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BARLEY STORAGE SYSTEM AND ITS IMPACT ON MALT AND BEER QUALITY
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Mikyska, A. — Prokes, J.: Systém skladovani jeémene a jeho vliv na kvalitu sladu a piva. Kvasny Prum. 55, 2009, ¢. 3, s. 73-81.

Vliv skladovani jeémene na kvalitu sladu byl zkouman v laboratornim méfitku. Je¢meny odriid Jersey a Tolar byly po ukonéeni dormance
skladovany v mnozstvi po 50 kg pfi teploté 10 °C v aerobnich a anaerobnich podminkach.V intervalech dva tydny, dva a Sest mésict po za-
héajeni skladovaciho pokusu byly provedeny mikrosladovaci zkousky. Pfipravené slady byly zpracovany ve varnich pokusech. Komplexni vy-
hodnoceni véech stanovenych analytickych parametr( kvality sladu metodou shlukové analyzy potvrdilo vyznamnou zavislost kvality sladu
na vlastnostech odrlidy jeémene a ukazalo i vyznamnou zavislost kvality sladu na dobé skladovani jeémene ve vazbé na zplisob skladovani
jeCmene. Zplsob skladovani ovlivnil kli¢ivost a kli¢ivou energii jeémene, pfijem vody pfi naméadéce, friabilitu sladu a &irost sladiny. V aerob-
nich podminkach skladovani roste riziko vy$Sich hodnot zakalu sladu. Po Sesti mésicich skladovani v téchto podminkach se rovnéz vyrazné
snizila friabilita sladu. Nékteré parametry kvality sladu byly ovlivnény dobou skladovani jeémene bez statisticky priikazného vztahu k pod-
minkam skladovani. Slady vyrobené z jeémen0 skladovanych delsi dobu mély vy$Si dosazitelné prokvaseni, rozpustny dusik, lepsi pfedpo-
véd filtrovatelnosti, vy$Si antioxidaéni aktivitu a mirné lepsi senzorickou kvalitu a stabilitu piva.

Mikyska, A. — Prokes, J.: Barley storage system and its impact on malt and beer quality. Kvasny Prum. 55, 2009, No. 3, p. 73-81.

An influence of barley storage on malt quality was tested in a laboratory scale. After dormancy had come to end barleys of varieties Jer-
sey and Tolar were stored at amount of 50 kg at the temperature was 10 °C in aerobic and anaerobic conditions. Malting was carried out in
a laboratory malting plant in three times, 2 weeks, two months and six months after the start of storage trial. After 3 weeks of malt storage
brewing trials carried out. Complex evaluation of all determined analytical malt quality parameters by cluster analysis confirmed significant
dependence of malt quality on properties of barley variety, and shows significant dependence of malt quality on barley storage time in a lin-
kage with kind of barley storage. The kind of storage affected germination energy and germination activity of barley, water intake by a stee-
ping, friability and wort clarity. Risk of higher values of malt haze increased in aerobic storage conditions. After 6 months storage in these
conditions friability of malt decreased markedly too. Some malt quality parameters was affected by storage time without statistical evidential
dependence on storage conditions Malts prepared from longer time stored barleys had higher values of limit attenuation and soluble nitro-
gen, better prediction of filterability, higher antioxidant activity and slightly better sensorial quality and stability of beer.

Mikyska, A. — Prokes, J.: Das System der Gerstenlagerung und sein Einfluss auf die Malz- und Bierqualitat. Kvasny Prum. 55, 2009,
Nr. 3, S. 73-81.

Im Labormafstab wurde der Einfluss von den verschiedenen Lagerungsbedingungen der Gerste getestet. Nach der Beendigung des Dor-
manzensprozesses wurden die Gerstensorten Jersey und Tolar unter aeroben- und anaeroben Bedingungen in der Menge 50 kg bei der
Temperatur 10 °C gelagert. In den Intervallen von zwei Wochen, zwei Monaten und sechs Monaten nach dem Anfang der ung wurden
die Versuche mit Malzherstellung im LabormafBstab durchgefiihrt. Das fertige Malz wurde durch einen Maischenprozess IEJUrzeherstel-
lung getestet. Die komplexe Auswertung von allen Malzqualitatsparametern durch die Methode der Haufungsanalyse hat eine bedeutende
Abhangigkeit der Malzqualitat von der Gerstensortenqualitat, Lagerungszeit und Lagerungsart bestatigt. Die Lagerungsart hat die Keim-
fahigkeit, Gerstenkeimenergie, Wasserannahme bei der Weiche, Malzfriabilitat und Wuirzeklarheit beeinflusst. Das Risiko der hdheren
Trubungswerte der Wirze nimmt unter aeroben Bedingungen der Malzlagerung zu. Unter aeroben Bedingungen ist auch Malzfriabilitdt wéh-
rend sechs Monate der Lagerung gesunken worden. Einige qualitative Malzparameter werden durch die Zeit der Lagerung ohne statistische
beweiskréftige Beziehungen zu den Lagerungsbedingungen beeinflusst. Aus dem Malz, hergestellt aus wéhrend l&ngere Zeit gelagerten Ger-
sten wurde eine Wiirze gebraut, die einen htheren Endvergérungsgrad, einen hdheren léslicheren Stickstoff, eine bessere Filtrierbarkeit-
svorhersage, ein bisschen bessere sensorische Qualitdt und Schaumqualitat aufwies.

MukbiwKa, A. — Mpokelw, W.: Cuctema xpaHeHMs SUMeHs U e BRMSIHME Ha KadecTBo cosloda U nuea. Kvasny Prum. 55, 2009, Ho. 3,
cTp. 73-81.

BnunsHune xpaHeHns s4MeHs Ha KaecTBO conioga 6bifio uccrefoBaHo B NabopaTopHbIX YCNoBusaX. A4meHb copToB Jersey u Tolar 6bin
nocrie OKOHYaHUs JopMaHLuuy XxpaHeH B konnyectse 50 kr npu Temnepatype 10 °C B ad9po6HbIX 1 aHaspobHbIX YCnoBusix. B nHtepeanax
[OBe HeZlenu, ABa U LWeCTb MecsLa Nocne Havana UCMbITaHUst Ha XpaHeHue ObIfn COBEPLLIEHbI UCTbITAHUS CONOAOPALLEHUS B TabopaTOpHbIX
ycnoBusix (MMKpo-coniogopallenve). MoarotoBneHHbIi conog 6bin ob6paboTaH B BapoyHbIX onbiTax. KomnnekcHas obpaboTka Bcex
onpefeneHHbIX aHanMTUYecKnx napameTpoB KadecTBa COM04a MeTOAOM rpymnnoBOro aHanu3a MoATBepAuNna BaXkKHYKO 3aBUCUMOCTb
KadecTBa conoja OT copTa SA4YMEeHs MU Mokasarna TOXe BaXKHYI 3aBMCMMOCTb KayecTBa COMofa OT CPOKa XPaHeHUS SYMEHsi B CBA3U C
MEeTOAOM ero xpaHeHusi. MeTon XxpaHeHUsi MOBMMSAN Ha NPOPACTaeMOCTb M 3HEPTUI0 NMPOpacTaHusl, CrOCOOHOCTb K BOAOMOrOLEHHUIO,
PbIXIOCTb COMoAa U NPO3pavyHOCTb Cycns. B aspobHbIX yCNOBUAX XpaHeHUs! pacTéT pUCK BbiCLIEe MyTHOCTM cycrna. Yepes 6 mecsiueB B
3TUX YCNOBUSIX TOXE SBHO CHWU3MIIOCb MokasaHue cpuabunumeTpa. HekoTopble napameTpbl kadecTBa conoga 6binn nof BrUSHUEM
nepuoga XpaHeHus suMeHst 6e3 CTaTUCTUYECKM A0Ka3aTeNlbHOr0 COOTHOLIEHUS K YCIOBUAM XpaHeHus. Conog 3 s4MeHs XpaHeHHOro
[0nroe BpeMs OT/IMYANCS BbICLIEN CTENEHBIO OCTUraeMoro 6pOXXeHUs, pacCTBOPUMOro a3oTa, JydwnM npeackasaHmem hunbTPyemMocTHy,
BbICLUEN aHTUOKUCIIMTENIbHON aKTUBHOCTBIO U Yy Tb fy4YbLUMM BKYCOBbIM Ka4€CTBOM U CTOMKOCTbIO MUBA.

Kliéova slova: jecmen, skladovani jecmene, sladovani, kvalita sladu,
kvalita piva

1 UvVoD

Skladovani je€émene je nedilnou soucasti technologie jeho zpraco-
vani na slad s pozadovanou kvalitou. Cilem skladovani surovin je za-
chovani jejich kvality do doby zpracovani. Sladovnicky je€men je skla-
dovan s cilem jeho kvalitu zvysit [1-4]. Zrno je€mene ihned po sklizni
je fyziologicky nevyzralé a posklizhové dozravani, které nasleduje,
ma své zasady. NedodrZeni téchto zasad muze zpusobit snizeni az
ztratu pro sladovani nezbytné vlastnosti je€mene, klicivosti a je€men
je sladarsky bezcenny [2].

Keywords: barley, barley storage, malting, malt quality, beer
quality

1 INTRODUCTION

Barley storage is an integral part of technology of its processing
on malt in desired quality. Target of raw materials in general is kee-
ping its quality until at its processing. Malting barley with purpose of
increase of its quality is stored [1—4]. Barley corn immediately after
harvest is physiological immature and following postharvest matura-
tion has its own rules. Breach of these rules can evoke decrease or
even lost of property necessary for malting, germination activity and
barley is valueless for malting [2].
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Biologické vlastnosti zrna a procesy, které v ném probihaji, dychani
a poskliziiové dozravani, jsou ovlivnény fyzikalnimi viastnostmi obilni
masy, jako je jeji sypkost a kyprost, tepelna vodivost a sorp¢ni schop-
nost. Biologické procesy jsou fizeny vlhkosti vzduchu a zrna, pfistu-
pem vzduchu, slozenim a vyménou plynu v prostoru mezi zrny [1-4].
Optimalni systém skladovani by mél zajistit vysokou kli¢ivost pfi niz-
kych ztratach prodychanim. Kazdy systém skladovani méa své moz-
nosti a pfednosti, ale také rizika. Skladovani je€mene v relativné ma-
lych objemech volné na je¢nych pldach zajistovalo pomalou
pfirozenou vyménu vzduchu v obilni mase a nizké ztraty prodycha-
nim i pfi skladovani jeémene po dobu jednoho roku. Soucasné vel-
kokapacitni systémy skladovani jsou bud strikiné aera¢ni a nakladné
(vétrani a transport jeémene) a nebo anaerobni (minimalni vétrani
a pohyb se zrnem). Nadmérna aerace zvysuje ztraty prodychanim
a riziko biologického poskozeni suroviny vlivem zvy$eni relativni vih-
kosti plynu v prostoru mezi zrny. Skladovani bez ob¢asné aerace nebo
prfemisténi jeCmene zvySuije riziko poskozeni kli¢ivosti. Dfive, nez se
snizi kli¢ivost, ztrati je€men kliCivou energii a obilky fyziologicky jen
mirné poskozené se stanou citlivymi na vodu. Je¢men je skladovan
u producentu, obchodnikd i ve sladovnach. Nizka kli¢ivost, nizka kli-
¢iva energie a vyssi citlivost na vodu jsou ¢asto se opakujici potize
po dodavkach ,nové“ suroviny ze skladu do sladovny.

Cilem nasi prace bylo zjistit, jak se skladovani je€mene v aerob-
nich nebo anaerobnich podminkach odrazi v pribéhu sladovani, kom-
plexné hodnocené kvalité sladu i kvalité z tohoto sladu nasledné vy-
robeného piva.

2 MATERIAL A METODY

V laboratornim méfitku byly provedeny skladovaci pokusy s jec¢-
menem ze sklizné 2006 dvou zvolenych odrid:
Jersey — odrlida registrovana v roce 2000, ukazatel sladovnické ja-
kosti (USJ) 6,5, odrida doporu¢end pro vyrobu exportnich sladu).
Tolar — odriida registrovana v roce 1997, ukazatel sladovnickeé ja-
kosti (USJ) 2,0, odrida doporuc¢end pro vyrobu Ceského piva).

Skladovaci pokus

Po skonéeni dormance je€mene byl zahajen pokus. Byly zkou$eny
dva zpusoby skladovani, simulujici provozni skladovani je¢émene, ae-
robni (50 kg prodySné jutové pytle) a anaerobni (50 kg PET pytle).
Teplota pfi skladovani byla 10 °C, pytle byly umistény na rostech.

Sladovani v mikrosladovné probéhlo ve tfech terminech: po dvou
tydnech, po dvou mésicich a po Sesti mésicich od zahajeni sklado-
vaciho pokusu.

Technologie laboratorniho sladovani:

Maceni — 1. den 4 h pod vodou, 2. den 5 h pod vodou, domoc¢eno na
obsah vody 45,0 %.

Kliceni — teplota 14 °C, celkova doba maceni a kliceni 6 dni.
Hvozdéni — 1 x 22 h, dotahovaci teplota 80 °C po dobu 4 h.

Pivovarsky pokus

Pokusné varky (40 1) 12% svétlého piva probéhly po jednomésic-
nim odleZeni sladd. Byl pouZit dvourmutovy dekokéni postup. Varky
byly chmeleny peletami ZPC a CO, extraktem v poméru 1:1. Chme-
lovar trval 90 minut. Kaly byly separovany v sedimentaéni nadobé,

Biological properties of corn and processes running inside, respi-
ration and post harvest maturation are influenced by corn mass phy-
sical properties such as friability, loosability, heat conductivity, sorp-
tive ability. Biological processes are by air and corn moisture, air
access, composition and changing of gas in a space between corns
controlled [1-4]. Optimal storage system ought to ensure high ger-
mination capacity along with low extract damages caused by respi-
ration. All of storage systems has its facilities and advantages, but
hazards too. Barley storage free on barley attics in relative small
amounts ensured slow nature change of air in corn mass and low da-
mages by respiration even by one year storage. Contemporary bulk
storage systems are either strictly aerobic, hence expensive (venti-
lation and barley transport) or strictly anaerobic (minimum aeration
and barley moving). Excessive aeration increases damages by re-
spiration and a risk of biological harm of raw material caused by an
increase of relative moisture of a gas in a space between corns. Sto-
rage without time to time aeration or transposition of barley increa-
ses risk for germination capacity damage. Before germination acti-
vity decrease barley looses germination energy, only a little
physiological deteriorated corns will become water sensitive. Barley
is stored by producers, merchants and in malting houses. After ,new
raw material“ supply from a store to malting house often repeated dif-
ficulties are low germination energy, germination ability and water
sensitivity.

2 MATERIAL AND METHODS

Storage trials were carried out in laboratory scale with barley of
year crop 2006 of two selected varieties:
Jersey — variety registered in 2000, malting quality index (MQl) 6.5,
variety recommended for export malts production).
Tolar — variety registered in 1997, malting quality index (MQl) 2.0,
variety recommended for Czech beer production).

Storage trial

The trial was begun after dormancy had come to the end. There
were tested two modes of storage simulating barley storage in plant
conditions, aerobic (50 kg permeate jute bags) or anaerobic (50 kg
PET bags). Storage temperature was 10 °C, bags were located on
wooden grate. Malting was carried out in a laboratory malting plant
in three times, two weeks, two months and six months after storage
trial start.

Technology of laboratory malting:

Steeping — 15t day water for 4 h, 2" day water for 5 h, full steeped
on water content 45.0 %.

Germination — temperature 14 °C, total time of steeping and germi-
nation 6 days.

Kilning — 1 x 22 h, kiln temperature 80 °C for 4 h.

Brewing trial

Brews (40 I) of 12°P pale lager beer were carried out after one
month maturation of malts. Two — mash decoction procedure was
used. Beers were hopped by Saaz hop pellets and CO, extract in ra-
tio 1:1. Time of wort boiling was 90 min. Sludge were separated in
a decantation vessel; worts were aerated and inoculated by the same
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Obr. 1/ Fig. 1 Vliv skladovani na fyziologicky stav jeCmene / An
influence of barley storage on physiological stage of barley
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Obr. 2 / Fig. 2 Vliv doby skladovani je€mene na pfijem vody pfi 2.
namacce / An influence of barley storage time on water intake in 2nd
steeping
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mladiny byly provzdudnény a zakvadeny shodnym mnozstvim liso-
vanych kvasnic kmene . 95 sbirky VUPS. Maximalni teplota hlavniho
kvaseni byla 12 °C. Dokvasovani pfi teploté 0 az 2 °C trvalo 40 az 45
dni. Piva byla filtrovana a stac¢ena do lahvi na strojovém plnici s dvo-
jitou evakuaci a predplnénim lahvi oxidem uhli¢itym. Stocené pivo
bylo pasterovano na uroven cca 20 PU.

Analyzy sladu, chmele, sladin, mladin a piv byly provedeny podle
Analytiky EBC [5] a Pivovarsko-sladafské analytiky [6]. Pfedpovéd
filtrovatelnosti sladin a piv byla stanovena rmutovacim testem dle
Sarxe [7]. Antioxidacni (antiradikalové) aktivity sladin, mladin a piv
byly stanoveny tfemi metodami. Redukéni kapacita metodou dle ana-
lytiky MEBAK [8], antioxida¢ni aktivita ESR-DPPH [9] a endogenni
antiradikélova kapacita piv, to jest hodnota lag-time piva a hodnota
T 150 sladin a mladin [10, 11]. Déleni a stanoveni jednoduchych po-
lyfenolovych latek (28 markert) bylo provedeno HPLC s CoulArray
detektorem [12]. Karbonylové latky (13 marker() byly stanoveny me-
todou GC/MS [13, 14]. Mastné kyseliny v pivu byly stanoveny plyno-
vou chromatografii [15]. Senzoricka analyza Cerstvého piva, piva po
3 a 6 mesicich skladovani byla provedena deviticlennou degustacni
komisi VUPS podle postupu vypracovaného na VUPS [16]. Piva byla
skladovana v laboratofi v pfepravkach pfi teploté 20 °C, tedy za pod-
minek blizkych skladovani v obchodni siti.

Ziskana analyticka data byla vyhodnocena matematicko-statistic-
kymi metodami. Vzhledem k potfebé hodnotit sou¢asné vlivy na cely
soubor kvalitativnich znak( byla aplikovana metoda vicerozmérné
analyzy dat, shlukova analyza [17, 18].

3 VYSLEDKY A DISKUSE

Byl sledovan vliv podminek pfi skladovani je€émene na fyziologicky
stav obilky a kvalitu sladu. Fyziologicky stav obou je¢émen( na za-
Catku pokusu byl na dobré urovni (kliiva energie shodné 98 %).V ae-
robnich podminkach skladovani byl zaznamenan trend ke zvySeni kli-
Civé energie u je€mene Jersey, hodnota u je¢mene Tolar po dvou
mésicich dosahla 100 % a nasledoval mirny pokles. Rychlost kli¢eni
u obou jeémenl vyrazné vzrostla po dvou mésicich skladovani. Vétsi
narlst byl zaznamenan u jeémene Jersey s niz8i hodnotou na za-
Catku pokusu. Vysledky svéd&i o velmi dobrych podminkéch sklado-
vani a zlepSeni fyziologického stavu jeCmene skladovanim (obr. 7).
Vysledky skladovani je€mene Jersey v anaerobnich podminkach jsou
nazornym prikladem dopadu tohoto zplsobu skladovani na fyziolo-
gicky stav je€mene. Je zde zfejmy vyrazny pokles kli¢ivé energie jec¢-
mene po Sesti mésicich skladovani a prabézny pokles rychlosti kli-
¢eni od za¢atku do konce pokusu. U odrlidy Tolar byl pokles kli¢ivé
energie i rychlosti kliceni pfi anaerobnim skladovani po Sesti mési-
cich méné vyrazny. Odradu Tolar je mozno hodnotit jako fyziologicky
méné citlivou na zhorSené podminky skladovani. Tato skutecnost jiz
byla zjisténa i v jinych sladarskych pokusech na VUPS. Vyse disku-
tované vysledky jsou v souladu s literarnimi udaji [1-4] o vlivu aerace
pfi skladovani na fyziologicky stav je€mene. | jeémeny skladované
jen po dobu Sesti mésicl v aerobnim a anaerobnim prostfedi v la-
boratornich podminkéch jsou fyziologicky odlisné.

Skladovani je€mene nemélo zadny vliv na pfijem vody pfi prvnim
namoceni. Pfijem vody pfi druhém namoceni byl ovlivnén jak dobou
skladovani, tak zpusobem skladovani jeémene. Obsah vody v zrné
klesal s dobou skladovani jeémene (obr. 2). Je¢men skladovany ana-

amount of pressed yeast, strain No 95 of yeast collection of RIBM.
Maturation takes 40-45 days by the temperature 0-2 °C. Beers were
filtered and bottled by the use of a filling machine with double-eva-
cuation and pre-filling of bottles by carbon dioxide. Bottled beer was
pasteurized at the level approx. 20 PU.

Analyses of malt, hop, sweet worts, worts and beers were made
according to Analytica EBC [5] and Pivovarsko-sladafska analytika
[6]. Prediction of worts and beers filterability was determined by mas-
hing test elaborated by Sarx [7]. Antioxidant (antiradical) activities of
sweet worts, worts and beers were measured by the use of three
methods. Reducing capacity according to Analytica MEBAK [8], an-
tiradical activity ESR-DPPH [9] and endogenous antiradical capacity,
that means lag-time value of beer and T150 value of sweet worts and
worts [10, 11]. Separation and determination of simple phenolic com-
pounds (28 markers) was made by HPLC with CoulArray detector
[12]. Carbonyl compounds (13 markers) were determinate by GC/MS
method [13,14]. Fatty acids in beer were accessed by GC method
[15]. Sensorial analysis of fresh beer, beer after three and six months
storage was carried out by the panel of nine trained tasters of RIBM
[16]. Beers are stored in laboratory in crates by a temperature of 20
°C, thus conditions are near to ones in trade network. By the use of
mathematical-statistical methods obtained analytical data were eva-
luated. With respect to a need of simultaneous evaluation of whole
set of qualitative criteria method multivariate data analyze, cluster
analysis was applied [17, 18].

3 RESULTS AND DISCUSSION

The influence of storage conditions of barley on a physiological
stage of barley corn as well as on a quality of malt was studied. At
the beginning of storage trial physiological stage of both barleys was
on good level (germination energy identically 98 %). There were re-
gistered trend to increase of germination energy of barley Jersey in
aerobic conditions. After two months the value of barley Tolar stored
at the same conditions reached 100 %, to six months slightly decre-
ase followed. After two months storage germination rate both barleys
distinctively increased. Major increase for barley Jersey with lower
value at the beginning of trial was detected. Results show evidence
of very good storage conditions and improving of barley physiologi-
cal stage by the storage (fig. 7). Results of Jersey barley storage in
anaerobic conditions are illuminating example of this kind of storage
impact on barley physiological stage. There is evident distinctive de-
crease of germination energy of barley after 6months storage and
continuous decrease of germination rate from the start to the end of
trial. The decrease of germination energy as well as decrease of ger-
mination rate was slightly distinctive after six months storage in ana-
erobic conditions of barley Tolar. It is possible to evaluate Tolar vari-
ety physiological less sensitive to aggravated storage conditions. This
fact in other malting trials at RIBM already was detected. Results dis-
cussed above are in agreement with published data [1-4] dealing
with an impact of aeration in the course of storage on physiological
state of barley. Even barleys stored in aerobic and anaerobic at-
mosphere in laboratory conditions only for six months have been phy-
siological different.

Barley storage had no impact on water intake in a first steeping.
Water intake during second steeping was influenced both by storage
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Obr. 3/ Fig. 3Vliv zplsobu skladovani jeémene na pfijem vody pfi 2.
namacce / An influence of kind of barley storage on water intake in
2nd steeping

Obr. 4 / Fig. 4 Vliv doby skladovani jeémene na pentosany ve sladu
/ An influence of barley storage time on pentosans in malt
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Obr. 5 / Fig. 5 Vliv doby skladovani jeémene na predpoved
filtrovatelnosti dle Sarxe / An influence of barley storage time on
prediction of filterability by Sarx

erobnim zplsobem mél nizsi obsah vody (obr. 3). To je v souladu s te-
oretickou rovnici anaerobniho dychani zrna, nebot pfi ném nevznika
voda, ale ethanol. U sladt skladovanych v silech je pfi zpracovani ve
sladovné na konci kampané mozno o€ekavat pomalejsi pfijem vody,
pokud nebude provedena kratka aerace zrna pfed namackou (oxi-
dace = oziveni zrna).

Vysledky analyz sladl jsou v tab. 1. Slady z jeémene odridy Tolar
mely v porovnani se slady z odrlidy Jersey niz$i hodnotu RE
45 °C a Kolbachova Cisla, coz odpovida odridovym vlastnostem. To-
lar je odriidou doporucenou pro vyrobu Ceského piva. Dobou skla-
dovani nebyla vyznamné ovlivnéna hodnota barvy sladu, pH sladu,
relativniho extraktu, viskozity sladiny, obsahu B-glukant. Po dvou mé-
sicich skladovani jeémene se snizil obsah pentosanti ve sladu (obr. 4),
sniZzil se rovnéz obsah kyseliny ferulové. Soucasné se zlepSila pred-
povéd filtrovatelnosti testem dle Sarxe (obr. 5).

Vysledky pokusll ukazaly, Ze po ukonéeni dormance zrna se v pri-
béhu dalSiho skladovani méni vlastnosti je¢né obilky. U sladt vyro-
benych z déle skladovaného je€mene klesa pravdépodobnost vy-
skytu potizi pfi stékani sladiny a filtraci piva. Byla potvrzena zavislost
extraktu sladu na dobé skladovani jeémene, v priibéhu skladovani
extraktivnost sladu klesala (obr. 6), vliv zplsobu skladovani nebyl pri-
kazny. U jeémen( skladovanych aerobné byl v prvnim terminu sla-
dovani a po dvou mésicich skladovani patrny slaby trend k vyssi fri-
abilité sladu v porovnani s anaerobnim skladovanim. Naopak u sladu
po Sesti mésicich skladovani je€mene v aerobnich podminkach byla
friabilita zfetelné nizsi, Slady pfipravené ze Sest mésict anaerobné

Tab. 1 Vysledky analyzy sladt / Results of malt analyses

Obr. 6 / Fig. 6 Vliv doby skladovani je¢mene na extrakt sladu / An
influence of barley storage time on malt extract

time and storage conditions of barley. Water content decreased with
storage time (fig. 2). Barley stored in anaerobic conditions was lower
in water content (fig. 3). This is in accordance with theoretical equa-
tion of anaerobic respiration of barley corn ethanol is formed instead
of water. If a short — time aeration of corn; will not be made before
a steeping slower water intake can be expected by processing of bar-
leys stored in silos in malting house at the end of campaign (oxida-
tion = corn revitalization).

Results of malt analyses are in tab. 1. Malts of Tolar barley variety
were lower in RE 45 °C and Kolbach index values in comparison with
ones of Jersey variety that corresponds with properties of these va-
rieties. Tolar is variety recommended for Czech beer production. Va-
lues of malt colour, pH, relative extract, viscosity, B-glucans, were not
influenced by a storage time. After two months storage content of
pentosans as well as ferrulic acid content in malt decreased (fig. 4),
at the same time prediction of filterability according to Sarx improved
(fig. 5).

Results of experiments showed that after end of barley grain dor-
mancy properties of grain changes in the course of further storage.
Probability of occurrence lautering and beer filtering troubles decre-
ased by malts made of longer time stored barley. There was confir-
med dependence of malt extract on barley storage time in the course
of storage yield of extract decreased (fig. 6), an effect of the kind of
storage was not evidential. Appreciable weak trend to lower friability
of malts made of barley stored in aerobic conditions at the first time
of malting and malting after two months of barley storage in compa-

Termin sladovani / Date of malting po 2 tydnech / after 2 weeks | po 2 mésicich / after two months | po 6 mésicich / after 6 months
Odrida / Variety JER | JER | TOL | TOL | JER | JER | TOL | TOL | JER | JER | TOL | TOL
Zpusob skladovani jecmene / Barley storage method A AN A AN A AN A AN A AN A AN
Obsah vody / Water content % 5,0 5,1 5,1 515 4.6 43 45 42 4.8 4,0 4,9 58
Barva / Colour EBC EBCu. | 28 2,7 2,6 2,6 2,7 2,7 28 2,7 28 2.8 2,7 2,7
pH 587 | 58 | 593 | 59 | 592 | 591 | 597 | 598 59 587 | 599 6,02
Viskozita / Viscosity mPa.S | 1,51 154 | 1,50 | 1,51 1,5 162 | 1,51 1,50 | 1,54 | 147 | 1,54 1,52
Zakal | Haze Z15° EBCu. | 1,07 | 120 | 081 | 1,01 2,09 | 2,21 1,36 | 0,95 | 326 | 1,36 | 142 1,12
Zakal | Haze Z90° EBCu. | 095 | 097 | 077 | 098 | 1,32 | 1,77 | 1,12 | 0,79 | 224 | 096 | 1,12 0,97
Extrakt / Extract % 823 | 824 | 825 | 824 | 822 | 823 | 8,1 | 823 | 81,7 | 81,8 | 82,0 81,7
Rozdil extraktu DLFU / Extract difference DLFU % 0,9 1,5 0,9 1,1 1,1 1,1 0,8 1,3 1,5 1 1,0 1,1
Rel. extrakt / Rel. extract 45°C 40,6 | 418 | 393 | 37,1 39 388 | 37,7 | 372 | 394 | 424 | 37,1 38,5
Diastaticka mohutnost / Diastatic power WK u. 338 385 482 474 338 337 415 433 332 362 434 474
Stupen prokvaseni / Attenuation degree % 80,5 80,4 81,0 80,6 80,2 79,7 80,5 81 81,9 83 81,4 82,2
Obsah bilkovin / Proteins content % 11,1 11,0 | 115 | 116 | 108 | 108 | 11,7 | 116 | 112 | 11,1 | 118 12,1
Rozpustny dusik / Soluble nitrogen mg/100ml| 83,0 | 820 | 835 | 8,0 | 850 | 830 | 85 | 830 | 875 | 950 86 85,3
Kolbachovo ¢islo / Kolbach index 420 | 419 | 4,0 | 40,1 441 | 429 | 394 | 399 | 439 | 475 | 41,0 | 39,9
Friabilita / Friability % 830 | 790 | 850 | 81,0 [ 820 | 800 | 8,0 | 812 | 743 | 80 | 76,0 81,0
Homogenita / Homogeneity % 698 | 669 | 712 | 759 | 679 | 721 726 | 742 | 646 | 702 | 723 69,6
Modifikace / Modification % 848 | 856 | 884 | 84 | 830 | 821 | 84 | 90,3 | 801 | 902 | 886 87,3
p-glukany / B-glucans mg/l 296 371 246 308 255 314 304 264 405 229 390 338
Pentosany / Pentosans mg/l 1061 | 1009 | 1063 | 989 993 996 931 919 958 944 953 923
Kys. ferulova / Ferrulic acid mg/l 357 | 3,70 | 353 | 379 | 331 | 263 | 324 | 334 | 324 | 320 | 3,118 3,44
Test dle Sarxe / Test by Sarx ml 155 175 200 210 270 275 285 285 255 265 275 275
A — aerobni skladovani / aerobic storage

AN - anaerobni skladovani / anaerobic storage
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Obr. 7/ Fig. 7Vliv skladovani jeémene na friabilitu sladu / An influence
of barley storage on malt friability

Obr. 8 / Fig. 8 Vliv skladovani je€émene na zékal sladu / An influence
of barley storage on malt haze
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Obr. 9/ Fig. 9 Vliv doby skladovani jeémene na prokvaseni sladiny /
An influence of barley storage time on fine degree of wort fermentation

Obr. 10/ Fig. 10 Vliv doby skladovani jeémene na rozpustny dusik ve
sladu / An influence of barley storage time on soluble nitrogen in malt
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Obr. 11 / Fig. 11 Vliv skladovani je¢mene na kvalitu sladu / An
influence of barley storage on malt quality

skladovaného jemene mély niz§i friabilitu jak v porovnani se slady
z jeément skladovanych anaerobné, tak v porovnani se slady z jec-
men( skladovanych krat$i dobu (obr. 7). Obsah B-glukanu silné ko-
reloval s hodnotami friability (r = — 0,909, n = 12). Ani obsah pento-
sanll ani hodnota predpovédi filtrovatelnosti nebyly poklesem friability
pfi anaerobnim skladovani ovlivnény. Vysledky testu pfedpoveédi filt-
rovatelnosti korelovaly s obsahem pentosanu (r = -0,822, n = 12).
Zplsob skladovani jeémene ovlivnil hodnotu zakalu laboratorni sla-
diny. V priibéhu aerobniho skladovani se zakal zvySoval. Odrtida Jer-
sey byla citlivéj$i v porovnani s odridou Tolar (obr. 8).V zavislosti na
dobé skladovani se ménila skladba extraktu, tj. mnoZzstvi extraktu gly-
cidového a extraktu dusikatého. Dosazitelné prokvaseni sladl pfi-
pravenych po Sesti mésicich skladovani je€mene vzrostlo (obr. 9)
a zvySil se obsah rozpustného dusiku (obr. 10). Tato skute¢nost mlze

Obr. 12/ Fig. 12 Vliv doby skladovani jeémene na redukéni kapacitu
MEBAK sladiny / An influence of barley storage time on reducing
capacity MEBAK of sweet wort

rison with aerobic storage was observed. On the other hand friability
of malts made after six months storage was markedly lower. Malts
made of six months aerobic stored barley had lower friability in com-
parison both to barleys stored in aerobic conditions and barleys shor-
ter time stored (fig. 7). B-Glucans content strong correlated with fria-
bility value (r = -0.909, n = 12). Neither pentosans content, nor
filterability prediction value was influenced by decrease of friability.
Results of prediction test correlated with the pentosans content (r =
-0.822, n = 12). Kind of barley storage affected haze of laboratory
wort. In the course of aerobic storage haze increased. Jersey variety
was more sensitive in comparison with Tolar variety (fig. 8). Compo-
sition of extract, that means a content of sugar extract and nitrogen
extract was changed in dependence on time of storage. Limit atte-
nuation of malts increased (fig. 9) as well as soluble nitrogen content
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Obr. 13/ Fig. 13Vliv doby skladovani jeémene na antioxidaéni aktivitu
EPR-DPPH sladiny / An influence of barley storage time on
antioxidative activity EPR-DPPH of sweet wort

Obr. 14 / Fig. 14 Vliv skladovani jeémene na jednoduché polyfenoly
ve sladiné / An influence of barley storage on simple polyphenols in
sweet wort
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Obr. 15/ Fig. 15 Vliv skladovani jeémene na jednoduché polyfenoly
v pivu / An influence of barley storage on simple polyphenols in beer

Obr. 16/ Fig. 16Vliv skladovani jeémene na mastné kyseliny v erstvém
pivu / An influence of barley storage on fatty acids in fresh beer
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Obr. 17 / Fig. 17 Vliv skladovani je€mene na karbonyly v ¢erstvém
pivu / An influence of barley storage on carbonyls in fresh beer

byt dileZita pfi vyrobé sladi s nizs§im dosazitelnym prokvasenim ur-
¢enych pro Ceské pivo.

Komplexni vyhodnoceni vSech stanovenych analytickych faktor(
kvality sladu (tab. 1) metodou shlukové analyzy potvrdilo vyznamnou
zavislost kvality sladu na vlastnostech odrlidy je¢émene a ukazalo i vy-
znamnou zavislost kvality sladu na dobé skladovani jeémene ve
vazbé ke zpusobu skladovani je€mene (obr. 11).

Antioxida¢ni vlastnosti slad(i byly hodnoceny na zakladé rozboru
étvrtprovoznich sladin pfi pivovarském zpracovani sladl. Antioxidaéni
(antiradikélové) aktivity sladin, mladin a piv byly stanoveny tfemi me-
todami, kazda stanovuje ponékud odli$né spektrum antioxidantu. Sta-
noveni redukéni kapacity metodou dle analytiky MEBAK postihuje ze-
jména cukerné reduktony, melanoidiny. Antioxidacni aktivita
stanovena pomoci volného radikalu DPPH postihuje zejména pomalu
redukujici latky, pfedevsim polyfenoly. Stanoveni endogenni antiradi-

Obr. 18/ Fig. 18 Vliv skladovani je€émene na senzorickou kvalitu piva /
An influence of barley storage on sensorial stability of beer

(fig. 10). This fact can be important by production of malts lower in fi-
nal attenuation degree intended for Czech beer.

Complex evaluation of all determined analytical malt quality factors
(fab. 1) by cluster analysis confirmed significant dependence of malt
quality on properties of barley variety, and shows significant depen-
dence of malt quality on barley storage time in a linkage with kind of
barley storage(fig. 11).

Antioxidant (antiradical) activities of sweet worts, worts and be-
ers were measured by the use of three methods each of them
access slightly different spectrum of antioxidants. The method
according Analytica MEBAK concerns above all sugar reductons,
melanoidins. Antiradical activity accessed by the use of free radi-
cal DPPH concerns namely slow reducing substances, above all
polyphenols. Determination of endogenous antiradical capacity of
beers, lag-time value and T150 value of sweet worts and worts con-



KVASNY PRUMYSL
ro¢. 55 /2009 — ¢islo 3

79

kalové kapacity piv, hodnoty lag-time a hodnoty T 150 sladin a mla-
din postihuje pfedevsim vliv oxidu sifi¢itého a zatizeni kyslikem [9,
19, 20, 21, 22].

Antioxida¢ni aktivita sladin EPR-DPPH i redukéni kapacita MEBAK
byla nejvyssi u sladin ze sladu pfipravenych po Sesti mésicich skla-
dovani je¢mene.Vyznamny rozdil mezi slady pfipravenymi na za¢atku
skladovaciho pokusu a po dvou mésicich nebyl zjistén (obr. 12, 13).
Zavislost hodnoty T 150 sladin na dobé& a podminkéch skladovani je¢-
mene se neprokazala. Obsah jednoduchych polyfenolovych latek (28
sledovanych slouc¢enin) ve sladiné stanovenych pomoci HPLC-Cou-
|Array byl zavisly pfedevsim na odridé jeémene, jednoznacny vztah
ke skladovani jeEmene nebyl patrny (obr. 14). Zjistény vliv doby skla-
dovani na obsah kyseliny ferulové ve sladiné byl ojedinély, pro jiné
jednoduché polyfenoly nebyl zfetelny vliv prokdzan. Obsah diskuto-
vanych latek v pivu byl ovlivnén jak odridou, tak dobou a podmin-
kami skladovani je€émene (obr. 15).

Doba a zplisob skladovani jeémene nemély vliv na barvu, pénivost
ani koloidni stabilitu piv (fab. 2). VSechna piva, koloidné nestabilizo-
vand, méla velmi dobrou trvanlivost. Sledovani trvanlivosti bylo ukon-
¢eno po 6 mésicich skladovani piv, aniz bylo dosazeno hranice za-
kalu 1 j. EBC. Rovnéz pro antioxida¢ni aktivitu piv nebyly nalezeny
vyznamné vztahy k dobé nebo zplsobu skladovani jeémene. Antio-
xida¢ni aktivita piv hodnocena metodou MEBAK a ESR-PDDH byla
na dobré urovni, hodnoty ESR-lag time byly relativné nizké, ale vy-
rovnané. Néktefi autofi soudi, ze zpomaleni nezadoucich procesl
v prubéhu skladovani piva je nejvice ovlivnéno oxidem sificitym tvo-
fenym pfi kvaseni a vyznam polyfenolickych a cukernych antioxidant(
ze surovin je podstatné mensi [19, 20, 23, 24]. Jini nalezli zavislosti
mezi antioxidaénimi vlastnostmi meziproduktll pivovarské vyroby
a tvorbou karbonyll staré chuti a senzorickou stabilitou piv [22, 25,
26, 27].

Senzoricky profil piva se utvafi predevS§im v prabéhu kvaseni
a zrani. Tvorba nebo rozklad senzoricky aktivnich latek zavisi jak na
jejich obsahu ¢&i obsahu jejich prekurzor v mlading, tak na fyziolo-
gickém stavu a kmenu kvasnic, zdkvasné davce a teplotnim pribéhu
kvaseni. Prikaznost vlivu chemického slozeni na senzorické vlast-
nosti klesa od piva k surovinam pro jeho vyrobu. Vliv rozdilného fy-
ziologického stavu kvasnic byl omezen na minimum. Pro kazdou sé-
rii varek byly vzdy pouzity Cerstvé lisované kvasnice po 1. nasazeni
kmene 8. 95 sbirky VUPS.

Obsah mastnych kyselin v pivu zavisel na dobé skladovani jec¢-
mene (obr. 16). S dobou skladovani je€mene klesal obsah vysSich
mastnych kyselin v ¢erstvém pivu. Rovnéz tak souhrnné hodnoceny
obsah 13 stanovenych marker( karbonylovych latek v ¢erstvém pivu
sladl pfipravenych na zacatku skladovaciho pokusu, rozdil mezi dva
mésice a Sest mésicl skladovanym jeémenem byl maly (obr. 17). Na-
proti tomu senzorickd kvalita erstvych piv hodnocena celkovym do-
jmem byla u je€émen0 sladovanych na za¢atku pokusu priikazné nej-
nizsi (obr. 18). Senzoricka kvalita piv po tfech mésicich skladovani

Tab. 2 Vysledky analyzy piv / Results of beer analyses

cern primarily an influence of sulfur dioxide and oxygen charge [9,
19, 20, 21, 22].

Antioxidative activity EPR-DPPH and reducing capacity MEBAK
was highest by sweet worts of malts prepared after 6 months of bar-
ley storage. There was not detected important difference between
malts prepared in the beginning of storage trial and malts prepared
after two months storage (fig. 12, 13). There was not approved de-
pendence of T150 value of sweet worts on barley storage time and
conditions. A content of simple phenolic compounds (28 observed
compounds) in sweet wort detected by HPLC-CoulArray was depend
above all on barley variety distinct relation to barley storage was not
evident (fig. 14). Detected influence of storage time on ferrulic acid
content was rare there was not approved obvious influence for other
simple phenolic compounds. The content of discussed compounds
in beer was influenced both by the variety and by the time and con-
ditions of barley storage (fig. 15).

Time and storage of barley did not have any influence on colour,
head retention and colloidal stability of beer (tab. 2). All beers collo-
idal non-stabilized had very good shelf life. Monitoring of shelf life was
ended after six months of beer storage without reach haze limit 1,0
EBU. Also important interrelations between antioxidant activity of beer
and barley storage time or barley storage conditions were not found
out. Antioxidant activity evaluated by MEBAK and EPR-DPPH was
on a good level, ESR lag-time values were relative low, but steady.
Some authors conclude deceleration of undesirable processes in the
course of beer storage is mostly affected by sulfur dioxide forming by
fermentation and significance of polyphenolic and sugar antioxidants
from raw materials is considerably lower [19, 20, 23, 24]. Other aut-
hors found out clear relations between antioxidative properties of in-
termediates of beer production and formation of stale flavour carbo-
nyls and sensorial stability of beer [22, 25, 26, 27].

Sensorial profile of beer is formed primarily in the course of fer-
mentation and maturation. Formation or decomposition of sensorial
active substances depends both on its content or content of its pre-
cursors in wort as well as on physiological stage and yeast strain, pit-
ching yeast dose and temperature course of fermentation. Demon-
strativeness of an effect of chemical composition on sensorial
properties decreased from beer to raw materials for its production.
Influence of different physiological stage of yeast was reduced to mi-
nimum. For each series of brews fresh pressed yeast after 15 pitching
of yeast strain No 95 of RIBM collection were always used.

The content of fatty acids in beer depended on storage time of bar-
ley (fig 16). The content of higher fatty acids in fresh beer decreased
with time of storage. Also aggregately evaluated content of 13 de-
termined carbonyl markers in fresh beer was depended on this fac-
tor. Lowest content was determined in beers of malts prepared at the
beginning of storage trial difference between two months and six
months stored barley was small (fig. 77). In the opposite sensorial
quality of fresh beer evaluated by overall impression was lowest for
barleys malted at the beginning of storage trial (fig. 18). Sensorial

Termin sladovani / Date of malting po 2 tydnech / after 2 weeks | po 2 mésicich / after two months | po 6 mésicich / after 6 months
Odrada / Variety JER | JER | TOL | TOL | JER | JER | TOL | TOL | JER | JER | TOL | TOL
Zpusob skladovani jeémene / Barley storage method A AN A AN A AN A AN A AN A AN
Obsah vody / Water content % 5,0 5,1 51 55 46 43 45 42 438 40 49 53
Plvodni koncentrace mladiny / Original gravity °P 11,9 12,2 12,2 12,1 12,4 12,0 12,2 12,2 12,2 128 | 12,3 12,3
Prokva$eni zdanlivé / Apparent attenuation % 78,1 78,5 77,7 | 778 78,5 774 | 773 | 771 79,1 787 | 78,0 77,6
ProkvaSeni skute¢né / Real attenuation % 645 | 649 | 643 | 643 | 649 | 640 | 639 | 638 | 654 | 651 | 645 | 642
Barva / Colour EBCu. | 7,16 | 745 | 7,38 | 699 | 533 | 505 | 542 | 543 | 651 | 741 | 7,07 | 697
pH 479 4,69 4,75 4,75 4,65 4,69 4,76 477 4,64 4,69 470 4,72
Pénivost / Head retention Nibem s/30mm | 239 226 257 237 219 211 236 231 233 233 229 247
Celkové polyfenoly / Total polyphenols mg/l 186 193 191 192 195 199 193 196 192 207 189 196
Anthokyanogeny / Anthocyanogens mg/l 56,8 55,6 54,2 54,1 63,6 58,7 55,8 58,2 54,6 56,5 | 505 50,6
Flavanoidy / Flavanoids mg/l 16,8 | 175 | 180 | 183 | 190 | 195 | 197 | 194 | 188 | 205 | 19,6 | 209
Siranovy test / Ammonium sulphate test mlA0ml | 2,7 2,8 2,7 2,4 29 28 25 2,3 2,7 2,6 2,6 25
Tanoidy / Tannoids mg/l 36 36 30 36 36 42 30 36 36 42 30 36

Oxid sificity / Sulfur dioxide mg/l 6,5 54 59 6,2 6,1 6,5 7,0 7,0 59 6,4 73 6,7
Diacetyl mg/l 009 | 013 | 015 | 0,14 | 0,5 | 0,05 | 0,10 | 0,14 | 0,14 | 0,14 | 0,15 | 0,20
Redox MEBAK % 44 50 46 48 52 53 55 52 54 56 50 48

ESR - DPPH % 57 59 57 57 58 58 41 58 50 63 58 59

ESR - LagTime min 37 40 43 38 36 42 36 33 50 46 47 37

Zakal piva po 6 més./ Beer haze after 6 months EBCu. | 053 | 034 | 044 | 0,61 0,37 | 034 | 051 043 | 028 | 034 | 044 0,48
A — aerobni skladovani / aerobic storage

AN - anaerobni skladovani / anaerobic storage
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byla nejlepsi u piv uvarenych ze quality of beers after three
sladu pfipravenych po $esti mési- B 1 months beer storage was the best
cich skladovani jemene (obr. 19). H for beers brewed of malts prepa-
Rozdily byly relativné malé, Ctyfi § 0 i o — red from six months barley sto-
desetiny z osmibodové stupnice 5 rage (fig. 19). A difference was re-
hodnoceni  celkového  dojmu. ) 1 lative small, four decimals of
Senzoricka  kvalita  Cerstvych $ | eight-point scale of overall im-
i skladovanych piv korespondo- B 2 H - 1 pression evaluation. Sensorial
vala s antioxida¢ni aktivitou sla- 8 quality of fresh beers as well as
din. Jini autofi [28] v podobném g stored beers corresponded with
pokusu nenalezli rozdily v senzo- g 6 H | antioxidant activity of sweet
rické stabilit¢ piv vyrobenych e " worts. In a similar trial other aut-
z Cerstvého a Sest mésicl skla- £ ‘ hors [28] did not found out any dif-
dovaného je€mene. Je tudiz velmi A ‘ ferences in sensorial stability of
pravdépodobné, Ze dlouhodobym 56 58 6 62 64 66 68 beers produced from fresh and
skladovanim je€mene neni sen- Celkovy dojem/overall impression six months stored barleys. Thus it
zoricka stabilita piva poSkozena. is very probable that sensorial

Obr. 19/ Fig. 19 Vliv doby skladovani jeémene na senzorickou stabilitu
piv / An influence of barley storage time on sensorial stability of beer

ZAVER

Provedené pokusy prokazaly
vyznamny vliv podminek i doby skladovani je€mene na jeho fyziolo-
gicky stav a na kvalitu vyrobeného sladu. Dilezitym zji$ténim je, ze
odrldy jeémene jsou riizné citlivé na anaerobni podminky skladovani
z hlediska snizeni kliCivosti a kliivé energie jeCmene, coz se projevi
nepfiznivé u kvalitativnich parametrd sladu.

Pro anaerobni skladovani byl nalezen trend k poklesu kli¢ivosti a kli-
¢ivé energie, pfijmu vody pfi maceni. Pfijem vody klesal u obou va-
riant pokusu s dobou skladovani.

Komplexni vyhodnoceni v8ech stanovenych analytickych faktor(
kvality sladu metodou shlukové analyzy potvrdilo vyznamnou zavis-
lost kvality sladu na vlastnostech odridy jeémene a ukdzalo i vy-
znamnou zavislost kvality sladu na dobé skladovani jeCmene ve
vazbé na zpusob skladovani jeémene. Na nékteré parametry mél vy-
znamnéjsi vliv zpusob skladovani, jiné byly ovlivnény hlavné dobou
skladovani je€mene.

V aerobnich podminkach skladovani roste riziko vy$sich hodnot za-
kalu sladu. Po Sesti mésicich skladovani v téchto podminkach se rov-
néz vyrazné snizila friabilita sladu.

Slady vyrobené z je¢menu skladovanych po del$i dobu mély vyssi
dosazitelné prokvaseni, rozpustny dusik, lepsi predpovéd filtrovatel-
nosti, vy$si antioxidaéni aktivitu a mirné lepsi senzorickou kvalitu
a stabilitu piva.

Tato prace pfinasi diikazy o nezanedbatelném vlivu skladovani jec-
mene na kvalitu sladu. Ve sladovnach by proto méla byt vénovana
pozornost skladovani je€mene, stejné jako jeho ,historii“.
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stability of beer is not deteriora-
ted by long term barley storage.

CONCLUSION

Trials carried out proved significant impact of conditions and time
of barley storage on its physiological state as well as on a quality of
malt produced. Important finding is, barley varieties have different
sensibility to anaerobic conditions from the point of view germination
energy and germination capacity decrease, which have negative im-
pact on qualitative parameters of malt.

For anaerobic conditions trend to germination energy, germination
capacity and water intake by steeping was found out. Water intake by
steeping decreased for both variants of storage trials with storage time.

Complex evaluation of all determined analytical malt quality factors
by cluster analysis confirmed significant dependence of malt quality
on properties of barley variety, and shows significant dependence of
malt quality on barley storage time in a linkage with kind of barley
storage. Kind of barley storage had more important impact on some
parameters; other parameters were influenced primarily by the time
of barley storage.

Risk of higher values of malt haze increased in aerobic storage
conditions. After six months storage in these conditions friability of
malt decreased markedly too.

Malts prepared from for longer time stored barleys had higher va-
lues of limit attenuation and soluble nitrogen, better prediction of fil-
terability, higher antioxidant activity and slightly better sensorial qua-
lity and stability of beer.

This work brings evidence of inconsiderable impact of barley sto-
rage on malt quality. Thus, in malting houses attention should be pay
to barley storage as well as its ,history*“.
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SEDMNACTY ROCNIK SOUTEZE O ZLATY POHAR PIVEX

V obvyklych zimnich terminech listopad a leden se uskute¢nil jiz sedmnacty roénik soutéze piv Zlaty pohar PIVEX — pivo
2009, jehoz hlavnim organizatorem je SNIP & CO, reklamni spole¢nost, s. r. 0., odbornym garantem Ing. Antonin Kratochvile
a realizatorem Vyzkumny Ustav pivovarsky a sladarsky, a. s. Mistem konani byl hotel Voronéz, ktery dok&ze nabidnout jak po-
trebné zazemi, tak dlistojné prostory pro priibéh soutéZe i pro paralelné probihaji tiskovou konferenci.

Zlaty pohar proSel béhem své existence nékolika prelomy. Na samotném pocatku Slo ¢isté o doprovodnou akci veletrhu PI-
VEX, jehoz vznik reflektoval boom, ktery na pocatku 90. let prozivalo nase pivovarstvi. SoutéZ byla atraktivni zejména kvali
svému spojeni s veletrhem, a tak kdyz v roce 1994 rozhodl Cesky svaz pivovar( a sladoven, Ze se stane pofadatelem sou-
téZe piv, doslo k dohodé mezi CSPS, agenturou SNIP, spole€nosti BVV a Vyzkumnym Ustavem pivovarskym a sladafskym
(ten v té dobé pofadal vlastni soutéz, spojenou s Pivovarsko-sladafskymi dny), a ze Zlatého poharu se stala oficialni soutéz
Svazu. Podstatné se zménila pravidla: soutéz se stala jako prvni u nas dvoukolovou a speciélné pro ni byla pfipravena kom-
binovana metodika hodnoceni pomoci absolutnich znamek i poradi. Ve druhé poloviné devadesatych let kazdym rokem stou-
pal pocet kategorii i pfihlasenych piv. Na konci milénia vSak doslo k utlumeni veletrhu (mél se pofadat ve dvouletych inter-
valech, a posléze zanikl Uplné), a ohroZena byla i daldi existence soutéZe piv (jeden rok se viilbec nekonala). Cesky svaz
pivovarl a sladoven poéinaje rokem 2001 zah4jil serial vlastni soutézZe piv, ale Zlaty pohar nakonec prezil. Pocet kategorii byl
omezen na dvé hlavni (pfed rokem pfibyla jeSté nealkoholicka piva) a v novém tisicileti soutéz pokracuje bez zasadnich pro-
blém0 ve stejné dvoukolové podobé a ve stejnych terminech dal. Zachovano zustalo i vyhlaSovani vitézl na galaveceru, vzdy
nacasovaného na pondéli pfed zahajenim potravinarského veletrhu SALIMA, na ktery maji samozfejmé otevieny pfistup i za-
stupci pivovarského oboru.

Pfi pohledu do tabulek vitézu (celkem se pfihlasilo 40 piv — po Sestnacti zastupcich vy€epnich piv a lezakd a osm piv ne-
alkoholickych) zaujme nékolik skuteCnosti. Potvrzuje se postaveni Velkopopovického pivovaru. Po Uspésich na posledni sou-
tézi Ceské pivo 2008 s lezaky tentokrat zvitézil i v kategorii vy&epnich piv. Do sbirky Plzefiského Prazdroje se zapoctou jesté
Asi téZko se dalo oCekavat, ze pivovary skupiny PMS opanuji medailové pozice tak suverénné jako v roce 2008, kdy obsa-
dily 5 z 9 hodnocenych pozic. Po nékolika letech se na vysluni vratil i Bfeziiak ze skupiny Drinks Union a dvé medailova mista
vybojovala i ,domaci piva spole¢nosti Starobrno. Devitku ocenénych doplfiuje jesté kruSovické pivo Musketyr. Pro tento pi-
vovar také neni zisk medaile zadnou vzacnosti, nicméné v minulosti ¢astéji bodoval se svym lezakem.

Svétla vycepni piva

1. Velkopopovicky Kozel (Plzerisky Prazdroj, a. s.)
2. Zubr Gold (Pivovar Zubr a. s., Pferov)

3. Musketyr (Kralovsky pivovar KruSovice, a. s.)

Svétlé lezaky

1. Bfezniak (Drinks Union a. s., Velké Bfezno)
2. Radegast Premium (Plzensky Prazdroj, a. s.)
3. Starobrno Medium (Starobrno, a. s.)

Nealkoholicka piva
1. Zubr Free (Pivovar Zubr a. s., Pferov)
2. Radegast Birrel (Plzerfisky Prazdroj, a. s.)
3. Starobrno Free (Starobrno, a. s.)
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