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Mikys$ka, A., Psota, V., 2017: Pivovarské zkousky odriid jeémene registrovanych v Ceské republice. Kvasny Prum. 63(5): 248—260

Podrobna analyza sladu sice poskytuje informace o pfedpokladech pro jeho zpracovani v pivovaru, jednoznacny vztah mezi kvalita-
tivnimi znaky sladu a kone¢nou, zejména senzorickou kvalitou piva neexistuje. Clanek shrnuje vysledky tfiletych pilotnich varnich testd
s odridami je¢émene doporu¢enymi pro vyrobu piva s chranénym zemépisnym oznacenim ,Ceské pivo“ Blanik, Bojos, Francin, Laudis
550, Malz, Petrus a Vendela a odrddami pro vyrobu exportnich sladt Kangoo, Sebastian, Sunshine a Xanadu. Vysledky ukazaly nekteré
specifické vlastnosti odriid a pfispély k poznatkiim o relacich mezi kvalitativnimi znaky sladu a senzorickou kvalitou ¢eského lezackého
piva. Analyzou hlavnich komponent (PCA) senzorické kvality piv byly ¢asteéné odligeny odridy pro ,Ceské pivo* a odridy pro exportni
slad. Barva piv je ovlivnéna dekokénim rmutovanim, predikce z barvy sladu je nepresna. Nizsi stupen prokvaseni potlacil trpkost a kyse-
lost piv. PInosti chuti piv byla pozitivné ovlivnéna celkovymi polyfenoly a horkosti piv, horkost korelovala i s fizem piv.

Mikyska, A., Psota, V., 2017: Brewing trials of barley varieties registered in the Czech Republic. Kvasny Prum. 63(5): 248-260

Though detailed analysis of malt provides information on the characteristics suitable for its processing in the brewery, the unequivo-
cal relationship between the quality characteristics of the malt and the final, especially sensory, quality of the beer does not exist. The
article summarizes the results of three-year pilot brewing tests with the barley varieties recommended for the production of beer with the
protected geographical indication “Czech beer” Blanik, Bojos, Francin, Laudis 550, Malz, Petrus and Vendela and varieties for the pro-
duction of export malts Kangoo, Sebastian, Sunshine and Xanadu. The results showed some specific characteristics of the varieties and
contributed to the knowledge of the relations between the quality features of the malt and the sensory quality of the Czech lager beer. The
analysis of the Principal Component Analysis (PCA) of the sensory quality of beers partly differentiated varieties for "Czech beer" from
the varieties for export malts. The color of beers is affected by decoction mashing, the prediction from malt color is inaccurate. A lower
attenuation reduces bitterness and sourness of beers. The palate fullness of the beers was positively influenced by the total polyphenols
and the bitterness of the beers, the bitterness correlated with beer carbonation.

Mikyska, A., Psota, V., 2017: Die Brauversuche der in der Tschechischen Republik registrierten Gerstensorten. Kvasny Prum.
63(5): 248—-260

Die ausfihrliche Analyse des Malzes bietet zwar die Informationen Uber seine Verarbeitung in der Brauerei an, aber eine eindeutige
Beziehung unter qualitativen Malzparametern und endlichen sensorischen Bierqualitéat existiert nicht. Der Artikel fasst die Erdgebnisse
von drei Jahren der Brausiedenversuche mit den flir Brauherstellung mit der geschiitzten geographischen Bezeichnung ,Ceské pivo“
(Tschechisches Bier) empfohlenen Malzsorten Blanik, Bojos, Francin, Laudis 550, Malz, Petrus, Vendela und fir Exportmalzherstellung
empfohlenen Malzsorten Kangoo, Sebastian, Sunshine und Xanadu zusammen. Die Ergebnisse haben einige spezifische Malzsorte-
neigenschaften gezeigt und zu den Erkenntnissen Uber Relationen unter qualitativen Malzmerkmalen und sensorischen Qualitat des
tschechischen Lagerbieres beigetragen. Durch die Analyse von Hauptdeskriptoren (PCA) der sensorischen Bierqualitat wurden teilweise
die Malzsorten fiir ,,Ceské pivo“ (Tschechisches Bier) und Exportsorten. Die Bierfarbe wird durch Dekoktionsmaischen beeinflusst, die
Vorhersage durch die Malzfarbe wurde nicht genau. Ein niedrigerer Vergarungsgrad unterdriickte die Bierbitterkeit und —Saure. Durch
die Polyphenols und Bierbitterkeit haben die Vollmiindigkeit des Bieres positiv beeinflusst, die Bierbitterkeit hat mit der Suffigkeit des

Bieres korreliert.

Kli¢ova slova: odrudy jecmene, slad, pivo, senzoricka kvalita

1UVOD

Odrudy jeEmene pfihlaSené do zkouSeni pro registracni fizeni jako
sladovnickeé jsou Vyzkumnym ustavem pivovarskym a sladafskym
(VUPS) detailné hodnoceny z hlediska sladovnickych vlastnosti,
kvality sladu. Podrobna analyza sladu sice poskytuje informace
o prfedpokladech pro jeho zpracovani v pivovarské vyrobé a o moz-
nosti dosazeni urcité Urovné kvalitativnich parametrd piva, nicméné
jednoznacny vztah mezi kvalitativnimi znaky sladu a kone¢nou kva-
litou piva, zejména jeho senzorickymi vlastnostmi, neexistuje. Proto
je vhodné pfi porovnavani zavedenych odrid a hodnoceni perspek-
tivnich odriid jeémene na sladovaci zkousky navazat testovanim
sladu pfi vyrobé piva. Komeréni ispéch sladovnické odrudy je¢mene
zavisi na akceptaci pivovary, zaméné dosud pouzivanych odriid no-
vou odrlidou pfi zachovani urovné kvalitativnich standard( pivovaru,
nebo dosazeni lepSich senzorickych vlastnosti piva.

Varni pokusy s novymi odrGdami v pilotnim méfitku umoznuiji
v pfedstihu pfed provoznim nasazenim odhalit pfednosti ¢i nedostat-
ky v pivovarskych vlastnostech odriid a porovnat novou surovinu se
zavedenymi odrGdami. Tento krok v fetézci Slechtitelé — sladovny —
pivovary, pfinasejici véasnou informaci o pivovarskych vlastnostech
nové odridy, mize uspofit ¢as i prostfedky.

Keywords: barley varieties, malt, beer, sensory quality

1 INTRODUCTION

Varieties of barley submitted for examination for registration as
malting ones are examined in detail by the Research Institute of
Brewing and Malting (RIBM) in terms of malting properties and malt
quality. Though detailed analysis of malt provides information on
characteristics suitable for its processing in brewing production and
on the possibility of reaching a certain level of quality parameters of
beer, there is no clear relationship between the quality features of
malt and the final quality of beer, especially its sensory properties.
When comparing the established varieties and evaluating the varie-
ties of barley promising for the malting test it is therefore appropriate
to add a malt test in beer production. The commercial success of
a malting barley variety depends on the acceptance by the brewer-
ies, and the replacement of the varieties currently in use by a new
variety while maintaining the quality standards of the brewery or
achieving better sensory characteristics of the beer.

Brewing trials of new varieties on a pilot scale make it possible to
detect merits or shortcomings in brewing properties of the varieties in
advance of operational deployment and to compare the new raw ma-
terial with established varieties. This step in the sequence breeders
— malthouses — breweries, that provides timely information on brew-
ing properties of new varieties, can save time and resources.
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Vybrané kvalitativni znaky sladd vyrobenych z odrid jarniho jec-
mene doporucenych pro vyrobu piva s chranénym zemeépisnym
oznacéenim (CHZO) ,,Ceské pivo“ se musi pohybovat v urcitém roz-
péti (Commission, 2008). Odridy doporucené pro vyrobu piva
s CHZO ,Ceské pivo“ se v téchto vybranych kvalitativnich znacich
i8i od odriid poZadovanych zahraniénimi odbérateli sladu.

VUPS kazdoro¢né provadi pivovarské pokusy se spektrem odrlid,
které jsou zpracovavany velkymi tuzemskymi sladovnami. V roce
2014 (sklizen 2013) byly zahajeny pivovarské varni pokusy s odrQ-
dami zafazenymi do Seznamu doporucenych odrid jarniho je¢me-
ne, u kterych neni vzdy objem suroviny dostatecny pro sladovani
v provozu. O potfebnosti testl zejména odrud pro ,Ceské pivo“ svéd-
¢i i skute€nost, Ze tyto odrldy jsou péstovany na vice nez poloviné
ploch osetych sladovnickym jeémenem (Psota et al., 2017).

Tento ¢Elanek shrnuje vysledky pilotnich varek se slady z jedenéc-
ti odrid jeCmene, které byly v testech od zacatku projektu, tedy tfi
roky. Jsou to odrudy doporucené pro vyrobu piva s CHZO ,Ceské
pivo“ Laudis 550, Petrus a Vendela registrované v roce 2013, odrlida
Francin registrovana v roce 2014 a dvé dfive registrované odridy
Blanik (2007), Bojos (2005) a Malz (2002). Sladovnické odrldy pro
exportni slady byly zastoupeny jeémeny odrid Kangoo (2008), Se-
bastian (2005), Sunshine (2012) a Xanadu (2006). Popisy uvede-
nych odrdd jsou uvedeny v Jeémenarské ro¢ence 2017 (Psota,
2017). V roce 2014 byly dale zkouSeny odridy Zhana a Artur, v roce
2016 to byly odriidy Gesine, Kampa, KWS Irina, Sanette a dvé sla-
dovnické odridy ozimého jecmene KWS Ariane a Wintmalt. V roce
2017 byla varena piva ze sladl odrtd pro ,Ceské pivo“ Bojos, Fran-
cin, Laudis 550, Manta, Malz, Petrus a Vendela a odrlid pro export
Kampa, Kangoo, KWS Amadora, KWS Irina, LibuSe, Odyssey, Over-
ture, Pionier, Sebastian, Sunshine, Tango, Xanadu a ozimé odridy
KWS Ariane. Rozsifi se tak spektrum odriid testovanych vice let.

2.1 MATERIAL A METODY

2.1 Slady

Ve varnich pokusech byl v letech 2014 az 2016 (sklizné 2013 az
2015) testovan soubor sladli z odrid jarniho je¢mene zafazenych
do Seznamu doporuéenych odrid jeémene. Jednalo se o odrlidy do-
poruéené pro vyrobu piva s CHZO ,Ceské pivo“ Blanik, Bojos, Fran-
cin, Laudis 550, Malz, Petrus a Vendela. Z dalSich sladovnickych
odrdd jsou v souboru jarni odridy Kangoo, Sebastian, Sunshine
a Xanadu.

Ze vzorkl zrna uvedenych odrGd ziskanych v pfisluSném roce
sklizné byly pfipraveny laboratorni slady jednotnym postupem, uve-
denymv tab. 1.

Tab. 1 Podminky pokusného sladovani
Table 1 Conditions of experimental malting

doba teplota
time (h) temperature (°C)

MACENI/STEEPING
Namacka / water 5 14
vzdu$na prestavka / rest 19 14
Namacka / water 4 14
vzdusna prestavka / rest 20 14
Namacka / water 3 14
vzdus$na prestavka / rest 21 14
Celkem / Total 72 14
KLICENI / GERMINATION 72 14
HVOZDENI / KILNING

12 55

1.5 65

1.5 70

1.5 75

4 80

2.2 Varni pokusy

Varky byly provedeny v souladu s regulemi uvedenymi v zadosti
0 CHZO ,Ceské pivo“ (Commission, 2008) na dvounadobové varné
s nepfimym otopem o jmenovitém objemu 501. Pro pfipravu 11%
varek byl pouzit dekokéni jednormutovy postup (obr. 1). Varky byly

The selected quality characteristics of malts produced from the
spring barley varieties recommended for the production of beer with
the PGI “Czech beer” must be within a certain range (Commission,
2008). The varieties recommended for the production of beer with
PGl “Czech beer” differ in these selected features from the varieties
requested by foreign malt buyers.

The RIBM annually performs brewing trials with the spectrum of
varieties that are processed by large domestic malthouses. In 2014
(harvest 2013), RIBM started brewing trials with varieties listed in the
List of recommended varieties of spring barley, where the volume of
raw material is not always sufficient for operational malting. The ne-
cessity of the tests, particularly for “Czech beer” varieties, is docu-
mented by the fact that these varieties are grown on more than half
of the areas sown with malting barley (Psota et al., 2017).

This article summarizes the results of pilot tests of malts of eleven
barley varieties that have been tested since the start of the project,
i.e. within three years. These are the varieties recommended for the
production of beer with the PGI “Czech beer” — Laudis 550, Petrus
and Vendela registered in 2013, the Francin variety registered in
2014 and three previously registered varieties Blanik (2007), Bojos
(2005) and Malz (2002). Malt types for export malts were represent-
ed by barley varieties Kangoo (2008), Sebastian (2005), Sunshine
(2012) and Xanadu (2006). Descriptions of these varieties are given
in the Barley Alimanac 2017 (Psota, 2017). The varieties Zhana and
Artur were further tested in 2014; in 2016, the tested varieties in-
cluded Gesine, Kampa, KWS Irina, Sanette and two malting winter
barley varieties KWS Ariane and Wintmalt. In 2017, the tests were
performed with varieties Maltese, Francin, Laudis 550, Manta, Malz,
Petrus and Vendela malt varieties for the “Czech beer”, and varieties
Kampa, Kangoo, KWS Amadora, KWS Irina, Libuse, Odyssey, Over-
ture, Sebastian, Sunshine, Tango, Xanadu and winter KWS Ariane
destined for export. The spectrum of varieties undergoing multi-year
testing is thus going to be expanded.

2 MATERIAL AN METHODS

2.1 Malt

The set of malt barley varieties listed in the List of recommended
barley varieties underwent brewing trials, in 2014-2016 (harvests 2013
to 2015). It included the varieties recommended for the production of
beer with PGl “Czech beer” Blanik, Bojos, Francin, Laudis 550, Malz,
Petrus and Vendela. Other malting varieties in the tested set involved
spring varieties Kangoo, Sebastian, Sunshine and Xanadu.

Grain samples of the varieties obtained in the relevant harvest
year were used to prepare malts prepared by a uniform procedure
given in Table 1.

2.2 Brewing trials

The test brews were carried out in accordance with the rules set
out in the application for PGl “Czech beer” (Commission, 2008) in
a two-vessel brewhouse with indirect heating with a nominal volume
of 50 liters. A one-step decoction mashing procedure (Fig. 1) was
used for the preparation of 11% brews. The brews were lautered and
sparged together to the overall extract content in the wort. The delay
in the lauter tun before lautering was 20 minutes.

Hopping (hop CO, extract of Magnum variety and Saaz hop pellets
1:1) was done in three doses, 30% at the beginning, 50% after 30
minutes, and 20% of hops 10 minutes before the end of the hopping.
Atmospheric wort boiling lasted 80 minutes. The hopped wort was
desludged in a vortex tub, cooled by a plate cooler to a pitching tem-
perature of 10 °C and aerated to a dissolved oxygen content of 8
+/- 0.5 mg/I.

The main fermentation took place in open vats. The wort was
pitched with 370 g/hl of pressed pitching yeast strain No. 95 from the
RIBM collection. The maximum fermentation temperature was 12 °C
+ 0.1 °C. At a difference between apparent and achievable attenua-
tion of about 10%, the brew was chilled to 5-6 °C for 24 hours and
vatted. The storage temperature was in the range of 1-2 °C. The
storage time was three weeks at a bunging pressure of 100 kPa.

The beer was filtered through a plate filter and bottled on a bot-
tling machine with double bottle evacuation and pre-filling with car-
bon dioxide. Bottled beer was pasteurized in an immersion bath di-
gester to a level of about 20 PU.

2.3 Analysis
The analysis of barley and malt samples was performed according
to the EBC Analysis methodology (2010) and MEBAK (MEBAK,
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scezeny a vyslazeny na obsah extraktu ve sladiné pohromadé. Pro-
dleva ve scezovaci kadi pred scezovanim trvala 20 minut. B

Chmeleni (chmelovy CO, extrakt z odrlidy Magnum a granule Za-
teckého poloraného Cervefidku 1:1) bylo ve tfech davkach, 30%
na zacatku, 50 % po 30 minutach a 20 % chmele 10 minut pfed kon-
cem chmelovaru. Atmosféricky chmelovar trval 80 minut. Mladina
byla odkalena ve vifivé kadi, dochlazena deskovym chladi¢em
na zakvasnou teplotu 10 °C a provzdusnéna na obsah rozpusténého
kysliku 8+/- 0,5 mg/I.

Hlavni kvaseni probéhlo v otevienych kadich. Mladina byla zakva-
Sena davkou 370 g/hl lisovanych nasadnich kvasnic kmene ¢. 95
sbirky VUPS. Maximalini teplota kvaseni byla 12 °C + 0,1 °C. P¥i
rozdilu mezi zdanlivym a dosazitelnym prokvasenim cca 10 % byla
varka béhem 24 hodin zchlazena na teplotu 5-6 °C a sudovana.
Teplota lezeni byla v rozmezi 1-2 °C. Doba lezeni byla tfi tydny pfi
hradicim tlaku 100 kPa.

Piva byla filtrovana deskovym filtrem a sto€ena do lahvi na strojo-
vém plniéi s dvojitou evakuaci lahvi a pfedplnénim lahvi oxidem uh-
licitym. StoCené pivo bylo pasterovano v ponorném pastéru na uro-
ven cca 20 PU.

2.3 Analyzy

Rozbor vzorkd jeémene a sladu byl proveden podle metodik uve-
denych v analytice EBC (EBC Analysis committee, 2010) a MEBAK
(MEBAK, 2011). Analyzy chmele, mladin a piv byly provedeny podle
Analytiky EBC (EBC Analysis committee, 2010) a Pivovarsko-sla-
darské analytiky (Basafova, 1993). Pénivost byla stanovena meto-
dou NIBEM (MEBAK, 2011). Senzoricka analyza byla provedena
deskriptivni metodou (OlSovska et al., 2017) panelem trénovanych
hodnotitell VUPS. Variabilita experimentalnich dat je na obréazcich
vyjadifena smérodatnou odchylkou, rozdily mezi odriidami a ro¢niky
byly hodnoceny dvoufaktorovou analyzou rozptylu (ANOVA). Vybra-
né senzorické parametry byly dale podrobeny analyze hlavnich kom-
ponent (PCA).

3 VYSLEDKY A DISKUSE

3.1 Slady

Analyza sladud byla provedena uzanénim postupem, tj. z laborator-
ni sladiny pfipravené kongresnim, infuznim postupem (EBC Analysis
committee, 2010). Slozeni takové sladiny se liSi od sladiny vyrobené
intenzivné&jsim dekok&nim postupem pouzivanym v tuzemskych pi-
vovarech a ktery je zavazny pro vyrobu piva dle CHZO ,Ceské pivo“.

Pro laboratorni sladovani byl pouzit postup tradicné pouzivany
ve VUPS, ktery je v podstaté totozny s metodikou MEBAK (2011).
Z vysledkl analyz sladu jsou patrné jak rozdily mezi odridami v kon-
krétnich znacich, tak vliv ro¢niku (fab. 2).

Obsah extraktu v susiné sladu se pohyboval od 82,0% (Francin
a Vendela) po hodnotu 85,2% (Malz). Rozdily mezi ostatnimi odrG-
dami byly neprikazné, trend k vy$$im hodnotam (cca 83,5%) byl
u sladt Blanik, Bojos, Sebastian a Sunshine. }

Dosazitelny stupen prokvaseni sladin byl u odrdd pro ,,Ceské pivo“
s vyjimkou odrddy Vendela (83 %) nizsi nez limit 82 %. Nizky dosazi-
telny stupen prokvaseni byl u sladli z odrtid Bojos a Francin (79,5 %)
a dale Kangoo (80,5 %). Ve sklizni 2015 byl trend k vy$§8imu prokva-
Seni oproti skliznim 2013 a 2014.

Diastaticka mohutnost byla v celkovém priméru asi 350 j.WK a je-
vila zna¢nou odriidovou zavislost. Vysoké hodnoty byly u odriid Kan-
goo (445 j.WK) a dale Sunshine a Petrus (395 j.WK). Relativné nizké
byly hodnoty u sladd Laudis, Malz (300 j. WK) a dale Blanik, Bojos
(325 j. WK). Spodni limit sladd pro Ceské pivo je 220 j.WK. Extrakt
sladu ani dosazitelny stupen prokvaseni nezavisely na diastatické
mohutnosti.

Primérny obsah dusikatych latek ve sladech mezi skliznémi 2013
az 2015 klesal (10,7 — 9,0 — 9,6 %), obsah rozpustného dusiku a stu-
pefi proteolytického rozlusténi naopak stoupal (Kolbachovo Cislo
43,0 — 44,8 — 44,5 %). Slady z odr(id pro ,Ceské pivo“ mély ve skliz-
nich 2013 a 2014 urovei Kolbachova Cisla pod hornim limitem uve-
denym v zadosti o CHZO ,Ceské pivo” (36 - 42 %). Relativné vysoky
stupeni proteolytické modifikace byl u slad(l z odrid Malz a Vendela.
Z odrud pro export sladu mél vysokou hodnotu slad z odriidy Sunshi-
ne (48 %) a naopak nizkou hodnotu slad z odriidy Xanadu (41 %).

Cytolytickd modifikace zrna dana hodnotou friability (v priméru
88,5%) byla zna¢né odridové zavisla. Vysoké hodnoty vykazovaly
slady z odrGd Vendela a Sunshine (96 %), relativné nl’zké hodnoty

nou hodnotu mél slad z odriidy Xanadu (78,5 %). Predepsana mini-

kotel — — kad

100

teplota (oC)

1] 20 40 60 80 100 120

cas (min)

Obr. 1 Diagram rmutovani pokusnych varek
Fig. 1 Mashing Diagram of trial brews
Gas / time (min) teplota / temperature (°C) kotel / kettle kad / tun

2011). Hops, wort and beer analyzes were conducted according to
the EBC Analytics (EBC Analysis Committee (2010) and the Brewery
and Malt Analytics (Basarova, 1993). Foaming power was deter-
mined by the NIBEM method (MEBAK, 2011). Sensory analysis was
carried out using a descriptive method (OlSovska et al., 2017) by
a panel of trained RIBM evaluators. The variability of experimental
data is represented by the standard deviation. The differences be-
tween the varieties and the years were evaluated by the two-factor
analysis of variance (ANOVA). Selected sensory parameters were
further analyzed by the principal component analysis (PCA).

3 RESULTS AND DISCUSSION

3.1 Malts

Malt analysis was performed using a usual procedure, i.e. in a lab-
oratory wort prepared by congress infusion mashing (EBC Analysis
Committee, 2010) and MEBAK (MEBAK, 2011). The composition of
such wort differs from the wort produced by the intensive decoction
process used in domestic breweries, which is mandatory for the pro-
duction of beer according to the PGl “Czech beer”. The procedure
traditionally used in the RIBM, which is basically identical with the
MEBAK methodology, was used for the laboratory malting. The re-
sults of the malt analyses show both the differences between the
varieties in the particular characters and the influence of the crop
year (Table 2). The malt extract content ranged from 82.0% (Francin
and Vendela) to 85.2% (Malz). The differences between the other
varieties were inconclusive; Blanik, Bojos, Sebastian and Sunshine
showed a trend towards higher values (about 83.5%). Except for the
Vendela variety (83%), the achievable attenuation in varieties for
“Czech beer” was lower than the 82% limit. The lowest achievable
attenuation was determined with Bojos and Francin malt (79.5%)
and also Kangoo (80.5%). The 2015 harvest exhibited a trend to-
wards a higher attenuation compared to the 2013 and 2014 harvests.

The diastatic activity was about 350 WK units in total and showed
a considerable varietal dependence. High values were found in Kan-
goo (445 WK units) and Sunshine and Petrus (395 WK units). Rela-
tively low were the values for Laudis, Malz, (300 WK), Blanik and
Bojos (325 WK). The lower limit of malts for Czech beer is 220 WK
units. The malt extract and the achievable attenuation were inde-
pendent of diastatic activity.

The average nitrogen content in malts declined between harvests
2013102015 (10.7 — 9.0 — 9.6%), the content of soluble nitrogen and
the degree of proteolytic modification increased (Kolbach index 43.0
— 44 .8 — 44.5%). Malt varieties for “Czech beer” in the 2013 and 2014
harvests had Kolbach index level below the upper limit indicated in
the PGl “Czech beer” application (36—42%). A relatively high degree
of proteolytic modification was found in Malz and Vendela varieties.
Among export malt varieties, Sunshine malt had a high value (48%)
while Xanadu had a low value (41%).

Cytolytic grain modification given by friability (on average 88.5%)
was highly variety- dependent. Vendela and Sunshine varieties
showed high values (96%), Blanik and Francin (83.5%) exhibited
a relatively low value and the lowest average value was found in
Xanadu variety (78.5%). The prescribed minimum friability value for
malts suitable for “Czech beer” is 75%. Similarly to friability, the con-
tent of beta-glucans (on average 181 mg/l) was variety-dependent.
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Tab. 2 Vysledky rozboru slad(i / Table 2 Results of malt analysis

Odriidy doporugené pro ,Ceské pivo* Dalsi sladovnické odrudy g

Varieties recomended for “Czech beer” Other malting barley varieties § L _§- _§
N 3 o 5| ¢ T 28|58
N 2 S 9 S k=i % = c < o c c g a8 o] _g
8| o A s s = a 2 < » @ 2 £ | Q9| 388

Extrakt moucky v susiné (%) | 2013 | 84.0 | 841 | 81.9 | 835 | 856 | 824 | 815 | 826 | 834 | 833 | 822 | 831 | 833 | 82.9
Extract (%) 2014 | 832 | 836 | 815 | 828 | 846 | 828 | 826 | 827 | 836 | 83.4 | 843 | 832 | 83.0 | 835
2015 | 832 | 835 | 825 | 834 | 853 | 837 | 815 | 833 | 84.0 | 83.4 | 815 | 832 | 83.3 | 831

Dosazitelné prokvaseni (%) 2013 | 815 | 790 | 79.0 | 809 | 812 | 811 | 827 | 822 | 814 | 835 | 788 | 81.0 | 80.8 | 815
Limit attenuation (%) 2014 | 80.7 | 786 | 79.0 | 806 | 80.4 | 80.9 | 824 | 83.0 | 826 | 823 | 815 | 81.1 | 804 | 824
2015 | 80.2 | 81.1 | 81.0 | 827 | 825 | 831 | 837 | 83.0 | 826 | 839 | 81.1 | 823 | 82.0 | 827

Diastaticka mohutnost (.WK) | 2013 | 394 | 386 | 350 | 312 | 329 | 388 | 399 | 470 | 318 | 383 | 345 | 370 | 365 | 379
Diastatic power (WK) 2014 | 364 | 301 379 | 310 | 306 | 373 | 392 | 412 | 339 | 366 | 327 | 352 | 346 | 361
2015 | 214 | 298 | 325 | 286 | 278 | 423 | 279 | 454 | 404 | 446 | 382 | 345 | 300 | 422

Kolbachovo &islo (%) 2013 | 403 | 378 | 423 | 387 | 425 | 386 | 436 | 462 | 386 | 459 | 41.3 | 414 | 405 | 430
Kolbach index (%) 2014 | 395 | 415 | 443 | 39.9 | 428 | 401 | 46.0 | 422 | 432 | 511 | 42.8 | 43.0 | 42.0 | 448
2015 | 37.9 | 481 | 463 | 495 | 51.3 | 492 | 475 | 461 | 446 | 475 | 39.9 | 462 | 471 | 445

Dusikaté latky (%) 2013 | 105 | 113 | 112 | 107 | 103 | 107 | 102 | 108 | 94 | 103 | 11.7 | 107 | 107 | 106
Nitrogen compounds (%) 2014 | 97 | 101 | 111 | 104 | 102 | 99 99 | 100 | 89 | 104 | 98 | 100 | 102 | 98
2015 | 9.7 9.3 | 100 | 94 9.1 9.6 81 | 100 | 9.2 99 | 107 | 96 9.3 | 10.0

Rozpustny dusik (mg/100ml) | 2013 | 67.4 | 684 | 755 | 66.1 | 701 | 66.1 | 708 | 79.9 | 57.8 | 755 | 772 | 704 | 69.2 | 72.6
Soluble nitrogen (mg/100ml) | 2014 | 686 | 748 | 882 | 737 | 776 | 712 | 818 | 760 | 685 | 96.0 | 749 | 774 | 766 | 789
2015 | 651 | 802 | 82.6 | 833 | 836 | 842 | 691 | 825 | 729 | 846 | 76.3 | 786 | 78.3 | 79.1

Barva sladiny (j.EBC) 2013 | 25 22 27 2.4 2.2 2.9 2.6 28 27 26 32 26 25 2.8
Colour (EBCU) 2014 | 35 27 3.3 27 26 35 3.4 3.3 2.9 3.8 3.4 3.2 3.1 3.4
2015 | 2.7 27 238 2.8 2.8 2.9 3.1 2.8 27 27 32 2.8 2.8 2.9

pH 2013 | 5.89 | 6.00 | 590 | 599 | 597 | 593 | 595 | 596 | 599 | 598 | 593 | 595 | 595 | 597
2014 | 597 | 6.00 | 592 | 6.03 | 597 | 6.00 | 6.02 | 6.04 | 601 | 594 | 6.03 | 599 | 599 | 6.01

2015 | 598 | 595 | 594 | 598 | 593 | 593 | 6.02 | 6.01 | 601 | 599 | 6.03 | 598 | 596 | 6.01

Friabilita (%) 2013 | 861 | 90.1 | 81.8 | 930 | 91.3 | 848 | 949 | 926 | 871 | 96.4 | 68.1 | 87.8 | 889 | 86.1
Friability (%) 2014 | 814 | 851 | 86.0 | 841 | 88.8 | 866 | 948 | 874 | 862 | 940 | 813 | 86.9 | 86.7 | 87.2
2015 | 826 | 918 | 833 | 949 | 955 | 908 | 982 | 89.0 | 86.0 | 97.3 | 854 | 90.4 | 91.0 | 89.4

Beta-glukany (mg/l) 2013 | 231 | 127 | 204 | 129 | 192 | 195 49 123 | 266 40 210 | 161 | 161 | 160
Beta-glucans (mg/l) 2014 | 431 | 242 | 103 | 243 | 259 | 254 61 173 | 186 62 232 | 204 | 228 | 163
2015 | 504 | 118 | 220 85 125 | 102 79 182 | 325 32 190 | 178 | 176 | 182

Arabinoxylany (mg/l) 2013

Arabinoxylans (mg/l) 2014 | 634 | 651 726 | 670 | 621 741 792 | 1030 | 706 | 750 | 688 | 728 | 691 794
2015 | 582 | 541 | 643 | 593 | 899 | 708 | 670 | 793 | 514 | 699 | 508 | 650 | 662 | 629

Celkové polyfenoly (mg/l) 2013 | 52.8 | 513 | 537 | 519 | 59.0 | 703 | 789 | 705 | 822 | 686 | 52.6 | 629 | 59.7 | 685
Total polyphenols (mg/l) 2014 | 71.0 | 560 | 69.0 | 61.0 | 630 | 750 | 73.0 | 64.0 | 71.0 | 68.0 | 560 | 66.1 | 66.9 | 64.8
2015 | 69.0 | 61.3 | 62.9 | w707 | 86.8 | 814 | 779 | 605 | 70.1 | 841 | 59.2 | 71.3 | 729 | 685

malni hodnota friability u sladd pro ,Ceské pivo“ je 75 %. Obsah be-
ta-glukanl (v priméru 181 mg/l) byl obdobné jako friabilita odridové
zavisly. Velmi nizké hodnoty mély slady z odrid Vendela a Sunshine
(63 a 45 mg/l), nejvyssi hodnoty byly u sladl z odrdd Blanik (390
mg/l) a Sebastian (259 mg/l). Obsah beta-glukan( zavisel na friabili-
té (r=-0,657), je ale zfejmé, Ze z hodnoty friability je mozno usoudit
pouze na riziko zvy$ené hladiny beta-glukand, napfiklad slady z od-
r(id Blanik a Francin mély pfi shodné indikaci cytolytického rozlusténi
(friabilita 83%) vyznamné odliSny obsah beta-glukanu (389 a 176
mg/l).

Hodnota pH sladin byla v odridovych priimérech s vyjimkou odrd-
dy Petrus (5,92) v Uzkém rozmezi 5,95 az 6,00. Barva sladin byla
nejnizsi ve sklizni 2013 (2,8 j. EBC) a nejvyssi ve sklizni 2014 (3,4 .
EBC), trend k niz§im hodnotdm byl u odriid Bojos, Laudis 550
a Malz. Barva, pH a celkové polyfenoly jsou nize diskutovany v kon-
textu s barvou dekokénich sladin a piv.

3.2 Varni pokusy

Vysledky varnich pokus( s vyrobou svétlych lezackych piv jsou
dale diskutovany podle zakladnich kriterii kvality piva se zfetelem
na vyrobu piv podle CHZO ,,Ceské pivo“. Pro svétly lezak jsou poza-
dovéany hodnoty barvy 8 — 16 j. EBC, rozdil mezi zdanlivym a skute¢-
nym prokvasenim od 1,0 — 9,0 %, obsah horkych latek od 20 — 45 j.
EBC, pH 4,1 — 4,8, obsah celkovych polyfenoli od 130 — 230 mg/I.

Vendela and Sunshine varieties (63 and 45 mg/l) had very low val-
ues, the highest values were found with Blanik (390 mg/l) and Se-
bastian (259 mg/l). The content of beta-glucans was dependent on
friability (r = -0,657). However, it is clear that the friability value can
only be used to judge the risk of elevated beta-glucan levels; for in-
stance, Blanik and Francin malts have the same indication of cytol-
ytic modification (friability 83 %) but a significantly different content of
beta-glucans (389 and 176 mg/l).

The pH of the sweet worts was in the narrow range of 5.95 to 6.00
with the exception of the Petrus variety (5.92). The color of the worts
was the lowest in the 2013 harvest (2.8 EBC units) and the highest
in the 2014 harvest (3.4 EBC units), Bojos, Laudis 550 and Malz
tended to lower values. The color, pH and total polyphenols are dis-
cussed below in the context with the color of decoction wort and
beer.

3.2 Brewing trials

The results of brewing tests for the production of light lager beers
are discussed below according to the basic quality criteria of beer
with regard to the production of beers according to the PGl ,Czech
beer“. The values required for the light lager are color of 8-16 EBC
units, the difference between apparent and actual attenuation from
1.0-9.0%, the content of bitter substances from 20-45 EBC units,
pH 4.1-4, 8 and total polyphenols from 130 to 230 mg/l. For similar
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Tab. 3 Vysledky rozboru pokusnych sladin / Table 3 Results of experimental sweet wort analysis

Odrtidy doporucené pro ,Ceské pivo* Dalsi sladovnické odriidy —w

Varieties recomended for “Czech beer’ Other malting barley varieties % 358

© S @ o | 3818 %

5% « | o | 5|2 e 5| 8| % |35 |8 |E2|%%|5s

NS S o S So - = c c o c c Es| 8% S8

S| m ] r | 88| = & 2 < 3 @ X | &< | Q9 | &8

Barva (j.EBC) 2013 5.3 4.0 5.3 5.9 4.2 5.6 6.3 6.0 4.9 5.4 7.2 5.5 5.2 5.9
Colour (EBCU) 2014 | 50 | 58 | 61 | 65 | 62 | 49 | 56 | 72 | 68 | 81 | 74 | 63 | 57 | 74
2015 4.7 5.6 5.7 6.1 5.9 6.8 7.2 6.1 5.1 5.8 8.1 6.1 6.0 6.3

pH 2013 5.76 5.81 5.74 5.90 5.78 5.73 5.78 5.75 5.78 5.81 5.73 5.80 5.79 5.77

2014 | 591 | 580 | 575 | 590 | 575 | 582 | 557 | 580 | 586 | 593 | 6.02 | 580 | 579 | 5.90
2015 | 568 | 560 | 550 | 572 | 579 | 575 | 573 | 594 | 592 | 591 | 631 | 580 | 568 | 6.02
Celkové polyfenoly (mg/l) | 2013 | 138 | 157 | 165 | 153 | 168 | 179 | 203 | 195 | 212 | 195 | 172 | 176 | 166 | 194
Total polyphenols (mg/) | 2014 | 150 | 166 | 178 | 185 | 196 | 180 | 195 | 141 193 | 205 | 197 | 181 179 | 184
2015 | 148 | 182 | 186 | 179 | 205 | 219 | 235 | 178 | 207 | 225 | 178 | 195 | 193 | 197
Aminodusik (mg/l) 2013 | 164 | 170 | 247 | 187 | 180 | 227 | 242 | 214 | 156 | 200 | 208 | 200 | 202 | 195
FAN (mg/) 2014 | 190 | 194 | 218 | 249 | 201 179 | 237 | 197 | 145 | 254 | 202 | 206 | 210 | 199
2015 | 151 | 209 | 189 | 213 | 203 | 216 | 201 | 198 | 180 | 219 | 214 | 199 | 198 | 203

Tab. 4 Vysledky rozboru pokusnych mladin / Results of experimental hopped wort analysis

Odriidy doporuéené pro ,Ceské pivo* Dalsi sladovnické odridy —w

Varieties recomended for “Czech beer” Other malting barley varieties =§ *E ,g %

c © = =

58| = | o | 5 | o | 88|35 |%5|38|28 255

S5l 5| & | & |z 2| 8| 5| §| 8| 5|5 |=22|88|z%8

» < om oM w a0 = o > X n n b3 o< ™ o O

Barva (j.EBC) 2013 8.3 75 8.7 8.3 7.6 9.0 9.8 9.5 7.6 9.1 11.1 8.8 8.4 9.3
Colour (EBCU) 2014 | 8.0 8.7 8.8 8.0 9.3 7.9 9.2 8.3 84 | 112 | 104 | 89 8.6 9.6
2015 6.5 8.5 8.5 9.3 8.9 10.4 10.2 9.7 8.2 9.2 13.0 9.3 8.9 10.0

pH 2013 | 5.61 565 | 556 | 579 | 565 | 557 | 564 | 563 | 563 | 569 | 560 | 564 | 564 | 5.64

2014 | 577 | 569 | 5.63 | 5.81 566 | 568 | 547 | 565 | 576 | 576 | 576 | 5.69 | 567 | 573

2015 | 554 | 547 | 537 | 556 | 567 | 562 | 559 | 583 | 575 | 576 | 6.17 | 567 | 555 | 5.88
Celkové polyfenoly (mg/l) | 2013 | 213 222 271 248 283 255 294 278 307 281 270 266 255 284

Total polyphenols (mg/l) | 2014 | 237 | 221 233 | 235 | 265 | 260 | 225 | 232 | 253 | 245 | 249 | 241 239 | 245

2015 189 226 245 239 277 275 304 243 279 275 225 252 251 256
Aminodusik (mg/l) 2013 180 172 234 178 180 205 241 215 162 191 207 197 199 193

FAN (mg/) 2014 178 209 214 160 203 186 237 196 152 265 211 201 198 206

2015 154 216 195 224 213 229 209 207 185 226 222 207 206 210
Dosazitelné prokvaseni (%) | 2013 | 81.9 78.1 80.9 81.6 81.9 79.7 83.0 84.3 82.6 81.7 771 81.2 81.0 81.4

Limit attenuation (%) 2014 | 826 | 792 | 772 | 828 | 785 | 762 | 80.8 | 792 | 795 | 86.0 | 864 | 808 | 79.6 | 82.8

2015 | 825 | 86.0 | 84.4 | 85.1 869 | 858 | 90.5 | 863 | 859 | 88.9 | 87.1 86.3 | 859 | 871

Tab. 5 Vysledky chemického rozboru pokusnych piv / Results of chemical analysis of experimental beers

Odriidy doporugené pro ,Ceské pivo* Dalsi sladovnické odridy —w

Varieties recomended for “Czech beer” Other malting barley varieties % SS9

S -2

s c < o .§ S > foy g) \ag;ﬁ ? §

BE| = | s | B8 |~ | B3| 8| 82| 8| B |EE|EE|5s

=z 3 > 8 =3 S I 5 S 3 S ] 22| 88 | 38

» < oM [ea] (I a0 = o > X on (%) < o< ™ o O

Barva (j.EBC) 2013 4.8 4.6 6.5 5.3 47 6.6 6.1 6.3 47 5.5 7.3 5.7 55 0
Colour (EBCU) 2014 | 5.3 6.4 6.8 70 | 68 | 6.0 6.1 5.5 5.6 7.2 9.3 6.5 6.3 6.9
2015 4.3 6.1 6.1 6.4 5.9 6.9 6.2 6.4 5.4 6.0 12.1 6.5 6.0 7.5

pH 2013 4.55 4.55 4.42 4.56 4.46 4.47 4.48 4.44 4.48 4.53 4.60 4.50 4.50 4.51

2014 | 445 | 466 | 459 | 434 | 433 | 427 | 435 | 442 | 441 449 | 453 | 444 | 443 | 4.46

2015 | 4.24 4.28 4.51 4.26 4.26 4.31 4.24 4.51 4.43 4.55 4.85 4.40 4.30 4.59
Celkové polyfenoly (mg/l) | 2013 163 165 214 182 190 211 235 219 223 219 210 4 4 5

Total polyphenols (mg/) | 2014 | 173 139 187 159 183 188 185 143 173 178 142 | 203 194 | 218

2015 148 167 173 155 172 203 217 168 184 181 167 168 173 159
Pénivost (NIBEM) £ (s/30 | 2013 285 267 296 279 275 291 243 257 263 266 264 176 176 175

mm) / Head retention 2014 | 284 275 297 329 268 279 244 250 280 291 292 281 282 278

(NBEM?. (/0) 2015 279 258 277 264 244 236 239 284 290 302 300 270 257 294
Prokvaseni zdanlivé (%) 2013 | 70.9 74.5 67.9 73.5 72.4 70.0 78.6 75.7 74.8 73.6 68.9 72.8 72.5 73.3

Apparent attenuation (%) [ 2014 | 813 | 793 | 760 | 781 | 769 | 769 | 830 | 791 | 759 | 827 | 806 | 791 | 788 | 7956

2015 | 76.2 78.9 75.7 86.5 85.0 84.5 89.3 | 815 76.9 82.0 80.3 81.5 82.3 80.2
Prokva$eni skute¢né (%) 2013 | 57.2 60.2 54.7 59.3 58.5 56.5 63.4 | 61.1 60.4 59.4 55.6 58.8 58.5 59.1

Real attenuation (%) 2014 | 656 | 640 | 61.3 | 63.0 | 621 | 62.0 | 670 | 638 | 61.2 | 668 | 651 | 638 | 636 | 64.2

2015 | 615 | 63.7 | 611 698 | 686 | 683 | 722 | 658 | 62.0 | 662 | 648 | 658 | 665 | 64.7
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Tab. 6 Vysledky senzorického hodnoceni pokusnych piv / Table 6 Results of sensory evaluation of experimental beers

Odriidy doporuéené pro ,Ceské pivo*

Dalsi sladovnické odriidy

Varieties recomended for “Czech beer” Other malting barley varieties :2 5 g %

S ) =292 | 8=

58 £ | 2 | £ |¢ s | §1 8|3 |5|38|28|2s|czs

N S = S 5o = 5 c c o c c Sc| g8 | &8

& | m a | S8 | = a = < & @ X | £ | 99 | 838

Riz 2013 2.8 2.8 3.0 2.6 2.6 3.0 2.9 2.9 2.6 2.3 2.6 2.7 2.8 2.6
Carbonation 2014 1.8 2.3 24 2.5 2.6 2.4 2.5 2.3 2.5 2.3 2.4 2.4 2.4 24
2015 2.7 2.6 2.5 2.4 2.3 2.3 2.4 2.1 1.3 1.5 1.7 2.2 2.5 1.7

PInost 2013 25 2.7 24 2.1 2.5 2.4 2.8 2.8 25 2.8 2.8 2.6 25 2.7

Palate fullness 2014 | 25 2.1 2.1 26 2.0

1.9 2.3 2.0 2.4 2.2 2.1 2.2 2.2 2.2

2015 1.7 1.9 1.9 2.3 1.9

1.9 2.1 2.7 2.2 2.4 2.2 2.1 2.0 2.4

Horkost 2013 2.7 2.6 2.7 2.4 2.5 2.8 2.5 2.4 2.6 2.5 2.8 2.6 2.6 2.6
Bitterness 2014 2.0 2.1 2.1 2.6 1.9 2.0 2.4 2.3 2.3 2.6 2.5 2.3 2.2 24

2015 1.7 1.7 2.0 1.8 1.8 1.7 1.7 1.8 1.2 1.6 2.0 1.7 1.8 1.6
Trpkost 2013 1.2 1.1 1.3 1.0 1.1 0.8 1.0 1.0 1.3 1.3 1.5 1.1 1.1 1.3
Astringency 2014 1.4 1.3 14 1.7 1.3 2.2 1.7 1.1 1.6 1.7 1.2 1.5 1.6 1.4

2015 1.2 0.9 1.1 1.5 1.2 1.2 1.2 1.4 1.3 1.5 1.4 1.3 1.2 1.4
Kyselost 2013 1.2 1.6 1.6 1.0 1.6 1.6 2.1 1.6 1.8 1.3 1.2 15 1.5 1.5
Sourness 2014 1.4 1.9 1.9 2.0 2.1 1.9 1.9 1.5 1.3 2.0 1.7 1.8 1.9 1.6

2015 2.1 1.9 1.8 1.8 1.9 1.8 2.2 2.2 2.0 1.6 1.9 1.9 1.9 1.9
Sladkost 2013 1.7 1.6 1.9 1.4 1.4 1.3 1.9 1.6 2.3 2.6 2.0 1.8 1.6 2.1
Sweetness 2014 1.9 1.9 1.6 1.4 1.6 1.8 1.7 1.8 2.3 1.8 2.1 1.8 1.7 2.0

2015 1.5 1.4 1.4 1.5 1.7

1.4 1.4 2.2 2.1 2.0 2.0 1.7 1.5 2.1

Celkovy dojem 2013 4.1 3.9 3.9 4.0 3.4

4.4 4.3 4.2 4.9 4.6 3.6 4.1 4.0 4.3

Overall impression 2014 4.8 5.0 4.8 4.7 5.6

5.4 5.3 4.7 5.8 5.6 5.2 5.2 5.1 5.3

2015 5.1 4.6 4.5 4.6 4.4

4.2 4.8 5.0 5.0 4.1 5.6 4.7 4.6 4.9

Tab. 7 Vysledky sledovani scezovani / Table 7 Results of the monitoring of lautering

Odriidy doporuéené pro ,Ceské pivo* Dalsi sladovnické odriidy -

Varieties recomended for “Czech beer” Other malting barley varieties s | 3 2

20 | 5

=3 = o ) S 2 s | =g 22 2¢

g¢ | £ 3 s |3 N 3 S S 3 e T |ES| %S| 83
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Rychlost scezovani (/min) | 2013 0.91 0.87 0.87 0.73 0.77 0.87 0.83 0.89 0.95 0.89 0.95 0.87 0.84 0.92
Lautering rate (I/min) 2014 | 075 | 1.08 | 1.08 | 0.90 | 0.88 | 0.95 | 1.03 | 1.09 | 1.02 | 094 | 1.11 | 098 | 095 | 1.04
2015 0.85 1.00 1.09 1.00 0.85 1.00 1.02 0.98 1.09 0.88 0.91 0.97 0.97 0.97

U obdobnych zahrani¢nich svétlych lezakd jsou hodnoty uvedenych
kritérii, zvlasté barvy a polyfenoll zpravidla niz8i (OlSovska et al.,
2014). Vysledky rozboru pivovarskych sladin, mladin a piv jsou shr-
nuty v tab. 3az 6, v tab. 7 jsou vysledky sledovani scezovani sladiny.

Barva. Barva je jednim ze zakladnich senzorickych atributli piva,
jeji hodnota je soucasti charakteru typu piva a popisu urcité znacky
piva. Primérna barva sladi po odriidach byla pro Bojos, Laudis,
Malz a Sebastian nizsi nez primérna hodnota celého hodnoceného
souboru sladu (2,88 j. EBC). Barva dekokénich sladin korespondo-
vala s barvou sladll jen ¢aste¢né (r=0,552, n=33). Tak zejména
u sladu odriidy Blanik a v mensi mife u sladi odrdd Petrus, Francin
a Sebastian byly primérné hodnoty barvy pivovarskych sladin nizsi,
nez by odpovidalo barvé sladu a nizsi oproti priméru celého soubo-
ru (5,96 j. EBC) (obr. 2). Barevné latky ve sladiné a mladiné vznikaji
termickym plisobenim, oxidaci polyfenolt, Maillardovou reakci (re-
akce aminokyselin a redukujicich cukr(i a karamelizaci) (Basafova et
al., 2010). Reakeni rychlost roste s teplotou, vzhledem k povarovani
rmutl a delSi dobé& rmutovani maji dekokéni sladiny vySsi barvu
v porovnani se sladinami infuznimi. Barva dekokénich sladin korelo-
vala s obsahem aminodusiku ve sladiné (r=0,442) a obsahem roz-
pustnych dusikatych latek ve sladu (r=0,390) na hladiné pravdépo-
dobnosti 99 %, obdobné vztahy pro barvu sladl byly slabsi, prikaz-
né na hladiné pravdépodobnosti 95 %.

V pribéhu chmelovaru barva stoupa jak dal$i tepelnou zatézi, tak
reakcemi chmelovych latek, zejména polyfenolll (Basarova et al.,
2010). Prdmérna barva mladin byla 9,01 j. EBC. Pfi jednotném
chmeleni se rozdily v barvé sladin zachovaly i v mlading, barva sla-
din a mladin silné korelovala (r=0,811). V pribéhu kvaseni a zrani
piva hodnota barvy klesala, pokles byl umérny intenzité barvy mladin
(korelace mladina pivo r=0,836), primérna barva piv (6,24 j. EBC)
byla blizka barvé dekokénich sladin. Hodnoty barvy téchto sladin

foreign light lagers, the values of these criteria, in particular color and
polyphenols, are generally lower (OlSovska et al., 2014). The results
of the analysis of sweet worts, hopped worts and beers are summa-
rized in Tables 3to 6; Table 7 gives the results of wort lautering.

Color. Color is one of the basic sensory attributes of beer. Its val-
ue is part of a beer type and a description of a given beer brand.
Average varietal color of malt for Bojos, Laudis, Malz, and Sebastian
was lower than the average value for the entire set of malts (2.88
EBC). The color of the decoction wort corresponded only partially to
the malt color (r = 0.552, n = 33). Thus, especially for Blanik malt
and, to a lesser extent, for malts of the Petrus, Francin and Sebas-
tian varieties, the average brewery wort color values were lower than
those of the malt color and lower than the average of the whole set
(5.96 EBC) (Fig. 2). Color substancess in sweet wort and hopped
wort are formed by thermal action, oxidation of polyphenols and Mail-
lard reaction (reaction of amino acids and reducing sugars and cara-
melization) (Basarova et al., 2010). The reaction rate increases with
temperature; due to mash boiling and longer mashing time decoction
worts have a higher color compared to infusion worts. The color of
the decoction wort correlated with the wort amino acid content (r =
0.442) and the soluble nitrogen content in malt (r = 0.390) at a prob-
ability level of 99%; similar malt color relations were weaker, at
a 95% probability level.

During wort boiling, the color increases due to both the heat load
and the reactions of hop substances, especially polyphenols
(Basarova et al., 2010). The average color of the wort was 9.01 EBC
units. In the case of uniform hopping, the differences in the color of
the malts were maintained in the wort and the color of the malts and
worts strongly correlated (r = 0.811). During fermentation and matu-
ration of beer, the value of the color decreased; the decrease was
proportional to the intensity of the color of the wort (wort/beer correla-
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Obr. 2 Vysledky analyzy barvy sladd, sladin, mladin a piv / Fig. 2 The
results of color analysis of malt, sweet wort, hopped wort and beer
slad / malt sladina / sweet wort mladina / hopped wort pivo / beer
R-prdmér / average

dost silné korelovaly s barvou piv (r=0,726), podstatné slabsi byla
relace mezi barvou sladi, kongresni sladiny (r=0,445) a piv, predik-
ce barvy piva vyrobeného dekokénl'm rmutovénl’m na zékladé barvy
Banik (4,8 j. EBC), Bojos (5, 7] EBC), Sebastian (5,2 j. EBC) a Malz
(5,8 j. EBC), u dalSich odrtd byla barva v rozmezi 6,1 az 6,6 j. EBC
a vyrazné vy$§i barvu méla piva ze sladi odrddy Kangoo (9,6 j.
EBC) (obr. 2, tab. 5). Je zfejmé, Ze u nékterych odrid jecmene dopo-
ru¢enych pro Ceské pivo s niz§i proteolytickou, sacharolytickou a cy-
tolytickou modifikaci miizeme ocekavat nizsi barvy piv. Barva piva
zavisi kromé sladu na technicko-technologickych podminkach jeho
zpracovani v pivovarském procesu. Niz§i tepelna zatéz pfi rmutova-
ni a chmelovaru spolu s niz8i expozici kysliku v téchto operacich
snizuji vyslednou barvu piv. Absolutni hodnota barvy piva tedy zavisi
na zafizeni varny a technologii Vv pokusném pivovaru VUPS je pro-

pH. Hodnota pH sladl a piv ma vyznam z nékolika hledisek. Clnnost
sacharolytickych a proteolytickych enzymu pfi rmutovani je vyznamné
ovlivnéna pH sladu. Bézné pH kongresni sladiny svétlého sladu je 5,6
—6,0. Pro pfeménu Skrobu je optimalni hodnota pH rmutu 5,3. Pokles
pH v pribéhu kvaseni a zrani piva podporuje ¢ifeni a pfirozenou ko-
loidni stalost piva, koloidni zékal je tvofen komplexy polyfenolu s bilko-
vinami a polysacharidy, tyto komplexy maji isoelektricky bod a tedy
nejnizsi rozpustnost v kyselé oblasti pH. Samotné pH piva se uplatriu-
je i v organoleptickém viemu, Ceskeé svétlé lezaky maji pH mirné vyssi
oproti obdobnym zahrani¢nim pivdm (OlSovska et al., 2014).

Slady, laboratorni sladiny odrid doporugenych pro ,Ceské pivo*
meély znaéné vyrovnané hodnoty pH. U pivovarskych sladin je patrny
trend k niz&im hodnotam u odriid doporuéenych pro ,Ceské pivo®
oproti odridam pro export, nejvy$si hodnoty byly u sladin z odrldy
Kangoo (obr. 3). Hodnoty pH sladl jen slabé korelovaly s hodnotami
dekokénich sladin (r = 0,426) a nekorelovaly s pH piv (r = 0,128).
Hodnoty sladin a mladin byly v silném vzajemném vztahu (r = 0,975),
vztah mezi mladinou a finalnim pivem byl méné vyrazny (r = 0,641).
Pro pH piv z odriid doporu¢enych pro ,Ceské pivo“ je s vyjimkou
odrlidy Bojos patrny trend k niz§im hodnotam oproti exportnim odrd-
dam, rozdily nebyly priikazné. Barva piv slabé, ale prikazné na hla-
diné pravdépodobnosti 95% korelovala s pH piv. Barva je z &asti
tvofena oxidovanymi polyfenolovymi slou¢eninami (Basarova et al.,
2010) s pfechodem mezi bezbarvou a barevnou formou zavislym
na pH prostredi.

Celkové polyfenoly. Obsah celkovych polyfenold v pivu nad 130
mg/l je jednim z parametrd ,Ceského piva“. Primérny obsah celko-
vych polyfenolll ve sladech diskutovaného souboru vzorkl byl 66,8
mg/l (obr. 4). Pod primérem souboru byly hodnoty u odrdd Bojos,
Blanik, Laudis 550, Francin, Kangoo a Xanadu. Primérny obsah
v dekokénich sladinach prepocteny na 11% extrakt byl 183,6 mg/l.
Obsah v dekokénich sladinach je pfiblizné dvojnasobny oproti pfepo-
¢tené hodnoté v kongresni sladiné (82,3 mg/l, E=11 %). Je to zfejmé
dano jak vyslazenim mlata pfi pivovarské vyrobé, tak vyssi intenzitou
dekokéniho rmutovani v porovnani s infuznim postupem pfipravy la-
boratorni sladiny. Obsah celkovych polyfenold v laboratorni a pivo-
varské sladiné koreloval (r = 0,675). Polyfenolové latky jsou v obilce

Obr. 3 Vysledky analyzy pH sladd, sladin, mladin a piv / Fig. 3 The
results of pH analysis of malt, sweet wort, hopped wort and beer
slad / malt sladina / sweet wort mladina / hopped wort pivo / beer
R-prdmér / average

tion r = 0.836) and the average beer color (6.24 EBC) was close to
the color of the decoction wort. The color values of these worts
strongly correlated with the color of beers (r = 0.726). The relation-
ship between malt color in congress worts (r = 0.445) and beers was
significantly weaker; the prediction of the color of the beer produced
by decoction mashing based on malt color is thus inaccurate. The
lowest beer colors were found in Blanik (4.8 EBC), Bojos (5.7 J
EBC), Sebastian (5.2 J EBC) and Malz (5.8 J EBC). In other varieties
the color was in the range of 6.1 to 6.6 EBC, and the color of beer
made from Kangoo malt (9.6 J EBC) was markedly higher (Fig. 2,
table 5). It is obvious that one can expect lower beer colors for some
barley varieties recommended for Czech beer with lower proteolytic,
saccharolytic and cytolytic modification. The color of beer depends,
in addition to malt, on the technical and technological conditions of
its processing in the brewing process. Lower heat load for mashing
and hopping, along with lower oxygen exposure in these operations,
reduce the resulting beer color. The absolute value of beer color
depends on the brewhouse equipment and technology. In the ex-
perimental RIBM brewhouse, the process is conducted with the low-
est possible thermal load and aeration.

pH. The value of pH of malt and beer is relevant in several re-
spects. The activity of saccharolytic and proteolytic enzymes in
mashing is significantly affected by the pH of the malt. Conventional
pH of congress wort from light malt is 5.6—6.0. For starch conversion,
the optimum pH value is 5.3. The decrease in pH during fermentation
and maturation of beer promotes clarification and natural colloidal
beer stability. Colloidal haze is made up of complexes of polyphenols
with proteins and polysaccharides; these complexes have an isoe-
lectric point and thus the lowest solubility in the acidic pH range. The
pH of the beer itself also participates in organoleptic sensation; the
Czech light lagers have a slightly higher pH than similar foreign
beers (OlSovska et al., 2014). The laboratory worts of the varieties
recommended for ,Czech beer” had largely balanced pH values.
Brewery worts show a trend towards lower values for varieties rec-
ommended for ,,Czech beer” as opposed to varieties for export. The
highest values were found in Kangoo worts (Fig. 3). The pH values of
malts only slightly correlated with those of decoction sweet worts (r =
0.426) and did not correlate with the pH of beers (r = 0.128). Values
of sweet worts and hopped worts were strongly correlated (r = 0.975)
while the relationship between wort and final beer was less pro-
nounced (r = 0.641). The pH of the beers of the varieties recom-
mended for ,Czech beer”, with the exception of the Bojos variety,
showed a noticeable trend towards lower values compared to the
export varieties but the differences were not conclusive. At the 95%
probability level, the color of the beers slightly but conclusively cor-
related with the pH of the beers. The color is partly composed of oxi-
dized polyphenol compounds (Basarova et al., 2010) with a transi-
tion between colorless and colored form being dependent on the
ambient pH.

Total polyphenols. The content of total polyphenols in beer above
130 mg/l is one of the parameters of ,Czech beer”. The average
content of total polyphenols in the analyzed sample set was 66.8
mg/l (Fig. 4). The values for Bojos, Blanik, Laudis 550, Francin, Kan-
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Obr. 4 Vysledky analyzy celkovych polyfenoll sladd, sladin, mladin a piv
Fig. 4 The results of total polyphenols analysis of malt, sweet wort,
hopped wort and beer

slad / malt sladina / sweet wort mladina / hopped wort pivo / beer
R-prdmér / average

je€mene a sladu vazany ve strukturach spolu s polysacharidy a bil-
kovinami. Jsou situovany v bunéénych sténach jak endospermu, tak
prfedevsim v aleuronové vrstvé a obalovych ¢astech zrna sladu, tj.
v oplodi, osemeni a pluchach, kde jsou pfitomny hlavné flavonoidni
latky, jejichz nosi¢em je bilkovina hordein (Siebert, 2006).

Obsah celkovych polyfenoll ve sladu koreloval na hladiné pravdé-
podobnosti 99 % s ukazateli proteolytického a cytolytického rozlusté-
ni, Kolbachovym ¢islem a friabilitou (r = 0,453, r = 0,490), pro pivo-
varskou sladinu byl vztah s proteolytickym rozlusténim siln&jsi
(r=0,601, r = 0,455). Pii chmelovaru se pfidavkem chmelovych po-
lyfenoll (chmeleni varek 50% Zatecky polorany Cervefidk s obsa-
hem celkovych polyfenolll asi 5% hmot., 50 % chmelovy CO, extrakt
se zanedbatelnym obsahem polyfenold. Pouzité chmeleni reflektuje
provozni praxi, kdy prvni davka chmelovych surovin je chmelovy ex-
trakt nebo hofky chmel s nizkym pomérem polyfenoly/alfa kyseliny
a 2. ¢i 3. davku tvofi aromatické chmele (Basarova et al., 2010; Ess-
linger, 2009). Obsah celkovych polyfenolt mezi sladinou a mladinou
se zvysil pfiblizné o jednu tfetinu (primér v mladiné 253,2 mg/l), aby
v prbéhu kva$eni a zrani v disledku precipitace tfislobilkovinnych
komplext v pivu poklesl na hodnotu blizici se hodnoté sladiny (pra-
mér pivo 182,3 mg/l). Relace mezi sladinou a mladinou (r = 0,683)
i mladinou a pivem (r = 0,775) byly pomérné silné, vztah mezi krajni-
mi hodnotami, sladem a pivem byl slaby (r = 0,370). Nicméné obsah
celkovych polyfenolll ve sladu vyznamnym zplisobem ovliviiuje je-
jich obsah v pivu, prdmérny obsah celkovych polyfenolli v pivu byl
v rozmezi od cca 155-165 mg/l (Blanik, Bojos, Laudis 550) po
200-210 mg/l (Petrus, Vendela). Prikazné rozdily byly pouze mezi
témito dvéma skupinami odrid.

Pénivost. Pénivost, péniva schopnost a trvanlivost pény je jednim
z klicovych atributli lezackych piv. Je obecné znamo, Ze pénotvorny-
mi latkami jsou bilkoviny a glykoproteiny, stabilizatory pény jsou hof-
ké latky chmele. Povrchové napéti a tim i trvanlivost pény naopak
snizuji lipidy, mastné kyseliny, vysSi alkoholy a estery. Trvanlivost
pény urcitého piva je tak vyslednici pfiznivé a negativné pusobicich
faktor(, latek obsazenych v pivu (Savel a Broz, 2006; Lusk, 1995;
Kobayashi, 2002; Segawa, 2002; He, 2006).

Pénivost (trvanlivost pény) piva hodnocena metodou NIBEM byla
v rozmezi pfiblizné ¥ = 240 az 330 s/ 30mm (obr. 5). Rozmezi pro
dobre pénici piva je ¥ = 220 az 250 s/30 mm, nad hodnotou ¥ = 250
s/30mm se jedna o vyborné pénici piva (MEBAK, 2011), takze
v8echna piva byla v kategorii dobfe pénicich piv, a v odrtdovych pri-
mérech byla piva s vyjimkou slad(l odridy Vendela v kategorii vybor-
né pénicich piv. Relativné nizké, pod primérem celého souboru,
byly hodnoty u odrdd Vendela, Malz, Bojos, Petrus a Kangoo. Trvan-
livost pény korelovala nepfimo umérné s proteolytickym rozlusténim,
Kolbachovym ¢&islem (r = -0,570) a pfimo umérné korelovala s horky-
mi latkami v pivu (r = 0,847). Obsah horkych latek v pivu, ztraty
od mladiny do piva jsou variabilni a zaviseji na sorpci na kaly pfi
chlazeni mladiny a sorpci na kvasni¢né bunky a kaly pfi kvaseni
a zrani piva. Vysledna pénivost piv je tak protichtidné ovlivnéna obé-
ma faktory, z nichz pouze jeden, bilkoviny, je vlastnosti sladu.

Senzorické hodnoceni. Vysledky vybranych parametri deskrip-
tivniho senzorického hodnoceni piv jsou v tab. 6. Celkovy senzoricky

Obr. 5 Vysledky analyzy pénivosti slad, sladin, mladin a piv

Fig. 5 The results of head retention analysis of malt, sweet wort,
hopped wort and beer

pénivost / hed retention R-Pramér / average

goo and Xanadu were below this average. The average content in
decoction worts converted to 11% extract was 183.6 mg/l. The con-
tent in decoction wort is approximately double that of the value in
congress wort (82.3 mg/l, E = 11%). This is probably due to both the
sparging of the spent grains in brewing production and the higher
intensity of the decoction mashing compared to the infusion process
of wort preparation. The content of total polyphenols in laboratory
and brewery wort correlated (r = 0.675). Polyphenol substances in
barley grains and malt are bound in structures along with polysac-
charides and proteins. They are located in the cell walls of both the
endosperm and especially in the aleurone layer and the malt grain
shells, i.e. in the pericarp, testa and lemma, which contain mainly
flavonoid substances the carrier of which is the hordein protein (Sie-
bert, 2006).

The content of total polyphenols in malt correlated of probability
level 99% with proteolytic and cytolytic modification, Kolbach index
and friability (r = 0.453, r = 0.490). The relationship with proteolytic
resolution for brewery wort was stronger (r = 0.601, r = 0.455). The
addition of hop polyphenols during hopping (brew hopping with 50%
Saaz hops with a total polyphenol content of 5% by weight and 50%
CO, hop extract with a negligible content of polyphenols). The hop-
ping we used reflects the operating practice where the first dose of
hop material is the hop extract or bitter hops with a low polyphenols/
alpha acids ratio and the 2nd or 3rd doses are made of aromatic
hops (Basarova et al., 2010; Esslinger, 2009). The content of total
polyphenols increased between wort and hopped wort by about one
third (average for wort 253.2 mg/l). During fermentation and matura-
tion it dropped to a value close to that of the wort (average for beer
182.3 mg/l) as a result of the precipitation of the tannin-protein com-
plexes in beer. The relationships between wort and hopped wort
(r = 0.683) and hopped wort and beer (r = 0.775) were relatively
strong whereas the relationship between the extreme values, i.e. be-
tween malt and beer, was weak (r = 0.370). However, the content of
total polyphenols in malt significantly affects their content in beer.
The average content of total polyphenols in beer ranged from 155 to
165 mg/l (Blanik, Bojos and Laudis 550) to 200 - 210 mg/| (Petrus,
Vendela). Significant differences were only between these two
groups of varieties.

Foaming power. Foaming ability and stability of the foam are
among the key attributes of lager beers. It is generally known that
proteins and glycoproteins are foaming agents, while bitter hop sub-
stances are foam stabilizers. Surface tension and hence foam stabil-
ity is reduced by lipids, fatty acids, higher alcohols and esters. The
stability of the foam of a certain beer is thus a result of factors with
favorable and negative effects, i.e. substances contained in beer
(Savel and Broz, 2006; Lusk, 1995; Kobayashi, 2002; Segawa,
2002; He, 2006).

The beer foam head retention evaluated by the NIBEM method
(foam stability) was in the range of approximately ¥ = 240 to 330
s/30mm (Fig. 5). The range for well-foaming beers is ¥ = 220 to 250
s/30mm, beers with excellent foaming show values above X = 250
s/30mm (MEBAK, 2011). Hence all beers under study were in the
category of well-foaming beers. In varietal averages, all beers, with
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Obr. 6 Vysledky senzorického hodnoceni piv — celkovy dojem

Fig. 6 Results of sensory evaluation of beers — overal impression
Celkovy dojem. Sestupna Skala 1 — 9 (1 — vynikajici; 9 — nepitelné) /
Overall impresion. Descending scale 1 — 9 (1 — excellent; 9 — inappro-
priate) R-prdmér / average

dojem v celém souboru piv byl v rozpéti 3,6 az 5,8 bodu devitibodo-
vé stupnice (1 — nejlepsi, 9 — nejhorsi). Primérna kvalita v jednotli-
vych letech byla odli$na, rok 2013 se vyznamné liil od nasledujicich
let (2013 — 4,1; 2014 — 5,2; 2015 — 4,7 bodu). Odridové priiméry
byly v rozmezi 4,4 (Francin) az 5,2 (Sebastian). U odrid Francin,
Laudis 550, Malz a Bojos byl patrny slaby trend k lep&i senzorické
kvalité piv (obr. 6), rozdily byly vSak statisticky (ANOVA) nepriikazné.

Celkovy senzoricky dojem je tvofen komplexnim pusobenim a vy-
vazenosti dil¢ich slozek viné a chuti, zakladnimi parametry jsou fiz,
plnost, horkost, sladkost a kyselost.

Riz vyrobenych piv byl v odriidovych priimérech znaéné vyrovna-
ny, trend k niz§im hodnotam byl u piv ze sladt Sebastian, Sunshine
a Xanadu (tab. 6, obr. 7). Vztah mezi fizem a obsahem oxidu uhlici-
tého v pivu byl pfekvapivé neprikazny, byla vSak zjisténa pomérné
silnd korelace fizu s horkosti (r=0,692) a déle vztah k extraktu pl-
vodni mladiny (r = 0,468) a prokvaseni (r = - 0,467). Riz piva je zpd-
soben rozpusténym oxidem uhli¢itym. Je vniman mechanoreceptory
(hmatovymi receptory), které jsou aktivovany pfitomnosti bublinek
v kapaliné a také receptory bolesti, které reaguji na konverzi oxidu
uhli¢itého na kyselinu uhli¢itou, mGze byt ovlivnén hodnotou pH a ko-
loidnimi latkami v pivu (Clark et al., 2011).

Plnost chuti piva je markerem ¢eskych svétlych piv, zejména leza-
ka. Plnost byla v odridovych priimérech v rozmezi 2,1 az 2,5 bodu;
Skala 0 — 5 (fab. 5, obr. 8). Mezi odriidami nebyly prikazné rozdily.
V rémci odrud doporuéenych pro ,Ceské pivo“ mély slady Francin,
Malz a Petrus trend k niz§im hodnotdm. PInost korelovala s koncen-
traci extraktu mladiny (r = 0,606), zdanlivym prokvasenim (r = -0,486)
a rozdilem mezi zdanlivym a dosazitelnym prokvasenim (r = 0,451),
zavislost na obsahu dextrinli i bilkovin nebyla zjisténa, byl vSak zjis-
tén vyznamny vztah mezi plnosti a celkovymi polyfenoly v pivu
(r = 0,614) a senzorickou horkosti piv (r= 0,536). Témto zavislostem
bude vénovana pozornost v dal$im feSeni projektu. Je proto pravdé-
podobné, ze plnost piv je synergicky ovlivnéna jak latkami pochaze-
jicimi ze sladu, tak latkami z chmele. Faktory ovliviujici senzoricky
vijem plnosti chuti piva nejsou zcela objasnény, obecné se ma za to,
Ze vyS$S8i extrakt mladiny a niz§i stupen prokvaseni, tedy vyssi visko-
zita a obsah extraktivnich slozek v pivu, dextrin(i, cukrd a bilkovin
maji pfiznivy vliv (Esslinger, 2009), vyznamna role je pfisuzovana
zejména bilkovindm s molekulovou hmotnosti vétsi nez 10 kDa
(Langstaff a Lewis, 1993).

Dal§im ze zakladnich senzorickych deskriptorl je trpkost (svira-
vost) chuti. Trpkost piv byla nizka, v odrddovych priimérech v rozme-
zi 1,1 (Bojos) az 1,5 bodu (Sunshine) (Skala 0 — 5) (tab. 6, obr. 9).
V rédmci odriid doporuéenych pro ,Ceské pivo“ mély slady Petrus
a Laudis 550 trend k vy$sim hodnotam. Trpkost piv nepfimo umérné
korelovala pouze s rozdilem mezi zdanlivym a dosazitelnym prokva-
$enim (r = - 0,417) a koncentraci ptivodni mladiny (r = -0,498), vy$si
koncentrace extraktu, niz§i prokvaseni pravdépodobné snizuje trp-
kou chut. Trpkost chuti piva je pfisuzovana nékterym polyfenolovym
latkam sladu (Narziss 1992, 1995), chmele (Almaguer et al., 2014)
a alkaloidim hordatindm, pochazejicim ze sladu (Kageyama et al.,
2011).

Sladkost piv byla v odradovych pramérech od 1,5 (Laudis 550, Pe-
trus) po 2,25 (Sebastian) bodu $kaly 0 — 5. Piva z odriid doporuce-

Obr. 7 Vysledky senzorického hodnoceni piv — fiz

Fig. 7 Results of sensory evaluation of beers — carbonation

Riz: vzestupna Skala 0 — 5 (zadny — velmi silny) / Carbonation:
ascending scale 0 — 5 (none — very strong)

R-primér / average

the exception of Vendela malt, were thus in the category of excellent
foaming beers. Relatively low, below the average, were the varieties
Vendela, Malz, Bojos, Petrus and Kangoo. Foam stability correlated
inversely with proteolytic modification, Kolbach index (r =-0,570) and
directly with bitter substances in beer (r = 0.847). The content of bit-
ter substances in beer and their losses on the road from wort to beer
are variable and depend on sorption on dregs during wort cooling
and sorption on yeast cells and dregs during fermentation and beer
maturation. The resulting foaming power of beers is thus adversely
affected by both factors, of which only one, the proteins, is a malt
property.

Sensory evaluation. The results of selected parameters of the
descriptive sensory evaluation of beers are shown in Table 6. The
overall sensory impression in the whole set of beers ranged from 3.6
to 5.8 points of a nine-point scale (1 — best, 9 — worst). The average
quality in individual years was different; the year 2013 differed sig-
nificantly from the following years (2013 -4.1,2014 - 5.2, 2015 -4.7
points). Variety averages ranged from 4.4 (Francin) to 5.2 (Sebas-
tian). The Francin, Laudis 550, Malz and Bojos varieties showed
a slight trend towards a better sensory quality of beers (Fig. 6), but
the differences were statistically (ANOVA) inconclusive.

The overall sensory impression is composed of the complex effect
and balance of the partial components of the aroma and taste, The
basic parameters are carbonation, body, bitterness, sweetness and
sourness.

The carbonation of the beers under study was fairly balanced in
the varietal averages, Sebastian, Sunshine and Xanadu beers show-
ing a trend towards lower values (Table 6, Fig. 7). The relationship
between carbonation and carbon dioxide content in beer was sur-
prisingly inconclusive, but a relatively strong correlation was found of
carbonation with bitterness (r = 0.692) and also a relationship to the
extract of the original wort (r = 0.468) and attenuation (r = - 0.467).
Beer carbonation is caused by dissolved carbon dioxide. It is per-
ceived by mechanoreceptors (tactile receptors) which are activated
by the presence of bubbles in the liquid, and also by pain receptors
that react to the conversion of carbon dioxide to carbonic acid. It can
be influenced by pH and colloidal substances in beer (Clark et al.,
2011).

The palate fullness of beer is a marker of Czech light beers, espe-
cially lagers. It ranged in varietal averages from 2.1 to 2.5 points on
a 0-5 scale (Table 5, Fig. 8). There were no significant differences
between the varieties. Within the varieties recommended for ,,Czech
beer” Franch, Malz and Petrus malts tended to lower values. The
body correlated with the concentration of wort extract (r = 0.606),
apparent attenuation (r = -0.486) and with the difference between
apparent and achievable attenuation (r = 0.451). Its dependence on
dextrins or protein content was not found but a significant relation-
ship was found between the body and total polyphenols (r = 0.614),
and sensory bitterness of beers (r = 0.536). These relationships will
be addressed in a forthcoming project. It is therefore likely that the
body of the beers is synergistically influenced by both malt and hop
substances. Factors influencing the sensory perception of the palate
fullness of beer are not fully elucidated; it is generally believed that
a higher wort extract and a lower attenuation, i.e. a higher viscosity
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Obr. 8 Vysledky senzorického hodnoceni piv — plnost

Fig. 8 Results of sensory evaluation of beers — body

Plnost: vzestupnéa Skala 0 — 5 (zadny — velmi silny) / Body: ascen-
ding scale 0 — 5 (none — very strong)

R-prumér / average

nych pro Ceské pivo Laudis 550, Malz a Petrus méla niz&i sladkost
v porovnani s pivy ze sladl Sebastian, Sunshine a Xanadu (tab. 6,
obr. 10). Sladkost piva slabé korelovala pouze s plnosti (r = 0,360).

Kysela chut piva je zplisobena zejména jednoduchymi organicky-
mi kyselinami (mlé¢n4, citronova, jable¢na, octova, Stavelova, janta-
rova, glutarova, pyrohroznova). Vnimani kyselé chuti znaéné zavisi
na celkovém habitu piva. Kyselost piv byla v odridovych primeérech
od 1,6 bodu (Blanik, Laudis 550) po 2,1 (Vendela (fab. 6, obr. 11).
Kyselost nepfimo Uumérné zavisela na koncentraci plvodni mladiny
(r = -0,511) a senzorickych parametrech plnosti (r = -0,435) a hof-
kosti (r = -0,568), je tak pravdépodobné, Ze horka chut snizuje viem
kyselosti. Pfimo umérny vztah byl nalezen pro zdanlivé prokvaseni
(r = 0,539), potvrdilo se, ze hlubsi prokvaseni zvyraziuje kyselou
chut piv (OlSovska et al., 2017).

Komplexnim pohledem na vys$e diskutované jednotlivé senzorické
parametry jsou vysledky analyzy hlavnich komponent (PCA)
(obr. 13). Na prvnich dvou hlavnich komponentech dochazi k ¢aste¢-
nému rozdéleni varek vafenych z odrd pro ,Ceské pivo* a z odrid
pro exportni slad. Zaroven je patrné, Ze varky z roku 2013 se vyraz-
né odliSuji od varek z roku 2014 a 2015 a tato odliSnost tvofi vétsi
¢ast variability dat neZ rozdily mezi skupinami odrdid. Tento vysledek
reflektuje i skute€nost, ze rozdily v celkovém dojmu piv z testova-
nych odrd nebyly signifikantni.

Scezovani sladiny. Rychlost scezovani pfedku a vyslazovani je
sledovanym technologickym parametrem zpracovatelnosti sladu
ve varné. Vysledky scezovani, vyjadiené jako primérna rychlost
toku v celé operaci jsou uvedeny v tab. 7. U sladi Malz, Blanik, Lau-
dis 550 a Sunshine byla rychlost scezovani pod priimérem hodnoce-
ného souboru (obr. 12), prikazné rozdily byly mezi nejpomaleji sté-
kajicimi sladinami (Blanik, Malz) a nejrychleji stékajicimi sladinami
(Francin, Sebastian). Vyznamny rozdil byl mezi roéniky, pro 2013
byla rychlost scezovani vyznamné vySsi oproti 2014 a 2015. Slady
pustnych dusikatych latek, vliv odriidy byl nepriikazny, zatimco ob-
sah beta glukant byl zavisly na odrtdé a vliv roéniku nebyl prikazny.

Negativni vliv na scezovani je pfisuzovan zejména neskrobovym
polysacharidim, beta-glukanim a arabinoxylaniim a déle latkdm bil-
kovinné povahy (Jin et al., 2004; Ford a Evans, 2001; Benismail et
al., 2003). Rychlost scezovani sladin v pokusnych varkach neméla
prikaznou vazbu na cytolytické rozlusténi, friabilitu, obsah neskro-
bovych polysacharidll ve sladech a viskozitu laboratorni sladiny, a to
presto, ze nékteré slady mély obsah beta glukant vyrazné prevysu-
jici hranici 200 mg/I, doporu¢ovanou pro bezproblémové zpracovani
sladu (Kosaf a Prochazka, 2000). Obsah beta-glukant se v$ak
v pribéhu pivovarské vyroby méni v zavislosti na technologii zpraco-
vani sladu, proto je korelace mezi sladem a pivem mala (Erdney et
al., 1998).Velmi slaba pozitivni korelace s rychlosti scezovani na hla-
diné pravdépodobnosti 90% byla zjisténa pouze pro Kolbachovo
Cislo a obsah rozpustnych dusikatych latek sladu (r=0,319 ar=0,335).
Obsah beta-glukant ve sladiné zavisi na aktivité beta-glukanas
ve sladu a teplotnim a ¢asovém diagramu rmutovani. Niz&i teplota
vystirky a dekokéni postup rmutovani, pouzité v nasich varnich po-
kusech, snizuji obsah beta-glukant ve sladiné (Basarova et al.,
2010; Sacher et al., 2016), a proto se zvySeny obsah beta-glukanu

Obr. 9 Vysledky senzorického hodnoceni piv — trpkost

Fig. 9 Results of sensory evaluation of beers —astringency

Trpkost: vzestupna 8kala 0 — 5 (zadny — velmi silny) / Astringency:
ascending scale 0 — 5 (none — very strong)

R-prumér / average

and the content of the extracts, dextrins, sugars and proteins in beer
have a beneficial effect (Esslinger, 2009) A significant role is attrib-
uted in particular to proteins with a molecular weight greater than 10
kDa (Langstaff and Lewis, 1993).

Another basic sensory descriptor is astringency. The astringency
of the beers was low, with varietal averages ranging from 1.1 (Bojos)
to 1.5 (Sunshine) (scale 0-5) (Table 6, Fig. 9). Within the varieties
recommended for ,Czech beer”, Petrus and Laudis 550 had a trend
towards higher values. The astringency of the beers inversely cor-
related only with the difference between apparent and achievable
attenuation (r = - 0.417) and the original wort concentration (r =
-0.498). Higher concentration of extract and lower attenuation prob-
ably reduce astringency. The astringency of beer is attributed to cer-
tain polyphenol substances from malt (Narziss 1992, 1995), hops
(Almaguer et al., 2014) and the alkaloids hordatins derived from malt
(Kageyama et al., 2011).

The sweetness of beers in the varieties under study ranged from
1.5 (Laudis 550, Petrus) to 2.25 (Sebastian) points of a 0-5 point
scale. The beers of the varieties recommended for Czech beer
Laudis 550, Malz and Petrus had a lower sweetness compared to
Sebastian, Sunshine and Xanadu (7ab. 6, Fig. 10). The sweetness of
beer correlated weakly only with body (r = 0.360).

Sourness of beer is mainly caused by simple organic acids (lactic,
citric, malic, acetic, oxalic, succinic, glutaric, pyruvic). The perception
of sour taste depends largely on the overall habitat of beer. The sour-
ness of the beers in varietal averages ranged from 1.6 (Blanik,
Laudis 550) to 2.1 points (Vendela) (Table 6, Fig. 11). The sourness
was adversely related to the concentration of original wort (r=-0.511)
and the sensory parameters of palate fullness (r = -0.435) and bitter-
ness (r = -0.568). It is thus likely that the bitter taste reduces the
perception of sourness. A direct proportional relationship was found
for apparent attenuation (r = 0.539), and deeper attenuation was
thus confirmed to promote the beer sourness (OlSovska et al., 2017).

A complex view of the above individual sensory parameters has
been embodied in the results of a principal component analysis
(PCA) (Fig. 13). The first two principal components result in the par-
tial distribution of the malt varieties suitable for ,Czech beer“ from the
varieties for export. At the same time, it is clear that the 2013 brews
are significantly different from the 2014 and 2015 ones, and this dif-
ference accounts for larger part of the variability of the data than
does the differences between groups This result also reflects the fact
that the differences in the overall impression of beers from the tested
varieties were not significant.

Wort lautering. The speed of first wort lautering and sparging rep-
resents a monitored technological parameter of the malt processabil-
ity in the brewhouse. The results of the lautering, expressed as the
average flow rate throughout the whole operation, are given in Table
7. The lautering rate in Malz, Blanik, Laudis 550 and Sunshine was
below the set average (Fig. 12) and significant differences were
found between the worts with the slowest  run-off speed (Blanik,
Malz) and the fastest running worts (Francin, Sebastian). A signifi-
cant difference was between the years, the lautering rate for crop
year 2013 being significantly higher than that found for 20104 and
2015. The malts from 2013 had the lowest Kolbach index and solu-
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Obr. 10 Vysledky senzorického hodnoceni piv — sladkost
Fig. 10 Results of sensory evaluation of beers — sweetness

Sladkost: vzestupnéa Skala 0 — 5 (z&dny — velmi silny) / Sweetness:

ascending scale 0 — 5 (none — very strong)
R-prudmér / average

v nékterych sladech promitl do rychlosti scezovani mensi mérou.
Z pohledu scezovani sladiny a filtrace piva je dllezitéjsi enzymova
aktivita beta-glukanasy a predev$im struktura beta-glukand nez je-
jich mnozstvi. Proto ¢asto mohou separacni procesy u varek vyrobe-
nych ze sladu s vy$§im obsahem beta-glukanud probihat rychleji nez
u varek ze sladd s nizSim obsahem diskutovanych neskrobovych
polysacharid (Basarova et al., 2010).

Vysledky ukazuji na nizsi rychlost, del$i dobu scezovani u pivo-
varskych sladin, zejména sladll z odridy Blanik (vysoky obsah beta-
-glukantl) a Malz, rychlost scezovani byla oproti nejlépe stékajicim
sladinam odrGd Francin a Sebastian pfiblizné o 20 % nizsi.

Filtrovatelnost piv je v projektu sledovana az od véarek roku 2016,
kdy byla vypracovana metodika stanoveni filtrovatelnosti na pilotnim
filtru. Vysledky 17 varek ukazuji nepfiznivy vliv beta-glukanu ve sla-
du (pivu) na filtrovatelnost z hlediska cirosti piv, nikoli véak na narGst
rozdilu tlaku pfi filtraci, ktery determinuje objem piva Zzfiltrovaného
v jednom cyklu. Dvouleté vysledky budou prezentovany po vyhodno-
ceni varek provedenych v roce 2017.

4 ZAVER

Provedené tfileté pivovarské testy se sedmi odridami je¢mene
doporuc¢enymi pro vyrobu piva s CHZO ,Ceské pivo“ (Blanik, Bojos,
Francin, Laudis 550, Malz, Petrus a Vendela) a ¢tyfmi odrlidami pro
vyrobu exportnich slad(l (Kangoo, Sebastian, Sunshine a Xanadu)
ukazaly nékteré specifické viastnosti odrid a pfispély k poznatkiim
o relacich mezi kvalitativnimi znaky sladu a organoleptickou kvalitou
Ceskeého piva.

Pfi pivovarském zpracovani laboratornich slad(i nebyly z hlediska
zcukfeni, fermentability a filtrovatelnosti zjistény markantni procesni
problémy, nicméné u sladli z odrddy Blanik (vysoky obsah beta-glu-
kan(l) a Malz byla doba scezovani pivovarskych sladin o 20 % delsi
oproti nejlépe stékajicim sladindm odriid Francin a Sebastian.

Trend k niz8imu obsahu celkovych polyfenoll v pivu, které jsou
vyznamné z hlediska vyroby ,Ceského piva“, byl u odrid Bojos, Bla-
nik a Laudis 550. Byla patrna jistd odridova specifita a zavislost
na dekokénim rmutovani, napf. obsah celkovych polyfenoll v pivech
z odrlidy Francin byl vy$si, nezli by odpovidalo jejich obsahu ve sla-
du. Pfi dekokénim rmutovani pfechazi do sladiny vyznamné vyssi
mnozstvi polyfenolt oproti laboratornimu infuznimu rmutovani.
Mnozstvi celkovych polyfenold ve sladiné je vyznamné pro jejich tro-
ven v pivu.

Barva piv jevi zavislost na odridé, relativné nizké byly hodnoty
u odrlid Blanik a Sebastian, trend k niz&im hodnotam byl u slad(i Bojos
a Malz. Naopak vysokou barvu méla v ramci sledovanych odrid piva
Xanadu. Vyznamnym faktorem je dekokéni postup rmutovani, barva
piv silné korelovala s barvou dekokénich sladin (r = 0,726), podstatné
slabsi byla relace mezi barvou sladl, kongresni sladiny (r = 0,445)
a piv, predikce barvy piva vyrobeného dekokénim rmutovanim na za-
kladé barvy sladu je tak zna¢né nepfesna. Barva piv je ovlivnéna i vy-
slednym pH piva, vy$Si hodnoty rezultuji ve vyssi barvu.

Barva piv a obsah celkovych polyfenoll v pivu zavisely na proteo-
lytickém respektive cytolytickém rozlusténi sladu, bylo nicméné za-

Obr. 11 Vysledky senzorického hodnoceni piv — kyselost

Fig. 11 Results of sensory evaluation of beers — sourness

Kyselost: vzestupna Skala 0 — 5 (zadny — velmi silny) / Sourness:
ascending scale 0 — 5 (none — very strong)

R-primér / average

ble nitrogen content. The effect of the variety was inconclusive while
the beta glucan content was variety-dependent and the influence of
the year was not conclusive.

Negative effects on lautering are attributed, in particular, to non-
starch polysaccharides, beta-glucans and arabinoxylans and also to
substances of a protein nature (Jin et al., 2004; Ford and Evans,
2001; Benismail et al., 2003). The lautering rate of the worts in the
experimental brews had no conclusive link to cytolytic modification,
friability, the content of non-starch polysaccharides in the malts and
the viscosity of the laboratory wort, although some malts had a beta
glucan content well above the 200 mg/l recommended for malt pro-
cessing (Kosaf and Prochazka, 2000). However, the beta-glucan
content during the brewing process varies according to malt process-
ing technology, so the correlation between malt and beer is small
(Erdney et al., 1998). A very slight positive correlation with the rate of
lautering at the 90% probability level was found only for Kolbach in-
dex and soluble malt content of malt (r = 0.319 and r = 0.335). The
beta-glucan content of the wort depends on the malt beta-glucanase
activity and the mashing temperature and time course. The lower
mash goods temperature and the decoction mashing process used
in our brewing trials reduce the content of beta-glucan in the wort
(Basarova et al., 2010; Sacher et al., 2016). Therefore, the increased
beta-glucan content in some of the malts was reflected to a lesser
extent in the rate of lautering. In terms of wort lautering and beer fil-
tration, beta-glucanase enzyme activity and, above all, structure of
beta-glucans are more important than their amounts. For this reason,
the separation processes of the brews made from malts with a higher
content of beta-glucans can often be carried out more quickly than
with malts with a lower content of non-starch polysaccharides (Basa-
rova et al., 2010).

The results indicate a lower rate and a longer period of lautering in
brewer's worts, especially those from the varieties Blanik (high beta-
glucan content) and Malz. The rate of lautering was approximately
20% lower than that of the best-flowing varieties Francin and Sebas-
tian.

We monitored the filterability of beers only from 2016, when the
methodology for filterability determination on a pilot filter was elabo-
rated. The results of 17 brews show the negative effect of beta-glu-
cans in beer (malt) on the filterability in terms of beer clarity, but not
on the increase in the difference in filtering pressure, which deter-
mines the volume of beer filtered in one cycle. The results will be
presented after evaluation of the brews carried out in 2017.

4 CONCLUSIONS

The three-year brewing tests carried out with the seven barley va-
rieties recommended for the production of beer with the PGl “Czech
beer” (Blanik, Bojos, Francin, Laudis 550, Malz, Petrus and Vendela)
and four varieties for production of export malts (Kangoo, Sebastian,
Sunshine and Xanadu) showed some specific characteristics of the
varieties and contributed to the knowledge about the relations be-
tween the qualities of the malt and the organoleptic quality of the
Czech beer.
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Obr. 12 Rychlost scezovani pokusnych sladin
Fig. 12 Speed of lautering of experimental worts

znamenano odridové specifické chovani, napf. malo modifikované
slady z je¢men(l Xanadu rezultovaly v piva s nejvy$si barvou.
Celkovy senzoricky dojem i jednotlivé zékladni parametry, pinost,
fiz, horkost, sladkost, trpkost, zavisely do zna¢né miry na rocniku,
presto byla statistickou analyzou ¢astec¢né odlisena piva z odriid do-
poruéenych pro ,Ceské pivo* a odrid pro exportni slady. U odriid
Francin, Laudis 550, Malz a Bojos byl slaby trend k lepsi senzorické
kvalité piv, celkovému dojmu, rozdily mezi odrddami ale nebyly proka-
zany. Na plnosti chuti piv se vyznamné podilel obsah celkovych poly-
fenoll v pivu (r = 0,614) a horkost piv (r = 0,536), pro horkost byla
zjiSténa i pomerneé silna korelace s fizem piv (r = 0,692). NizSi stuper
prokvaseni, typicky pro Ceské pivo, snizuje trpkost a kyselost piv.
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Obr. 13 Vysledek PCA analyzy zékladnich senzorickych deskriptor(
Fig. 13 PCA analysis of basic sensory descriptors

CP — Odrudy doporuc¢ené pro ,Ceské pivo“/ Varieties recomended
for “Czech beer”

exp. — Dal$i sladovnické odrady / Other malting barley varieties

During the brewing process of the laboratory malts, there were no
sizable problems in terms of saccharification, fermentability and fil-
terability. However, with Blanik (high beta-glucan content) and Malz
malts the lautering period of brewer‘s worts was 20% longer than that
of the best-running worts of the Francin and Sebastian varieties.

A tendency to lower total polyphenols in beer, which are important
for the production of Czech beer, was found in the varieties Bojos,
Blanik and Laudis 550. A certain varietal specificity and dependence
on decoction mashing was evident; for example, the content of total
polyphenols in beer varieties from Francin was higher than would
correspond to their content in malt. During decoction, a significantly
higher amount of polyphenols is transferred to the wort than during
laboratory infusion mashing. The amount of total polyphenols in the
wort is significant for their level in beer.

Beer color appears to be dependent on the variety. The values of
the Blanik and Sebastian varieties were relatively low, a trend to-
wards lower values was observed with Bojos and Malz malt. On the
other hand, Xanadu's beer varieties were high in color. An important
factor is the decoction mashing - the color of the beers strongly cor-
related with the color of the decoction wort (r = 0.726), while the rela-
tion between malt color, congress wort (r = 0.445) and beer color
was much weaker. The prediction of the color of beer produced by
decoction mashing based on malt color is thus largely inaccurate.
The color of the beer is also influenced by the resulting pH of the
beer, higher values resulting in higher color.

Beer color and the total polyphenol content in beer depend on the
proteolytic or cytolytic modification of malt. We noticed, however,
variety-specific behavior. For instance, little modified Xanadu malts
provided the highest-colored beers.

The overall sensory impression and individual basic parameters
such as body, carbonation, bitterness, sweetness and astringency
depended to a great extent on the harvest year. Even so, statistical
analysis helped us to partially distinguish the beers from the varieties
recommended for “Czech beer” from the varieties for export malts.
Francon, Laudis 550, Malz and Bojos displayed a weak trend to-
wards a better sensory quality of the beers and overall impression,
but the variations between varieties were not proven. The content of
total polyphenols in beer (r = 0.614) and the bitterness (r = 0.536)
significantly influenced the beer taste, and a relatively strong correla-
tion with beer carbonation (r = 0.692) was also found for bitterness.
The lower attenuation, typical of Czech beer, reduces the bitterness
and sourness of beers.
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