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Hanko, V., Potésil, A., Potésil, V., NeSpor, J., Karabin, M., Jelinek, L., Dostalek, P., 2017: Alternativni metody pro zvyseni trvanli-
vosti nefiltrovanych piv v minipivovarech. Kvasny Prum. 63(6): 298—-306

Pro zajisténi zvySené trvanlivosti nefiltrovanych piv, jejichz Siroky sortiment je v sou¢asnosti zajisStovan predevsim minipivovary, dosud
v primyslovém méfitku neexistuje vhodna metoda, ktera by nefiltrované pivo neznehodnotila po senzorické strance. NejrozSitengjsi
metoda, pasterace, totiz usmrcuje pivovarské kvasinky a navic tepelné zatézuje pivo. V prehledném ¢élanku jsou popséany predpoklady
pro zajisténi uc¢inné a efektivni mikrobialni stabilizace, souvisejici zejména se spravnou vyrobni a hygienickou praxi. Pro tento Ucel jsou
z vyzkumu znamy dvé alternativni metody (vysoky hydrostaticky tlak a pulzni elektrické pole), které jsou k pivu relativné Setrné. Tyto
metody jsou v ¢lanku podrobné popsany a byly jiz testovany v laboratornich podminkach a maji potencial pro uplatnéni v primysiu.

Hanko, V., Potésil, A., Potésil, V., NeSpor, J., Karabin, M., Jelinek, L., Dostalek, P., 2017: Alternative methods for shelf life extension
of unfiltered beers microbreweries. Kvasny Prum. 63(6): 298-306

At present, a broad range of unfiltered beers is produced mainly by microbreweries. So far, however, no suitable method exists for
ensuring extended shelf life at the industrial scale without damaging the taste. The most widespread method — pasteurization also kills
brewery yeasts and, has a thermal impact on beer. This review describes the premises for ensuring effective microbial stabilization that
depends particularly on proper sanitization practices. Alternative methods — the high hydrostatic in addition, processing and the pulsed
electric fields processing have a minimal effect on the beer quality. These techniques were already tested under laboratory conditions
and have potential for use at the industrial scale. This article describes these methods in detail.

Hanko, V., Potésil, A., Potésil, V., NeSpor, J., Karabin, M., Jelinek, L., Dostalek, P., 2017: Alternative Methoden zur Erhéhung der
Besténdigkeit der ungefilterten Biere aus den Minibrauereien. Kvasny Prum. 63(6): 298-306

Zur Sicherstellung der erhdhten Besténdigkeit der ungefilterten Biere, deren breite Sortiment vor allem durch die Minibrauereien ge-
sichert wird, im industriellen MaBstab zur Zeit keine geeignete Methode gibt, die das ungefilterte Bier sensorisch nicht verletzt. Die am
meiste angewandte Methode, Pasteurisation, tétet namlich die Hefezelle und zusétzlich thermisch belastet das Bier. Im diesen Uber-
sichtlichen Artikel werden die Annahmen zur Sicherstellung der wirksamen und effektiven mikrobiologischen Stabilisation beschrieben
erhéhten Besténdigkeit, die mit richtigen Herstellungs- und Hygienischen Praxis verbunden sind. Fir diesen Zweck werden zwar zwei
alternative Methoden angewandt (hoher hydrostatische Druck und pulsierendes elektrische Feld), die zum Bier relativ schonende sind.
Diese Methode werden im Artikel ausfuhrlich beschrieben, unter Laborbedienungen getestet und wiesen ein Potenzial zur Anwendung

in der Industrie auf.

Klicova slova: nefiltrované pivo, mikrobiologicka stabilita, vysoky
hydrostaticky tlak, pulzni elektrické pole

1 UvVoD

Pivo, jako jeden z celosvétové nejpopularnéjSich slabé alkoholic-
kych napoju, jehoz historie vyroby saha az do starovéku, bylo po ti-
sice let akceptovano jako napoj vice ¢i méné zakaleny. Zakal byl
zplUsoben zejména nedokonalym procesem scezovani, pfitomnosti
zivych ¢i mrtvych mikroorganismu nebo jinych ¢astic. S pramyslovou
revoluci v 19. stoleti a souvisejicim rozvojem obchodu, centralizaci
vyroby a vysSi potfebou produkce vSak kratkd doba trvanlivosti kal-
nych piv pfestavala postaovat, protoze omezovala jejich transport
na veétsi vzdalenosti (Basafova et al., 2010). Pro zvySeni stability
a zajisténi kvality produktu bylo nezbytné zavést do technologie jed-
notkové operace dfive v pivovarstvi nepouzivané, vedouci ke vzniku
novych druht piv bez obsahu mikroorganism{ — piv Cirych. V druhé
poloving 19. stoleti byla do provozu Uspé3né zavedena filtrace ve-
douci k prodlouzeni trvanlivosti piva, které tak mohlo najit uplatnéni
na novych, vzdalengjSich trzich.

V poslednich letech se vSak opét zac¢ina zvySovat poptavka po pi-
vech nefiltrovanych, v sou¢asnosti produkovanych pfevazné minipi-
vovary, které i diky nabidce relativné Sirokého sortimentu nefiltrova-
nych piv, zazivaji celosvétové obrovsky rozmach (Vacl, 2014).
V dnesni dobé je nefiltrované pivo chapano jako ,Zivy“ napoj, ktery
oproti filtrovanému pivu obsahuje navic pivovarské kvasinky. Obsah
téchto zivych mikroorganisma v pivu sice zajistuje tomuto napoji uni-
katni chutové vlastnosti, avSak vyrazné snizuje trvanlivost produktu,
ktera zpravidla nepFesahuje dva mésn’ce D|’ky tomu byvé odbyt nefil-

Keywords: unfiltered beer, microbial stability, high hydrostatic
pressure, pulsed electric fields

1 INTRODUCTION

Beer, as one of the world’s most popular and oldest light alcoholic
beverage, with a history reaching into antiquity, was for thousands of
years accepted as a more or less cloudy drink. Turbidity was specifi-
cally caused by insufficient lautering, and by the presence of micro-
organisms or other particles. With the industrial revolution of the 19th
century, and its extensive development of centralized trade and pro-
duction, higher product demand meant that the short shelf life of
hazy beers was no longer sufficient as it restricted transport over
longer distances (Basarova et al., 2010). To increase stability and to
ensure good beer quality, it was necessary to introduce technologi-
cal unit operations that were not previously used in breweries. In this
way, it was possible to produce new types of beer — clear beers that
did not contain microorganisms. Filtration that extended the beer
shelf life was successfully introduced in the second half of the 19th
century. Such beer could then be sold on new distant markets.

Recently, however, the demand for unfiltered beers has increased.
Such beers are currently produced mainly in microbreweries, which,
due to their relatively wide product range, have gained worldwide
popularity (Vacl, 2014). Unfiltered beer is now considered as a ‘live’
drink, containing brewery yeasts. The presence of these live micro-
organisms gives the beer its unique taste but considerably reduces
its shelf life, generally to no more than two months; unfiltered beers
are therefore marketed directly in the microbreweries or nearby. To
satisfy increased demand, beer must be transported to distant mar-
kets and therefore it is necessary to treat the unfiltered beer in a way
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S rostouci poptavkou po nefiltrovanych pivech vSak zagina vyvstavat
potfeba dopravy i na vzdalenéjSi odbytisteé, pfipadné na zahraniéni
trhy, coz vyvolava otdzku, jak nefiltrované pivo vhodné oSetfit tak,
aby si zachovalo své unikatni vlastnosti ve spojeni s vyrazné zvySe-
nou trvanlivosti.

2 FAKTORY OVLIVNUJICIi TRVANLIVOST
NEFILTROVANYCH PIV

Slouceniny v Cerstvé stoeném pivu, kterych je vice nez tisic (Riu-
-Aumatell et al., 2014), nejsou v prabéhu vyroby i béhem skladovani
v chemické rovnovaze. Pivo v obalu (KEG sudy, sklenéné &i plastové
lahve, plechovky) tvofi uzavieny systém, jehoz jednotlivé kompo-
nenty se Uc¢astni riznych reakci vedoucich zpravidla k nezadoucim
organoleptickym zménam piva (Vanderhaegen et al., 2005).

Trvanlivost, to jest obdobi, béhem kterého ma mit pivo neménné
organoleptické vlastnosti, zavisi na mikrobiélni, senzorické a fyzikal-
né-chemické stabilité. U nefilirovanych piv hraje vyznamnou roli ze-
jména biologicka a senzorickd stabilita, vyznam koloidni stability je
v dlsledku pfirozeného zakalu vyrazné nizsi, nebot charakteristic-
kym znakem nefiltrovanych piv je vy8si zakal, ktery muze na spotre-
bitele pusobit negativné, pouze pokud je tvofeny vétSimi ¢asticemi
(vétsimi nez zhruba 0,5 mm).

Garantovana trvanlivost pro nefiltrovana piva z tuzemskych minipi-
vovarll se nej¢astéji pohybuje u lahvového piva mezi étrnacti dny az
jednim mésicem, u piva sudového obvykle dva tydny, zatimco u fil-
trovaného lahvového piva byva garantovana trvanlivost i déle nez
jeden rok a u piva sudového je to bézné zhruba tfi mésice (tab. 7).
Krat$i doba trvanlivosti je u nefiltrovanych piv zplsobena pfitomnos-
ti zivych mikroorganism(, které mohou ovlivnit prakticky vSechny
analytické i senzorické znaky zbytkovou metabolickou aktivitou, kte-
ré ve vysledku urcuji kvalitu piva (Basafova et al., 2003). Pro zajisté-
ni pfitomnosti pouze zadoucich kulturnich pivovarskych kvasinek
a tedy i zvySeni senzorické stability, je nezbytné dodrzet béhem ce-
Iého procesu vyroby nefiltrovaného piva spravnou vyrobni a hygie-
nickou praxi.

that secures its unique properties and at the same time extends its
shelf life.

2 FACTORS INFLUENCING THE SHELF
LIFE OF UNFILTERED BEERS

During production and storage, more than a thousand compo-
nents in freshly racked beer (Riu-Aumatell et al., 2014) are not in
chemical balance. Packaged beers (in kegs, glass or plastic bottles
or in tin cans) form closed systems, whose single compounds take
part in different reactions, often causing unwanted changes in or-
ganoleptic properties of the beer (Vanderhaegen et al., 2005).

Shelf live is the period over which the beer should have stable or-
ganoleptic properties. This depends on microbial, sensory and phys-
icochemical stabilities. In unfiltered beers, the most important are
biological and sensorial stabilities. Colloidal stability is less important
due to the natural turbidity, which is a main characteristic of unfiltered
beers and only particles larger than about 0.5 mm would have a
negative effect on the consumer perception.

The guaranteed shelf life for unfiltered beers from domestic micro-
breweries is mostly from two weeks to one month for bottled beer,
and two weeks for cask beer, whereas a guaranteed shelf life for fil-
tered bottled beers can be more than one year and for cask beer
generally about three months (Table 7). The shorter shelf life for un-
filtered beer is the result of presence of live microorganisms, which,
due to their remaining metabolic activities, can influence almost all
analytical and sensory properties determining the quality of the beer
(Basarova et al., 2003). To ensure the presence of only desirable
cultured brewery yeast, and so to increase sensorial stability, it is
necessary to comply with correct process and sanitization routines
over the whole beer production process.

Tab. 1 Garantovana trvanlivost nefiltrovanych piv z ¢eskych minipivovar
Table 1 Guaranteed shelf life of unfiltered beers from Czech microbreweries

Minioivovar / Lahvové pivo / Bottled | Sudové pivo / Cask beer Poznamka / Note
Micrcr:brewer beer (pocet dnil) / (pocet dnti) / (number of | (Typ piva a podminky skladovani) / (Type of beer
y (number of days) days) and storage conditions)
1 30, 60, 90* 30 Silngjsi piva / Stronger beers
2 14 14 -
3 30 30 6°C
4 30 30 6°C
5 60 60 -
6 18 21, 30" Filtrované pivo / Filtered beer
7 30 30 -
8 21 21 10 °C
9 14, 180" 14 Silngjsi piva / Stronger beers
10 - 14 -
11 14 14 10 °C
12 30 - 10 °C
13 30 30 Chlad a temno / Cold and dark
14 30, 60* 30, 60* 10 °C
15 14 14 10 °C
16 21 21 10 °C
17 14 14 Vycepni piva a lezaky / Draught beer and lager beer
18 21 14 Lezaky / Lager beer 10 °C
19 14 10 15°C
20 14 14 10 °C

* trvanlivost rliznych druh piv / * shelf life of different type of beers
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3 SPRAVNA VYROBNI A HYGIENICKA
PRAXE NEFILTROVANYCH PIV

Prvnim predpokladem pro zvyseni trvanlivosti finalniho produktu
je dodrzovani spravné vyrobni a hygienické praxe. Je tfeba vénovat
pozornost zejména kontrole vstupnich surovin, které mohou byt kon-
taminovany biologicky (8kudci), mikrobiologicky (plisné, bakterie,
kvasinky), chemicky (rezidua pesticid(l) ¢i fyzikalné (cizi pfedméty).
Kontrolu biologické a fyzikalni kontaminace surovin Ize snadno zajis-
tit jejich vizualni kontrolou pfi nakupu surovin, zatimco mikrobiologic-
kou a chemickou Cistotu Ize potvrdit pouze laboratornimi rozbory
(Hollerova, 1998; Tsuchiya et al., 1992).

Dulezité je také vést spravné samotny technologicky postup, ne-
bot jeho nedodrzeni maze vést ke vzniku nebo nedostate¢nému od-
stranéni nékterych negativnich latek (napfiklad dimethylsulfidu bé-
hem chmelovaru) &i produktl kvaseni (napfiklad acetaldehydu
v pozdeéjSich fazich kvaseni a lezeni) snizujicich senzorickou stabili-
tu nefiltrovaného piva (Smogrovicova a Domeny, 1999; Szlavko
a Anderson, 1979). Vzhledem k tomu, Ze se na vzniku vétSiny sen-
zoricky negativnich latek podili zejména oxidacni reakce (Vander-
haegen et al., 2005), je nezbytné dbat na co nejkratsi kontakt surovin
i vSech meziproduktt s kyslikem, a to v celém procesu vyroby piva
az po plnéni do obald. Vyjimku tvofi pouze vzdusnéni mladiny pred
zakvasenim.

V neposledni fadé je tfeba vénovat pozornost zajisténi mikrobiolo-
gické cistoty pouzivanych plynG (vzduchu, oxidu uhli¢itého &i dusi-
ku), pracovnich nastroju a zafizeni (Vaughan et al., 2005).

Suroviny a horka faze vyroby nefiltrovaného piva

VétSina minipivovarQ vyuziva béZnou vodovodni sit jako zdroj var-
ni vody, kterd podiéha narokim na jeji Cistotu dle vyhlasky
€. 252/2004 Sb., kterou jsou stanoveny hygienické pozadavky na pit-
nou a teplou vodu a ¢etnost a rozsah kontroly pitné vody (Vyhlaska
MZ ¢&. 252/2004 Sb.). Ma-li minipivovar svuj vlastni zdroj vody, plati
i pro tuto vodu stejné pozadavky. Castou pFic¢inou problému s kvali-
tou vody je vSak nedostate¢na kontrola stavu veskerého potrubi
a rozvodUl vody pfimo v provozu. Zde hrozi znaéné riziko mikrobialni
kontaminace, pro jejiz eliminaci je nezbytné provadét pravidelnou
kontrolu a udrzbu.

Dal$im vyznamnym zdrojem biologické kontaminace muaze byt mi-
krofléra sladu (respektive surogatl), ktera byva v zavislosti na mno-
ha faktorech (fyzikalné-chemické vlastnosti zrna, proces sladovani)
velmi riznoroda. Vzhledem k tomu, Ze mira biologické kontaminace
sladu je zavisla na podminkach skladovani (Priest a Campbell,
1996), je v ramci udrzeni kvality sladu a zabranéni rozvoje mikrobial-
ni kontaminace nezbytné zajistit jeho uskladnéni v suchych prosto-
rach (Vaughan et al., 2005), jako jsou naptiklad sila & pudy.

Chmel je oproti sladu, v disledku obsahu antibakteridlnich latek
(a-hofkych kyselin), zdrojem uz$iho spektra mikroorganismi (Ma-
toulkova et al., 2010). | pfes nizky obsah mikroorganisma je vhodné
zabranit jejich rozvoji spravnym skladovanim chmele (teplota do 4
°C, v inertni atmosféfe, ¢i vakuu a také bez pfistupu svétla), které
navic umoznuje zachovani pivovarsky cennych latek (Mikyska
a Krofta, 2012; MikySka et al., 2012).

Vzhledem k tomu, Ze témér vSechny mikroorganismy jsou béhem
horké faze vyroby piva inaktivovany, pfedstavuje mnohem vétsi rizi-
ko mikrobialni kontaminace meziproduktd studena faze vyroby piva.

Studena faze vyroby nefiltrovaného piva

Vzduch, pouzivany v minipivovarech predevSim ke vzdu$néni
mladiny pfi zakvaseni, je zpravidla filtrovan. Je tfeba zdlraznit, Ze
sanitace Ci dezinfekce potrubi a hadi¢ek za timto filtrem je naro¢na
a v provozech se takrka neprovadi, diky ¢emuz hrozi riziko rozvoje
mikrobialni kontaminace zplsobujici nezadouci senzorické zmény.

Castym problémem u vétSiny minipivovar( je kontaminace inoku-
la divokymi kvasinkami a bakteriemi. Tyto kontaminanty vyrazné
zhor$uji mikrobialni stabilitu piva a produkuji senzoricky nezadouci
latky, jako jsou napfiklad diacetyl, octova kyselina, dimethylsulfid ¢i
sulfan (Vaughan et al., 2005). Vzhledem k tomu, ze minipivovary
obvykle nedisponuji vlastnim kvasni¢nym hospodarstvim, kupuiji si
zakvasnou kulturu, az na vyjimky, od velkych pivovar( schopnych
zajistit dostate¢nou kvalitu pivovarskych kvasinek. Kritickym kro-
kem, ve kterém hrozi riziko kontaminace, je tedy jejich samotné
oSetfeni a uchovavani v minipivovarech, nebot kvasinky jsou zde
obvykle propirany pouze studenou vodou a skladovany prevazné
v nadobach, u kterych je velmi obtizné zajistit dokonalou Cistotu,
coz muze vést k vyraznému zhorSeni kvality kvasinek a tedy i kvali-
ty produktu.

3 CORRECT PROCESS AND SANITIZATION
PRACTICES

The first requirement for increasing the shelf life of the final product
is compliance with correct procedures and sanitization routines. Par-
ticularly, attention should be paid to the control of incoming raw ma-
terials. These could be contaminated biologically by pests, microbio-
logically by moulds, bacteria and yeasts, chemically by residual pes-
ticides or physically by foreign objects. Visual checking when buying
a raw material can easily detect biological and physical contaminants
but microbial and chemical purity can only be verified by laboratory
tests (Hollerova, 1998; Tsuchiya et al., 1992). It is also very impor-
tant to carry out correct technological procedures. Noncompliance
can cause the formation of, or the insufficient removal of undesirable
components such as dimethylsulfide during wort boiling, and fermen-
tation products such as acetaldehyde during the later stages of fer-
mentation and storage; these reduce the sensorial stability of unfil-
tered beer (Smogrovicova and Domeny, 1999; Szlavko and Ander-
son, 1979). Because formation of the most undesirable sensory
substances is the result of oxidative reactions (Vanderhaegen et al.,
2005), it is necessary to minimize contact of all intermediate products
with oxygen over a whole production process until packaging of it is
also important to ensure microbial sterility of gases such as air, car-
bon dioxide and nitrogen, working tools and the machinery (Vaughan
et al., 2005).

Raw materials and the hot stage of unfiltered beer production

The majority of microbreweries use mains water supplies as the
source of the brewing liquor. This water fulfils the purity requirements
according to the legal declaration of the Ministry of Health No.
252/2004 Sb., which sets hygienic standards for drinking and hot
water, and also the extent and frequency of testing. The same crite-
ria are valid for microbreweries with their own sources of water. How-
ever, the common problem with water quality is insufficient control of
the plumbing and distribution directly to the production site, which
can impose considerable risks for microbial contamination. To re-
duce these risks, it is necessary to carry out regular testing and
maintenance.

Another important source of biological contamination can be mi-
croflora in the malt or malt surrogates, which can be variable and
depend on many factors, such as physicochemical properties of the
grain or the malting process. The extent of biological contamination
of the malt depends on storage conditions (Priest and Campbell,
1996). Therefore, it is essential to keep the malt in a dry place, such
as a silo or a loft, in order to maintain its quality and to prevent micro-
bial contamination (Vaughan et al., 2005).

Because of the presence of antibacterial substances such as
a-bitter acids, hops, in contrast to malt, harbour only a narrow spec-
trum of microorganisms (Matoulkova et al., 2010). Regardless of this
however, it is advisable to prevent microbial reproduction by correct
storage at a temperature of up to 4°C, in an inert atmosphere or
vacuum, and in the dark. These conditions also ensure the preserva-
tion of important flavour components (MikySka and Krofta, 2012;
Mikyska et al., 2012).

However, a greater risk of microbial contamination of the interme-
diate product occurs during the cold stage of brewing, since almost
all microorganisms will be inactivated during the hot stage.

The cold stage of unfiltered beer production

Air used in microbreweries, mainly for aeration of the wort during
pitching, is generally filtered. Nevertheless, sanitization or disinfec-
tion of the plumbing and tubing behind this filter is demanding and
therefore, seldom carried out. As a result, there is an increased risk
of microbial contamination and subsequent unwanted sensory
changes.

A frequent problem in most microbreweries is contamination of in-
ocula with wild yeasts and bacteria. These contaminants significantly
reduce the microbial stability of the beer by producing undesirable
sensory substances such as diacetyl, acetic acid, dimethylsulfide or
sulfane (Vaughan et al., 2005). Generally, microbreweries do not
possess their own yeasts and buy pitching yeasts, with some excep-
tions, from large breweries able to provide adequate quality. There-
fore, the critical step is treatment and storage in the microbreweries.
Normally, yeasts are only rinsed with cold water and stored in con-
tainers that are difficult to clean adequately. This can cause signifi-
cant deterioration in yeast quality and subsequently, product quality.

The use of non-sterilized process gases, such as carbon dioxide
or nitrogen, also enhances the risk of microbial contamination. They
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Riziko mikrobialni kontaminace zvySuje také pouzivani nesteril-
nich procesnich plyn(. Mezi né patfi napfiklad oxid uhli¢ity ¢i dusik,
které jsou pouzivany zejména pfi staeni (pfedplnéni pfetlaénych
tanku a transportnich obal(l). V mensich minipivovarech jsou pro tyto
Ucely Casto pouzivany pryzové hadice Ci plastové hadicky, jejichz
dostate¢na sanitace je v béZném provozu tézko dosazitelna. Pfi po-
uziti nesterilovanych provoznich plyn(i a nedostate¢né sanitovaného
potrubi Ize tedy pfedpokladat zhorSeni mikrobialni a senzorické sta-
bility stoéeného piva.

Pravdépodobné nejvétsi problém s mikrobialni kontaminaci hoto-
vého nefiltrovaného piva nastava prave pfi jeho staceni do transport-
nich oballl (sklenénych ¢i plastovych lahvi) v mensSich minipivova-
rech, zejména tam, kde jsou pro tyto UCely vyuzivany ruéni staecky.
Ke kontaminaci v tomto pfipadé muize dochazet zejména z okolniho
vzduchu, a v ojedinélych pfipadech i ze samotného materidlu. V tom-
to ohledu muze byt také problematicka nedostate¢na sanitace KEG
sudu, nebot vétsina minipivovar(l pouzivd my¢ku sudi bez zavérec-
né sterilace parou.

Pro minipivovary je navic typické pouzivani méné obvyklych tech-
nologickych postupt vedoucich k rozsifeni nabizeného sortimentu ¢i
finanénim usporam, béhem kterych ovsem hrozi zvySené riziko mik-
robialni kontaminace vedouci ke snizeni senzorické stability. Jedna
se napfiklad o v posledni dobé velmi popularni studené chmeleni,
béhem kterych jsou do piva pfidavany dalsi suroviny ¢i minimalné
pouzivané high gravity brewing (Schénberger a Kostelecky, 2011).

Sanitace

V nékterych minipivovarech byl zaznamenan snizeny hygienicky
stav (OlSovska et al., 2014), zplsobeny pravdépodobné méné pro-
pracovanym systémem sanitace, zejména pak nedostate¢nym ¢isté-
nim vyrobnich prostor a vnéjsich povrch(i nadob. Obzvlasté proble-
maticka jsou mista, kterd nejsou dostate¢né pfistupna pro dokonalé
mechanické a chemickeé cisténi, jako jsou napfiklad nékteré potrubni
armatury ¢i nedostate¢né vyhlazené svary (Topka, 1983). Tato mista
vytvéafi diky dostate€nému pfistupu vody a zivin (piva) idealni pro-
stfedi pro preziti a rozvoj mikroorganismu, ktery mlze pfi opakujici
se nedokonalé sanitaci vést az ke vzniku biofilmu, mikrobialniho kon-
sorcia, které je jiz tézko odstranitelné béznymi sanitaénimi postupy
a mize se stat trvalym zdrojem kontaminace (Matoulkova a Kubizni-
akova, 2014).

Hotové pivo a jeho skladovani

Hotové pivo je ndpoj s relativné vysokou mikrobiologickou stabili-
tou. Obsah horkych chmelovych latek, alkoholu, oxidu uhli¢itého,
nizké pH, a také nizky obsah utilizovatelnych zivin a kysliku brani
rozvoji celé fady mikroorganismd, véetné patogennich (Jespersen
a Jakobsen, 1996; Vaughan et al., 2005; Vriesekoop et al., 2012).

| pfesto souvisi jeho mikrobiologicka a tedy i senzoricka stabilita
s podminkami skladovani (Dainty, 1996; Vanderhaegen et al., 2003).
Dulezitymi parametry jsou u nefiltrovaného piva, podobné jako u fil-
trovaného, zejména teplota, pfistup svétla a mechanicky pohyb
(transport). Optimalni teplota skladovani, ktera je obecné nejvy-
znamnéjSim faktorem, je asi 5-10 °C, pfi¢emz u sudového piva lze
tolerovat az 15 °C (Basarova et al., 2010). Prostor pro skladovani
piva ma byt navic vétratelny, suchy, bez plisni a zapach(l. Nejvétsi
problém z hlediska teplotnich pozadavk( na spravné skladovani
piva predstavuji pro pivovarskou vyrobu zejména letni mésice, kdy
se diky vy$&i teploté mohou nezédouci mikroorganismy v pomérné
kratké dobé v sudovém i lahvovém pivu rychle pomnozit a senzoric-
ky ho znehodnotit. Metabolicka aktivita biologické kontaminace, kte-
rou v Evropé z 90% tvofi pouze Etyfi bakterialni druhy — Lactoba-
cillus, Pediococcus, Pectinatus a Megasphaera (Suzuki, 2011),
a nespravné skladovani hotového piva ohrozuje nejen jeho kvalitu,
ale i zdravi spotrfebitele. Obzvlasté nebezpecné jsou napfiklad bio-
genni aminy, N-nitrosaminy ¢i mykotoxiny, z nichz nékteré maji kar-
cinogenni aktivitu (Matoulkova a Kubizniakova, 2014; Sweeney
a Dobson, 1998; Vrzal a Olsovska, 2016).

4 METODY VEDOUCI KE ZV7§E'Ni
TRVANLIVOSTI NEFILTROVANYCH PIV

mikrobiologické stability piva je kombinace filtrace a pasterace, kte-
rou jsou z piva odstranény prakticky vSechny zivé mikroorganismy
(Hammond et al., 1999; Vaughan et al., 2005). Pro potfeby zvySeni
stability nefiltrovanych piv vSak neni ani jeden z téchto procesu
vhodny, nebot filtraci jsou zachycovany kulturni kvasinky, jejichz pfi-

are mainly used as counter pressure gases during kegging and as
a preload in service tanks and transport containers. In smaller micro-
breweries, rubber and plastic tubes are often used for these pur-
poses. Sufficient sanitization during standard production is hard to
achieve. Therefore, if using non-sterilized process gases and insuf-
ficiently maintained plumbing, microbial and sensory stabilities of
beer may decline.

The main problems associated with microbial contamination in
small microbreweries, particularly if using manual racking machines,
arise during the filling of transport containers, such as glass or plastic
bottles, with the unfiltered beer. Contamination can be caused by
ambient air or exceptionally from the material itself. In particular, in-
sufficient sanitization of kegs can be problematic as most of the mi-
crobreweries use cask washers without final vapour sterilization.

In addition, it is typical for microbreweries to use less common
technological procedures that may increase the range of produced
beer types or save money. Recently, for example, dry hoping be-
came very popular. During this process, further hops are added.
High gravity brewing is seldom used in microbreweries (Schénberger
and Kostelecky, 2011). However, these procedures bring an in-
creased risk of microbial contamination and subsequently a de-
crease in sensorial stability.

Sanitization

It has been noted that production hygiene in some microbreweries
has worsened (OlSovska et al., 2014). This was possibly caused by
using less sophisticated sanitization procedures, particularly by in-
sufficient cleaning of the production site and the surfaces of contain-
ers. Especially problematic are areas that are difficult to access for
perfect mechanical and chemical cleaning, such as plumbing or in-
adequately polished welds (Topka, 1983). These areas create an
ideal environment for the survival and propagation of microorgan-
isms, due to sufficient supplies of water and nutrients from beer. Re-
peated insufficient sanitization can cause the formation of a biofilm,
which is a population of bacterial cells that attach to each other and
often to surfaces. They are very difficult to remove by common sani-
tization procedures and can become a permanent source of con-
tamination (Matoulkova and Kubizniakova, 2014).

Storage of the finished beer

Finished beer is a drink with a relatively high microbiological stabil-
ity. The contents of bitter hop components, alcohol, carbon dioxide,
the low content of available nutrients and oxygen combined with
a low pH inhibit growth of most microorganisms, including pathogens
(Jespersen and Jakobsen, 1996; Vaughan et al., 2005; Vriesekoop
et al,, 2012). Nevertheless, microbiological and consequently senso-
rial stability of beer also depends on storage conditions (Dainty,
1996; Vanderhaegen et al., 2003). The parameters for storage of
unfiltered beer are similar to those for filtered beer. Of greatest im-
portance is temperature, light and mechanical motion during trans-
port. The most important factor is an optimal storage temperature,
which should be between 5 to 10 °C. A temperature of up to 15 °C
can be tolerated for cask beer (Basarova et al., 2010). The storage
room should be ventilated, dry and without mould or bad odour. The
most serious problems in complying with the correct storage tem-
perature arise particularly in the summer months. Due to higher tem-
peratures, undesirable microorganisms can proliferate in cask beer
as well as in bottled beer and degrade it in a relatively short time. In
Europe, 90% of microbial contamination consists of four bacterial
species: Lactobacillus, Pediococcus, Pectinatus and Megasphaera
(Suzuki, 2011). The metabolic activities of biological contamination
due to incorrect storage of finished beer, threaten not only its quality
but also the health of the consumers. Especially dangerous are bio-
genic amines, N-nitrosamines and mycotoxins, which can be carce-
nogenic (Matoulkova and Kubizniakova, 2014; Sweeney and Dob-
son, 1998; Vrzal and OlSovska, 2016).

4 METHODS FOR SHELF LIFE EXTENSION
OF UNFILTERED BEERS

The most common and reliable method for increasing the micro-
biological stability of beer is filtration and pasteurization, which re-
move virtually all living microorganisms (Hammond et al., 1999;
Vaughan et al., 2005). Nevertheless, these methods are not appro-
priate to increase stability of unfiltered beers. Filtration removes the
cultured yeast, which is one of the key components in unfiltered
beers. Pasteurization changes the sensorial profile of beer because
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tomnost je obvykle jednim ze zékladnich pozadavku u nefiltrovanych
piv. Pasterace pak vede ke zméné senzorického profilu piva, nebot
podporuje lyzi bunék a oxida¢ni procesy (Cao et al., 2011). Tyto déje
také zpUsobuji zménu barvy, tvorbu karbonylovych slou¢enin, pokles
obsahu aminokyselin, polyfenoll ¢i pokles horkosti (Cao et al.,
2011). Pro vyrobu nefiltrovanych piv s prodlouzenou trvanlivosti je
tedy nezbytné hledat alternativni metody vedouci k zajisténi mikro-
biologické stability, které by nemély vliv na pivovarské kvasinky do té
miry, aby zpUsobovaly jejich nezadouci inaktivaci ¢i destrukci, inak-
tivovaly by v8ak kontaminujici mikroorganismy a zaroven tepelné
nezatézovaly pivo. Jako nejvice nadéjné se jevi pouziti vysokého
hydrostatického tlaku a pulzniho elektrického pole, nicméné pro uce-
ly zvySeni trvanlivosti nefiltrovanych piv Ize pouzit dalSi, méné vy-
hodné metody &i postupy, jako je napfiklad pasterace ¢i pfidavani
rliznych konzervaénich a stabilizaénich ptipravkd.

Vysoky hydrostaticky tlak (HHP)

Vysoky hydrostaticky tlak umoznuje u¢innou netermalni inaktivaci
mikrobialni populace vedouci ke zvySeni trvanlivosti a tim i senzoric-
ké stability (Rendueles et al., 2011). V ndpojovém primysilu byla tato
metoda poprvé aplikovana v Japonsku a dnes jsou jejim prostrednic-
tvim v provoznim méfitku stabilizovany ovocné dzusy (Buzrul et al.,
2005). Prvni testovani vlivu vysokého hydrostatického tlaku na pivo
bylo provedeno v roce 1998 (Buzrul, 2012), pfi¢emz vyzkum v této
oblasti stabilizace piva pokracuje dodnes.

Pusobeni vysokého hydrostatického tlaku predstavuje isostaticky
adiabaticky proces (tlak je pfenasen stejnomérné a okamzité), jehoz
vyhodou je minimalni teplotni namahani piva, nebot béhem aplikace
této metody byva zaznamenana pouze maléd zména teploty, pfiblizné
0 3 °C na kazdych 100 MPa (Rendueles et al., 2011).

Za hlavni mechanismus U¢inku se povazuje pferuseni nekovalent-
nich hydrofobnich interakci, které se v Zivych systémech podili
na konformaci biopolymer( (zejména DNA, protein( ¢i lipid() a tedy
i jejich spravné biologické funkci (Tewari et al., 2007). Pravdépodob-
né nejvétsi podil na inaktivaci mikroorganismd ma zména konforma-
ce ribozom( vedouci k rozstépeni jejich podjednotek, diky ¢emuz
dochazi k poklesu mnoZstvi funkénich ribozom( a tedy i omezeni
translace, které vede az k odumirani buriky (Niven et al., 1999). Vy-
staveni bunék vysokému hydrostatickému tlaku zpGsobuje také de-
stabilizaci struktury nukleovych kyselin (u DNA vede az k disociaci
dvouSroubovice) a tedy omezeni genové exprese (Macgregor,
2002). Bylo také zjisténo, ze pfi aplikaci této metody na zivé buriky
dochazi ke zméné fluidity membran. S rostoucim tlakem dochazi
k rychlému poklesu fluidity lipidové dvojvrstvy, ktera se rychle stava
nepropustnou pro vodu a dal$i malé molekuly. Burika na tuto skutec-
nost reaguje zménou slozeni této dvojvrstvy, ve které pfi pusobeni
vysokého tlaku dochazi ke zvysSeni obsahu nenasycenych mastnych
kyselin, diky kterym membrana ziskava pavodni fluiditu (Mota et al.,
2013; Valentine a Valentine, 2004). Na membranach navic dochazi
ke ztraté protonmotivni sily prostfednictvim inaktivace ATPazy, coz
zpUsobi kritickou zménu acidobazické rovnovahy ve vnitinim pro-
stfedi buriky vedouci az k jejimu zaniku (Rendueles et al., 2011).
Na bunééné sténé byla pozorovana degradace ochrannych glyko-
protein(i bunééné stény, které ji chrani pfed rozkladem vlastnimi en-
zymy. Odstépovani a denaturace glykoprotein(i ve vnéjSich vrstvach
bunécné stény mlze vést az k jejimu popraskani a lyzi buriky. Zaji-
mavosti ovéem je, Ze chitinové jizvy (po puceni) zlstavaji i nadale
neporusené (Brul et al., 2000). Z morfologického hlediska Ize tedy
na bunce vystavené vysokému hydrostatickému tlaku pozorovat kro-
mé neporusenych chitinovych jizev také protazeni tvaru bunky, od-
déleni bunétné membrany od bunééné stény, kompresi vakuol
a kondenzaci nukleovych kyselin (Rendueles et al., 2011).

Z téchto poznatkU je patrné, Ze inaktivace bunék pdsobenim vyso-
kého hydrostatického tlaku je zplsobena kaskadou mnoha déjl
a muze vést az k destrukci bunék a nezadoucimu vyliti jejiho vnitfni-
ho obsahu (Bendova a Kurzova, 1981; Rendueles et al., 2011). P¥i
aplikaci vysokého hydrostatického tlaku je tedy dulezité zajistit tako-
vé parametry, pfi kterych dochazi k omezeni metabolické aktivity
a reprodukénich schopnosti bunék, avSak nedojde k jejich usmrceni
celé buriky a tim i k uvolnéni intracelularniho obsahu do piva a tudiz
k jeho senzorickému znehodnoceni. Bylo prokazano, ze v pivu oSet-
feném tlakem 400 MPa, nebo vy3Sim (pfi teploté 20 az 25 °C), do-
chazi k uspésné inaktivaci bunék, prokazané pomoci kontrolnich
kultivaci, pfi nichz nebyl zjistén zadny narGst bunécné populace
(Castellari et al., 2000).

Uginnost stabilizace vysokym tlakem zavisi mimo jiné také na ve-
likosti a typu inaktivované buriky, nebot kvasni¢né buriky jsou diky
vétSim rozmérlim obecné méné odolné nez burky bakterialni, u kte-

it facilitates cell lysis and oxidation processes (Cao et al., 2011).
These events also induce colour changes, the formation of carbonyl
compounds, the reduction of amino acid and polyphenol contents
and decreased bitterness (Cao et al., 2011). For the production of
unfiltered beers with a prolonged shelf life, it is therefore essential to
find alternative methods. These should guarantee microbial stability,
should not inactivate or destroy the brewing yeasts, but should inac-
tivate contaminating microorganisms without imposing a heat load
on the beer. The most promising is the use of high hydrostatic pres-
sure and pulsed electric fields. It is also possible to use other less
appropriate methods, such as the addition of preservatives or stabi-
lizers.

High hydrostatic pressure (HHP)

High hydrostatic pressure is a very powerful processing system for
the non-thermal inactivation of microbial populations, enabling shelf
life extension and sensorial stability (Rendueles et al., 2011). In bev-
erage industry was this technology first applied in Japan and nowa-
days it is frequently used for the stabilization of fruit juices (Buzrul et
al., 2005). The first tests on the impact of high hydrostatic pressure
on beer was carried out in 1998 (Buzrul, 2012) but research in this
area of beer stabilization continues.

The effect of high hydrostatic pressure is an isostatic adiabatic
process where the pressure is transferred uniformly and immediate-
ly. The advantage is a minimum heat load on the beer as the tem-
perature change during its application is only about 3 °C per 100
MPa (Rendueles et al., 2011).

The main mechanism of action is the interruption of non-covalent
hydrophobic interactions that participate in the conformation of bi-
opolymers, in particular DNA, proteins and lipids in living systems,
and therefore in their correct biological functions (Tewari et al.,
2007). The predominant effect leading to inactivating of microorgan-
isms probably lies in the changes in ribosome structures leading to
cleavage of their subunits and, subsequently, to a decrease in the
number of functional ribosomes, a restriction in translation and to cell
death (Niven et al., 1999). High hydrostatic pressure also destabiliz-
es nucleic acid structures, including dissociation of the double helix,
and therefore reduces gene expression (Macgregor, 2002). It was
found that by applying this method to living cells, the membrane fluid-
ity also changes. Fluidity of the lipid bilayer decreases rapidly with
increasing pressure and becomes impermeable to water and other
small molecules. The cell reacts to this by changing the composition
of the bilayer. The content of unsaturated fatty acids, which are im-
portant for achieving the original fluidity, increases (Mota et al., 2013;
Valentine and Valentine, 2004). In addition, HHP causes a loss of
proton motive force at membranes due to inactivation of ATPases.
This causes a critical change in the acid-base equilibrium within the
cells, which can lead to cell death (Rendueles et al., 2011). Degrada-
tion of glycoproteins due to loss of protective cell membrane func-
tions was also observed. The cleavage and denaturation of glyco-
proteins in the outer layers of the cell membranes can cause their
cracking and cell lysis. An interesting finding was that chitin scars
derived from germination stay intact (Brul et al., 2000). In cells ex-
posed to HHP, from a morphological point of view, it is possible to
observe not only intact chitin scars but also cells with protruding
shapes, separation of cell membranes from the cell walls, vacuole
compression and condensation of nucleic acids (Rendueles et al.,
2011).

From these findings it is evident that cell inactivation by exposure
to HHP is the result of many actions that could lead to the destruction
of the cell and undesirable release of cellular fluids (Bendova and
Kurzovd, 1981; Rendueles et al., 2011). Therefore, it is important to
set up such parameters that reduce metabolic activity and reproduc-
tion of cells, but do not cause total cell destruction, that would change
the sensorial properties of the beer. It was demonstrated in control
cultures that a pressure of 400 MPa or higher at temperature of 20
°C to 25 °C successfully inactivated cells and prevented any in-
crease in the cell population (Castellari et al., 2000).

The effectiveness of stabilization by high pressure also depends
on the type of cell to be inactivated. Larger yeast cells are commonly
less resistant than bacterial cells. Their degree of resistance de-
pends mainly on the composition of the cell wall; Gram-positive bac-
teria are generally more resistant than Gram-negative cells. It was
also found that individual species of microorganisms exhibited differ-
ent levels of resistance to high pressure, depending on the fluidity of
their membranes (Mota et al., 2013).

It was also verified that at lower temperatures, a lower pressure
was needed to reach the same degree of inactivation. The combina-
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rych odolnost zavisi hlavné na slozeni bunééné stény. Gram-pozitiv-
ni bakterie maji obecné vy$si odolnost nez gram-negativni buriky.
Bylo taktéz zjisténo, ze jednotlivé druhy mikroorganism( vykazuji
odlisnou odolnost v{i¢i tlaku v zavislosti na fluidité membran (Mota et
al., 2013).

Z hlediska u¢innosti inaktivace mikroorganismd tlakem bylo ovére-
no, ze pfi nizSich teplotach postacuje pro dosazeni pozadovaného
efektu nizsi tlak. Jako nejucinnéjsi se ukazalo oSetfeni bunék pfi tep-
loté -20 °C, kdy k usmrceni dochazelo jiz pfi tlaku 105 MPa. P¥i tep-
lotach okolo nuly bylo pro dosazeni stejného efektu potfeba pouzit
tlak 190 MPa a pfi teploté 20 °C byl potfebny tlak 250 MPa, data
vSak pochazi ze studie, kde byl tlak aplikovan na bunéénou suspen-
zi o denzité 3x108 bunék na 1ml, coz je v porovnani s realnou kon-
centraci bunék v pivu hodnota pfiblizné o fad vyssi (Fillaudeau
a Carrere, 2002; Perrier-Cornet et al., 2005).

Efekt vysokého tlaku a nizké teploty pusobi na buriky synergicky
na dvou Urovnich. V prvni fadé dochdzi pfi vystaveni mikroorganis-
mU témto extrémnim podminkam ke zméné biochemické rovnovahy
zapfic¢ifujici denaturaci bunéénych proteinud. Tento efekt je kombino-
van s poskozenimi na mikroskopické urovni, kdy dochazi ke zméné
velikosti povrchu k objemu diky vnitfni kompresi doprovazené posu-
nem osmotické rovnovahy. Plsobenim vysokého tlaku je rovnéz ze-
silen destruktivni ucinek pfipadnych vnitrobunéénych ledovych krys-
talll, které buniky namahaji mechanicky (Perrier-Cornet et al., 2005).

Vysoky tlak Ize vyuzit také pro inaktivaci spor. V tomto pfipadé je
ovSem nezbytné pouzit oSetfeni tlakem ve dvou krocich, kdy v prv-
nim dochazi k aktivaci spory (senzitivizace), ktera ztraci barotoleran-
ci a pfi dalsi aplikaci vysokého tlaku odumira (Rendueles et al.,
2011). Pfesny mechanismus inaktivace spor pomoci plisobeni vyso-
kého tlaku, ktery je doprovazen vyraznym snizenim vnitfniho pH,
neni dosud zcela objasnén. Pfedpoklada se, ze prvnim plsobenim
tlaku dochazi k aktivaci rozkladu kortexu (nejodoInéjsiho obalu spo-
ry) ¢innosti hydrolytickych enzymu, ¢imz je zahajeno klic¢eni spor.
Rozkladem kortexu spora ztraci mechanickou ochranu a dal§im pu-
sobenim tlaku dochazi k denaturaci jejich kompartmentt i nékterych
latek. Jedna se napfiklad o hydrolyzu jadra spory ¢i rozklad dipikoli-
natu vapenatého a nékterych nizkomolekularnich proteinti (Ahn
a Balasubramaniam, 2007). K senzitivizaci spor dochazi uz pfi pou-
Ziti relativné nizkych tlakd, pfiblizné v rozmezi 50 — 300 MPa (Ren-
dueles et al., 2011), zatimco Uuspésna inaktivace spor vyzaduje pou-
ziti tlaka extrémné vysokych, pfesahujicich 900 MPa (Castellari et
al., 2000).

Pulzni elektrické pole (PEF)

Dal$i netermalni metodou vedouci k inaktivaci mikroorganismu
nachazejicich se v napojich je metoda vyuzivajici pulzni elektrické
pole (Knorr et al., 2001; Knorr et al., 1994; Vega-Mercado et al.,
1997), kterd je zalozena na generaci velmi kratkych vysokoenerge-
tickych elektrickych pulzd, jejichz doba trvani nepfesahuje jednotky
mikrosekund. V provoznich podminkach je v soucasnosti pulzni
elektrické pole aplikovano hlavné pro zvySovani mikrobiologické sta-
bility mléka, diky ¢emuz je vétSina poznatk(l o pouZiti této metody
ziskana z roztokd obsahujicich tukové micely (Barsotti et al., 2001;
Vega-Mercado et al., 1997). Pulzni elektrické pole vSak bylo pouzito
i pro oSetfeni piva, i kdyz zatim pouze v laboratornich podminkach
(Evrendilek et al., 2004).

Bylo prokazano, ze hlavnim jevem vedoucim k inaktivaci bunék
neni zahfivani ani elektrolyza vnitfiniho obsahu buriky (Knorr et al.,
1994), ale destrukce cytoplazmatické membrany mikroorganismu
(Barsotti et al., 2001; Bendicho et al., 2002; Soliva-Fortuny et al.,
2009). Princip mechanismu je zaloZzen na namahani membrany vy-
sokofrekvencénimi elektrickymi pulzy vedoucimu ke vzniku takzvané
elektroporace, jejiz fyzikalni podstata neni dosud zcela objasnéna
(Gudmundsson a Hafsteinsson, 2001; Vega-Mercado et al., 1997).
Existuje vSak teorie, Ze biologické membrany jsou podobné konden-
zatoru s malou dielektrickou konstantou (Zimmermann et al., 1974),
na jejichz vnéjsi a vnitini strané jsou pfitomny striktné oddélené malé
opacné naboje, které zajistuji vznik transmembranového potencialu.
Pokud je biomembrana vystavena pulsobeni vysokoenergetickych
elektrickych pulzu, dochazi k akumulaci naboje podél vnitini a vnéjsi
membrany spojené se zvySenim transmembranového potencialu
ve velmi kratkém Case (ps), coz vede k prudkému narlstu energie
zpUsobenému pfitaZlivymi silami mezi opaénymi néboji. Timto jevem
dochazi k razantnimu zvyseni tlaku na membranu a jejimu mecha-
nickému namahani v cyklech odpovidajicich frekvenci elektrickych
pulzd. Vysledkem tohoto déje muize byt lokalni poskozeni biomem-
bran mikroorganism0, perforace a vyliti vnitrobunééného obsahu
(Knorr et al., 2001; Zimmermann et al., 1974).

tion of a temperature of -20 °C and a pressure of 105 MPa was most
effective. At temperatures around zero, it was necessary to use
a pressure of 190 MPa to achieve the same effect and at a tempera-
ture of 20 °C, a pressure of 250 MPa was necessary. Nevertheless,
these data were derived from a study in which pressure was applied
to a cell suspension of density 3 x 108 cells/ml. That is about ten
times higher than the actual cell concentration in beer. (Fillaudeau
and Carrere, 2002; Perrier-Cornet et al., 2005).

The combination of high pressure and low temperature affects
cells synergistically at two levels. Firstly, the application of these ex-
treme conditions to microorganisms causes a change in biochemical
equilibria and subsequently denaturation of cellular proteins. This ef-
fect is combined with damage at a microscopic level, which results in
surface — area — to volume ratio changes due to inner compression
accompanied by a shift in the osmotic equilibrium. The application of
high pressure amplifies the destructive effects of prospective intra-
cellular ice crystals, which stress the cells mechanically (Perrier-
Cornet et al., 2005).

High pressure could also be used for the inactivation of spores. In
this case, pressure must be applied in two steps. The first step re-
sults in sensitization of spores that lose their barotolerance and then
die from a further application of high pressure (Rendueles et al.,
2011). Inactivation of the spores is accompanied by a significant re-
duction in their internal pH, but the exact mechanism is not fully un-
derstood. It is assumed that the first application of pressure activates
breakdown processes in the cortex, the most resistant cover of
spores, through the activity of hydrolytic enzymes. This starts spore
germination. However, along with disintegration of the cortex, the
spores lose mechanical protection and further pressure causes de-
naturation of components within structural compartments. Damage
is associated with hydrolysis of the spore kernal, the degradation of
calcium dipicolinate and decomposition of low molecular weight pro-
teins (Ahn and Balasubramaniam, 2007). Sensitization of the spores
occurs with the application of relatively low pressures within the
range of 50 to 300 MPa (Rendueles et al., 2011), whereas success-
ful inactivation of spores needs extremely high pressures exceeding
900 MPa (Castellari et al., 2000).

Pulsed electric fields (PEF)

Another non-thermal technique for the inactivation of microorgan-
isms in drinks is a method using pulsed electric fields (Knorr et al.,
2001; Knorr et al., 1994; Vega-Mercado et al., 1997). This is based
on the generation of very short high-voltage electric pulses that last
no more than a few microseconds. Under production conditions, PEF
are used mainly to increase microbiological stability of milk. Conse-
quently, most of the findings about this method were obtained from
solutions containing fat micelles (Barsotti et al., 2001; Vega-Mercado
et al., 1997). Pulsed electric fields were also applied to beer but only
at the laboratory level (Evrendilek et al., 2004).

It has been shown that cell inactivation was not caused by a ther-
mal effect, nor the electrolysis of cell contents (Knorr et al., 1994),
but by the destruction of the cytoplasmic membranes of microorgan-
isms (Barsotti et al., 2001; Bendicho et al., 2002; Soliva-Fortuny et
al., 2009). The mechanism of action is based on stresses developed
from high-voltage electric pulses, leading to electroporation or per-
meabilization of microbial membranes. The precise physical mecha-
nisms of inactivation are not well understood (Gudmundsson and
Hafsteinsson, 2001; Vega-Mercado et al., 1997). However, biologic
membranes can theoretically operate like condensers with small di-
electric constants (Zimmermann et al., 1974). Small opposite charg-
es at the surface and on the inner side, which are strictly separated,
establish and maintain a trans-membrane potential. If the biomem-
brane is exposed to high-voltage electric pulses for a very short time
period (ps), the result is a charge accumulation along the outer and
inner membranes and an increase in the trans-membrane potential.
This causes a frequency-dependent abrupt increase in energy due
to the affinity between opposite charges, and to a sudden increase in
pressure on the membrane due to mechanical stress. The result can
be local damage to the biomembrane of microorganisms, perforation
and then extrusion of the cellular contents (Knorr et al., 2001; Zim-
mermann et al., 1974).

According to PEF parameters, electroporation can be reversible or
permanent (Knorr et al., 2001). The transition between these two
cases is determined by the critical voltage, which varies between 12
to 20 kV/cm and depends on the type and size of the microbial cell
(Soliva-Fortuny et al., 2009). Exceeding the critical voltage results in
permanent cell deformation and even leaking of the cell contents into
the beer. Cells exposed to lower intensity PEF only experience
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Elektroporace je v zavislosti na parametrech elektrického pulzniho
pole reversibilni nebo ireversibilni (Knorr et al., 2001). Pfechod mezi
témito dvéma stavy uréuje takzvané kritické napéti, které se pohybu-
je v rozsahu 12-20 kV/cm v zavislosti na typu a velikosti mikrobialn{
buriky (Soliva-Fortuny et al., 2009). PFi prfekroceni kritického napéti
dochazi k trvalé deformaci a poskozeni bunék vedoucimu az k tniku
vnitiniho obsahu do piva, zatimco u bunék vystavenych plisobeni
elektrického pole s intenzitou nizsi dochazi ke zdrsnéni povrchu bu-
nék spojenému s miniméalnim poskozenim buné&nych organel (Knorr
etal., 2001).

Efektivita pulzniho elektrického pole je ovlivnéna celou fadou fakto-
rl, jako je intenzita elektrického pole, doba pUsobeni a s ni souvisejici
pocet pouzitych pulzll a v neposledni fadé teplota o$etfovaného vzor-
ku. Z biologického hlediska je podstatnym faktorem ovliviujicim
uspésnou inaktivaci bunék typ inaktivovaného mikroorganismu
(Bendicho et al., 2002), nebot v porovnani s kvasinkami je pro inak-
tivaci bakterii, jejichz rozméry jsou pfiblizné desetkrat mensi, zapo-
tfebi pfiblizné dvakrat vy$si intenzity elekirického pole (Evrendilek et
al., 2004).

Aplikace vysokého hydrostatického tlaku a pulzniho
elektrického pole v pivovarstvi

Metody vysokého hydrostatického tlaku a pulzniho elektrického
pole dosud v pivovarském primyslu vyuzivany nejsou, ackoliv bylo
prokazano, ze jejich pouziti pfinasi fadu vyhod (Buzrul, 2012; Yang
et al., 2016). Jednou z hlavnich vyhod aplikace vysokého hydrosta-
tického tlaku je zachovani vysledné kvality produktu. Bylo dokazano,
ze timto oSetfenim piva nedochazi ke zméné jeho vlastnosti (pH,
barvy, horkosti, extraktu, redoxniho potencialu ¢i stability pény), ani
ke zméné obsahu latek (ethanolu, iso-a-horkych kyselin a polyfeno-
10), pficemz i spektrum aromatickych latek zistava neménné (Buzrul,
2012; Castellari et al., 2000). Béhem starnuti piva se vSak vyse uve-
dené vlastnosti a obsahy latek méni, vyjimkou je pH, které dosaho-
valo po sledovanou dobu (49 dn0) pfiblizné stejnych hodnot (Buzrul,
2012; Buzrul et al., 2005; Castellari et al., 2000; Franchi et al., 2011).
PFi oSetfeni piva vysokym hydrostatickym tlakem dochazi zpravidla
ke vzniku vyrazného zakalu (Buzrul, 2012). Tento jev je pravdépo-
dobné zplisoben zménou konformace proteinl (sekundarni struktu-
ry) vystavenych plsobeni vysokému hydrostatickému tlaku, diky
¢emuz zfejmé dochazi ke zméné afinity k fenolovym latkdm, coz
mUze vést az ke zvySeni tvorby trvalého zakalu.

Dalezitym faktorem pro dal$i zkoumani vlivu vysokého hydrosta-
tického tlaku na nefiltrované pivo je jeho porovnani s nejpouzivanéj-
8i metodou mikrobiélni stabilizace — pasteraci. Piva oSetfena pomoci
tlaku 600 MPa po dobu 5 min vykazovala v porovnani s pivy paste-
rovanymi na tunelovém pastéru pfi 60 °C po dobu 10 min témér to-
tozné hodnoty barvy (Buzrul et al., 2005; Castellari et al., 2000)
a oba vzorky byly taktéz mikrobiologicky inaktivni. U v§ech vzorku
byl analyzovan obsah hydroxymethylfurfuralu, ktery vznika pfi tepel-
ném rozkladu sacharidi v kyselém prostfedi, jakozto analytického
znaku pro posouzeni tepelného naméahani (Savel a Pazourek, 2001).
Jeho obsah byl u piv oSetfenych vysokym hydrostatickym tlakem
v porovnani s pasterovanymi pivy fadové nizsi, coz je prokazatelné
pozitivni efekt (Buzrul et al., 2005).

Pro efektivni pouziti pulzniho elektrického pole je nezbytna mini-
malizace rizika mikrobiologické kontaminace nefiltrovaného piva
spravnou vyrobni a hygienickou praxi, nebot nastaveni parametri
metody, zpUsobuijici inaktivaci mikrobialni kontaminace, muze vyvo-
lat lyzi zadoucich kvasni¢nych bunék a senzorické znehodnoceni
piva (Bendicho et al., 2002; Soliva-Fortuny et al., 2009). Vhodnym
nastavenim parametrl pulzniho elektrického pole by navic méla byt
omezena aktivita kvasinek natolik, aby nedochazelo k narlstu jejich
populace a aby se zarover podafilo omezit jejich metabolické pocho-
dy, zejména pak schopnost kvaseni.

Otazkou rovnéz zlstava, jak samotné oSetfeni piva vysokofre-
kvenénim elektrickym polem ovliviiuje jeho senzorické vlastnosti,
nebot dosud neni zndm Ucinek tohoto oSetfeni na redoxni, degra-
daéni ¢&i kondenzaéni reakce samovolné probihajicich v pivu
a na denaturaci v ném obsazenych protein(.

Navic bylo prokazano, ze senzoricky profil piva je vyrazné negativ-
né ovlivnén uvolfiovanim iontd kovl (zejména chromu, zinku, zeleza
a manganu), z nerezovych ocelovych elektrod pouzivanych béhem
aplikace elektrického pulzniho pole (Evrendilek et al., 2004). Je tedy
nezbytné optimalizovat chemické slozeni a konstrukci elektrod i sa-
motné parametry pulzniho elektrického pole tak, aby elektrody z0-
staly intaktni a nijak neovliviiovaly stabilizovany produkt.

V roce 2013 bylo americkym patentovym Ustavem registrovano
zafizeni, primarné navrzené pro biologickou stabilizaci mléka, jehoz

a roughening of the cell surface and a minimum number of damaged
organelles (Knorr et al., 2001).

The efficiency of PEF is influenced by a number of factors, such as
the intensity of the electric fields, the duration, the number of pulses
used and the temperature. From the biological point of view, the spe-
cies of microorganisms to be inactivated is a very important factor
influencing the success of the process (Bendicho et al., 2002). In
addition, when compared with yeasts, bacteria are roughly ten times
smaller and therefore require about twice as high an intensity of elec-
tric fields for their inactivation (Evrendilek et al., 2004).

Application of high hydrostatic pressure and pulsed electric
fields in breweries

Methods of HHP and PEF are not yet used in breweries despite
the fact that their application would bring a number of advantages
(Buzrul, 2012; Yang et al., 2016). One of the main advantages of
HHP would be the maintenance of a high quality product. It has been
shown that this treatment does not cause any changes in essential
properties such as pH, colour, bitterness, redox potential and foam
stability when applied to beer. The content of aromatic compounds
also remains unchanged (Buzrul, 2012; Castellari et al., 2000). Dur-
ing beer aging, however, most properties and compounds change
with the exception of pH, which was approximately the same during
the entire monitored period of 49 days (Buzrul, 2012; Buzrul et al.,
2005; Castellari et al., 2000; Franchi et al., 2011). During the treat-
ment of beer with HHP, a distinct turbidity usually results (Buzrul,
2012). This effect is probably caused by conformation changes in
proteins stressed by HHP, particularly interactions with phenolic sub-
stances that increase the formation of a permanent turbidity.

An important factor for further research regarding the impact of
HHP on unfiltered beer is a comparison with the main method of mi-
crobial stabilization — pasteurization. After treatment at a pressure of
600 MPa for 5 minutes versus pasteurization in a tunnel pasteurizer
at a temperature of 60 °C for 10 minutes, beer samples showed al-
most the same colour (Buzrul et al., 2005; Castellari et al., 2000) and
both samples were microbiologically inactive. All samples were ana-
lysed for the content of hydroxymethylfurfural, formed by thermal
decomposition of saccharides in an acidic medium, as marker of
thermal load (Savel and Pazourek, 2001). Content of hydroxymeth-
ylfurfural in beers exposed to HHP was about ten times lower than
after pasteurization, which is undoubtedly a positive effect (Buzrul et
al., 2005).

For the effective application of PEF, it is necessary to minimize the
risks of microbial contamination of unfiltered beer by using correct
production processes and sanitization practices. With incorrect set-
tings, inactivation of unwanted microbial contamination may be ac-
companied by lysis of desirable yeast cells and sensory deterioration
of the beer (Bendicho et al., 2002; Soliva-Fortuny et al., 2009). In
addition, correct parameters should restrict yeast activity in so far
that they cease to proliferate and reduce metabolic processes, par-
ticularly the fermentation ability.

However, an open question is how the treatment of beer with high
frequency electric fields influences its sensorial properties. Up to
now, little is known about the impact of this method on redox values,
degradation or condensation reactions that spontaneously occur in
beer, and on the denaturation of beer proteins.

It was also demonstrated that the sensorial profile of beer is sig-
nificantly influenced by extraction of metal ions such as chromium,
zinc, iron and manganese from the stainless steel electrodes used
during the application of PEF (Evrendilek et al., 2004). Therefore, it
is essential to optimize the chemical composition and construction of
the electrodes as well as the PEF parameters in such a way that the
electrodes remain intact and do not influence the stabilized product
in any way.

In 2013, the US patent office registered a processing apparatus
proposed primarily for the biological stabilisation of milk but it can
also be used for the biological stabilisation of beer (Patent No.
US20130213898A1). This flow-through system includes an inner cy-
lindrical tube with a porous filter placed at the inner wall, which is
designed to hold back large particles, and an outer cylindrical tube
where the electrodes and the drainage channels are located. The
medium flows into the chamber through the inner tube and through
the filter into cladding of the outer tube, where it is exposed to electri-
cal pulses and then flows away through the drainage channels out of
the device (Patent No. US20130213898A1). This arrangement is
similar to common cross flow filtration. Due to the fact that the inner
tube filters can be of different mesh sizes, it is possible to adapt the
equipment in such way that yeast cells are not held back. The inten-
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provedeni Ize aplikovat rovnéz pro biologickou stabilizaci piva (Pa-
tent ¢. US20130213898A1). Toto pruto¢né zafizeni se sklada z vniti-
ni trubice s filtrem umisténym na jeji vnitini sténé a slouzicim k za-
chyceni velkych ¢astic, a vnejsi trubice, v jejimz plasti jsou umistény
elektrody a odvodné kanaly. Médium proudi do komory prostorem
vnitfni trubky a poté protéka filtrem do plasté vnéjsi trubky, kde do-
chazi k pusobeni elektrickych pulst a nasledné je médium odvadéno
sbérnymi kanaly pry¢ ze zafizeni (Patent ¢. US20130213898A1).
Toto usporadani je obdobné klasické cross flow filtraci. Vzhledem
k tomu, Ze Ize ve vnitini trubce pouzit filtry riznych porozit, je mozné
pfistroj pfizplsobit tak, aby nedochazelo k zachytavani kvasniénych
bunék uvnitf zafizeni a intenzitu elektrickych pulst zvolit takovou,
aby nevyvolavala lyzi kvasinek. Z téchto divod( se toto usporadani
pouziti PEF jevi velmi vhodné pro zvySovani stability nefiltrovaného
piva. Stabiliza¢ni celu Ize navic Fidit v realném ¢ase pomoci pocitace
(Patent €. US20130213898A1).

5 ZAVER

V poslednich letech roste poptavka po nefiltrovanych pivech.
Vzhledem k jejich kratké trvanlivosti, znemoziujici pfepravu na delsi
vzdélenosti a dlouhodobé skladovani, je nezbytné zajistit zvySeni
jeho mikrobialni a senzorické stability. K tomuto U¢elu je obecné v pi-
vovarstvi vyuzivana pasterace, ktera vSak neni pro oSetfeni nefiltro-
vaného piva vhodna, nebot kromé pfipadné kontaminace zabiji i za-
douci kulturni kvasinky a tepelné zatéZuje pivo. Tyto negativni jevy
jsou pfi¢inou hledani vhodnych alternativnich metod, které by vedly
pouze k inaktivaci kvasni¢nych bunék a pfipadné mikrobialni konta-
minaci.

Jako perspektivni se jevi pouziti vysokého hydrostatického tlaku
a pulzniho elektrického pole. Z dosud dosazenych vysledkl vyplyva,
ze vys$Si potencial pro pfipadné budouci uplatnéni v primyslu ma
prvni z uvedenych metod, nebot pro u¢inné zvySeni mikrobiologické
stability elektrickym polem je nezbytné zajisténi co nejdokonalejsi
mikrobiologické Cistoty spravnou vyrobni a hygienickou praxi.

Zavedeni téchto metod do praxe vyzaduje provedeni celé fady
dal$ich testll zahrnujicich zejména optimalizaci parametri metod,
vztazenou napfiklad na konkrétni druh stabilizovaného nefiltrované-
ho piva. Dosud také existuje minimum publikaci na téma vlivu vySe
uvedenych metod na senzorické vlastnosti nefiltrovanych piv.

PODEKOVANI B

Tato studie vznikla za podpory Technologické agentury Ceské re-
publiky v ramci projektu TE02000177 ,,Centrum pro inovativni vyuziti
a posileni konkurenceschopnosti ¢eskych pivovarskych surovin
a vyrobkud“.

LITERATURA / REFERENCES

Ahn, J., Balasubramaniam, V. M., 2007: Physiological responses of
Bacillus amyloliquefaciens spores to high pressure. J. Microbiol.
Biotechnol., 17(3): 524-529.

Barsotti, L., Dumay, E., Mu, T. H., Fernandez Diaz, M. D., Cheftel,
J. C., 2001: Effects of high voltage electric pulses on protein-ba-
sed food constituents and structures. Trends Food Sci. Technol.,
12(3-4): 136-144.

Basarfova, G., Blaha, M., Vesely, P., 2003: Vliv kmene kvasnic
na senzorickou stabilitu piva. Kvasny Prum., 49(1): 3—-10.

Basarova, G., Savel, J., Basaf, P., Lejsek, T., 2010: Pivovarstvi:
Teorie a praxe vyroby piva. VSCHT v Praze. ISBN 978-80-7080-
734-7.

sity of the electrical pulses can also be chosen in such way that they
do not cause lysis of the yeast. Therefore, this PEF set-up seems to
be suitable for extending the stability of unfiltered beer. Additionally,
stabilisation equipment can be continuously controlled by computer
(Patent No. US20130213898A1).

5 CONCLUSIONS

The demand for unfiltered beers is increasing. However, the short
shelf life limits long distance transport and long-term storage. There-
fore, it is necessary to extend microbial and sensorial stability. In
breweries, pasteurization is commonly used for this purpose. How-
ever, this is not suitable for the treatment of unfiltered beer. Apart
from possible contamination, desirable brewing yeasts are also
killed, with an additional thermal impact on the beer. These negative
effects have motivated the search for suitable alternatives that can
bring about the inactivation, but not destruction of both brewing
yeasts and microbial contamination.

The applications of HHP and PEF processing seem to be most
promising. Results show that the former technique has potential for
use at the industrial scale. To effectively increase microbial stability
using PEF, it is necessary to ensure maximum microbiological purity
using correct production and sanitization procedures.

Introduction of these methods on an industrial scale needs further
testing and optimization according to the particular type of unfiltered
beer. This paper represents only one of a few published studies on
the influence of these two methods on the sensorial properties of
unfiltered beers.
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