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1 UvoD

V letech 1999 az 2002 byl za finan¢ni podpory Ceského svazu pi-
vovarQ a sladoven fesen ve VUPS vyzkumny ukol, jehoz cilem bylo
exaktné charakterizovat tzv. pivo ¢eského typu a urcit technologické
faktory, které maji na tento typ piva nejvétsi vliv.

Prace byla rozdélena do nékolika etap. Zamérem prvni etapy bylo
pfesné popsat pomoci nejmodernéjSich analytickych, senzorickych
a statistickych metod hlavni predstavitele ¢eskych piv. Déle byly hle-
dany rozdily mezi ¢eskymi pivy uvazovanymi jako celek a pivy za-
hrani¢nimi (typu lezak nebo Pils). Vybrana tuzemska a zahraniéni piva
byla podrobena komplexnimu analytickému rozboru a senzorickému
posouzeni. Byl zdokonalen a dopInén analyticko-statisticky model
umoznujici dikladnéji charakterizovat vzajemnou podobnost nebo
naopak rozdilnost rznych piv. Vysledky byly zpracovany pomoci ma-
tematicko-statistickych metod (analyza rozptylu, faktorova analyza,
shlukova analyza, klasifikacni stromy aj.) [1-4].

Dalsi etapy byly zaméreny na posouzeni vlivu nékterych techno-
logickych parametr(, které nejvice pfispivaji k charakteru obou sku-
pin piv. Byl studovan vliv pouzitého sladu, varniho postupu a zpsobu
kvaeni na analytické a senzorické vlastnosti piva.

2 CHARAKTERIZACE ROZDILU MEZI TUZEMSKYMI

A ZAHRANICNIMI PIVY
2.1 Analytické parametry
2.1.1 Metodicky postup

V prvni etapé v roce 1999 bylo k vyzkumu pouzito celkem 66 piv,
z toho 32 Ceskych a 34 zahrani¢nich (z nich byla dvé piva sloven-
skd). Ze zahrani¢nich piv byla vybirana pouze spodné kvasena piva.
Do vybéru zahrani¢nich piv byla zahrnuta pouze piva typu lager nebo
Pils znamych znacek, ktera se vyrabegji ve velkych objemech a ex-
portuji se do zahrani¢i. Nékteré vyznamné znacky byly zastoupeny
vicekrat, aby bylo mozno posoudit kolisani senzorického profilu
v ramci jedné znacky. Dbalo se na to, aby piva stejnych znacek byla
dodavana v urcitém ¢asovém posunu tydnl az mésicl. Snazili jsme
se zachovat pravidlo analyzovat i senzoricky posuzovat piva co
moznd nejdfive po sto€eni, coz v8ak v pfipadé nékterych zahrani¢-
nich piv nebylo mozné stoprocentné dodrzet.

V roce 2002 bylo celé studium zopakovano na novém, ale men-
§im souboru piv (od kazdé znacky byl k dispozici pouze jeden vzo-
rek) s cilem posoudit, zda nedoslo ke zménam, které by ovlivnily hod-
noceni z roku 1999.

Pfehled pouzitych piv je uveden v tab. 1 a 2.

Nejprve bylo posouzeno analytické slozeni piv tuzemského pu-
vodu ve vztahu k zahrani¢nim piviim. Za timto Ucelem byly vytvo-
feny dvé skupiny piv: do prvni byla zafazena tuzemska piva a do
druhé piva zahraniéni. Zahrnuti zahrani¢nich piv do jedné skupiny
Ize povazovat za opravnéné, nebot i kdyz se jedna o piva raznych
znacek rlizné provenience, vyrabéna z rliznych surovin na rozdil-
ném technologickém zafizeni, vSechna tato piva maji jedno spo-
le€né: jsou vyrabéna v podstaté uniformnim intenzifikovanym tech-
nologickym postupem (nékdy jsou tato piva oznacovana jako tzv.
Leuropiva®). Jednotlivé analytické parametry obou skupin piv byly po-
rovnany Studentovym t-testem, na jehoz zékladé Ize usuzovat, zda
existuji statisticky vyznamné rozdily v analytickych parametrech mezi
zkoumanymi pivy.

Pivovarsky dulezité parametry, ve kterych byly zjistény statisticky
vyznamné rozdily v roce 1999 i v roce 2002, jsou uvedeny v tab. 3.
V Ceskych pivech byl také zjistén statisticky vy$$i obsah nékterych
mastnych kyselin (maselné, dekanové, laurové a palmitoveé) [4].

Nazorné jsou zobrazeny rozdily v jednotlivych analytickych para-
metrech na tzv. krabicovych grafech (Box and Whisker plot) na obr.
1-5 (na souboru piv z roku 2002). Krabicovy graf vypada jako kra-
bicka, kde nalevo od levé svislé hrany krabicky lezi 25 % hodnot, uv-
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1 INTRODUCTION

During 1999-2002 the RIBM conducted a research project direc-
ted to characterizing the co-called Czech-type beer and determining
the technological factors that have the greatest influence on this type
of beer. The project was supported by the Czech Beer and Malt As-
sociation.

The work itself was divided into several phases. The aim of the first
phase was to describe the main Czech brands of beer using the most
advanced analytical, sensory and statistical methods. We also sear-
ched for difference between Czech beers as a whole and foreign be-
ers (lager or Pils type). Selected Czech and foreign beers were put
through a complex analysis and sensory assessment. The analytical-
statistical model, which helps in a thorough characterization of simi-
larities and differences between various beers, was improved and ex-
tended. The results were processed using mathematical-statistical
methods (dispersion analysis, factor analysis, cluster analysis, clas-
sification trees, etc.) [1-4].

Subsequent phases of the project aimed at evaluating some tech-
nological parameters which mostly contribute to the character of both
groups of beers. We studied the influence of malt, the brewing pro-
cess and fermentation methods on the analytical and sensory cha-
racteristics of the beer.

2 CHARACTERIZING DIFFERENCES BETWEEN CZECH AND

FOREIGN BEERS
2.1 Analytical parameters
2.1.1 Procedures

The research performed in the first phase, i.e. in 1999, included
a total of 66 beers, out of which 32 were Czech and 34 were foreign
(two of the foreign beers were from Slovakia). The foreign beers were
exclusively bottom-fermented ones. When selecting the foreign beers
we saw to it that only lager- or Pils-type beers from well-known bre-
weries, produced in large volumes and exported into foreign lands,
were involved in this selection. Some of the important brands were put
through the test more times than just once, so that we could assess
the variation of the sensory profile within one brand. When acquiring
more samples of one brand, care was taken to ensure that the beers
were delivered successively with a delay of several weeks or months.
At all times, effort was made to analyse and evaluate, in terms of sen-
sory properties, the beers as soon as possible after bottling. Howe-
ver, this was not always possible with some of the foreign beers.

The whole study was performed once more in 2002 with a smal-
ler set of samples (one for each beer brand) in order to assess any
changes that could influence the 1999 evaluation.

The list of used beer is mentioned in the Tables 1 and 2.

The first parameter that we evaluated was the analytical compo-
sition of Czech beers compared to the foreign beers. For the purpose,
the beers were divided into two groups. The first group consisted of
Czech beers and the other of foreign ones. Even though the foreign
beers are of different brands, come from various countries and are
produced by different technologies, all of them have something in
common. They are produced with the use of a uniform intensified
technological process (they are sometimes called ,Eurobeers®). This
should justify the fact that they were placed into a single group. Indi-
vidual analytical parameters of both beer groups were compared
using the Student’s t-test. Using the data from this test, we can de-
termine whether there are any statistically important differences bet-
ween the analytical parameters of the two groups.

Brewery parameters which showed statistically important differen-
ces in 1999 as well in 2002 are listed in Table 3. Czech beers also
showed statistically higher amounts of several fatty acids (butyric, de-
canoic, lauric and palmitic acid) [4].

The differences in individual analytical parameters are shown in
Fig. 1-5 in so-called box graphs (Box and Whisker plot) (data from
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Tab. 1/Table 1 Prehled studovanych piv v roce 1999/Beers studied in 1999

Znacka lezaku nebo Pils/ Zemé puvodu/ Pocet vzorku/ Znacka lezaku nebo Pils/ Zemé puvodu/ Pocet vzorkd/
Lager or Pils brand Land of origin | Number of samples| Lager or Pils brand Land of origin | Number of samples
Samson, JCP CR/CR 1 Kirin Beer Japonsko/ Japan 1
Krystal, JCP CRI/CR 1 Kirin Ischiban Japonsko/ Japan 1
Staropramen, PP CR/CR 3 Amstel Beer Nizozemsko/ 1
Netherlands
Radegast CR/CR 3 Heineken Nizozemsko/ 3
Netherlands

Starobrno CRICR 2 Tuborg Dénsko/ Denmark 1
KruSovice CR/CR 3 Tuborg Der durstige Mann Dénsko/ Denmark 1
Velkopopovicky kozel CR/CR 2 Tuborg De luxe Beer Dansko/ Denmark 1
Hostan, Znojmo CR/CR 2 Carlsberg Dénsko/ Denmark 4
Pilsner Urquell CR/CR 4 Carlsberg Elephant Beer Dénsko/ Denmark 1
Gambrinus CR/CR 4 Paulaner Némecko/ Germany 1
Budvar CR/CR 4 Radeberger Némecko/ Germany 1
Bernard CR/CR 1 Oktoberfest Bier (Paulaner) | Némecko/ Germany 1
Breziiak, Vyskov CR/CR 1 Bitourger Némecko/ Germany 2
Kumburak, Nova Paka CR/CR 1 Jever Némecko/ Germany 2
Stein Slovensko/ Slovakia 1 Binding Némecko/ Germany 1
Golden Pheasant Slovensko/ Slovakia 1 Warsteiner Némecko/ Germany 1
Kronenbourg Francie/ France 1 Warsteiner Premium Némecko/ Germany 1
Kronenbourg 1664 Francie/ France 1 Léwenbrau Némecko/ Germany 1
Stella Artois Belgie/ Belgium 1 Veltins Némecko/ Germany 1
Budweiser USA 2 Zipfer Rakousko/ Austria 1

nitf 50 % hodnot a vpravo od pravé svislé hrany 25 % hodnot. Svisla
¢ara uvnitf obdélniku oznacuje median, kfizek zna&i pramér. Nalevo
i napravo z obdélniku vychazeji vodorovné paprsky (vousy), jejichz
konce oznaduji miniméalni a maximalni hodnotu. To ale jen v pfipadé,
ze neexistuji zadné extrémni hodnoty. Pokud se v souboru vyskytuiji,
jsou vyznaceny jako individudlni body.

2.1.2 Pouzité statistické metody a jejich diskuse

Aby bylo mozno zhodnotit analyticky profil jednotlivych piv vcelku,
byly ziskané vysledky zpracovany pomoci statistickych metod. Jejich
hlavnim cilem bylo nalézt skryté vztahy jak mezi proménnymi, tak
mezi jednotlivymi objekty.

Velmi dobfe rozdily mezi obéma skupinami piv charakterizuji vi-
cerozmeérné statistické metody faktorova a shlukova analyza [5, 8].
Faktorova analyza redukuje vy$Si poCet proménnych na nizsi (dva
az tfi) a Ize tak vycist podobnost mezi objekty. Z obr. 6, ktery ma-
puje situaci v r. 1999, vyplyva, ze pomoci faktorové analyzy se piva
rozfadila do dvou skupin. Piva jsou oznacena koédy, T znaci tuzem-
skd piva, Z zahrani¢ni (S jsou slovenska piva). Piva jedné znacky
obsahuji ve svém kodu jesté dalsi pismeno. V prvni skupiné se na-
|éz& vétSina tuzemskych piv a ve druhé skupiné vétSina zahranic-
nich piv (zajimavé je, Ze jedno slovenské pivo se zafadilo mezi tu-

the 2002 beer set). The box graph looks like a box, where 25% of the
values lie on the left side of the left vertical edge of the box, 50 % of
the values lie inside the box and the other 25 % lie on the right side
of the right vertical edge. The vertical line inside the rectangle re-
presents the median the cross represents the average value. There
are also horizontal ,rays” coming out of the rectangle on both sides.
The ends of these rays represent the minimal and maximal values,
but only when there are no extreme values. If such values occur, they
are plotted as individual points.

2.1.2 Statistical methods and their discussion

We processed the test data by statistical methods in order to eva-
luate the statistical profiles of each beer as a whole. The main ob-
jective was to find possible hidden relations between the variables as
well as between individual objects.

Multidimensional statistical methods (factor analysis and cluster
analysis) [5, 8] can very well characterize the differences between
the two beer groups. Factor analysis reduces the large number of
variables to merely two or three so that similarities between the ob-
jects can be recognized. Fig. 6, which maps the situation in 1999,
shows that factor analysis divided the beers into two groups. The be-
ers are marked T for Czech beers, Z for foreign (S for Slovak beers).

Tab. 2/Table 2 Prehled studovanych piv v roce 2002/Beers studied in 2002

Oznaceni piva/ Zemé plvodu/ Oznaceni piva/ Zemé puvodu/ | Oznaceni piva/ Zemé puvodu/
Beer brand Land of origin Beer brand Land of origin Beer brand Land of origin
Bernard 4,7% CRICR Hostan Premium CRICR Paulaner Premium Pils Némecko/ Germany
Bernard 4,5% CR/CR Zubr Premium CRICR Veltins Némecko/ Germany
Ostravar Premium CRICR Litovel Premium CRICR Warsteiner Premium Verum | Némecko/ Germany
Herold CR/CR Staropramen Lezak CRICR Lowenbrau Premium Pils Némecko/ Germany
Pilsner Urquell CRICR KruSovice Imperial CRICR Stella Artois Belgie/ Belgium
Gambrinus CR/CR Budvar CRICR Heineken Nizozemsko/
Netherlands
Regent premium CRICR Radegast Premium CRICR Amstel Nizozemsko/
Netherlands
Bfeziak CRICR Chodovar Prezident CRICR Kronenbourg 1664 Premium |  Francie/ France
Budweiser Burgerbrau CR/CR Starobrno CRICR Tuborg Premium Dansko/ Denmark
Samson CR/CR Bitburger Premium Pils Némecko/ Germany | Budweiser USA
Platan Jedenact CR/CR Zipfer Premium Rakousko/ Austria | Kirin Lager Japonsko/ Japan
Platan Premium CRICR Radeberger Pilsner Némecko/ Germany | Kirin Ichiban Japonsko/ Japan
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Rozdil prokvaseni [%]/Attenuation difference [%]

T — tuzemska/inland
Z — zahraniCni/foreign

Obr. 1/Fig. 1 Krabicovy graf rozdilu mezi dosaZitelnym a zdanlivym
prokvasenim (%) v tuzemskych a zahranicnich pivech (rok 2002)/Box
chart of the difference between the apparent and final attenuation
(%) in Czech and foreign beers (2002)
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T — tuzemska/inland
Z — zahrani¢ni/foreign
Obr. 2/Fig. 2 Krabicovy graf hodnoty barvy tuzemskych a zahranic-

nich piv (rok 2002)/ Box chart of colour values of Czech and foreign
beers (2002)
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Obr. 3/Fig. 3 Krabicovy graf obsahu horkych latek) v tuzemskych a za-
hraniénich pivech (rok 2002)/Box chart of the content of bitter sub-
stances in Czech and foreign beers (2002)

Polyfenoly/Polyphenols [mg/1]

T — tuzemska/inland
Z — zahrani¢ni/foreign
Obr. 4/Fig. 4 Krabicovy graf obsahu polyfenolu v tuzemskych a za-

hraniénich pivech (rok 2002)/Box chart of polyphenol content in
Czech and foreign beers (2002)
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Obr. 5/Fig. 5 Krabicovy graf obsahu acetaldehydu v tuzemskych a za-
hrani¢nich pivech (rok 2002)/Box chart of acetaldehyde content in
Czech and foreign beers (2002)

Tab. 3/ Table 3 Parametry se statisticky rozdilnym obsahem v tu-
zemskKych a zahranicnich pivech/ Parameters with statistically diffe-
rent contents in Czech and foreign beers

Analytické parametry/Analytical parameters
Rozdil prokvadeni (T)/  |Horké latky (T)/
Attenuation difference (T)| Bitter substances (T)

Acetaldehyd (T)/
Acetaldehyde (T)

Barva (T)/Colour (T) Celkové polyfenoly (T)/| Pentandion (T)/
Total polyphenols (T) | Pentanedione (T)
pH (T)/pH (T) Propanol (Z)/Propanol (2)

Pozn./Note: V zavorce je uvedena skupina piv, kde je obsah statis-
ticky vy$si/The letter in the brackets denotes the group that showed
statistically higher contents.

(T) — tuzemska piva/Czech beers

(2) — zahraniéni piva/Foreign beers
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Faktor 1/Factor 1

Obr. 6/Fig. 6 Faktorova analyza— bodovy graf analytickych parametrt
piv (rok 1999)/Factor analysis — scatterplot of analytical beer para-
meters (1999)

zemska piva, zatimco druhé mezi zahrani¢ni). Z obr. 6 je dale pa-
trné, ze piva jedné znacky (i kdyz byla odebirana v rdznych &aso-
vych intervalech) se vétSinou nalézaji blizko sebe. Stejny postup byl
aplikovan na data z roku 2002 (obr. 7), zde v8ak bylo k dispozici od
jedné znacéky pouze jedno pivo, a proto kddy obsahuji jen pismena
T nebo Z.

Dal$i vicerozmérna metoda, shlukova analyza, se zabyva zkou-
manim podobnosti vicerozmérnych objektl (objektd, u nichz je
zméfeno vétsi mnozstvi proménnych) a jejich tfidénim do shlukd
(skupin). Nejvice pfehlednym vystupem shlukové analyzy je tzv.
dendrogram (stromovy diagram), z néhoz je dobfe patrna hierar-
chicka struktura objektl ve shlucich. Vysledek shlukové analyzy je
znazornény na obr. 8 a 9. Je zfejmé, ze pomoci této metody Ize
zfetelné od sebe oddélit jednotlivé znacky a ze rozptyl uvnitf téchto
znacek je vétsSinou niz§i nez mezi znackami. Vysledky shlukové
analyzy v podstaté potvrzuji vysledky faktorové
analyzy v tom, Ze existuje podobnost mezi ¢es-
kymi pivy na jedné strané a zahrani¢nimi na strané
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Faktor 1/Factor 1

Obr. 7/Fig. 7 Faktorova analyza— bodovy graf analytickych parametrd
piv (rok 2002)/Factor analysis — scatterplot of analytical beer para-
meters (2002)

Beers of the same brand have an additional letter in their code. The
first group contains most of the Czech beers the other group conta-
ins most of the foreign ones. (It is interesting that one of the Slovak
beers classed among the Czech beers, whereas the other was pla-
ced into the foreign beer group.) Furthermore, Fig. 6 shows that be-
ers of the same brand (even though they were delivered at different
time points) usually end quite close to each other. The data from 2002
(Fig. 7) were put through the same process, but there was only one
beer per brand in this set, so the codes are only T or Z.

The other multidimensional method, the cluster analysis, deals with
similarities of multidimensional objects (objects with higher numbers of
variables) and divides them into clusters (groups). The best under-
standable output of the cluster analysis is the so-called dendrogram
(tree chart), which nicely illustrates the hierarchical structure of the ob-
jects in the clusters. Figs. 8 and 9 contain the output of the cluster ana-
lysis. It is obvious that this method can clearly sepa-
rate the brands from each other and that the scatter
inside the brands is usually lower than the inter-brand
scatter. Actually, the results of cluster analysis confirm

W & w
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Mezi vyznamné vicerozmérné statistické metody
patfi jesté diskriminacni analyza, ktera umozriuje
klasifikovat jednotlivé objekty do pfedem zvolenych
skupin na zékladé vybranych parametrd. Pro jed-
noduchost bylo zvoleno pouze pét parametrd, a to
rozdil prokvaseni, barva, pH, obsah horkych latek
a obsah polyfenol(l. Pfedem zvolené skupiny piv
byly dvé, nase a zahraniéni. Zpétné hodnoceni uka-
zalo, ze tato metoda byla z 97 % uspésna, cili
mame-li k dispozici neznamé pivo a provedeme
u ného téchto pouhych pét analyz, s 97% pravdé-
podobnosti spravné uréime, do které skupiny patfi.
Nazornou ukazkou klasifikace pomoci diskrimi-
naéni analyzy je obr. 10. Jedna se o pseudotroj-
rozmérny obrazek, kde byly vybrany tfi faktory
z péti a je dobfe patrné, jak jsou obé skupiny piv
od sebe oddéleny.

K rozlieni skupiny tuzemskych a zahrani¢nich
piv Ize vyuzit uspésné jesté dalSich metod. Jednou
z nich je tzv. fuzzy shlukovani. Tato metoda zo-
becnuje vSechny shlukovaci metody tim, ze umoz-
fiuje shlukovani jednoho objektu do vice nez jed-
noho shluku, zatimco v bézném shlukovani je kazdy
objekt ¢lenem pouze jednoho shluku. Je uréena
pravdépodobnost, s jakou se objekt zafazuje do
toho ¢i onoho shluku, €ili jinymi slovy, pfitomnost
objektu je rozdélena do vSech shlukl. Cely proces

v{mw-\vw
| |

TAl

=
>

333, IAAEERZE 5RRR 4

the results of factor analysis in that, on the one hand,
there is a similarity among the Czech beers and on
the other a similarity among the foreign beer brands.

Another important multidimensional statistical
method, discrimination analysis, can divide indivi-
dual objects into preselected groups according to se-
lected parameters. We selected five parameters — at-

tenuation difference, colour, pH, content of bitter
substances and content of polyphenols — in two beer
preselected groups, Czech and foreign. Back evalu-
ation of success of the discrimination showed that the
method was 97 % successful, in other words, if we
perform these five tests with an unknown beer, there
is a 97% probability of putting it into the correct group.
Fig. 10is a good example of classification using the
discrimination analysis. It is a pseudo-three-dimensi-
onal picture with three selected factors (out of the
five) and it is clear how the two groups are separa-
ted from each other.

There are also other methods that can be suc-
cessfully used to distinguish the Czech beer group
from the foreign. One of them is the so-called fuzzy-
clustering. This method generalizes all the clustering
methods, because it permits the placing of a single
object into more clusters, whereas in the other met-
hods one object can be a member of only one clus-
ter. Actually, the method merely defines the probabi-

ueapijony parenbs‘poyidN J0qyBIaN 1sayung

A ier . . . P /] | ——
se nazyva ,fuzzifikaci shlukové konfigurace“. Ze A
Obr. 8/Fig. 8 Shlukova analyza —
dendrogram  piv
podle analytickych parametr
(rok 1999)/ Cluster analysis —
dendrogram of beers sorted by
their analytical parameters (1999) lected from the 2002 data. The beer set was classi-

souboru dat z roku 2002 bylo vybrano 5 zékladnich
parametrl, které jsou prioritni pro rozliseni tuzem-
ského a zahrani¢niho piva (rozdil prokvaseni,
barva, pH, horké latky a polyfenoly) a soubor piv
byl klasifikovan do dvou shlukd (kazdé pivo je za-
fazeno ¢aste¢né do obou shlukd [4]). Miru rozliseni
znazornuje obr. 11, tzv. diagram siluety. Na obrazku

. n
T

colendidl

lity with which the object can be placed into each
cluster. In other words, the presence of the object is
divided among all clusters. The whole process is cal-
led the ,fuzzification of cluster configuration“. Five ba-
sic parameters, which are crucial for telling a Czech
beer from a foreign one (attenuation difference, co-
lour, pH, bitter substances and polyphenols), were se-

roztfidénych
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Group Average Method,Squared Euclidean

Vzdalenost/Distance
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T — tuzemska piva/inland beers
Z — zahraniCni piva/foreign beers

Obr. 9/Fig. 9 Shlukova analyza — dendrogram piv roztfidénych podle
analytickych parametru (rok 2002)/Cluster analysis — dendrogram of
beers sorted by their analytical parameters (2002)

jsou vidét dvé siluety, v prvni jsou vSechna Ceska piva, ve druhé
vSechna zahrani¢ni véetné dvou €eskych piv. Obr. 12 (tzv. ,clusp-
lot“ — shlukovy graf) rovnéz potvrzuje dobré rozliSeni obou skupin.
Tato metoda, aplikovana na vysledky z roku 1999, rovnéz rozdélila
piva na dva shluky, v prvnim jsou pouze ¢eska piva a jedno zahra-
niéni a ve druhém pouze zahrani¢ni (chyba ¢inila 1/66, tj. méné nez
2 %) [4].

Dalsi statistickou metodou, jejiz praktické vyuziti se zejména v po-
sledni dobé velmi rozsifilo, jsou regresninebo klasifikacni stromy
[4]. Pokud tuto metodu pouzijeme pro data z roku 1999 a budeme
opét vychazet ze zakladnich péti parametr(i, dostaneme nasledu-
jici regresni strom (obr. 13), ktery Ize interpretovat takto: pokud je
rozdil prokvaseni vétSi nez 1,35 %, jedna se o tuzemské pivo; je-li
nizs8i a barva je vy88i nez 10,25, jde opét o tuzemské pivo, je-li barva
niz8i nez 10,25, jedna se o pivo zahrani¢ni. Rozhodujicim para-
metrem je rozdil prokvaseni, druhym barva (pH, izoslou¢eniny a po-
lyfenoly byly ignorovany). Je zfejmé, ze k rozliSeni tuzemského a za-
hraniéniho piva postacily dva parametry, k chybé doS$lo pouze pfi
zarazeni 3 objektl ze 66, tj. 4,5 %. Aplikace metody na data z roku
2002 znazornuje obr. 14. Tentokrat se stala rozhodujicim paramet-
rem barva, druhy a postacujici je rozdil prokvaseni (chyba je 1/36,
tj. asi 3 %). Vzhledem k tomu, Ze rozdil prokvaSeni je ¢asové na-
hlavni parametr z(istava barva a na druhém misté se objevil obsah
horkych latek (izoslouc¢enin) (obr. 15). Chyba klasifikace zUstava
stejna, a to 3 %.

Piva/Beers

r T T T T
00 02 04 06 038 1.0
Sitka siluety/Silhouette width
T — tuzemskd/inland
Z — zahraniCni/foreign

Obr. 11/Fig. 11 Fuzzy shlukovani — diagram siluety/Fuzzy clustering
— contour diagram

Horké latky/Bitter substances
[j. EBC/EBC u.]

Rozdil prokvaseni [%]
Attenuation difference [%]

Barva [j. EBC)/Colour [EBC u.]

T — tuzemska piva/inland beers
Z — zahraniCni piva/foreign beers

Obr. 10/Fig. 10 Diskriminacni analyza souboru tuzemskych a zahra-
ni¢nich piv— bodovy graf tfi vybranych parametrd/Discrimination ana-
lysis of a set of Czech and foreign beers — scatterplot of three se-
lected parameters

fied into two clusters (each beer is a partial member of both groups
[4]). The degree of separation is shown if Fig. 11 on a so-called con-
tour diagram. There are two contours in the diagram one contains all
the Czech beers, the other contains all the foreign beers including two
Czech ones. Fig. 12 (so-called ,clusplot” — cluster diagram) also con-
firms the separation of the two groups. Applied to the results from 1999,
this method also divided the beers into two groups. The first group con-
tained all Czech beers and one foreign, the other contained only fore-
ign beers (the error was 1/66, i.e. less than 2 %) [4].

Another statistical method, which has lately been widely used, is
the regression or classification trees [4]. If we apply this method
on the 1999 data and keep our five basic parameters, we obtain a re-
gression tree (Fig. 13) which can be interpreted as follows: if the at-
tenuation difference is higher than 1,35 %, the beer is a Czech-type
if it is lower than 1,35 % and the ;colour is higher than 10,25, the beer
is again a Czech-type if the colour is lower than 10,25, it is a foreign
beer. The most important parameter was the attenuation difference,
colour was on the second place (pH, iso-compounds and polyphe-
nols were ignored). It is obvious that two parameters were sufficient
to tell a Czech beer from a foreign one. An error occurred in only th-
ree objects out of 66, i.e. 4,5 %. The method was also applied to 2002
data (Fig. 14). This time, colour was the decisive parameter, attenu-
ation difference being the second and sufficient one (the error was
1/36, i.e. 3 %). In view of the fact that the attenuation difference ana-
lysis is @ more time-consuming and can be discarded from the basic
parameters, colour remained the main parameter, the content of bit-

Komponenta 2/Component 2

Komponenta 1/Component 1
T — tuzemska piva/inland beers
Z — zahraniCni piva/foreign beers

Obr. 12/Fig. 12 Fuzzy shlukovani — shlukovy graf (clusplot)/Fuzzy
clustering — cluster diagram (clusplot)
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Rozdil prokvaseni < 1,35

Attenuation difference < 1,35

Barva < 10,25
Colour < 10,25 T

zZ T

T — tuzemska piva/inland beers
7 — zahrani¢ni piva/foreign beers

Obr. 13/Fig. 13 Klasifikacni strom souboru piv (rok 1999)/Beer set
classification tree (1999)

2.2 Senzoricka analyza

Vysledky senzorické analyzy byly podrobeny stejnym proceduram
jako analytické vysledky. Pfi jejich hodnoceni je tfeba si uvédomit, ze
byvaji zatizeny mnohem vétS§im rozptylem, nez je tomu u vysledkl
chemické analyzy. Presto je mozné pomoci statistickych metod vyti-
povat riizné skryté vztahy mezi jednotlivymi objekty, tedy pivy.

Celkove Ize fici, Zze tuzemska piva maji vyssi plnost, horkost a do-
znivani horkosti. V zahrani¢nich pivech byl naopak zaznamenan vyssi
vyskyt kyselé a sladké chuti. Ve vétsSiné zahrani¢nich piv vSak byla
zjisténa pfitomnost nékterych pro ¢eska piva méné pfijatelnych chuti
a vuni.

V tomto misteé je tfeba upozornit na skute€nost, Ze senzorické hod-
noceni bylo provadéno eskou degustaéni komisi, a je tedy tfeba po-
vazovat je v urcitém smyslu za subjektivni, zejména pokud jde o pfi-
tomnost nékterych cizich chuti a vani. Jisté se najde dost cizincq,
ktefi daji pfednost piviim prazdnéjsim a méné vyraznym.

Vysledek faktorové analyzy senzorickych dat je zndzornén na
nasledujicich obrazcich. Na obr. 16 je vidét ,senzoricka mapa“ piv
zafazenych do souboru (tzv. bodovy graf), zatimco obr. 17 pfed-
stavuje tzv. graf komponentnich vah a je z néj patrné umisténi jed-
notlivych senzorickych parametrli. Oba grafy si je mozné predsta-
vit na sobég, to znamena, ze u piv v té které Casti grafu prevladaji
senzorické parametry umisténé ve stejné ¢asti grafu. Vétsina Ces-
kych piv se naléza v levé a spiSe horni poloviné grafu, a nékteré
znacky lIze od sebe relativné dobre odliSit. Smérem k pravé &asti
grafu se umistila piva s vy§§im vyskytem cizich vlni a chuti, a proto
se v této Casti nalézaji zejména zahraniéni piva. Nékteré zahra-
niéni znacky byly hodnoceny vcelku pfiznivé, coz se projevilo i je-
jich umisténim v ,senzorické mapé*“.

2.3 Definovani piva ¢eského typu
Chceme-li vyslovit néjakou definici ,piva ¢eského typu“, miizeme
to provést na zakladé predcho-

zich vysledkd. Pokud jde o che- Barva < 8,75

Barva < 8,75

Colour < 8,75

Rozdil prokvaseni < 1,35

Attenuation difference < 1,35

T — tuzemska piva/inland beers
7 — zahrani¢ni piva/foreign beers

Obr. 14/Fig. 14 Klasifikacni strom souboru piv — a (rok 2002)/Beer
set classification tree — a (2002)

ter substances (iso-compounds) appearing in the second position
(Fig. 15). The error in classification remained the same — 3 %.

2.2 Sensory analysis

The results of the sensory analysis were subjected to the same
process as the analytical data. When evaluating these results, one
must realize that these results are subject to a much higher scatter
than the results of chemical analysis. In spite of this fact it is still pos-
sible to infer various hidden relations between individual objects (be-
ers) using statistical methods.

Generally, it can be said that Czech beers are more full and bitter
and have longer fading of bitterness. On the other hand, foreign be-
ers showed a higher incidence of sour and sweet taste. Most of the
foreign beers showed the presence of various flavours and aromas
which are less acceptable in Czech beers.

At this point it should be noted that the sensory evaluation was
done by a Czech taste panel and should therefore be considered par-
tially subjective, especially considering the presence of various fore-
ign tastes and smells. Many foreigners would obviously prefer emp-
tier and less flavoury beers.

The results of the factor analysis of the sensory data are shown in the
following figures. Fig. 16 shows an ,sensory map“ of beers included in
the set (the so-called dot chart), whereas Fig. 17 represents the so-cal-
led component weight chart and shows the position of the individual sen-
sory parameters. On superimposing these two charts the sensory para-
meters prevalent in a given part of the graph are predominant in beers
placed in the same area of the graph. The majority of Czech beers are
located in the left and rather top half of the chart. Some of the brands
can be told from each other very well. The beers with a higher incidence
of foreign smells and tastes are located towards the right part of the chart.
There are mainly foreign beers in this part of the chart. On the other hand,
some of the foreign brands were evaluated quite positively, which was

reflected in their position in the ,,sen-
sory map“.

mické slozeni, Ize v prvém pfibli-
zeni zfejmé vystacit s rozborem
zahrnujicim zakladni chemické
parametry. Aby bylo mozno tyto
rozdily kvantifikovat, bylo tfeba
najit tzv. mezni hodnoty, tj. hod-
noty, které uréuji, kdy je rozdil
mezi obéma skupinami piv nej-
vétsi. Redenf tohoto problému vy-
chazi z nasledujiciho pfistupu:

Colour < 8,75

2.3 Defining a Czech-type beer

If one wants to make a defini-
tion of a ,,Czech-type beer”, one
can use the above data as a ba-
sis. Concerning chemical compo-
sition, an analysis comprising ba-
sic chemical parameters should
be sufficient, at least in the be-
ginning. In order to quantify the

Hoftlavé latky < 23,5

jako pfiklad je uveden obr. 18 pro 7
parametr barva, na kterém je zo-
brazena hustota pravdépodob-
nosti vyskytu hodnot barvy pro
skupinu tuzemskych a zahrani¢-
nich piv. Graf se sklada ze dvou
kfivek s pfiblizné normalnim roz-
délenim. Tam, kde se obé krivky
protnou, lezi zminény nejlepsi od-
had mezni hodnoty.

Ceska piva v drtivé vétsiné

T — tuzemska piva/inland beers
Z — zahrani¢ni piva/foreign beers

set classification tree — b (2002)

Obr. 15/Fig. 15 Klasifikacni strom souboru piv — b (rok 2002)/Beer

differences it was necessary to
find the so-called limit values, i.e.
values which define the largest
difference between the groups.
The solution to this problem co-
mes from the following approach.
Fig. 18, which shows the density
of probability of incidence of co-
lour values for both beer groups,
making thus use of colour as the
parameter. The chart consists of

Bitter substances < 23,5
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obsahuji zbytkovy (neprokva-
éeny) extrakt Lze fFici, ze to je
spiva ¢eského typu“. Naopak dr-
tiva vétSina zahranicnich piv je
prokvasena uplné nebo témér

Tab. 4/Table 4 Tabulka k urceni typu piva (sestavena z analyz piv
z roku 2002)/Assignment of beer type (constructed from the 2002
beer analysis)

two curves with a nearly normal
distribution. The point where the
curves intersect is the best app-
roximation of the limit value.

uplné. Dale se Ceska piva vy-

znacuji vySsi barvou, horkosti,

vy$Sim pH a vysSim obsahem
polyfenolovych latek. (Pozn.
Je samoziejmé, Ze v nékterych

zemich, napf. v Némecku, se |pH

vyrabéji i specialni typy lezakul

Analyticky parametr/ Mezni hodnota/Limit value The majority of Czech beers
Analytical parameter contain residual (unfermented) ex-
Rozdil prokvaseni/Attenuation difference [%] Z<10<T tLact. It can be Sltathed to be one 0;
: the most typical characteristics of

52?&?;‘3@7 L. EBC] ZZZS;S :_-II_- a ,,Czech-tillgt_e beer. On the other
) . . hand, the majority of foreign beers
Bitter substances [j. EBC/EBC units] are completely or almost comple-
Z<445<T tely fermented. Some of the other

Polyfenoly/Polyphenols [mg/l] Z<135<T characteristics typical for Czech

s horkosti 35-40 j. EBC; jde ale
spiSe o speciality, a ne o ,8nU-
rova“ piva vyrabéna ve velkych objemech).

Na zéakladé tohoto postupu byla vytvofena tab. 4, ktera obsahuje
mezni hodnoty pro zékladni analytické parametry. Podle ni Ize pfi-
blizné urcit, jestli pivo nabyva spi$e charakteru ,Ceského typu*, nebo
se jedné o zahranic¢ni pivo. Je v8ak tfeba upozornit na skute¢nost, ze
hodnoty jednotlivych parametrl se v urcitém rozsahu vzdy prekryvaji
a mohou se mirné ménit v zavislosti na ro¢niku. Tabulku také nelze
interpretovat tak, Ze ¢im vice vpravo (vlevo) od mezni hodnoty se
dany parametr naléz4, tim vice nabyva pivo charakteru ,Ceského typu“
(zahrani¢niho piva). Napf. pro parametr barva plati, ze nejpravdépo-
dobnéjsi hodnota pro Ceské pivo je asi 10,5 j. EBC a pro zahraniéni
7 j. EBC (viz téz krabicovy graf na obr. 2).

3 VLIV VYBRANYCH FAKTOBlil’NA ROZDILY MEZI
TUZEMSKYMI A ZAHRANICNIMI PIVY

Rozdily mezi tuzemskymi a zahrani€nimi pivy Ize rozdélit na dvé
skupiny. Do prvni skupiny patfi parametry, které si urCuje sam vy-
robce: patfi sem vy88i zbytkovy extrakt a vy$si hotkost v tuzemskych
pivech, zahrani¢ni byvaji naopak hloubégji prokvasena a jsou méne
horka. To je dano pfedevsim tradici, zvyklostmi a vkusem konzu-
menta.

Do druhé skupiny nalezi parametry, které jsou ovlivnény kvalitou
a skladbou surovin a technickymi nebo technologickymi podminkami.
Vliv téchto faktor(i byl studovan v &tvrtprovoznich a poloprovoznich
varkach. Byl zkouman vliv téchto faktor(: pouzitého sladu (typicky
Cesky slad v porovnani se zahrani¢nimi slady vyrabénymi kracenym
technologickym postupem), varniho postupu (infuze, jednormutovy,
dvourmutovy a tfirmutovy postup) a zpusobu kvaseni (klasicky zpG-
sob, kvaseni v CKT, rozdil mezi zdanlivym a dosazitelnym prokvase-
nim nula a vice procent). Bylo zjiStovano, jaky vliv maji tyto faktory
na analytické a senzorické vlastnosti piva a zda mohou vySe zminéné
rozdily ovlivnit. Tato €ast Ukolu byla feSena formou provoznich po-
kusU a poloprovoznich varek.

Vysledky jsou podrobné diskutovany v [6, 7, 8]. Vzhledem k ome-
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Obr. 16/Fig. 16 Faktorova analyza — bodovy graf senzorickych para-
metru piv (rok 1999)/Factor analysis — dot diagram of sensory para-
meters of the beers (1999)

beers. (There are special types of
lager with bitterness around 35-45
EBC units produced in several countries, e.g. in Germany. These are
mostly specialities and not mass-produced beers.)

Table 4, which contains the limit values for the basic analytical pa-
rameters, was created using the above procedure. The table can
roughly indicate if a beer is more of the ,Czech type“ or if it is a fore-
ign beer. It should be noted, however, that the values of the individual
parameters overlap to some extent and can vary with the year. The
table also cannot be interpreted as showing that the more the values
go to the left (right) of the limit value, the more of a ,,Czech type“ na-
ture (foreign nature) a beer has. For instance, the most probable va-
lue of the colour parameter is about 10,5 EBC units for a Czech beer
and 7 EBC units for a foreign brand (see also the box chart in Fig. 2).

3 EFFECT OF SELECTED FACTORS ON THE DIFFERENCES
BETWEEN CZECH AND FOREIGN BEERS

We can state that the differences between Czech and foreign be-
ers can be divided into two groups. The first group consists of para-
meters, which are set by the producer: higher residual extract and
higher bitterness in Czech beers, deeper fermentation and lower bit-
terness in foreign beers. This is mainly given by tradition, convention
and the taste of the consumer.

Parameters which are influenced by the quality and composition of
the raw materials and technical and technological conditions belong to
the other group. The influence of these factors was studied in semi pi-
lot- and pilot-plant brews. We studied the effect of the following factors:
malt (typical Czech malt compared to foreign malts produced by a shor-
tened technological process), effect of the brewing process (infusion,
one-, two- and three-mash method) and the fermentation process (clas-
sical process, fermentation in cylindrical-conical tanks, difference bet-
ween the apparent and attainable fermentation of zero per cent and
more). We determined the influence of these factors on the analytical
and sensory properties of the beer and tried to find out whether they
can influence the above differences. This part of the study was perfor-
med in plant experiments and pilot-plant brews. The results are dis-
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hotkost/bitterness parfémova/perfumy stard/stale
doznivani/bitterness tail po rozpoustédlech/solvent-like autolyzacni/autolysed
plnost/body sladkd/sweet kyseld/acidic

tiz/carbonation
trpkd/adstringent
ovocné/esterova/friuty/estery
chmelova/hoppy

Obr. 17/Fig. 17 Faktorova analyza — graf faktorovych vah vybranych
senzorickych parametr( piv/Factor analysis — diagram of factor we-
ights of selected sensory beer parameters

sirupova/syrupy
mladinova/worty
kvasni¢na/yeasty
oxidacni/oxidized

sklepni/cellar
celk. subj. dojem/
overall impression
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/Density function

Hustota pravdépodobnosti/

Barva (j. EBC)/Colour (EBC u.)

T — tuzemska piva/inland beers
Z — zahranini piva/foreign beers

Obr. 18/Fig. 18 Graf hustoty pravdépodobnosti hodnoty barvy tu-
zemskych a zahranicnich piv/The probability density chart of colour
values of Czech and foreign beers

sledky.

3.1 Vliv pouzitého sladu

V provoznim méfitku byly pfipraveny tfi slady: slad A vyrobeny
ze smési Ceskych odrid klasickou technologii, slad B vyrobeny
z ¢eské odrldy intenzifikovanou zahraniéni technologii a slad C vy-
robeny ze zahraniéni odrlidy Linus rovnéz zkracenou technologii.
Z vyrobenych sladt byla v poloprovoznim méfitku pfipravena
3 piva, a to klasickym varnim postupem, kvaseni probihalo dvou-
fazove.

Ze vSech piv byly udélany podrobné rozbory véetné obsahu téka-
vych latek, mastnych kyselin a polyfenold. V zakladnich analyzach
(kromé barvy), v obsahu tékavych latek a mastnych kyselin se piva
lisila jen malo. Rozdily byly zaznamenany v obsahu celkovych poly-
fenolovych latek, anthokyanogen a flavanoll, nejvy$si obsah byl za-

nejlépe hodnocené pivo A, nejhlre C.

3.2 Vliv varniho postupu, zplisobu kvaseni a hloubky
prokvaseni

Celkem bylo ve &tvrtprovoznim méfitku uvareno 15 varek, kde byly

vzajemné kombinovany nasleduijici tfi faktory:

a) varni postup (infuze, jednormutovy, dvourmutovy a tfirmutovy po-
stup)

b) zplsob kvaseni (klasicky postup, CKT)

c) hloubka prokvasSeni (rozdil mezi zdanlivym a dosazitelnym pro-
kvasenim nula a vice procent).

Vysledky byly zpracovany tfifaktorovou analyzou rozptylu. Lze je
shrnout nasledovné:

1) Uvedené tfi faktory nemeély zadny podstatny vliv na barvu piva.
Pravdépodobné se na vysledné barvé piva vice podili kvalita
surovin (obsah prekurzorli Maillardovych reakci) a intenzita
provzdudnéni béhem varniho procesu. U zahrani¢nich piv se
zfejmé projevuje snaha co nejvice omezit pfistup kysliku ve
varné.

2) PFicinou rozdilnych hodnot pH v tuzemskych a zahrani¢nich pi-
vech mlze byt pouziti odliSnych surovin, popf. ¢asto provadéné
umelé okyselovani dila v zahrani€nich pivovarech.

3) V pfipadé obsahu celkovych polyfenoll se jasné prokazalo, ze na
jejich obsah v pivu ma vliv rmutovaci postup. Pfi pouziti dalSich
rmutl stoupd extrakce polyfenolll (viz obr. 19) a jejich oxidace.

4) Vy$si obsah acetaldehydu v tuzemskych pivech pfimo souvisi
s nizsi hloubkou prokvaseni téchto piv. Se zvySujicim se stupném
prokvaseni je acetaldehyd vice odbouravan. Je to parametr sou-
visejici s tradiéni ¢eskou technologii.

5) Vice oxidu sifi¢itého obsahovala klasicky kvasena piva. S rostouci
hloubkou prokva$eni se jeho obsah mirné snizoval. Na obsah SO,
maji v8ak vliv i jiné faktory, nejvétsi pouzity kmen.
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Rmutovaci postup/Mashing system

0 — infazni zptisob/infussion method

1 — jednormutovy zpusob/one mash method
2 — dvourmutovy zpusob/two mash method
3 — tfirmutovy zpusob/three mash method

Obr. 19/Fig. 19 Vliv rmutovaciho postupu na obsah polyfenolti
v pivu/Influence of the mashing process on the polyphenol content
in beer

cussed in detail in [6, 7, 8]. In view of the limited size of this paper, only
the most important results are mentioned in the following text.

3.1 Effect of malt

We prepared three malts on a plant scale: malt A manufactured from
amixture of Czech varieties using by a classical technology, malt B made
from a Czech variety using an intensified foreign technology and malt C,
produced from the foreign variety Linus also using the intensified tech-
nology. Three beers were made from the prepared malts in a pilot-plant
classical brewing process. The fermentation took place in two phases.

All the beers were thoroughly analysed, including the analysis for
the content of volatile compounds, fatty acids and polyphenols. Apart
from colour, the basic tests as well as the content of volatile com-
pounds and fatty acids showed only minor differences. The major dif-
ferences were found in the content of total polyphenol compounds,
anthocyanogens and flavanols beer; A had the highest values, beer
C the lowest. In regard of sensory parameters, beer A was evalua-
ted as the best, beer C was the lowest quality.

3.2 Influence of the brewing process, fermentation process, and
depth of fermentation
A total of 15 brews were performed in a semi pilot-plant process,
in which the following factors were combined:
a) brewing process (infusion, one-, two- and three-mash process)
b) fermentation process (classical process, cylindrical-conical tanks)
c) attenuation difference (difference between the apparent and final
attenuation zero and more per cent)

The results were processed using a three-factor ANOVA. The sum
of the results:

1) The three above factors did not influence the colour of the beer to
any significant extent. The colour of the beer is likely to depend
more on the quality of the raw materials (the content of Maillard
reaction precursors) and the intensity of aeration during the bre-
wing process. The foreign beers apparently reflex the effort to re-
duce the access of oxygen in the brewhouse.

2) The differences in the pH value between Czech and foreign beers
may be due to the use of different raw materials or artificial acidi-
fication of the product, which is often done in foreign breweries.

3) The content of total polyphenols was found to be clearly affected
by the mashing process, the polyphenol extraction and their oxi-
dation rising with additional mashes (Fig. 19).

4) The higher acetaldehyde content in Czech beers is related to the
lower fermentation depth of these beers. Acetaldehyde degrada-
tion is stronger with rising fermentation degree. This parameter is
related to the traditional Czech technology.

5) The classically fermented beers contained more sulphur dioxide,
its content decreasing slightly with increasing depth of fermenta-
tion. There are also other factors that influence the SO2 content,
in particular the strain used.
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6) Podle ocekavani klasicky kvasena piva obsahovala méné vicinal-
nich diketonl (diacetylu i pentandionu) nez piva z CKT, je vSak
tfeba pfihlédnout k optimalizaci kvasného postupu.

V pfipadé dopadu jednotlivych vlivii na senzorické vlastnosti mo-
delovych piv byly zjistény tyto skute€nosti:

7) Pokud jde o vliv rmutovaciho postupu, relativné nejhlife byla hod-
nocena piva varena infuznim zplsobem, avsak nejednalo se o vy-
boceni z piv ,Ceského typu“. Celkové se projevila mirna tendence
hodnotit Iépe piva s urcitym zbytkovym extraktem; tato piva méla
také ponékud vyssi plnost. Je ovSéem tfeba poznamenat, Ze tato
korelace nemusi mit pfi€inny vztah a muze byt souhrou dal$ich
faktorl. Na druhé strané ani piva s vysokym zbytkovym extraktem
(rozdil prokva$eni pfes 10 %) nejevila néjaké znamky vyraznéjsiho
chutového poskozeni.

4 ZAVER

Pivo ¢eského typu se vyznacuje na rozdil od béznych zahrani¢nich
lezakl pFitomnosti neprokvaseného extraktu, vy$s$i horkosti a barvou,
vy$8im obsahem polyfenolll a hodnotami pH. Po senzorické strance
je charakterizovano vy$si plnosti, horkosti, delSim doznivanim horkosti
a niz§im vyskytem cizich chuti a vini. Po technologické strance ma
dominantni vliv slozeni sypani a mira chmeleni a jejich sladéni s vy-
bérem kvasni€éného kmene a pouzitym zpusobem kvaseni, to vSe
v jednom celku zajisténém tradici a lidskym faktorem. Vysledky rov-
néz naznacuji, ze neuvazend intenzifikace by mohla s sebou pfinést
zménu charakteru ¢eského piva, které by se svym slozenim pfibliZilo
piviim zahrani¢nim a ztratilo tak sv(j vyluény charakter.

Podékovani: Autofi dékuji CSPS, ktery se podilel na finanéni
podpoie tohoto projektu.

Lektoroval Doc. Ing. Jan Savel, CSc.
Do redakce doslo 15. 9. 2003
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The article maps in detail the situation in Czech brewing industry
at the beginning of the new millennium and characterizes the diffe-
rences between Czech beers and foreign lager- or Pils-type beers.
On the basis of an extensive set if analytical and sensory data we
defined a so-called ,Czech-type“ beer, which differs from the majo-
rity of foreign beers in many attributes. The ,Czech-type” beer is spe-
cific by the presence of unfermented extract, higher bitterness and
colour, higher polyphenol content and higher pH values. Considering
the sensory attributes, it is typical by its higher fullness, bitterness,
longer bitterness fading and lower presence of foreign flavours and
aromas. Technologically, the most important factors are the compo-
sition of the grist, extent of hopping and their attuning to the choice
of the yeast strain and the fermentation process used.

6) As expected, classically fermented beers contained more vicinal
diketones (diacetyl and pentanedione) compared to beers from the
cylindrical-conical tanks. However, the optimisation of the fermen-
ting process should be taken into account in this context.

The following facts were found when studying the influence of the
individual factors on the sensory properties of model beers:

7) Considering the influence of the mashing process, beers brewed
by the infusion process had the relatively lowest rating, but they
did not deviate too much from the ,Czech type“. There has been
a tendency to rate better the beers with some residual extract,
which were also rather fuller. However, it should be noted that this
correlation need not have to have a causal basis and may be rat-
her a combination of other factors. On the other hand, even beers
with high residual extract (attenuation difference over 10%) did not
show any signs of a significant taste loss.

4 CONCLUSION

Compared to common foreign lagers, ,Czech-type“ beer can be
distinguished by the presence of unfermented extract, higher bitter-
ness and colour, higher polyphenol content and higher pH. As to its
sensory attributes, it is characterized by higher fullness, bitterness,
longer bitterness fading and lower presence of foreign flavours and
aromas. Technologically, the most important factors are the compo-
sition of the grist and the extent of hopping and their suitability for the
chosen yeast strain and the fermentation process used. All these fac-
tors and requirements should mesh into a unified whole ensured by
tradition and by the human factor. The results also suggest that non-
judicious intensification could cause a change in the character of the
Czech beer, which would then lose its exclusive character and as-
sume a composition similar to the foreign beers.
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Im diesen Artikel wurde Stand der tschechischen Brauindustrie an
der Wende des Jahrhunderts beschrieben. Der Unterschied unter den
tschechischen und ausléandischen Lager- oder Pilsbieren wurde analy-
siert. Auf Grund der ausgedehnten Dateien von Analytischen- und Sen-
sorischenwerten wurde in Typ des Bieres vom tschechischen Typ ana-
lysiert, das durch seine Charakteristik von vielen auslandischen Bieren
sich unterscheidet. Das Bier des tschechischen Typs wird durch einen
unvergorenen Extrakt, einige hdhere Werten von Bitternis, Farbe, Po-
lyphenols und pH charakterisiert. Weiter kann dieses tschechische Bier
durch eine erhéhte Volimundigkeit, einen langeren Bitternisnachklang
und Aroma analysiert werden. Die Schiittung, Hopfendosieren und ihre
Harmonisierung mit einem Hefestamm und die Auswahl des Garungs-
verfahrens spielt auch eine wichtige Rolle bei der Bierherstellung.
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B cratbe nogpo6HO OMMCHIBAOTCA WUCTOpUS MMBOBapeHns B Yexmm B
KOHLIE MPe/bIAyLLIErO ThICAYUNETHS 1 Pa3HNLI MEXBY HELLICKVMM MMBAMM NAarepHoro Tina
M NNb3EHLCKOro Thna u 3apy66)KHbIMI/I. Ha ocHoBe 6a3bl aHAMTUYECKMX W CEH30PHbIX
[AaHHbIX 6b1710 OMPEAENEHO T. Ha3. B YELLICKOrO TUNa, KOTOPOE OT/NUAETCS N0 CBOEMY
XapakTepy oT GOMbLIMHCTBA 3apy6eXxHbIX MuB. MMBO YELLCKOrO Tuma OTanYaeTcs
HasMu1eM HeCOPOKEHHOT0 SKCTPaKTa, 60ree BbICOKON FOpeUbI0 1 LIBETOM, UMeeT 60nee
BbICOKOE COfiepKaHue nonudpeHonos 1 BeMnumHbl pH. Y70 Kacaetcsi CeH30pHbIX
CBOWCTB MMBO YELLICKOrO TWMa MMeeT 60nee BbICOKYHO BKYCOBYHO HACbILLEHHOCTb
1 VHTEHCVMBHOCTb rOpeYM, v 60Nee H13Koe MOSBAIEHME Yy)KnX MPUBKYCOB M 3araxos.
C TeXHOMor14Yeckoit TOYKM 3peHna UMeeT rnaBHoe BMAHWE COAepXaHue 3achinku
W CTeneHb OXMeneHua W WX COOTBETCTBME C VI36paHHbIM LTaMmoM npommeﬁ
11 UCMOMb30BaHHbIM CTIOCOOGOM GPOXKEHMS.



