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Vliv tlacného média na obsah plynt v pivu a na senzorické vlastnosti piva
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ABSTRAKT

Vybér technologie pouzivané pro ¢epovani sudového piva ma velky vliv na jeho vyslednou chut a kvalitu. Zasadni vliv ma pfitomnost
kysliku, ktery zplsobuije rychlé oxidacni zmény ¢epovaného piva, coz se projevi rychlym starnutim a v pivu zaéne vznikat charakteris-
ticka oxida¢ni viné a chut. Pfi pouziti inertnich tlacnych plynu je sice tento jev potlacen, ale jak vyplyva z predlozené pilotni studie, ma
slozeni tlaéného plynu vliv na senzoricky profil piva. Z prvnich vysledkl vyplyva, ze nelze striktné urcit optimalni pomér dusiku a oxidu
uhlic¢itého v tlaéném médiu, nebot jak se ukazalo, riznému druhu piva a rtzné rychlé vytoci vyhovuje jiné slozeni tohoto média.

SUMMARY

The choice of technology used for keg beer tapping has a considerable influence on his final taste and quality. The presence of oxygen
has a substantial impact, causing rapid oxidative changes in draft beer that result in rapid aging, and the beer will acquire characteristic
oxidative aroma and taste. When using inert driving gas, this phenomenon is suppressed but, as demonstrated in the present pilot study,
the composition of the driving gas has an impact on the sensory profile of beer. The results show that the optimal ratio of nitrogen and
carbon dioxide in the driving medium cannot be strictly determined since various kinds of beer and different speeds of draft require a dif-

ferent composition of driving media.

Kli¢ova slova: tlacny plyn, sudové pivo, vzduch, oxid uhlicity, dusik,
kyslik, senzoricka kvalita piva

1 UVOoD

Pfi prodeji sudového piva je ¢asto velmi obtizné zachovat jeho
standardni kvalitu po dobu &epovani narazeného sudu. Na chut
a kvalitu piva, které se €epuje v hospodé &i restauraci, ma vliv cela
fada faktorl. Kromé vlastniho vyrobniho procesu je neméné dule-
zita i droven péce, ktera je pivu vénovana poté, co opusti pivovar.
Vyznamnou roli hraje distribuce a skladovani piva, sanitace vycCep-
niho zafizeni, myti pivniho skla ¢&i spravna technika ¢epovani piva
do sklenice a plyny pouzivané pro €epovani, kterym je vénovana
predlozend studie (Anonymous 1).

Ackoli je tato problematika velice zajimava a pro senzorickou kva-
litu piva velmi dllezita, neni v odborné literature zatim dostatecné
popsana. Informace o rGznych variantdch slozeni tlaénych plynt
a jejich vlivu na zménu senzorického profilu narazeného piva lze
spiSe najit na webovych strankach nékterych pivovard nebo pfimo
na strankach vyrobcl téchto plynd.

V roce 2003 byla v ¢asopise Kvasny Primysl| publikovana studie,
ktera prokazala negativni vliv vzduchu jako hnaciho plynu na kvalitu
C¢epovaného piva (Krysl et al., 2003). Studie jednoznacné prokazala,
ze pouziti vzduchu jako hnaciho plynu vede k oxidaci, kterou zp0Q-
sobuje vzdudny kyslik a ozon. Oxidace piva pak vede k vyznamnym
zménam chuti.

Oxidaéni chuté a vané se v pivu vyvijeji v rozsahu nékolika dnl
ai tydnl‘.] po sto(:enl' Oxidace piva se ml’.]ie vyskytnout v rL‘]znych
pfipisovany oxidaci hotového plva pfi staceni. Tato problematika Uzce
souvisi se starnutim piva a senzorickou stabilitou, ktera je dnes po-
vazovana za nejvétsi problém souéasného pivovarstvi (Miedaner et
al., 1991; Kaneda et al., 1995; Hashimoto, 1981; Drost et al., 1990;
Bright et al., 1993; NarziB3 et al., 1993; Thum et al., 1995; Dalgliesh et
al., 1977; Hardwick, 1978; Bamforth, 1986; O" Rourke, 1996; Narzi3,
1986, Savel et al., 2008, Savel et al., 2011).

Byly vypracovany rdzné teorie starnuti piva; nejvétsi pozornost za-
znamenala tzv. radikalova teorie (Sakuma et al., 1966; Tressl et al.,
1981; Masschelein et al., 1989; Brenner, 1983; Jackson et al., 1994,
Savel et al. 1998), ktera vysvétluje poskozeni slozek piva radikaly
(slou€eninami obsahujicimi jeden neparovy elektron) vznikajicimi
jako nasledek reakce mezi kyslikem a nékterymi latkami (napf. ko-
vovymi ionty). Pivo v8ak senzoricky starne i pfi praktickém vylouceni
vlivu kysliku pfi sta¢eni, zmény se vSak projevuji pozdéji.

Keywords: driving gas, keg beer, air, carbon dioxide, nitrogen,
oxygen, sensory quality of beer

1 INTRODUCTION

Upon the sale of keg beer it is often very difficult to maintain its
quality standard over the whole time required to empty the keg. The
taste and quality of beer drawn in a pub or restaurant is influenced
by a number of factors. In addition to the manufacturing process,
another important factor is the level of care that is given to the beer
after it leaves the brewery. An important role is played by the distri-
bution and storage of beer, sanitation of drawing facilities, washing
beer glasses or a proper technique of pouring beer into a glass as
well as the gases used for drawing, which is the subject of this study
(Anonymous 1).

Although these problems are very interesting and very important
for the sensory quality of beer they have not yet been sufficiently de-
scribed in the literature. Information about the various composition of
driving gases and their impact on changing the sensory profile of the
drawn beer can rather be found on the websites of some breweries
or directly on the websites of manufacturers of these gases.

In 2003, the Kvasny prumysl journal published a study that showed
the negative impact of air as a propellant on the quality of draft beer
(Krysl et al., 2003). The study clearly demonstrated that the use of air
as propellant gas leads to oxidation, which is caused by atmospheric
oxygen and ozone. Beer oxidation leads to significant changes in
flavor.

Oxidation flavors in beer develop within a few days to weeks after
the tapping. Beer oxidation can occur at different stages of the brew-
ing process; the most serious adverse changes are attributed to the
oxidation of the finished beer during tapping. This issue is closely re-
lated to aging and sensory stability of beer, which is now considered

the biggest problem of the current brewing (Miedaner et al., 1991;
Kaneda et al., 1995; Hashimoto, 1981; Drost et al., 1990; Bright et al.
1993; Narzisse et al., 1993; Thum et al., 1995; Dalgliesh et al., 1977;

Hardwick, 1978; Bamforth, 1986; O‘Rourke, 1996; Narzisse 1986,
Savel et al., 2008, Savel et al., 2011).

Various theories have been developed on beer aging; the greatest
attention was paid to so-called radical theory (Sakuma et al., 1966;
Tressl et al., 1981; Masschelein, et al., 1989; Brenner, 1983; Jack-
son et al., 1994; Savel et al., 1998) which explains the damage of
beer components by radicals (compounds containing one unpaired
electron) arising as a result of reaction between oxygen and certain
substances (e.g. metal ions). However, beer ages sensorially even
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Starnuti piva neni nepretrzity proces, pfi kterém koncentrace vzni-
kajicich latek nepretrzité stoupa. Naopak, jedna se o dynamicky pro-
ces oxida¢nich a enzymovych reakci, ve kterych obsah nékterych
latek stoupd, dosahne maxima a poté se za¢ne odbouravat na jiné,
bud neskodné, nebo naopak jesté vice senzoricky negativni pro-
dukty (Cejka et al., 1993). P¥i starnuti piva se za¢ne nejdfive vyvijet
oxidaéni chut a viiné (po kartonu, lepence, ¢erném rybizu, po ko¢ce
nebo sherry). Tyto cizi viiné a chuti pfechazeji postupné na sladkou
az karamelovou a medovou. Horkost klesa a ziskava drsnéjsi, vice
ulpivajici charakter. BEhem starnuti stoupa obsah nékterych latek,
napf. karbonylovych, dosud v8ak nebylo jednoznaéné prokazano,
které z nich jsou skute¢né odpovédné za vyse uvedené nepfiznivé
senzorické zmény.

Z téchto i mnoha dalSich davodl pivovary vynakladaji znacné
¢astky, aby omezily na minimum kontakt piva s kyslikem. Proto je du-
lezité, zabranit tomuto kontaktu do posledni chvile, tedy i v naraze-
ném sudu, nebot vynalozené naklady tak pfichazeji vniveé. Existuje
nékolik moznosti, jak tlagit plyn vyéepnim zafizenim.

Vzduch. Vzduchové kompresory jsou stéle jesté soucasti stava-
jiciho vybaveni mnoha restauraci, ale jak jiz bylo popsano, pfitom-
ny kyslik zplUsobuje oxidaci piva. Pivo ztraci fiz, navic v ném vznika
prostfedi pfiznivé pro mnozeni organism( (napf. mlééné bakterie).
U vzduchovych kompresort mize dochazet ke znecisténi piva z pro-
stfedi samotného kompresoru, zejména v pfipadé levnéjSich kom-
presor(, které nejsou uréeny k potravinafskym ucelim. Vyhodou je
nezavislost na dodavkach plynu.

Snaha dodavat konzumentovi sudové pivo s vysokou a stale stej-
nou kvalitou vedla v celosvétovém méfitku k zasadnimu omezeni
pouZivani vzduchu k ¢epovani piva. Tento trend zacal po roce 1990
i v Ceskeé republice (Anonymous 1). Cesky svaz pivovar( a sladoven
ve schvaleném ,Kodexu péce o pivo v gastronomii“ dne 22. 6. 2006
nedoporucil vzduch jako tlatné médium. Toto doporuceni neplati
v pfipadé, kdyz je sud vytoCen v kratké dobé, tedy do 3 hodin, pak
Ize pouzit potravinafsky bezolejovy kompresor.

V provozech, kde je vyto¢ pomalejsi, zac¢aly vzduch nahrazovat
tlaéné plyny a jejich smési, ve kterych byl obsah kysliku snizen
na minimum.

Oxid uhlicity. Pfednosti CO, je inertnost plynu, ktery zamezuje oxi-
daci piva. Nedostatkem tohoto média je fakt, ze pfi malé vytoci a niz-
ké teploté se tento plyn rozpousti v pivu, coz vede k jeho presyceni,
coz mohou néktefi konzumenti vnimat negativné.

Dusik je inertni plyn, ktery zamezuje oxidaci piva, uchovava chuto-
vé vlastnosti piva, pfi jeho vyssich koncentracich vSak z piva rychleji
uniké pfirozeny CO, a pivo ztraci fiz. Dusik vyznamné podporuje
pénivost.

Smés technickych plynii (CO,+N,) je inertni plyn, ktery neovliviiuje
chutové vlastnosti piva, u néhoz Ize upravovat pomér plyn podle
druhu piva. Bézné jsou dodavany smési (podle prani zakaznika)
s obsahem CO, o0d 20 do 50% v N,. Plyn je dodavan v ocelovych
lahvich pro potravinafské ucely a garantuje mikrobiologickou Cistotu.
Tato smés vyhovuje pozadavkim na standardni kvalitu piva a ome-
zeni mikrobiologického rizika, coz je trend nejen u nas, ale na celém
svété (Anonymous 1; Anonymous 2). Jedinou nevyhodou téchto tla¢-
nych plynt je nutnost pravidelné plyn doplfiovat.

Predmétem této studie bylo porovnat vliv rliznych tlaénych mé-
dii na zménu senzorického profilu dvou rGznych piv béhem péti dni
po narazeni sudl testovanych vzorkd. Pro experiment byla pouZita
standardni smés technickych plynd (CO, a N,) v ocelové lahvi a mo-
difikovana atmosféra pfipravena pomoci generatoru plynt a nasled-
né membranové separaci o rizném poméru CO,, N, a stopového
obsahu O,. Tlaéné plyny byly testovany na dvou druzich piva typu
leZak z Ceskeé trzni sité.

2 MATERIAL A METODY

2.1 Vzorky piva pro experiment

Pro tuto studii byla pouzita dvé svétla sudova piva o objemu 501,
obé piva patfi do kategorie ¢eskych lezaku. Pivo A mélo puvodni
extrakt mladiny 11 °Plato a pivo B 12 °Plato. Piva pochazela z dvou
rliznych pivovar(. Pro kazdy tlaény plyn byl pouZit jeden samostatny
sud, celkem byly pouzity 4 sudy piva A a 4 sudy piva B.

2.2 Tlaéné médium

V experimentu bylo srovnavana 4 tlaéna média o rozdilném slo-
zeni. Prvni médium (1) byla smési Cistych plyn(, dalsi tfi média (2-
4) byla vyrobena pomoci generatoru plynt a naslednou selektivni

when the impact of oxygen during tapping is practically excluded,
only the changes appear later.

Beer aging is not a continuous process in which the concentration
of produced substances continuously increases. Rather, it is a dy-
namic process of oxidation and enzymatic reactions in which the
content of some substances rises, reaches a maximum and then be-
gins to recede, producing other, either harmless or conversely more
sensory negative products (Cejka et al., 1993). Aging beer will soon
develop oxidative taste and smell (papery, cardboard, black currant,
catty or sherry). These foreign flavors and aromas change gradually
to a sweet caramel and honey. Bitterness drops and gets harsher, as-
suming a more sticky character. The content of certain substances,
for instance carbonyls, increases during aging but it has not been
clearly established which of them are actually responsible for the ad-
verse sensory changes.

For these and many other reasons breweries spend considerable
sums to reduce to a minimum the contact of beer with oxygen. There-
fore, it is important to avoid contact of beer with oxygen until the last
moment, even in a tapped keg, as the incurred costs thus come to
naught. There are several options how to drive the beer to the tap.

Air. Air compressors are still part of the existing equipment of
many restaurants, but as already described, the oxygen contained in
it causes beer oxidation. Beer loses its carbonation and changes into
an environment favorable for the propagation of microorganisms (e.g.
lactic acid bacteria). Air compressors may cause pollution caused
by the environment of the compressor itself, especially in the case
of cheaper compressors, which are not intended for food purposes.
Their advantage is independence of gas supplies.

The worldwide efforts to supply consumers with beer of high and
consistent quality led to a substantial restriction of the use of air for
driving beer. After 1990 this trend began also in the Czech Republic
(Anonymous 1). Czech Beer and Malt Association in its “Code of care
of beer in gastronomy” of June 22, 2006 did not recommend driving
air as the medium. This recommendation does not apply if the keg is
drawn in a short time, i.e. within 3 hours; then food oil-free compres-
sor can be used.

Restaurants where the beer drawing speed is slower begun re-
placing air by driving gases and their mixtures, in which the oxygen
content is reduced to a minimum.

Carbon dioxide. The advantage of CO, is the inert character of
the gas which prevents oxidation of the beer. The drawback of this
medium is that at a low beer drawing speed and low temperature this
gas dissolves in the beer, which leads to supersaturation that some
consumers may negatively perceive.

Nitrogen is an inert gas which prevents oxidation of beer and pre-
serves the taste characteristics of beer but at higher concentrations
natural CO, quickly escapes from beer and the beer loses its bite.
Nitrogen significantly promotes foaming.

A mixture of technical gases (CO, + N,) is an inert gas that does
not affect the taste characteristics of beer and in which you can ad-
just the ratio of gases depending on the type of beer. There are com-
monly available (customized) mixtures with CO, content of 20 to 50%
in N,. Gas is supplied in cans for food purposes and guarantees mi-
crobiological purity. This mixture meets the standards of beer quality
and reduction of the microbiological risk, a major trend not only in our
country but worldwide (Anonymous 1, Anonymous 2). The only draw-
back of this driving gas is the need to supplement the gas regularly.

The object of this study was to compare the effect of different
driving media on the change of the sensory profile of two different
beers within five days after opening the kegs with the tested sam-
ples. For the experiment, we used the standard mixture of technical
gases (CO, and N,) in a steel cylinder, and modified atmosphere
was prepared using the gas generator and subsequent membrane
separation by varying the ratio of CO,, N, and the trace O, content.
Driving gases were tested on two kinds of lager-type beer from
Czech market.

2 MATERIALS AND METHODS

2.1 Samples of beer for the experiment

This study used two samples of pale beer in 501 kegs, both beers
belonging to the category of Czech lagers. Beer A had an original
wort extract of 11° Plato, beer B 12° Plato. Beers came from two dif-
ferent breweries. One single keg was used for every driving gas, so
a total of 4 kegs of beer A and 4 kegs of beer B were used.
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membranovou separaci v daném slozeni. Pfipraveny plyn byl napl-

nén do tlakové lahve.

1. Destilovany smésny plyn (80% N, / 20% CO,) — tlakova lahev
(standardni referencni plyn)

2. Modifikovana atmosféra Universal (0,9%0,, 0,9% CO,, 98,2% N.,)
tlakové lahev (DrinkGAS, Ceska republika)

3. Modifikovana atmosféra Master (0,8%0,, 8,6% CO,, 90,6% N,)
tlakova lahev (DrinkGAS, Ceska republika)

4. Modifikovana atmosféra Special (0,8%0,, 17,5% CO,, 81,7% N,)
tlakova lahev (DrinkGAS, Ceska republika).

Absence kysliku v prvnim médiu (destilovany smésny plyn) byla
zkontrolovéna pfistrojem OXYBABY® (popis viz nize), kyslik ve smé-
si nebyl detekovan.

2.3 Harmonogram experimentu
Experiment probihal v rozsahu 5 dni podle nasledujiciho schéma-
tu (fab. 1).

Tab. 1 Schéma experimentu / Table 1 Experiment design

Den/

Day Analyzy / Analysis

1. | Narazeni sudi, 1. degustace (kontrolni) a 1. méfeni
obsahu plynud

Keg tapping, first tasting (control), first measurement of
gases

3. |2.degustace a 2. méfeni obsahu plynt / Second tasting
and measurement of gas content

4. | 3.degustace a 3. méfeni obsahu plynli / Third tasting and
measurement of gas content

5. | 4. degustace a 4. méFeni obsahu plynG / Fourth tasting
and measurement of gas content

Pokus byl provadén v Senzorickém centru Vyzkumného Ustavu
pivovarského a sladafského v Praze na 4 vy&epnich stojanech, osa-
zenych 8 stejnymi ,klasickymi“ vy¢epnimi kohouty. Sudy piva obou
variant ze stejné stacky byly uloZzeny pfi laboratorni teploté u vycep-
niho zafizeni pfi okolni teploté 20 °C + 2 °C.

V8echny sudy byly 1. den narazeny a staeny pomoci 4 testova-
nych tlaénych médii, vzdy ve dvoijici (A a B). Piva zlistala po celou
dobu pokusu narazena pod tlaénym médiem. Na redukénich venti-
lech byl nastaven jednotny tlak 0,25 MPa. Ihned po narazeni a odto-
¢eni Ctyf litrd piva bylo provedeno prvni méfeni obsahu plyn( v pivu
a nad pivem. Pivo bylo odtaeno postupné s pfestavkami, aby byl
simulovan provoz v restauraci. Byla provedena 1. kontrolni degusta-
ce pouze tfemi ¢leny komise (data nejsou uvedena) s cilem vyloucit
pfipadné vadné vzorky.

Kazdy nasledujici testovaci den bylo od¢epovano ze vSech sudl
5 litr( piva, poté bylo provedeno méfeni a degustace. Nasledné bylo
znovu odéepovano 5 litrG piva. Cilem bylo, aby po posledni degustaci
zbylo v sudech pravé poslednich 5 litrd piva.

2.4 Senzoricka analyza

Senzoricka analyza probéhla bezprostfedné po nacepovani piva
v prostorach senzorické laboratore VUE’S. Analyzu provedla dvanac-
ticlenna odborna senzoricka komise VUPS, a.s. Slozeni komise bylo
po celou dobu testovani neménné. Pfi vyhodnocovani degustaci byly
vyfazeny odlehlé vysledky a primérné znamky <0,3.

2.5 Pristrojové vybaveni

Pro méreni plynl (O, a CO,) v atmosféfe nad pivem v sudu byl
pouzit pfistroj OXYBABY® O,/CO,, (WITT-GASETECHNIK GmbH &
Co KG, Némecko). Jde o ru¢né ovladany analyzator plyn( na baterii
pro méfeni modifikovanych atmosfér v obalech potravin, pro kontrolu
tlakovych potrubi nebo pro kontrolu medicinalnich plynd. Tento ana-
lyzator plynl je vhodny jak pro méfeni v provozu, tak i pro laboratorni
pouziti.

Obsah rozpusténych plynl v pivu byl méfen pfistrojem CBoxQC
(Anthon Paar GmbH, Rakousko). Tento pfistroj kombinuje rychlé
meéfeni CO, a O, v jednom méficim cyklu a Ize ho pouzit jako pre-
nosny at-line pfistroj (tedy kdekoli v provozu nebo v terénu) nebo
jako pfistroj pro laboratorni kontrolu. Méreni CO, je zalozeno na prin-
cipu vicenasobné objemové expanze (Multiple Volume Expansion
— MVE), ktera je nejpresnéjSim zplsobem selektivniho stanoveni
rozpusténého CO, v napojich. Tato patentovana metoda poskytuje
velice pfesné vysledky obsahu CO,.Pro méfeni rozpusténého kysli-

2.2 Driving Medium
The experiment compared 4 driving media of different composi-
tion. The first medium (1) was a mixture of pure gases, three other
media (2-4) were produced by using the gas generator and subse-
quent selective membrane separation in the given composition. The
prepared gas was filled into a cylinder.
1. Distilled mixed gas (80% N,/ 20% CO,) - cylinder (standard refer-
ence gas)
2. Modified atmosphere Universal (0.9% O,,
cylinder (DrinkGAS, Czech Republic)
3. Modified atmosphere Master (0.8% O,, 8.6% CO,, 90.6% N,), cyl-
inder (DrinkGAS, Czech Republic)
4. Modified atmosphere Special (0.8% O,, CO, 17.5%, 81.7% N,),
cylinder (DrinkGAS, Czech Republic).
The absence of oxygen in a first medium (distilled mixed gas) was
checked using OXYBABY® (see description below), oxygen in the
mixture was not detected.

0.9% CO,, 98.2% N,),

2.3 Experiment timetable
The experiment was conducted over 5 days according to the fol-
lowing scheme (Table 7).

The experiment was done in the Sensory Center of the Research
Institute of Brewing and Malting in Prague on 4 tap stands fitted with
the same eight ,classical“ taps. Beer kegs of both variants of the
same stack were stored at room temperature for dispensing equip-
ment, i.e. at ambient temperature of 20° C + 2° C.

All kegs were tapped on day 1 in pairs (A and B) using the 4
tested driving media. Throughout the experiment, the beers re-
mained tapped under the driving medium, which was adjusted to
a uniform pressure 0.25 MPa by reducing valves. Immediately after
tapping and drawing off four liters of beer the first measurement
was made of the gas content in the beer and above it. Beer was
drawn off gradually, with breaks in order to simulate the operation
of the restaurant. First tasting inspection was conducted by only
three members of the panel (data not shown) in order to eliminate
any defective samples.

Every following test day, 51 beer was drawn off from all kegs, fol-
lowed by gas content measurements and tasting. Another five liters
of beer was subsequently again drawn off with the aim to reach a re-
sidual volume of just 5 liters of beer in the kegs after the last tasting.

2.4 Sensory Analysis

Sensory analysis was carried out immediately after pouring beer
on the premises of the RIBM Sensory Laboratory. The survey was
conducted by a sensory panel of twelve RIBM experts. The composi-
tion of the panel was constant throughout the test period. Outliers
were excluded when evaluating the tasting data and average score
<0.3.

2.5 Instrumentation

The measurement of gases (O, and CO,) in the atmosphere above
the beer in the keg was conducted on the OXYBABY® O,/ CO, (WITT-
GASETECHNIK GmbH & Co KG, Germany) instrument. OXYBABY®
0O, / CO, is a practical battery-operated hand held gas analyzer for
measurement of modified atmospheres in food packages (MAP), for
checking pressure lines or for checking medical gases. This analyzer
is suitable for use in both the industry and laboratory application.

The content of dissolved gases in the beer was measured by the
CBoxQC device (Anthon Paar GmbH, Austria). This device com-
bines the rapid measurement of CO, and O, in a single measure-
ment cycle and can be used as a portable instrument at-line (i.e.
anywhere in brewery operation or in the field) or as an instrument
for laboratory testing. CO, measurement is based on the principle
of multiple volume expansion (MVE), which is the most accurate
way of selective determination of dissolved CO, in beverages. This
patented method gives very accurate results of CO, content. Dis-
solved oxygen measurement is done by an O, sensor based on the
principle of luminescence quenching. The measurement time is of
the order of seconds. The limit of detection by the device accord-
ing to the manufacturer is 4 ppb for oxygen content and measure-
ment deviation is 2 ppb. The accuracy of determination of carbon
dioxide content given by the manufacturer is 0.1 g/l. N, content was
determined by calculation using an automatic apparatus from the
content of other gases and the pressure changes during the meas-
urement. The content of noble gases was neglected.
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ku je vyuzivan O, senzor zaloZeny na principu zhaSeni luminiscence.
Doba méfeni je v fadu sekund. Mez stanovitelnosti pfistroje podle
udaju vyrobce je 4 ppb pro obsah kysliku a odchylka méfeni je 2
ppb. Pfesnost stanoveni obsahu oxidu uhli¢itého udava vyrobce jako
0,1 g/l. Obsah dusiku byl stanoven automatickym dopoétem pfistroje
z obsahu ostatnich plynt a zmén tlakd v pribéhu méfeni. Pfi dopog-
tu jsou zanedbéany obsahy vzacnych plyna.

3 VYSLEDKY A DISKUSE
1.den

Bezprostfedné po odtoceni prvnich 5 litr byly méfeny obsahy ply-
nl v pavodni atmosféfe nad pivem a plyny rozpusténé v pivu. Z vy-
sledkl uvedenych v tab. 2 vyplyva, Zze piva pouzitd pro experiment
maji konzistentni kvalitu a pGvodni obsah plynd neovlivni vysledky
v paralelnich vzorcich. Kontrolni degustace neprokazala zadné vady
sledovanych piv. Pfestoze na pocatku experimentu nebyl ve smési
destilovanych plynd detekovan kyslik, po narazeni sudi A i B, byl
kyslik v atmosféfe nad pivem zaznamenan, a to v koncentraci 0,7 %
(obj.)

3 RESULTS AND DISCUSSION
Day 1

Gas content in the atmosphere above the original beer and gases
dissolved in the beer were measured immediately after drawing off
the first five liters. Table 2 shows that the beers used for the experi-
ment are of consistent quality, and the original content of the gases
does not affect the results in parallel samples. Inspection tasting
showed no defects in tested beers.

Although at the beginning of the experiment oxygen was not de-
tected in a mixture of distilled gases, after drawing first five liters; the
content of oxygen in the atmosphere above the beer was measured
as 0.7% (vol.).

Day 3

When measuring gas content in beer and in the space above it
we did not observe significant differences between individual driving
media or between beer A and B. All samples showed a slight de-
crease in the CO, content in beer and above it (see Fig. 2and Fig. 3)
and a slight increase in nitrogen content in beer (Fig. 4). The oxygen

Tab.2 Fyzikalni podminky testovanych vzorkd A a B pfi zahajeni pokusu / Table 2 Physical conditions of test samples A and B at the start of

the trial
Dest. plyn / Distilled gas Universal Master Special
nad pivem V pivu nad pivem V pivu nad pivem Vv pivu nad pivem Vv pivu
over beer in beer over beer in beer over beer in beer over beer in beer
Pivo A/ Beer A
0, (%) 0.7 1.1 1.0 1.1
CO, 30.7 5.79 10.6 5.73 17.3 5.77 26.9 5.83
(%) (9/) (%) (9/) (%) (9/) (%) 9/
t (°C) 10 10.0 11.3 10.4
N, (ppm) 4.8 4.1 4.0 4.1
P (MPa) 0.28 0.275 0.270 0.284
Pivo B/ Beer B
0, (%) 0.7 1.1 1.1 1.0 0.00
CO, (%) 26.3 4.95 6.6 4.95 13.7 4.96 222 4.96
(%) (9 (%) (9/) (%) 9/ (%) (1)
t (°C) 8.2 8.7 8.7 8.4
N, (ppm) 3.1 2.6 2.8 2.5
P (MPa) 0.22 0.224 0.224 0.220

Obr. 1 Casovy priibéh obsahu kysliku v atmosféfe nad pivem b&hem experimentu / Fig. 1 Time course of the oxygen content in the

atmosphere above the beer during the experiment

Pivo A — obsah kysliku nad pivem
Beer A — oxygen content above beer
12 .
;\?ES » — e —=— Special
=~ 1 " ——— e
g T
.02) o o8 —+— Master
53
E ;E'; 06 Universal
OE o4 ] L
< 8 Destilovany smésny
28 a2 plyn (80:20) /
o) Distilled mixed gas
[ (80:20)
1.den 3.den 4.den 5.den
Day 1 Day 3 Day 4 Day 5

Pivo B — obsah kysliku nad pivem
Beer B — oxygen content above beer
14
;@ 5 13 “= Special
=~
€ Q 1 - — - ————
g9 i — — —* Master
S8 os
E -:% o6 Universal
o2
< § L Destilovany smésny
B N plyn (80:20) /
8 o e Distilled mixed gas
0 (80:20)
1.den 3.den 4.den 5.den
Day 1 Day 3 Day 4 Day 5
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Obr. 2 Casovy priibéh obsahu oxidu uhligitého v atmosféfe nad
pivem béhem experimentu / Fig. 2 Time course of carbon dioxide
content in the atmosphere above the beer during the experiment

Obr. 3 Casovy priib&h obsahu oxidu uhligitého rozpusténého v pivu
béhem experimentu / Fig. 3 Time course of the content of carbon
dioxide dissolved in the beer during the experiment

Pivo A — obsah CO, nad pivem Pivo A — obsah CO, v pivu
Beer A — CO, content above beer Beer A — CO, content in beer
35 =
§§ 30 : Special @g 57 r — —+— Special
EQ 15 = - & S e -, -— E
.02) 2 i *= Master B9 - , +— Master
538 = B2 sa “,
g [\ — e > = N .
c 'OE) - R— Universal o 'GEJ 51 N Universal
g5 % s N L
2 © 5 Destilovany smésny s O L] Destilovany smésny
g S plyn (80:20) / Sg 47 plyn4(80:20')/
8 O o Distilled mixed gas (OX&} a5 Distilled mixed gas
(80:20) (80:20)
1.den 3.den 4.den 5.den 1.den 3.den 4.den 5.den
Day 1 Day 3 Day 4 Day 5 Day 1 Day 3 Day 4 Day 5
Pivo B — obsah CO, nad pivem Pivo B — obsah CO, v pivu
Beer B — CO, content above beer Beer B — CO, content in beer
= 5
g 5 1 . -+~ Special ~R B —=— Special
€ g = i - Q\O/\: 4.9 =
[C) 0 e ) ey 5
23 ~ =~ Master =] = — -~
o 3 y .- S 43 N = += Master
38 s ~ > § A
c T L ON %
« 8 8 5, )
O mw Universal og 7 “, Universal
28 ovary smaony | | B 9 .
S DN 5 Destilovany smésny 83 as
20O plyn‘(BO:ZQ)/ 0o Destilovany smésny
o o Distilled mixed gas 45 plyn (80:20) /
(80:20) Distilled mixed gas
1.den 3.den 4.den 5.den 1.den 3.den 4.den 5.den (80:20)
Day 1 Day 3 Day 4 Day 5 Day 1 Day 3 Day 4 Day 5

Obr. 4 Casovy priibéh obsahu dusiku rozpusténého v pivu b&hem
experimentu / Fig. 4 Time course of dissolved nitrogen content in
beer during the experiment

Tab. 3 Stanoveni rozpusténého kysliku v pivech A a B v mg/l / Ta-
ble 3 Determination of dissolved oxygen in beers A and B in mg/|

Obsah N, v pivu (ppm)
N, content in beer

+= Special
+— Master
——7 Universal

Destilovany smésny
plyn (80:20) /
Distilled mixed gas
1. den (80:20)

Day 1

3.den
Day 3

4.den
Day 4

5.den
Day 5

Pivo A/ Beer A
Pivo A — obsah N, v pivu Dest. plyn . .
Beer A — N, content in beer Distilled gas Universal | Master Special
i D 1.den/ day 1 0.00 0.00 0.00 0.00
- —=— Special
Es 3.den/ day 3 0.00 0.00 0.00 0.00
%é ] / =~ Master 4.den/ day 4 0.00 0.00 0.00 0.00
= £
S5 Universal 5.den/ day 5 0.00 0.00 0.037 0.00
Z'5 f
= O 5 ) A
g — i - Destilovany smésny )
8 i plyn (80:20) / Pivo B/ Beer B
Distilled mixed gas Dost pIyn
(80:20) oS Universal | Master | Special
1.den 3.den 4.den 5.den Distilled gas
Day 1 Day 3 Day 4 Day 5 1.den/ day 1 0.00 0.00 0.00 0.00
3.den/ day 3 0.00 0.00 0.00 0.00
Pivo B — obsah N, v pivu 4.den/ day 4 0.00 0.00 0.00 0.00
Beer B - N, content in beer 5.den/ day 5 0.00 0.00 0.00 0.00

content was virtually unchanged, a zero amount being measured in
beer (Table 3) while above the beer it was around 1% for all samples

(Fig. 1).

The results of sensory evaluation are summarized in Table 3.
Characteristics convincingly changed due to the driving media are
highlighted in the table. A higher beer carbonation was recorded us-
ing Special driving gas in both beers and with Universal gas in beer
A. Foreign flavors and aromas of weak intensity, i.e. diacetyl and
burnt flavor, were recorded in all samples of beer B while a stronger
estery aroma was recorded in beer samples A. These flavors and
aromas may have been highlighted due to the driving medium during
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3.den

Pfi méfeni obsahu plynd v pivu a v prostoru nad nim nebyly zazna-
menany vyraznéjsi rozdily mezi jednotlivymi tlaénymi médii ani mezi
pivem A a B. Ve vSech vzorcich doslo k mirnému poklesu obsahu
CO, v pivu i nad nim (viz obr. 2 a obr. 3), zaroven doslo k mirnému
navyseni obsahu dusiku v pivu (obr. 4). Obsah kysliku se prakticky
nezmeénil, v pivu bylo naméfeno nulové mnozstvi (tab. 3) a nad pivem
okolo 1% u v&ech vzorku (obr. 1).

Vysledky senzorického hodnoceni jsou shrnuty v tab. 4. Prokaza-
telné zménéné charakteristiky vlivem pouzitého tlatného média jsou
v tabulce zvyraznény. Vyssi fiz byl zaznamenan u piv s pouzitim tla¢-
ného plynu Special u obou piv a plynu Universal u piva A. U vSech
vzorkU piva B byly zaznamendny ve slabé intenzité cizi chuté a viiné,
a to diacetylova a pfipalend. U vzorkd piva A byla zaznamenana sil-
néjsi esterova viné. Tyto chuté a viné byly pravdépodobné zvyraz-
nény vlivem pouzitého tlaéného média v pribéhu experimentu. V cel-
kovém subjektivnim dojmu byly nejlépe hodnoceny pro vzorky piva
B tlaéné plyny Universal a Special a pro vzorky piva A plyny Master
a destilovany plyn. Zadné z piv nebylo hodnoceno jako podpriimérné
a nevykazovalo vyraznou vadu.

the course of the experiment. In the overall subjective impression,
the Universal and Special gases were evaluated as the best for beer
samples B and Master gas while distilled gas were evaluated as best
for beer A. None of the beers were classified as substandard and
they did not show any significant defect.

Day 4

No dissolved oxygen was detected in beer also on day 4 (Table
2). The oxygen content of the beer in most samples was still bal-
anced around 1%, with the exception of beer A driven by distilled
gas, which was observed to have oxygen content of 0.5% (see Fig.
1). The CO, content above the beer (see Fig. 2) in sample A dropped
from the initial level about equally in all the driving media. In sample
B it returned to about the same initial value after the previous 3-day
increase except for distilled gas, which produced a pattern of CO,
concentration changes opposite to the other three media. In all sam-
ples, we observed nearly identical CO, content in beer; it was slightly
lower compared to the initial state (see Fig. 3). The content of nitro-
gen dissolved in beer was comparable for all samples (see Fig. 4).

Tab. 4 Senzoricka analyza vzorkl 3. den po narazeni sudll / Table 4 Sensory analysis of samples on day 3 after opening the kegs

Pivo A/ Beer A Pivo B/ Beer B
g'es_t. plyn/ Universal | Master | Special D'es_t. plyn/ Universal | Master Special
istilled gas Distilled gas
Riz / Carbonation 2.8 3.7 3.3 3.6 25 25 2.7 3.2
pinost / Body - 2.7 2.8 2.9 3.0 2.9 2.9 2.8 26
Horka / Bitterness 27 29 27 27 2.9 2.9 29 29
Horkost — doznivani/ 3.2 3.0 3.3 3.0 3.1 3.4 3.3 3.1
Trpkost /Astringency 1.5 1.8 1.5 1.6 1.7 1.6 15 1.7
Sladkéa / Sweetness 2.1 1.9 1.9 1.8 1.5 1.8 1.6 1.4
Kysela / Sourness 1.4 1.5 1.4 2.5 1.8 1.8 1.9 2.3
Chmelovéa / Hoppy 0.5 0.5 0.4 0.6 0.5 0.5 0.6
gﬁg?éésetjrfcro"é / 17 1.9 17 2.2 12 0.8 1.1 1.0
Karamelova / Caramel
Kvasni¢na / Yeasty 0.5 0.4 1.3 0.7 0.4 0.4 0.4
Parfémova / Parfume 0.4 0.5 0.4 0.6
Sirupova / Syrup 0.6
Sklepm’, zatuchla / 0.4
Rancid
Diacetylova / Diacety! 1.2 0.5 0.5 0.4
Pfipalena / Burnet 1.4 0.8 1.4 0.9
Kovova / Metallic 0.5 0.5 0.4 0.4
g“"/':;‘;}’i;‘:fe': - 3.8 4.2 4.0 4.6 5.1 4.3 47 4.4

4. den

Ani 4. den nebyl detekovan v pivu zadny rozpustény kyslik (tab.
2). Obsah kysliku nad pivem je stale u vétSiny vzorkd vyrovnany
okolo 1% s vyjimkou piva A hnanym destilovanym plynem, kdy byl
zaznamenan obsah kysliku 0,5 % (viz obr. 7). Obsah CO, nad pivem
(viz obr. 2) u vzorku A klesl oproti po€ate€nimu stavu zhruba stej-
né u vSech tlaénych médii. U vzorku B se po predchozim narustu
ve 3. dni vrétil zhruba na stejnou pocate¢ni hodnotu s vyjimkou de-
stilovaného plynu, ktery ma opacny priibéh koncentra¢ni zmény CO,
nez ostatni tfi média. U v8ech vzorkl byl zaznamenan témér shodny
obsah CO, v pivu, je mirné nizsi oproti pocate¢nimu stavu (viz obr.
3). Obsah dusiku rozpusténého v pivu byl srovnatelny u vSech vzor-
ka (viz obr. 4).

Sensory evaluation revealed changes in the character of the beers.
Metallic flavor was recorded in samples of beer A, the strongest be-
ing found in beer driven by distilled gas. Oxidative flavor occurred in
beer samples B. Stronger carbonation was recorded in beers driven
by distilled gas (i.e. gas with the highest content of CO,), the strong-
est increase being recorded in beer sample A driven by Special gas.
Beer samples A, which were driven by Universal and Master gases
and by distilled mixed gas, exhibited in addition higher acidity.

Day 5
The oxygen content of the beer was about 1% for separated gases

and was lower for the distilled gas, which is probably based on the
original composition of individual gases (Fig. 7).
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Senzorické hodnoceni odhalilo zmény v charakteru piv. U vzor-
ki Piva A byla zaznamenana kovova pfichut, nejsilnéjsi byla u piva
hnaného destilovanym plynem. U vzorkl piva B se vyskytla oxidac-
ni pfichut. Silngjsi fiz byl zaznamenan u piv tlaéenych destilovanym
plynem (tedy plyn s nejvétsim obsahem CO,), nejvyraznéjsi narust
byl zaznamenan u vzorku piva A hnaného plynem Special. U vzor-
ki piva A, které byly tlaceny plyny Universal, Master a destilovanym
smésnym plynem, byla zji§téna také vyssi kyselost.

The content of CO, over a beer in sample B driven by distilled
gas stabilized at previous values, a slight decrease being recorded
for other gases and samples. The reason is a lower carbon dioxide
content in the mixture (Fig. 2). Fig. 3 demonstrates the CO, con-
tent of beer; the content of CO, in the sample significantly decreased
with Master gas, other values were not changed. The biggest drop
in CO, content recorded in beer B was found with Special gas and
partly also with distilled gas. Finally, beer B exhibited a significant

Tab. 5 Senzorickd analyza vzork( 4. den po narazeni sud( / Table 5 Sensory analysis of samples on day 4 after keg tapping

Pivo A/ Beer A Pivo B/ Beer B

Dest. plyn / Universal Master Special Dest. plyn / Universal Master Special

Distilled gas Distilled gas
Riz / Carbonation 3.5 2.8 3.2 3.8 3.5 2.7 2.3 2.8
Plnost / Body - fullness 2.8 2.9 2.6 3.0 3.1 3.0 3.0 2.9
Horka / Bitterness 2.6 2.9 2.7 2.8 3.2 3.0 2.9 3.1
Horkost —doznivani /
Aftertaste 40 s 3.2 2.9 3.0 3.5 3.5 3.5 3.3 3.5
Trpkost /Astringency 1.7 1.4 1.7 1.8 1.8 1.8 1.7 1.8
Sladka / Sweetness 2.1 1.9 1.8 2.2 1.8 1.8 1.7 1.8
Kysela / Sourness 2.0 1.7 2.1 1.9 2.3 1.9 1.9 1.8
Chmelova / Hoppy 0.6 0.6 0.5 0.6 0.9 0.9 0.9 1.0
Ovocna, esterova /
Fruity, esteric 1.6 1.7 1.8 2.1 1.3 1.2 1.4 1.2
Kvasni¢na / Yeasty 0.8 0.7 0.8 0.6 04 0.5 0.5 0.5
Parfémova / Parfume 0.4 0.5 0.5 0.4 0.5 0.7 0.4
Oxidacni, pasteracni /
Oxidized, papery viie b/ e =
Sklepni, zatuchla /
Rancid 0.5 0.5 0.5
Diacetylova / Diacety! 0.9 1.5 1.9 0.6
Pfipalena / Burnet 0.5 0.4
Kovova / Metallic 1.1 0.9 0.5 0.8
Celkovy dojem /
Overall impression 4.2 4.0 4.2 4.0 5.0 4.9 5.2 4.6
5. den increase of nitrogen content (more than 2 ppm) for all driving gases.

Obsah kysliku nad pivem je pro separované plyny okolo 1% a je
nizsi pro destilovany plyn, coz patrné vychazi z ptvodniho slozeni
jednotlivych plynl (obr. 1).

Obsahy CO, nad pivem u vzorku B se u destilovaného plynu sta-
bilizovaly na pfedchozich hodnotéch, u ostatnich plynt a vzorku byl
zaznamenan mirny pokles. Davodem je nizsi obsah oxidu uhli¢itého
ve smési (obr. 2). Obr. 3 demonstruje obsah CO, v pivu, kde u vzor-
ku vyznamné poklesl obsah CO, u tlaéného plynu Master, ostatni
hodnoty jsou neménné. U piva B byl nejvétsi pokles obsahu CO, za-
znamenan u tlatného média Special, ¢aste¢né i u destilovaného ply-
nu. Kone¢né u piva B doslo k vyznamnému narlstu obsahu dusiku
o vice nez 2 ppm u v8ech tlaénych plynd, u vzorku A byla koncentra-
ce dusiku konstantni s vyjimkou plynu Master, kde byl zaznamenan
témér 300% nardst obsahu dusiku, a to z plivodnich 4 na 12,9 ppm
(obr. 4). U tohoto vzorku byl také méfitelny nartst obsahu kysliku
z 0,00 na 0,037 mg/l. U ostatnich vzork( byl obsah kysliku v pivu
neméfitelny (tab. 2). Tento fakt je pravdépodobné zpusoben tim, ze
rychlost oxidac¢nich reakci v pivu (spotfeby kysliku) je vySSi nebo
srovnatelna s jeho difuzi.

Senzorické hodnoceni potvrdilo prohlubujici se zmény v charak-
teru piv, a to zejména vyvojem oxidaéni chuti, zvySenim kyselosti
a zménou v fizu jednotlivych piv. U vzorkil piva A byla potvrzena ko-
vova prichut (pravdépodobné zplsobena oxidaci nékterych pfitom-
nych mastnych kyselin), ktera byla silnéjSi nez predchozi den, nej-
slabsi u piva hnaného plynem Master. U vzorkud piva B byla silnéjsi
diacetylova néz pfedchozi den, intenzita se vyrovnala u jednotlivych
tlaénych médii. U vétsiny vzorkdl, kromé vzorku A (Universal) a vzor-
kd B (Master a destilovany plyn), byla jiz zaznamenana také sirupova
pfichut, charakteristicka pro starnouci pivo.

With beer A the nitrogen concentration was constant with the excep-
tion of Master gas, which brought about a nearly 300% increase in
nitrogen content, from the original 4 to 12.9 ppm (Fig. 4). This sample
also showed a measurable increase in oxygen content from 0.00 to
0.037 mg/l. For other samples, the oxygen content in beer was not
detectable (Table 2). This fact is probably due to the higher rate of
oxidation reactions in beer (e.g. oxygen consumption) in comparison
with oxygen diffusion.

Sensory evaluation confirmed the increasing changes in the char-
acter of the beers, especially the development of oxidative flavor,
increased acidity and a change in the carbonation of individual beers.
Metallic taste was confirmed in beer samples A (probably due to oxi-
dation of certain fatty acids present), which was stronger than the
previous day. It was the weakest in beer driven by Master gas. Dia-
cetyl flavor in beer samples B was stronger than the previous day; the
intensity with individual driving media was about equal. Most sam-
ples, except sample A (Universal) and Sample B (Master and dis-
tilled gas), exhibited also syrupy flavor characteristic of aging beer.

Itis clear that in the course of the experiment the presence of oxy-
gen (up to 0.9%) in the driving gases Universal, Master and Special
did not cause any substantial oxidation changes compared with the
mixture of distilled gases, which did not contain any oxygen.

As shown by the study of Krysl et al., the choice of technology
used for keg beer drawing has a large influence on its final taste and
quality. It is undoubtedly preferable to use an inert atmosphere rather
than air. Their study reported on an ideal mixture of technical gases,
CO, and N, in a 1:1 ratio, which according to their results ensures
perfect protection against beer aging and thus supports its durability
(Krysl et al., 2003). The authors also addressed the impacts of using
compressor air as a driving gas (in addition to beer oxidation also
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Je zfejmé, Ze pfitomnost kysliku (do 0,9 %) v tla¢nych plynech Uni-
versal, Master a Special nezplisobila v pribéhu experimentu zadné
zasadnéjsi oxida¢ni zmény nez smés destilovanych plyna.

the possibility of microbiological contamination or contamination by
foreign substances from the air and oil products). Our pilot study pro-
duced specific results on changes in the sensory profile under clearly

Tab. 6 Senzoricka analyza vzorkd 5. den po narazeni sudd / Tab. 6 Sensory analysis of samples on day 5 after opening the kegs

Pivo A/ Beer A Pivo B/ Beer B
DD_es.t. plyn/ Universal Master Special D'es_t. plyn/ Universal Master Special
istilled gas Distilled gas
Riz / Carbonation 3.8 3.3 25 3.3 3.4 3.4 3.1 2.6
Plnost / Body - fullness 2.6 2.6 2.8 2.5 3.0 3.1 3.2 3.2
Horka / Bitterness 3.1 3.0 29 2.9 3.2 3.2 3.3 3.1
Horkost —doznivani/ 3.5 3.2 3.4 3.3 35 35 3.6 3.7
Trpkost /Astringency 2.0 15 1.7 1.7 2.0 2.0 2.3 1.8
Sladka / Sweetness 1.7 2.0 1.8 1.9 1.8 1.9 1.9 2.2
Kysela / Sourness 2.8 2.0 2.0 2.4 21 2.5 2.1 21
Chmelova / Hoppy 0.5 0.5 0.6 0.6 0.5 0.6 0.5 0.6
gr‘ﬁg?éésetsetﬁéo"é / 16 16 1.7 16 13 1.3 16 16
Karamelova Caramel
Kvasni€na / Yeasty 0.5 0.7 0.4 0.4
Parfémova / Parfume 0.9 0.4 0.6 0.6 0.5 0.4 0.3 0.5
8?,.3?222: E:;ﬁfé”” 0.5 0.5 0.6 0.5 0.9 0.9 0.9 14
Obilna / Grainy
Sirupova / Syrup 0.4 0.4 0.4 0.5 0.5
Diacetylova / Diacety! 1.7 1.6 1.4 1.8
Pfipalena / Burnet 0.5 0.8
Kovova / Metallic 1.2 1.2 0.7 1.2
g“’,';‘;‘;lyigfgfe"; Lo 5.1 4.3 4.9 4.8 5.1 5.5 5.5 5.6

Jak ukazala studie Krysla et al., vybér technologie pouzivané pro
¢epovani sudového piva ma velky vliv na jeho vyslednou chut a kva-
litu. Bezesporu je vhodnéjsi pouziti inertni atmosféry nez vzduchu.
Tato studie prokazala jako idealni smés technickych plynd, a to CO,
a N, v poméru 1:1, kterd podle jejich vysledkl zajistuje dokonalou
ochranu pfed zvétranim piva a podporuje tak jeho trvanlivost (Krysl
et al.,, 2003). Autofi se téz vénovali ve své praci dopadim pouzi-
vani vhanéni kompresorového vzduchu (kromé oxidace piva také
moznost mikrobiologické kontaminace &i kontaminace cizorodymi
latkami ze vzduchu ¢i ropnymi latkami). Nase pilotni studie pfinesla
konkrétni vysledky o zménach v senzorickém profilu za jasné defino-
vanych fyzikalnich podminek (teplota, tlak, koncentrace slozek plynu
v pivu a prostoru nad nim v ¢ase). Tato tématika je velmi obsahla
a vystupuje v ni mnoho proménnych (teplota, tlak plynu, mechanické
pohyby sudd, atd.), a proto nelze z tohoto pilotniho experimentu vy-
vodit komplexni zavéry. Protoze vSak bylo dosazeno nékolika zajima-
vych vysledku, zejména specifickd zména senzorického charakteru
pro rGzné znacky piva, bude tato studie pokracovat.

4 ZAVER

Z experimentu provadéného za podminek simulace restauraéni-
ho zafizeni se skladovanim sudu pfi ,pokojové“ teploté (18-20 °C)
vyplyva vyrazny vliv rizného chovani jednotlivych tlaénych plynu
na kondici, slozeni a senzorické vlastnosti piva

Pro ¢epovani piva s malou vyto¢i a dlouhodobéjsi narazeni piva
je vhodné pouzivat plyny s vy§§im obsahem oxidu uhli¢itého. Nedo-
chazi k tak vyraznému poklesu fizu. Obsah CO, nesmi byt ovéem
pfili§ velky, potom dochazi v pribéhu narazeni k narlistu senzorické
kyselosti a pfesyceni piva.

defined physical conditions (temperature, pressure, changes in the
concentration of the gas components in beer and the space above
it over time). This topic is very complex and contains many variables
(temperature, pressure, gas, mechanical movements of kegs, etc.),
and comprehensive conclusions therefore cannot be drawn from
these pilot experiments. However, since several interesting results
were achieved, including a specific change in the sensory character
of different beer brands, this study will continue.

4 CONCLUSIONS

An experiment performed under the conditions simulating those
in a restaurant and with the keg storage at ,room“ temperature
(18-20°C) shows a distinct influence of different driving gases on the
state, composition and sensory properties of beer.

With draft beer drawn at low speed and for a longer time after keg
tapping it is appropriate to use gases with a high content of carbon
dioxide. They cause no significant decline in carbonation. However,
the CO, content should not be too high since it may cause sensory
acidification and supersaturation of the beer in the course of tapping.

For medium and large drawing speeds of tapped beer (i.e. emp-
tying the keg within three days), it is possible to use compression
gases with lower CO, content, approximately 5 to 10%.

For very large drawing speeds of tapped beer one can use driving
gases virtually without CO,, as the potentially lower carbonation will
not become noticeable during one day.

One should be aware that higher temperatures facilitate the over-
saturation of beer, and therefore it is not suitable to use driving gases
with a very high proportion of CO, even for short tapping periods.
For the majority of beers it is not suitable to use driving gases with
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Vliv tlacného média na obsah plynt v pivu a na senzorické vlastnosti piva

Pro stfedni vytoe a velké vytoce (tj. vtoeni sudl do tfi dnu)
je mozno pouzivat tlaéné plyny s niz§im obsahem CO,, pfiblizné
5-10%.

Pro velmi velké vytoCe je mozné pouzivat tlacné plyny prakticky
bez CO,, béhem jednoho dne se neprojevi nizsi fiz.

Je nutno zdlraznit, Zze za vy$Sich teplot hrozi presyceni piva,
a proto neni vhodné pouzivat tlacné plyny s velmi vysokym podilem
CO, ani pro kratsi dobu vyto€e. Pro vétSinu piv je nevhodné pro dlou-
hodobéjsi vyto¢ pouzivat tlacné plyny s minimalnim obsahem CO,,
nebot dochazi ke ztraté fizu a horkost je vnimana jako vySSi a drs-
né&jsi. Vyjimkou jsou samozfejmé piva, ktera jiz z principu stac¢eni pod
dusikem vyzaduji (napf. mnohé stouty).
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26. Pivovarsko-sladarské dny

slaDOVN VYSOKA SKOLA )
Ies Y, CHEMICKO-TECHNOLOGICKA
soutitlet CrR V PRAZE

Jedna z nejvyznamnéjSich pivovarsko-sladarskych akci u nés, Pivovarsko-sladarské dny, se jiz tradi¢né v lichém roce, konaji 22.-23.
fijna v Olomouci. Spolupofadatelem jsou vedle VUPS, a.s., a VSCHT Praha, rovnéz Sladovny Soufflet, a.s.

Odborny program probéhne 22. fijna, nasledujici den se uskute¢ni exkurze do sladovny.

Zajemci o komeréni prezentaci mohou kontaktovat pana Rudolfa Jastrabana, Agentura Elis, r.jastraban @ gmail.com, tel. 737 227 720.

Prihlasky u€astnikud, program a aktualni informace jsou k dispozici na www.pivovarskedny.cz
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