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Sedlaéek, T. — Psota, V.: Klasifikace odriid jeémene pro ,,Ceské pivo“ s vyuZitim diskriminaéni analyzy. Kvasny Prum. 61, 2015,
€. 9, s. 262—267

Ziskani chranéného zemépisného oznageni ,Ceské pivo“ vedlo k nutnosti cileného $lechténi odrid jeémene s vlastnostmi odpovidaji-
cimi parametriim tohoto typu piva. V této studii jsme sledovali vliv odriid a vliv lokality péstovani na hlavni ukazatele sladovnické jakosti
s cilem identifikovat nejvhodnéjsi selekéni kritérium. Jako vhodné parametry se ukazaly relativni extrakt pfi 45 °C, obsah B-glukant
ve sladiné a Kolbachovo ¢islo. Protoze tyto parametry také vyrazné ovliviiuje prostfedi a rezidualni vlivy, vyvinuli jsme klasifikaéni funkci
s vyuzitim diskriminaéni analyzy. Funkce uspésné klasifikovala 94 % vzorkl bez ohledu na lokalitu péstovani, mohla by se tudiz stat
vhodnym nastrojem pro vybér linii jeémene spliujicich kvalitativni poZadavky kladené na odriidy doporuc¢ené pro vyrobu piva s chrané-
nym zemépisnym oznacéenim ,Ceské pivo*.

Sedlaéek, T. — Psota, V.: Classification of barley varieties for “Ceské pivo” using discriminant analysis. Kvasny Prum. 61, 2015,
No. 9, pp. 262—267

Awarding of the Protected Geographical Indication “Ceské pivo* (i.e. Czech Beer) led to the necessity of targeted breeding of barley
varieties. This study investigated the effect of varieties and growing sites on the key indicators of malting quality with the aim to identify the
most suitable selection criteria. Relative extract at 45 °C, B-glucan content in wort, and Kolbach Index were identified as the most suitable
parameters. As these parameters are also significantly affected by the environment and residual influences, a classification function using
discriminant analysis was developed. The function classified successfully 94% of samples regardless of the growing site and thus it may
be used as a suitable tool for selection of barley lines that meet the qualitative requirements for the varieties recommended for production
of beer with the Protected Geographical Indication “Ceské pivo”.

Sedlacek, T. — Psota, V.: Klassifikation der Gerstensorten fiir die Herstellung des Bieres mit der geschiitzten geografischen
Bezeichnung ,,Ceské pivo“ (Tschechisches Bier) unter Anwendung einer Diskriminationsanalyse. Kvasny Prum. 61, 2015, Nr. 9,
S. 262-267

Der Erwerb der geschiitzten geografischen Bezeichnung ,Ceské pivo* fiihrte zur Notwendigkeit einer gezielten Veredelung von Gers-
tensorten mit den Parametern von entsprechenden Eigenschaften fir den Typ des Bieres. Im Artikel wird der Einfluss der Gerstensorten
und der Anbaulokalitéat auf die Hauptparameter der Malzqualitat beschrieben mit dem Ziel das am besten geeignete Auswahlkriterium
zu identifizieren. Als die geeignete Parameter wurden relativer Extrakt bei 45 °C, 3-Glukangehalt in der StBwirze und Kolbachzahl
nachgewiesen. Weil auch diese Parameter wesentlich das Lebensmilieu und residuale Einflisse beeinflussen, wurde eine Klassifikati-
onsfunktion unter Anwendung einer Diskriminationsanalyse entwickelt. Diese Funktion hat erfolgreich 94% Muster rucksichtslos auf die
Anbaulokalitat klassifiziert, dadurch konnte sie als ein geeignetes Instrument zur Auswahl von Gerstenlinien dienen, die die qualitative
Anforderungen an die Gerstensorten fir die Herstellung des Bieres mit der geschitzten geografischen Bezeichnung ,,Ceské pivo“ er-
fallen.

Kli€ova slova: sladovnicka kvalita, Chrdnéné zemépisné oznaceni
,Ceské pivo“, diskriminacni analyza

1 UvVoD

_Chranéné zemépisné oznaceni ,Ceské pivo“ (dale jen CHZO
,Ceské pivo“) bylo zapsano do Rejstfiku chranénych zemépisnych
oznaceni v roce 2008 (Commission, 2008). V témze roce doporucil
VUPS prvni odridy spliujici kvalitativni pozadavky na vyrobu piva
s CHzO ,Ceské pivo“ (Psota, 2008). Byly to jiz dfive registrované
odrldy, které splfiovaly v zadosti uvedené pozadavky. Odridy pro
,Ceské pivo“ maji mit pfedevsim nizsi troven prokvadeni a nizsi pro-
teolytické rozlusténi. To je pro Slechtitele dosti zasadni zména do-
savadniho pohledu na sladovnickou kvalitu novych odrad jeémene.

Pro uspésné sSlechténi je tfeba mit k dispozici dostate¢né robustni
selekéni kritéria. V pfipadé monogenné zalozenych znaku je jejich
dédi¢nost jednoduché a selekce ucinna na zakladé jasnych feno-
typovych projev[] (Baker 1986) \Y pFipadé polygenné zaloZenych
charaktenzam sladovnické kvallty se pouziva fada parametrll, z nlch
kazdy postihuje pouze urcitou ¢ast komplexni problematiky. Vzhle-
dem k tomu, Ze i tyto dil¢i kvalitativni znaky jsou polygenné zalo-
zené, je selekce na sladovnickou kvalitu velmi obtizna (Swanston
a Ellis, 2002). K polygennimu charakteru a komplexni problematice

Keywords: malting quality, Protected Geographical Indication
“Ceské pivo”, discriminant analysis

1 INTRODUCTION
The Protected Geographical Indication “Ceské pivo/Czech Beer”
(further only PGl Ceské pivo) was recorded in the European Reg-
ister of the Protected Geographic Indications in 2008 (Commission,
2008). In the same year, the Research Institute of Brewing and
Malting (RIBM) recommended the first varieties meeting qualitative
requirements for production of “Ceské pivo” (Psota, 2008). These
previously registered varieties fulfilled the requirements specified in
the application. The varieties for “Ceské pivo” are characterized by
a lower level of fermentation and lower proteolytic modification; this
represents for breeders a principal change in terms of malting quality
of new barley varieties

Successful breeding requires the availability of sufficiently robust
selection criteria. In monogenic traits, their inheritance is simple
and their selection effective based on clear phenotype performance
(Baker, 1986). In polygenic traits, which include quality, the situa-
tion is much more difficult. Many parameters are used to character-
ize malting quality; each of them only addresses a specific aspect
of the complex issue. Considering the fact that even these partial
qualitative attributes are polygenic, the selection for malting quality
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sladovnické kvality dale pfistupuje podil viivu prostfedi na fenoty-
povy projev (Eagles et al., 1995). V praxi to znamend, ze genotyp
s fixovanym genetickym zaloZzenim ma rdzné hodnoty kvalitativnich
parametrd na rdznych lokalitdch a v rGznych roénicich (Foster et al.,
1967). Standardnim Slechtitelskym postupem pro selekci na sladov-
nickou kvalitu je tak rozsahlé testovani material( na vice lokalitach
a ve vice rocnicich. Takovéto testovani je vSak velmi nakladné a na-
roéné na mnozstvi materialu, provadi se proto u omezeného mnoz-
stvi nové vySlechténych linii v pokrocilejSich generacich.

Pro zrychleni Slechtitelského postupu a vy$Si Ucinnost Slechténi
je€mene je zadouci posunout vybér genotypt do dfivéjSich generaci
(Baker et al., 1968). Pro Slechténi na sladovnickou kvalitu se vyZzaduiji
parametry sladovnické kvality, které jsou silné ovlivnény genotypem
a malo vlivy prostredi. Cilem této studie bylo urcit znaky sladovnické
kvality, schopné identifikovat nové vyslechténé linie jemene splfiuji-
ci kvalitativni pozadavky kladené na odridy vhodné pro vyrobu piva
s CHzO ,Ceské pivo*“.

2 MATERIAL A METODY

Do experimentalniho souboru byly zafazeny odridy Aksamit, Bla-
nik, Bojos a Malz doporuéené pro vyrobu piva s CHZO ,Ceské pivo*
a odrlidy Kangoo, Sebastian, Xanadu a Zeppelin vhodné pro ostatni
druhy piv (tab. 1a)

Tab. 1a Odriidy experimentalniho souboru / Table 1a Varieties of the
experimental set

is very difficult (Swanston and Ellis, 2002). In addition, besides the
polygenic character and the complex malting quality, the influence of
the environment on the phenotype performance must be considered
(Eagles et al., 1995). In practice, this means that a genotype with
a fixed genetic basis has various values of qualitative parameters
in different sites and different years (Foster et al., 1967). Thus, the
standard breeding approach to selection for malting quality is based
on extensive testing of materials in various sites and various years.
This testing is very costly and difficult given the quantity of the mate-
rial; therefore, it is carried out on a limited quantity of new breeding
lines in advanced generations.

To accelerate the breeding process and make it more effective, se-
lection of genotypes should be shifted to earlier generations (Baker et
al., 1968). In breeding barley for malting quality, the parameters that
are strongly affected by a genotype and minimally by the environment
are required. The objective of this study was to determine the malting
quality parameters capable to identify new breeding lines meeting the
qualitative requirements for brewing beer with the PGI “Ceské pivo”.

2 MATERIALS AND METHODS

The experimental set included the varieties Aksamit, Blanik, Bo-
jos, and Malz which are recommended for production of beer with the
PGl “Ceské pivo“ (CP) and the varieties Kangoo, Sebastian, Xanadu,

Tab. 1b Odrlidy kontrolniho souboru / Table 1b Varieties of the control
set

o Rok Zemé q Rok Zemé
Qi R registrace | plvodu il AL registrace | plvodu
] ] Year of | Country ] ] Year of Country
Vel e registration | of origin ey rEdleEE registration | of origin
Aksamit NSL 94-1384 B X (Perun 2007 cz Acrobat Chaserx (Aspen x Prestige) 2008 FR
x Tu 33) x Atribut Aksamit NSL 94-1384 B x (Perun 2007 cz
Blanik NFC 495-17 x Madonna 2007 NL x Tu 33) x Atribut
Boios Madonna x Nordus 2005 (074 Aktiv HE 8270 x Madonna 2008 Ccz
Kangoo Braemer x Br 5509a 2008 NL Blanik NFC 495-17 x Madonna 2007 NL
Malz Famin x Scarlett 2002 cz Bojos Madonna x Nordus 2005 Cz
; ; (Dominique x Blenheim)
)S;eba:tlan V-L:X X VlsskosT ” zgg: BE Calgary x (Barleta x Chapka) 2003 FR
anadu s S ;)_sa X IcaLe" ) Diplom (Ditta x Cooper) x Krona 2002 DE
. candium x Isabella :
Zeppelin % SJ 050623 2012 DK Jersey Apex x Alexis 2000 NL
Kangoo Braemer x Br 5509a 2008 NL
i . . . i Marthe Neruda x Recept 2008 DE
Odrudy experl,mentalnlho souboru byly pes}oyany vV roce 201,2 Prestige Cork x Chariot 2002 FR
v maloparcelkovych pokusech ve dvou opakovanich v uplnych zna- - -
hodnénych blocich standardni agrotechnikou pro sladovnicky jes- | Publican Drum x Sebastian 2008 GB
men. Kontrolnim souborem byly sladovnické odridy je¢émene zkou- Radegast Nordus x Heris 2005 cz
Sené pro Seznam doporu¢enych odrld (tab. 1b) v roce 2008. Popis Sebastian Lux X Viskosa 2005 DK
pokusnych stanovist je uveden v tab. 2. :
Sladovani 0,5 kg vzorki zrna > 2,5 mm probihalo v mikrosladovné Spilka (94/633/4 x Viskosa) 2007 DE
fy KVM (CR). Pro laboratorni sladovani byl pouZit postup tradiéné x Neruda
pouzivany ve VUPS, ktery je v podstaté totozny z metodikou MEBAK Tolar HE 4710 x HWS 78 267/83 1997 cz
(2011). Westminster NSL 97-5547 x Barke 2007 GB
Xanadu Viskosa x Scarlett 2005 DE

Tab. 2 Popisy zkuSebnich stanovist / Table 2 Descriptions of the trial sites

Zku$ebni . . o . Nadmorska Dlouhodoba primeérna Dlouhodoby primeérny N
stanovisté NEellehellyy || Mielie et vySka (m) teplota t30 (°C) uhrn sraZzek s30 (mm) Al & ety
o] Code of the Production ] Long-term average Long-term average sum of :
e S site region AR () temperature t30 (°C) precipitation p30 (mm) Code of soil
Hrubéice HE R 210 8.5 578 CMmH —h
Stupice ST R 287 8.3 588 HMm — jh
Vérovany VER R 207 8.7 502 CMh —h
Polna PO B 590 8.1 705 HMm — ph
Krukanice KR (6] 474 7.3 496 HMm — ph
Vysveétlivky / Explanations
R — Reparska vyrobni oblast / Sugar-beet production region HMm — Hnédozem typicka / Orthic Luvisol
(0] — Obilnarska vyrobni oblast / Cereal production region h — hlinita pada (stfedni) / Loamy soil (medium)
B — Bramborafska vyrobni oblast / Potato production region ph — piscitohlinita plda (stfedni) / Sandy-loam (medium)
CMh - Cernozem hnédozemni / Luvi-haplic Chernozem jh — jilovitohlinita plda (t&€zka) / Clayey-loam (heavy)
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Tab. 3 Souhrnnéa data ANOVA / Table 3 Summary ANOVA

Kvalitativni parametr Stanovisté / Site Kategorie / Category Residual
Qualitative parameter F p % variability F p % variability % variability
NL (%) 224.30 <0.00 95.8 2.20 0.15 0.3 3.9
E (%) 47.50 < 0.00 80.4 7.80 < 0.00 4.4 15.2
REA45 (%) 21,40 <0.00 51.7 32.90 <0.00 26.5 21.8
K (%) 9.50 < 0.00 39.9 15.80 <0.00 22.2 37.9
DM (WK) 17.70 < 0.00 66.0 0.30 0.60 3.6 30.4
DSP (%) 1.83 0.17 14.4 5.52 0.03 14.5 711
Fm (%) 21.50 < 0.00 67.8 3.60 0.07 3.8 28.4
BGw (mg/l) 3.70 0.02 21.6 12.90 < 0.00 254 53.0
Vysvétlivky / Explanations
NL  — Obsah dusikatych latek / Protein content DSP — Dosazitelny stupen prokvaseni / Apparent final attenuation
E — Extrakt sladu / Extract of malt Fm  —Friabilita / Friability
RE45 — Relativni extrakt pfi 45 °C / Relative extract at 45 °C BGw — Obsah B-glukan( ve sladiné / B-glucan content in sweet wort
K — Kolbachovo ¢&islo / Kolbach Index F — testovaci kritéria / test criteria
DM - Diastatickd mohutnost / Diastatic power p — p-hodnota / p-value

Namacka probihala ve skfifiové macirné. Teplota vody a teplota
vzduchu byla udrzovana na hodnoté 14,5 °C. Délka naméacek 1. den
— 5 hodin; 2. den — 4 hodiny. Treti den byl obsah vody v kli¢icim zrnu
namackou nebo dokropenim upraven na hodnotu 45 %.

Kli¢eni probihalo ve skfifiovém kli¢idle. Teplota v prubéhu kli¢eni
byla 14,5 °C. Celkovy ¢as maceni a kliceni byl 144 hodin.

Hvozdéni probihalo na jednoliskovém elektricky vyhfivaném hvoz-
du. Celkova doba hvozdéni byla 22 hodin, faze pfedsouseni probiha-
la pfi teploté 55 °C, teplota faze dotahovani byla 80 °C po 4 hodiny.

Sladovnicka kvalita je definovana obsahem bilkovin (NL, v %), ex-
trakt (E, v %), relativni extrakt pfi 45 °C (RE45, v %), Kolbachovo ¢&is-
lo (K, v %), diastaticka mohutnost (DM, v j.WK), dosazitelny stuper
prokvaseni (DSP, v %), friabilita (Fm, v %) a p-glukany ve sladiné
(BGw, v mg.dm) byla stanovena podle metodik uvedenych v publi-
kacich EBC (2010) a MEBAK (2011).

ANOVA a modelovani klasifika¢nich funkci diskriminaéni analyzou
byly provedeny v statistickém softwaru Statgraphics Centurion.

3 VYSLEDKY

Ziskané vysledky kvalitativnich parametrd byly analyzovany dvou-
faktorovou analyzou rozptylu, kde faktory byly lokalita péstovani
a kategorie sladovnické kvality. Souhrnné vysledky testovaciho krité-
ria F, p-hodnoty a procenta popsané variability pro lokalitu péstovani,
kategorii sladovnické kvality a rezidualni vlivy jsou uvedeny v tab. 3.

Sledované parametry sladovnické kvality s vyjimkou DSP byly
statisticky prikazné zavislé na prostfedi (p < 0,05). Tento vliv byl
vysoky az velmi vysoky vyjma parametru BGw, K a RE45. Sledova-
né parametry sladovnické kvality byly také statisticky prikazné za-
vislé (p < 0,05) na kategorii sladovnické kvality, s vyjimkou DM, NL
a Fm. Vliv kategorie sladovnické kvality vSak byl velmi nizky az nizky.
Nejvys$si procento popsané variability bylo u parametri RE45, BGw
a K. Zjisténé hodnoty vSak nedostacuji pro rutinni vyuziti jako se-
lekéniho parametru. Z tohoto divodu bylo pfistoupeno k modelovani
klasifikacnich funkci metodou diskrimina¢ni analyzy (Fisher, 1936),

Tab. 4 Koeficienty klasifikacnich funkci / Table 4 Classification func-
tion coefficients

CP 0
NL (%) —36.68 —39.29
RE45 (%) 29.18 30.90
DSP (%) 113.50 116.30
CONSTANT —4 889.00 —5 155.00

Vysvétlivky / Explanations

NL — Obsah dusikatych latek / Protein content

RE45 — Relativni extrakt pfi 45 °C / Relative extract at 45 °C

DSP - Dosazitelny stupen prokvaseni / Apparent final attenuation

CP  —odridy pro pivo s CHZO ,Ceské pivo* / Varieties for beer
with PGl “Ceské pivo”

(0] — ostatni sladovnické odrldy / Other malting varieties

and Zeppelin which are suitable for production of other types of beers
(Table 1a).

The varieties of the experimental set were grown in two replica-
tions in small plot field experiments in 2012. Completely randomized
block design and standard crop management practice for malting
barley were used. The malting varieties tested for the List of Recom-
mended Varieties in 2008 were used as the control set (Table 1b).
The description of the experimental sites is given in Table 2.

Samples (0.5 kg) of grain > 2.5 mm were malted in the micromalt-
ing plant of the company KVM (CR). The samples were placed in
bottom-perforated metal boxes. Laboratory malting was performed
with the method traditionally used in the RIBM which corresponds to
the MEBAK method (2011).

Steeping was carried out in the steeping box. The water and air
temperature was kept at 14.5 °C. Length of steeping: on the 1st day
— 5 hours; 2nd day — 4 hours. On the third day the water content in
the germinating grain was adjusted to 45% by steeping or spraying.

Germination was carried out in the germinating box. The air tem-
perature was kept at 14.5 °C. The total steeping and germination
time was 144 h.

Kilning was conducted on a one-floored electrically heated kiln.
Total germination time was 22 h, pre-drying was performed at 55 °C,
kiln temperature was 80 °C for 4 hours.

Malting quality was defined by protein content (NL, in %), extract
(E, in %), relative extract at 45 °C (RE45, in %), Kolbach Index (K,
in %), diastatic power (DM, in WK), apparent final attenuation (DSP,
in %), friability (Fm, in %) and B-glucan in sweet wort (BG, in mg.dm)
according to the EBC (2010) and MEBAK (2011) methods.

ANOVA and modeling of classification functions using discriminant
analysis were conducted using Statgraphics Centurion statistical
software.

3 RESULTS

The obtained results of qualitative parameters were analyzed us-
ing two-factor analysis of variance, where the factors were the grow-
ing site and the category of malting quality. The summary results of
F-test, p values and percentage of variability observed for the grow-
ing site, malting quality category, and residual influences are listed
in Table 3.

The studied parameters of malting quality, with the exception
of DSP, depended statistically significantly on the environment
(p < 0.05). This effect was high to very high with the exception of
the parameters BGw, K and RE45. The malting quality parameters
under study also depended statistically significantly (p < 0.05) on
the category of malting quality, with the exception of DM, NL, and
Fm. However, the influence of malting quality category was very low
to low. The highest percentage of the variability was recorded in the
parameters RE45, BGw, and K. The detected values, however, are
not sufficient for routine use as a selection parameter. For this rea-
son, modeling of classification functions using discriminant analysis
(Fisher, 1936), specifically stepwise regression with the adding vari-
ables, was carried out. As an initial value, all the measured qualita-
tive parameters were used. In the individual iterations of the stepwise
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Tab. 5 Ovéfovani klasifikace odriid / Table 5 Verification of the variety classification

Variety NL(%) | RE45(%) | DSP(%) |  Se T SOPT | edicted catsgory | Gategory
Acrobat 11.0 43.5 83.9 5500 5015 484 (0] (0]
Aksamit 11.3 34.8 82.4 5064 5015 49 (0] CP
Aktiv 12.4 39.9 81.8 5105 5015 90 (0] (0]
Blanik 11.7 35.8 81.7 4999 5015 -16 CP CP
Bojos 11.4 371 79.2 4765 5015 -250 CP CP
Calgary 11.8 375 81.0 4 966 5015 -49 CP CP
Diplom 11.6 38.5 81.7 5082 5015 67 (0] (@]
Jersey 11.9 42.5 81.6 5176 5015 161 (0] O
Kangoo 11.5 39.8 83.7 5350 5015 335 (0] O
Marthe 11.8 43.8 83.7 5 456 5015 441 (0] O
Prestige 11.5 41.2 82.3 5232 5015 217 (0] O
Publican 11.0 37.9 82.7 5200 5015 185 (0] (0]
Radegast 11.6 38.6 78.6 4733 5015 -282 CP CP
Sebastian 10.5 40.5 83.2 5351 5015 336 (0] (6]
Spilka 11.7 44.5 79.9 5049 5015 34 (0] (0]
Tolar 11.6 35.5 80.7 4 881 5015 -134 CP CP
Westminster 11.0 46.1 81.7 5326 5015 311 (0] (0]
Xanadu 11.3 43.7 81.5 5222 5015 207 (0] O

Vysvétlivky / Explanations

NL  — Obsah dusikatych latek / Protein content T
RE45 — Relativni extrakt pfi 45 °C / Relative extract at 45 °C

DSP - dosazitelny stupen prokvaseni / Apparent final attenuation
See  — Klasifikaéni skére / Classification score O

konkrétné krokové regrese s pfidavanim proménnych. Jako vstup-
ni proménné byly pouzity vSechny naméfené kvalitativni parametry.
V jednotlivych iteracich krokové regrese byly do modelu postupné
pfidavany proménné s hodnotou testovaciho kritéria F > 10 (vzhle-
dem ke kategorii CP/O) az po dosazeni uspokojivé hladiny statistické
spolehlivosti (p < 0,01). Béhem tfi iteraci bylo dosazeno optimalni
klasifika¢ni funkce zahrnujici proménné NL, RE45 a DSP se statis-
tickou spolehlivosti p < 0,001. Funkce pro kategorizaci odrid jako CP
nebo O jsou uvedeny v tab. 4.

Dosazenim do obecné rovnice Suegeie = @ + DXy + 0", + ... +
b..*x, ziskame klasifikaéni funkci napf. pro kategorii CP:

Klasifikagni skore (Sgp) = -4889-36,68*NL+29,18*RE45+113,5*DSP

Vypocétem priimérné hodnoty S¢, pro zakladni skupinu vzork(i CP
a O, jejich souctem a vydélenim 2 pak ziskdme prahovou hodnotu
sthreshold“ T = ( Xgp + X, )/2, zde hodnota T = 5015. Pokud je vypo-
¢tena hodnota S¢r u neznamého vzoku < T, kategorizujeme vzorek
jako CP, pokud je > T, kategorizujeme vzorek jako O. Tento postup je
nejjednodussi, existuje fada dalSich, napf. vypocet pfislusnosti ne-
znamého vzorku do kategorie pomoci Mahalanobisovy vzdalenosti
(Mahalanobis, 1936), pro prehled viz Rencher a Christensen (2012).
Dale byla testovana schopnost klasifikanich funkci kategorizovat
odrlidy jako CP ¢&i O. Pomoci vySe uvedenych funkci byly u vzor-
ki kontrolniho souboru vypocitany hodnoty S., a vzorky zarazeny
do kategorii (tab. 5). Odrudy byly spravné kategorizovany v 94 %
pfipada.

4 DISKUZE

Sladovnicka kvalita je dana souhrnem kvantitativnich znaka, kte-
ré jsou nizce az stfedné ovlivnény genotypem (Molina-Cano et al.,
1997), coz bylo touto praci potvrzeno. Sladovnické znaky se do jisté
miry navzajem kompenzuji a s vyuzitim pokrocilych statistickych me-
tod je mozné jejich vzajemné kompenzaéni vztahy zachytit a zapra-
covat do matematickych modelll umoznujicich spravnou klasifikaci
analyzovanych genotypu (Gianinetti et al., 2005). Obdobny pfistup
byl zvolen pro vypracovani klasifikacni funkce pro identifikaci geno-
typU s kvalitou vhodnou pro ,Ceské pivo“.

Jednim ze z&kladnich ukazatell sladovnické kvality je obsah du-
sikatych latek v zrnu je€émene. Tento parametr je v8ak velmi snadno
ovlivnitelny vnéjSimi podminkami pusobicimi na rostliny je¢émene

CP

— Prahova hodnota / Threshold value

— odrady pro pivo s CHZO ,Ceské pivo*/ Varieties for beer with
PGl “Ceské pivo”

— ostatni sladovnické odrudy / Other malting varieties

regression, variables with the testing criteria value of F > 10 (with
regard to categories CP/O) were gradually added to the model until
satisfactory levels of statistical significance were achieved (p < 0.01).
During three iterations, the optimal model of classification functions
was achieved, the model included NL and RE45, and DSP variables
with statistical significance of p < 0.001. Functions for classification
of the varieties as CP or O are listed in Table 4.

The classification function was obtained by substituting the coef-
ficients into general equation S yeqoy = @ + by™X; + b"%, + ... + b X;,
we get, for example for classification as CP:

Classificationscore (S¢p) =-4889-36.68*NL+29.18*RE45+113.5*DSP

The threshold value (T) is calculated as follows: a sum of aver-
age values of S¢; for the basic sample group CP and O divided by
2:T = (Xep +Xo )/2, (here T = 5015). If the S¢p value of an unknown
sample is < T the sample is classified as CP, if the value is > T the
sample belongs to the class O. This is the simplest method, several
other methods exist, for example calculation of classification of an
unknown sample to a category using Mahalanobis distance (Ma-
halanobis, 1936), for review, see Rencher and Christensen (2012).
Further, we tested the capacity of the classification functions to clas-
sify the varieties as CP or O. Using the functions described above,
the S¢p values in the control set were computed and the samples
were assigned to the categories (Table 5). The varieties were cor-
rectly classified in 94%.

4 DISCUSSION

Malting quality is defined by a sum of quantitative traits which
are to a lower or medium extent affected by a genotype (Molina-
Cano et al., 1997), our study confirmed this finding. Malting traits, to
a certain extent, mutually compensate each other and with the use
of advanced statistical methods, these mutual compensation rela-
tionships can be identified and processed in mathematical models,
which enable a correct classification of the analyzed genotypes (Gia-
ninetti et al., 2005). A similar approach was selected for designing
a classification function for the identification of the genotypes with
quality suitable for “Ceskeé pivo”.

Content of nitrogenous substances in the barley grain belongs to
the basic indicators of malting quality. This parameter, however, can
be easily influenced by external conditions affecting the barley plant
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v prabéhu jejich vegetace, vybérem lokality apod. (Sachambula et
al., 2009). Vysoké hodnoty > 12,5 % nebo naopak nizké hodnoty
<9,5 % jsou povazovany za hrani¢ni. Obsah dusikatych latek v zrnu
jeEmene ovliviiuje vétsinu dal$ich sladovnickych znakul. Se zvySova-
nim obsahu dusikatych latek se snizuje obsah extraktu, sniZzuje se
hodnota Kolbachova ¢&isla a zvy3Suji se hodnoty relativniho extraktu
pfi 45 °C a diastatické mohutnosti (Schildbach, 1974). DuleZitost ob-
sahu dusikatych latek ukazuje jeho zahrnuti do vytvofené klasifikac-
ni funkce, kde tento parametr slouzi pro normalizaci hodnot relativni-
ho extraktu pfi 45 °C a dosazitelného stupné prokvaseni.

Dal&im zakladnim ukazatelem sladovnické kvality je obsah extrak-
tu, ktery vypovida o urovni modifikace Skrobu v pribéhu sladovani.
U tohoto vyznamného technologického a ekonomického znaku je
vidét vyrazny vysledek Slechtitelského usili. Geneticky zisk v tom-
to znaku byl ovlivnén snizenim akumulace dusikatych latek v zrnu
a zvySenim aktivity hydrolytickych enzym obilky v pribéhu sladova-
ni u modernich odriid. Primérny meziroéni pfirlstek extraktu v su-
§iné sladu v prubéhu padesati let byl 0,0641 procentickych bod
(Psota et al., 2009). Pres jeho dllezitost nebyl tento parametr zahr-
nut do vypracované klasifikaéni funkce, protoze nenapomaha nalézt
odriidy vhodné pro vyrobu ,Ceského piva“.

Relativni extrakt pfi 45 °C vyjadfuje aktivitu proteolytickych enzy-
mU a a-amylasy. Hodnota relativniho extraktu pfi 45 °C je ovliviiova-
na odridou i pribéhem pocasi v daném roce. Primérny meziroéni
narlst relativniho extraktu byl za sledované obdobi 0,645 procent-
nich bodl (Psota et al., 2009). Vzhledem k tomu, Ze odridy dopo-
ru¢ené pro vyrobu piva s CHZO ,Ceské pivo“ maji odlisné hodnoty
tohoto parametru a jeho relativné silné (vhledem k jinym parametriim
sladovnické kvality) genetické determinaci byl zafazen jako soucast
klasifika¢ni funkce.

Proteolytické rozlusténi je vyjadifeno hodnotou Kolbachova disla.
Primérny meziroéni narlst Kolbachova &isla byl v dlouhodobé ¢a-
sové fadé 0,1456 procentnich bodl (Psota et al., 2009). Kolbachovo
Cislo koreluje do urcité miry s hodnotou relativniho extraktu pfi 45 °C,
z tohoto diivodu nebyl tento parametr zarazen jako souéast klasifi-
kaéni funkce — nedochézelo k vyznamnému zlep$eni jeji vypovédni
hodnoty.

Hodnota dosazitelného stupné prokvaseni informuje o obsahu
vSech latek (cukrll) ve sladiné zkvasitelnych pivovarskymi kvasnice-
mi. Tento parametr je velmi dlleZity z hlediska odliseni odrdd doporu-
¢ené pro vyrobu piva s CHZO ,Ceské pivo“ od ostatnich, jak je dano
ve specifikaci CHZO ,Ceské pivo“, (Commission, 2008). Dosazitelny
stupen prokvaseni byl proto zafazen do klasifika¢ni funkce.

Diastaticka mohutnost je hodnota, ktera udava enzymovy potenci-
al sladu, prevazné p-amylasy. Vlivem tohoto enzymového potencialu
dochazi ke Stépeni Skrobu v procesu rmutovani na nizkomolekularni
sacharidy. Tento parametr nebyl pouzit, protoZe vyznamné nezlepsu-
je vypovédni hodnotu klasifika¢ni funkce.

Friabilita a obsah B-glukan(i charakterizuji degradaci bunéénych
stén, Uroven cytolytického rozlusténi. Oba tyto znaky jsou ze stra-
ny sladoven u novych odrid peclivé sledovany. Nové odriidy nejsou
v Ceské republice registrovany jako sladovnické, pokud maji obsah
B-glukan( ve sladiné vy$si nez 250 mg.dm (Psota a Kosar, 2002).
BéZné je ze strany pivovarl pozadovan obsah B-glukand pod 200
mg.dm. Jak pro ,,Ceské pivo“, tak pro ostatni druhy piv zde plati, ze
optimalni uroven friability je vice nez 86 % a optimalni Uroven obsa-
hu B-glukant ve sladiné je méné nez 100 mg.dm. Vzhledem k tomu,
ze tyto znaky nenapomahaji tfidéni do kategorii, nebyly zarazeny
do klasifikaéni funkce.

Zavérem lze konstatovat, Ze klasifikaéni funkce zalozena na dis-
kriminaéni analyze poskytuje objektivni zplisob hodnoceni linii je¢-
mene vhodnych pro ,Ceské pivo“. Pro spravné vyhodnoceni nové
vySlechténych linii sta¢i vedle zakladniho vyhodnoceni jako sladov-
nického jeémene sledovat obsah dusikatych latek, relativni extrakt
pfi 45 °C a dosazitelny stupen prokvaseni jiz pfi analyze v ranych
generacich, kde neni dostatek materialu pro rozsahlé testovani.
Predpokladame, ze zavedeni tohoto zplsobu hodnoceni do seleké-
niho procesu $lechténi pfinese jeho zrychleni a zvySeni kvality odriid
doporucenych pro vyrobu piva s chranénym zemepisnym oznacenim
,Ceské pivo“.

PODEKOVANI

Vysledky uvedené v této praci byly ziskany v ramci feSeni projektu
Narodni agentura pro zemeédélsky vyzkum Ministerstva zemédelstvi
CR QJ1310091 — Sladovnicky jeémen pro ,Ceské pivo“.

during the course of its growth, selection of site etc. (Sachambula et
al., 2009). High values > 12.5% or, on the contrary, low values < 9.5%
are considered as the limit values. Content of nitrogenous substances
in the barley grain affects most other malting traits. With an increased
content of nitrogenous substances the extract content and values of
Kolbach Index decline; values of relative extract at 45 °C and dia-
static power increase (Schildbach, 1974). Due to the importance of
the nitrogenous substance content this parameter was included in
the created classification function, it serves here for standardization
of values of relative extract at 45 °C and apparent final attenuation.

Another basic malting quality indicator, extract content, shows the
level of starch modification during malting. This important techni-
cal and economical trait demonstrates the significant impact of the
breeding effort. The genetic gain in this trait was influenced by the
reduced accumulation of nitrogenous substances in grain and in-
creased activity of the hydrolytic enzymes in caryopsis during malt-
ing of modern varieties. The average year-on-year increase in extract
in malt over fifty years was 0.0641 percentage points (Psota et al.,
2009). Despite the importance of this trait, extract content was not
included into the created classification functions as it does not help
to find varieties suitable for production of “Ceské pivo”.

Relative extract at 45 °C gives the activity of proteolytic enzymes
and a-amylase. The level of relative extract at 45 °C is influenced by
the variety and by the course of weather in the given year. The aver-
age year-on-year growth in relative extract for the period studied was
0.645 percentage points (Psota et al., 2009). Given the fact that the
varieties recommended for production of beer with the PGl “Ceské
pivo” have differing values of this parameter and a relatively strong
genetic determination of this parameter (in comparison to other malt-
ing quality parameters), relative extract at 45 °C was integrated in the
classification function.

Proteolytic modification is expressed by the Kolbach Index. The
average year-on-year increase in the Kolbach Index was 0.1456 per-
centage points over the long-term time frame (Psota et al., 2009).
The Kolbach Index correlates to a certain extent to the value of rela-
tive extract at 45 °C; for this reason this parameter was not included
in the classification function — it did not improve significantly its pre-
diction value.

The value of apparent final attenuation informs about the content
of all substances (sugars) in sweet wort fermentable using brew-
er’s yeast. This parameter is very important in terms of differentiat-
ing the varieties recommended for production of beer with the PGl
“Ceské pivo” from the others, as stipulated in the PGl “Ceské pivo”
specification (Commission, 2008). Therefore, apparent final attenua-
tion was included in the classification function.

The value of diastatic power shows the enzymatic potential of malt,
namely 3-amylase, which, during the mashing process, degrade starch
into low-molecular sugars. This parameter was not used as it did not
significantly improve the predictive value of the classification model.

Friability and p-glucan content in wort characterize degradation of
cell walls, a degree of cytolytic disintegration. Both these traits are
carefully monitored in new varieties by malt houses. In the Czech Re-
public, new varieties are not registered as malting varieties if their f3-
glucan content in wort is higher than 250 mg.dm= (Psota and Kosat,
2002). Breweries commonly require p-glucan content below 200
mg.dm?3. The optimal friability level in both “Ceské pivo” and other
types of beer is more than 86% and the optimal level of -glucan
content in sweet wort is less than 100 mg.dm. As these traits do not
facilitate the classification of varieties, they were not included in the
classification function.

We can summarize that the classification function based on dis-
criminant analysis provides an unbiased method for the evalua-
tion of new breeding lines suitable for “Ceské pivo”. For the proper
evaluation, in addition to a basic evaluation as malting barley, it is
sufficient to monitor nitrogenous substance content, relative extract
at 45 °C and apparent final attenuation when analyzing early gen-
erations where there is not sufficient material for extensive testing.
We assume that the introduction of this assessment method to the
selection breeding process will accelerate it and increase quality of
varieties recommended for the production of beer designated with
the protected geographical indication “Ceské pivo”.
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