipadné dalsich testd, napf. na katalasovou
reakci apod. (Priest a Campbell, 2003).

2 ROD MICROCOCCUS

Mikrokoky jsou grampositivni, mesofilni, nesporulujici, nepohybli-
vé, katalasa-positivni a oxidasa-positivni koky. Ve vztahu ke kysliku
jsou mikrokoky striktné aerobni, maji respiratorni typ metabolismu.
Velikost bunék se pohybuje v rozmezi 0,5-1,0 um. Bunky jsou uspo-
fadané po dvou, ve ctveficich nebo v nepravidelnych bali¢cich, ale
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crococci are strictly aerobic with a respiratory type of metabolism.
Cell size ranges from 0.5 to 1.0 um. Cocci occur in doublets, four-
somes (tetrades) or irregular packs, but never form chains (Fig. 1).
The name Micrococcus derives from the Greek mikros (small) and
kokkos (grain, seed) (Busse, 2015).

Colonies of Micrococcus are mostly smooth and convex with
a regular border. The colonies are yellow or yellow-orange since mi-
crococci can produce carotenoid pigments. Some strain of Micrococ-
cus luteus produce purple pigment, which diffuses into the culture
medium. Micrococci grow in a wide range of temperatures depend-
ing on the environment from which they were isolated; the tempera-
ture optimum of most micrococci is 25-37 °C. Micrococci grow on
common cultivation media which contain yeast extract and peptone
(pH around 7,0). They produce no or only a small amount of organic
acids from sugars. Micrococci are commonly found in the environ-
ment and in food (Busse, 2015; Sedlacek, 2007).

Many species that were originally described as micrococci, such
as Micrococcus varians, Micrococcus kristinae and Micrococcus ro-
seus, were reclassified as Kocuria, based on analysis of fatty acids,
peptidoglycan, and other constituents (Stackebrandt and Schumann,
2015).

At present, six species of genus Micrococcus have been de-
scribed: M. luteus, M. lylae, M. antarcticus, M. endophyticus, M. yun-
nanensis, and M. flavus. Representatives of these species are found
in various types of environment — water, soil, air, plant surface, mam-
malian skin including human, active sludge, meat, sausage, cheese
or fish (Busse, 2015).

Fig. 1/ Obr. 1 Micrococcus luteus CCM 1697

| 3 THE GENUS KOCURIA

Bacteria of genus Kocuria include Gram-positive, mesophilic, non-
sporeforming, nonmotile, catalase positive and oxidase positive
cocci (Table 1). They are strictly aerobic, only one species (K. kristi-
nae) being facultatively anaerobic. Kocuria has a respiratory type of
metabolism. The cell size is about 1-1.5 pm. Cells occur in groups of
two, four (tetrades) or irregular packs (Fig. 2). The name of the genus
Kocuria comes from the surname of Slovak microbiologist Kocur
(Stackebrandt and Schumann, 2015).

Their colonies are yellow or pink since some species can produce
pigments. Temperature optimum is most often 20-37 °C. Kocuria
grow on common cultivation media containing yeast extract and pep-
tone (pH about 7.0).

Kocuria cells form acids from sugars, which distinguishes them
from Micrococcus. They are commonly found in the environment and
in food (Sedlacek, 2007; Stackebrandt and Schumann, 2015).

At present, 10 species are described within the genus Kocuria:
K. rosea, K. aegyptia, K. carniphila, K. himachalensis, K. kristinae,
K. marina, K. palustris, K. polaris, K. rhizophila a K. varians. Repre-
sentatives of these species are found in a variety of environments —
water, soil, air, marine sediments, plant surfaces, mammalian skin
including human, meat or milk (Stackebrandt and Schumann, 2015).
Two species, Kocuria kristinae (previously Micrococcus kristinae)

nikdy nevytvafi retizky (obr. 1). Nazev Micrococcus pochdzi z fecké-
ho mikros (maly) a kokkos (zrnko, seminko) (Busse, 2015).

Kolonie mikrokokid jsou vétsinou hladké, vypouklé, s pravidelnym
okrajem. Mikrokoky mohou produkovat karotenoidni pigmenty -
zbarveni kolonii je pak Zluté nebo Zluto-oranzové. Nékteré kmeny
M. luteus produkuji fialové barvivo, které difunduje do kultiva¢niho
média. Mikrokoky rostou v Sirokém rozmezi teplot, v zavislosti
na prostiedi, ze kterého byly izolovany; teplotni optimum vétsiny za-
stupcd je 25-37 °C. Rostou na béznych kultiva¢nich pldach s obsa-
hem kvasni¢ného extraktu a peptonu (pH kolem 7,0), z cukr(i vytvaii
zadné nebo jen malé mnozstvi organickych kyselin. Nachézeji se
bézné v prostiedi a v potravinach (Busse, 2015; Sedlacek, 2007).

Rada druhlG popsanych pivodné jako mikrokoky byla prefazena
do samostatnych druhl, napt. druhy Micrococcus varians, Microco-
ccus kristinae, a Micrococcus roseus byly na zikladé analyzy mast-
nych kyselin, peptidoglykanu aj. reklasifikovany jako rod Kocuria.

V soucasné dobé je popsano 6 druhd rodu Micrococcus: M. lute-
us, M. lylae, M. antarcticus, M. endophyticus, M. yunnanensis,
M. flavus. Zastupci téchto druhl jsou nachdzeny v rozmanitych ty-
pech prostiedi — voda, plda, vzduch, povrch rostlin, kize savci
véetné ¢lovéka, aktivni kal, maso, uzeniny, syr, ryby (Busse, 2015).

|| 3 ROD KOCURIA

Bakterie rodu Kocuria jsou grampositivni, mesofilni, nesporulujici,
nepohyblivé, katalasa-positivni a oxidasa-positivni koky (tab. 1).
Ve vztahu ke kysliku jsou striktné aerobni, pouze jediny druh (K. kris-
tinae) je fakultativné anaerobni. Kocurie maji respiratorni typ meta-
bolismu. Velikost bunék se pohybuje vétsinou v rozmezi 1-1,5 pm
Bunky jsou uspotadané po dvou, ve Ctvericich nebo v nepravidel-
nych shlucich (obr. 2). Nazev rodu je odvozen od pfijmeni sloven-
ského mikrobiologa Kocura (Stackebrandt a Schumann, 2015).

Nékteré kmeny mohou produkovat karotenoidni pigmenty - zbar-
veni kolonii je pak rizové ¢i Zluté. Teplotni optimum vétSiny zastupctd
je 20-37 °C. Rostou na béznych kultiva¢nich pldach obsahujicich
kvasni¢ny extrakt a pepton (pH kolem 7,0). Z cukrd vytvéfi kyseliny,
¢imz se odlisuji od rodu Micrococcus. Kocurie se bézné nachazeji
v prostiedi a v potravinach (Sedlacek, 2006; Stackebrandt a Schu-
mann, 2015).

V soucasné dobé je v ramci rodu Kocuria popsano 10 druht: K. ro-
sea, K. aegyptia, K. carniphila, K. himachalensis, K. kristinae, K. ma-
rina, K. palustris, K. polaris, K. rhizophila a K. varians. Zastupci téch-
to druhd jsou nachdzeny v rozmanitych typech prostiedi — voda,
puda, vzduch, moiské sedimenty, povrch rostlin, kiize savci vcetné
¢lovéka, maso, mléko (Stackebrandt a Schumann, 2015). V prostie-
di pivovarského provozu se bézné vyskytuji dva druhy - Kocuria
kristinae (dfive Micrococcus kristinae) a Kocuria varians (,Microco-
ccus varians”).

3.1 Kocuria kristinae
Druh atypicky v ramci rodu Kocuria svou schopnosti rdst a mnozit
se i bez pristupu kysliku. Kokovité bunky, velké 0,7-1,2 pum, byvaji

Fig. 2/ Obr. 2 Kocuria kristinae CCM 26907
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Table 1 Basic characteristics of Kocuria and its comparison with Micrococcus, Staphylococcus, Pediococcus and Leuconostoc

Kocuria kristinae | Kocuria varians Micrococcus Staphylococcus Pediococcus Leuconostoc
Cell shape cocci cocci coccCi COCCi COCCi cocco bacilli
single, pairs, single, pairs, single, pairs, single, pairs, . .
Cell arrangement tetrads tetrads tetrads irregular clumps tetrads pairs, chains
Cell size (um) 0.7-1.2 0.9-1.5 0.5-1.0 0.5-1.0 0.5-1.0 0.5-1.2
Relationship to facultative aerobic aerobic facultative microaerophilic facultative
oxygen anaerobic anaerobic anaerobic
. . . . respiratory, . .
Metabolism respiratory respiratory respiratory fermentative fermentative fermentative
Production of acids + + - + + +
Production of
h + + + +/- - +/-
pigments
Catalase reaction + + + + - -
Oxidase reaction + - + - - -

Tab. 1 Zakladni charakteristiky bakterii Kocuria a jejich srovnani s rody Micrococcus, Staphylococcus, Pediococcus a Leuconostoc

Kocuria kristinae | Kocuria varians Micrococcus Staphylococcus Pediococcus Leuconostoc
Tvar bunék koky koky koky koky koky koko tycky
Sl M jednotlive, . jednotlivé, jednotlivé, dvojice, jednotlive, N
Usporadani bunék dvojice, tetrady tetrady dvojice, tetrady | nepravidelné shluky | dvojice, tetrady dvojice, fetizky
Velikost bunék (pm) 0,7-1,2 0,9-1,5 0,5-1,0 0,5-1,0 0,5-1,0 0,5-1,2
. fakultativné . . . . . - fakultativné
Vztah ke kysliku anaerobni aerobni aerobni fakultativné anaerobni | mikroaerofilni anaerobni
. . . . , . . respiratorni, , .
Metabolismus respiratorni respiratorni respiratorni fermentatorni fermentatorni fermentatorni
Produkce kyselin + + - + + +
Produkce pigmentu + + + +/- - +/-
Katalasova reakce + + + + - -
Oxidasova reakce + - + - - -

and Kocuria varians (previously “Micrococcus varians”) are commonly
found in the brewing environment.

3.1 Kocuria Kristinae

Kocuria kristinae (Fig. 2) is an atypical species within the genus Kocuria.
It can grow and reproduce without oxygen. Its cells are cocci sized 0.7-
1.2 um. The cocci are arranged individually, in pairs, in tetrades or in clus-
ters. Colonies are bulging with smooth or wrinkled surface, usually sized
up to 2mm. The color is from light creamy to orange. If the incubation is
prolonged, the color may be more intense, especially the central part
(Stackebrandt and Schumann, 2015). K. kristinae does not melt at tem-
peratures below 12 °C. Some strains may be less susceptible to acid pH
and bitter acids. The intensity of growth is affected by pH, the content of
dissolved oxygen and hop substances. Even a small amount of K. kristi-
nae can significantly affect beer aroma and taste (Back, 1981; Boulton
and Quain, 2001).

3.2 Kocuria varians

Coccoid cells of K. varians are sized 0.9-1.5 um. K. varians occurs most-
ly in tetrades and clusters of tetrades, and exceptionally in packages or
individually. Colonies are yellow, slightly convex with a smooth and
glossy surface. Some strains can form wrinkled colonies with a matte sur-
face. The size of the colonies is up to 4mm. The name of the species is
derived from the Latin varians (changing, variable). They can produce ac-
ids and reduce the pH of growth medium to 4.3-5.9. Due to microbio-
logical control in the brewery, K. varians is a harmless bacterium, but im-
portant is its distinction from the riskier K. kristinae (Priest and Campbell,
2003; Stackebrandt and Schumann, 2015).
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usporadany jednotlivé, po dvojicich, v tetrddach ¢i shlucich tetrad. Kolo-
nie jsou vypouklé, mohou mit hladky i vrascity povrch, s velikosti zpravi-
dla do 2mm. Zbarveni kolonii byva svétle krémové az oranzové, pfi pro-
dlouzené inkubaci mize byt zbarveni kolonii intenzivnéjsi, zejména
jejich stredové casti (Stackebrandt a Schumann, 2015). Nemnozi se pfi
teplotach pod 12 °C. Nékteré kmeny mohou byt méné citlivé ke kyselému
pH a hotkym kyselindm. Intenzita jejich rlistu v pivu je ddna zejména ob-
sahem rozpusténého kysliku, pH a obsahem horkych chmelovych latek.
I slaby narust bakterii K. kristinae v pivu miZze vyrazné ovlivnit jeho aroma
a chut (Back, 1981; Boulton a Quain, 2001).

3.2 Kocuria varians

Kokovité bunky maji velikost v rozmezi 0,9-1,5 um, usporadané jsou
vétsinou v tetradach a shlucich tetrad a jen vyjimecné v bali¢cich nebo
jednotlivé. Kolonie byvaji zluté, mirné vypouklé s hladkym a lesklym po-
vrchem, nékteré kmeny mohou vytvaret kolonie zvrasnéné s matnym
povrchem. Velikost kolonii dosahuje az 4mm. Nézev druhu je odvozen
z latinského varians (ménici se, proménlivy). Produkci kyselin maze snizit
pH média az na 4,3-5,9. Z hlediska mikrobiologické kontroly v pivovaru
jde o neskodnou bakterii, dlilezité je jeji odliseni od vice rizikové K. kristi-
nae (Priest a Campbell, 2003; Stackebrandt a Schumann, 2015).

PODEKOVANI

Vysledky byly ziskany s podporou Ministerstva $kolstvi, mlddeze a télo-
vychovy CR - Vyzkumné senzorické centrum v Praze a Vyzkumné a vyvo-
jové varna - udrzitelnost a rozvoj (LO1312).



Brewing Microbiology — Kocuria (Micrococcus) and Cultivation Methods for their Detection — Part 1

Kvasny Prum.
64/2018 (1)

13

REFERENCES / LITERATURA

Back, W., 1981: Beer spoilage bacteria. Taxonomy of beer spoilage
bacteria. Gram positive species. Monatsschr. Brauwiss., 34: 267—
276.

Back, W., 2005: Brewery. In: Back W. (Ed.), Colour atlas and hand-
book of beverage biology. Verlag Hans Carl, Nirnberg, Germany,
pp. 10-112.

Bokulich, N. A., Bamforth, C.W., 2013: The microbiology of malting
and brewing. Microbiol. Mol. Biol. Rev. 77, 157-172.

Boulton, C., Quain, D., 2001: Brewing yeast and fermentation. 1st
edition, Blackwell Science Ltd., London, England.

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.

Busse, H. J., 2015: Micrococcus. In: Whitman, W.B., editor, Bergey's
Manual of Systematics of Archaea and Bacteria. John Wiley &
Sons, Inc., in association with Bergey’s Manual Trust.

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

Jespersen, L., Jakobsen, M., 1996: Specific spoilage organisms in
breweries and laboratory media for their detection. Int. J. Food
Microbiol., 33: 139-155.

Priest, F. G., Campbell, I., 2003: Brewing Microbiology 3rd ed., Klu-
wer Academic/Plenum Publishers: New York.

Sedlagek, 1., 2007: Taxonomie prokaryot. 1. vydani, Masarykova uni-
verzita, Brno.

Stackebrandt, E., Schumann, P., 2015: Kocuria. In: Whitman, W.B.,
editor, Bergey‘'s Manual of Systematics of Archaea and Bacte-
ria. John Wiley & Sons, Inc., in association with Bergey’s Manual
Trust.

Vaughan, A., O’'Sullivan, T., van Sinderen, D., 2005: Enhancing the
microbiological stability of malt and beer—a review. J. Inst. Brew.,
111: 3565-371.

Manuscript received / Do redakce doslo: 30/11/2017
Accepted for publication / Prijato k publikovani: 22/12/2017



