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Pokusné varky (501) 12% celosladoveho svétlého lezackeého piva byly chmeleny bud Cerstvym chmelem, nebo peletami skladovanymi
jeden rok v originalnim baleni pfi teploté 20 °C. Byly pouzity odrudy Zatecky polorany éerveriak a Premiant. Pfi shodné davce alfa kyse-
lin méla piva chmelena starymi chmely hofkost o 2 j.h. nizsi. Ubytky hofkosti v pribéhu skladovani byly srovnatelné. Obsah karbonylo-
vych latek v Cerstvych pivech i po 6 mésicich skladovani zavisel na stafi chmele. V Cerstvych pivech ze starych chmeld byl vy$si obsah
Streckerovych aldehydl a v prabéhu skladovani byl zjistén vyssi narGst obsahu karbonyll z mastnych kyselin. Cerstva i skladovana piva
chmelend ¢erstvym chmelem byla hodnocena v celkovém dojmu mirné Iépe v porovnani s varkami chmelenymi starymi chmely. Koloidni
trvanlivost piv chmelenych €erstvym chmelem byla znatelné prodlouzena v porovnani s aplikaci starych chmeld.

Mikyska, A. — Krofta, K. — Hadkova, D. — Culik, J. — Cejka, P.: Impact of hop pellets storage on beer quality. Kvasny Prum. 58, 2012,
No. 5, p. 148—154.

Experimental brews (50 L) of 12% all-malt pale lager beers were hopped either by fresh hops or by hop pellets stored in original packs
at 20 °C for one year. Saaz and Premiant varieties were used. At the same dose of alpha acids, the beers hopped by aged hops had 2
B.U lower bitterness. Decreases of bitterness during beer storage were comparable. Carbonyl compounds content in both fresh beers
and beers after 6 months storage depended on hop age. Beers from aged hops had higher content of Strecker aldehydes when fresh
and higher increase of fatty acid carbonyls during storage. Both fresh and stored beers hopped by fresh hops scored marginally better
in overall assessment compared to the beers hopped by old hops. Shelf life of beers hopped by fresh hops was markedly prolonged in
comparison to aged hop application.

Mikyska, A. — Krofta, K. — Haskova, D. — Culik, J. — Cejka, P.: Der Einfluss der Hopfenpelletslagerung auf die Qualitit des Bieres.
Kvasny Prum. 58, 2012, Nr. 5, S. 148-154.

Die aus der Gesamtmalzschittung hergestellten Probesude des hellen Lagerbieres (Stammwirze 12%) wurden entweder mit fris-
chem Hopfen oder mit dem ein Jahr in der originellen Verpackungenn bei der Temperatur 20 °C gelagerte Hopfenpelleten gehopft. Es
wurden die Hopfensorten Saaz halbfriiher Rothopfen und Premiant angewandt. Bei der gleichen Hopfenmenge der Alfasduren wurde die
Bitternis des mit ein Jahr altem angewandten Hopfen Bieres um 2 Bittereinheiten niedriger festgestellt. Im Zeitraum der Lagerung wurde
bei beiden Sorten die Bitternissabnahme vergleichbar. Auch nach sechs Monaten Lagerung héngte der Gehalt an Carbonyl Stoffen im
frischen Bier von Hopfenalter ab. Im frischen Bier hergestellten vom alten Hopfen wurde ein héherer Gehalt an Strecker Aldehyden, im
Laufe der Lagerung wurde ein hdheres Wachstum des Gehalts an Carbonyle aus der fetten Sauren ermittelt. Das mit frischem Hopfen
gehopftes frische Bier und gelagertes Bier im gesamten Eindruck wurde ein biBchen besser ausgewertet als die mit altem Hopfen ge-
hopftene Biere. Die kolloidale Stabilitat des mit frischem Hopfen gehopften Bieres wurde wesentlich verléangert als das mit altem Hopfen

gehopfte Bier.

Klicova slova: antioxidanty, skladovani chmele, polyfenoly, pivo,
senzoricka stabilita

1 UVOD

Prevazna cast suSeného chmele se po sklizni zpracovava
na chmelové vyrobky. Minoritni ¢ast se pouziva v pdvodni hlavkové
formé po slisovani (2 %). VétSina chmele je zpracovana na pelety
(60 %) a chmelové extrakty (20 %), zbytek je uréen pro izomerizova-
né produkty (Biendl 2010). Lisovany chmel &i pelety jsou baleny
do nepropustnych evakuovanych obald.

Slozeni sekundarnich metabolitd chmelové hlavky se méni nejen
v prdbéhu zrani na chmelové rostling, ale i pfi poskliziiovém zpraco-
vani, skladovani a prepravé k zakaznik(im (Forster 2001, Krofta et al.
20083). Rychlost starnuti chmele je ovliviiovana rfadou faktor(, z nichz
nejdllezitéjsi jsou cas, teplota, pfistup vzduchu, pfipadné i svétla,
a je rovnéz zavisla na odriidé chmele (Wain, Baker 1977). Pfi sklado-
vani dochazi ve chmelu k akumulaci oxida¢nich produktd rozkladu
alfa a beta kyselin jako jsou napf. humulinova kyselina a hulupony.
Tento proces se v pivu projevuje vétsim mnozstvim horkych latek ji-
nych nez iso-alfa hotké latky. Kowaka et al. (1983) zjistil, Ze tyto tak
zvané neisohumulonové hotké latky (NIBC) maji pozoruhodny vliv
na hofkou chut piva.

Keywords: antioxidants, hop storage, polyphenols, beer, flavor sta-
bility

1 INTRODUCTION

Most of dried hops are processed to hop products after crop har-
vest. Only small amount (2%) is marketed in the form of raw hops.
Most of hops are processed to hop pellets (60 %) and hop extracts
(20 %), remaining is allotted to isomerised product (Briendl 2010).
Pressed raw hops or pellets are packed in impermeable evacuated
containers.

Composition of secondary metabolites of hops changes not only
during maturation before harvest, but during post-harvest process-
ing, storage and transport to customers as well (Forster 2001, Krofta
et al. 2003). Aging of hops is affected by many factors from which
time, temperature, access of oxygen and light are the most relevant,
ageing depends on hop variety too (Wain, Baker 1977). Oxidation
products of alpha and beta acids like humulinic acid and hulupones
accumulates in the course of hops ageing. This process has an im-
pact on greater amount of non iso-alpha bitter substances in beer.
Kowaka et al. (1983) found that so-called non-isohumulone bitter
compounds (NIBC) have a remarkable effect on bitter flavour of beer.
When using old hops, the concentration of NIBC in beer increases.



Vliv skladovani chmelovych pelet na kvalitu piva

KVASNY PRUM.
58 /2012 (5)

149

PFi pouziti starych chmell se koncentrace NIBC v pivu zvySuje.
Tyto latky byly autory Ono et al. (1985) nazvany S-frakce. Podle téch-
to autort piva s vysokou koncentraci S-frakce maji drsnou sviravou
horkost. Podobnou problematikou se zabyvali také Wackerbauer
a Balzer (1992). Pfidavali NIBC a isohumulony k nechmelenému pivu
a porovnavali efekt NIBC na intenzitu a kvalitu hofkosti. Zjistili, ze
hof¢ici potencial NIBC je slaby. Kvalita hofké chuti pfi pouziti Cistych
isohumulont nebyla v zadném pfipadé lepsi.

Studie starnuti chmele a chmelovych vyrobkl jsou zaméreny
na chmelové pryskyfice a silice. Dal$imi pivovarsky vyznamnymi lat-
kami chmele jsou polyfenoly. Polyfenolové a volné fenolové latky jsou
hlavnimi antioxidanty ve chmelu (Krofta et al. 2008), redukéni schop-
nost byla prokézana i u horkych kyselin (Lermusieau et al. 2001, Liu
et al 2007). Obsah celkovych polyfenolt ve chmelu je pfiblizné 2 az
6 %, mnozstvi a slozeni polyfenolovych latek zavisi na odridé chme-
le (Lermusieau et al. 2001, MikySka et al. 2008, Forster et al. 2002).
Polyfenolové latky chmele ovliviuji antioxidacni aktivitu piva, nékte-
rymi autory byl prokazan i jasny vztah k tvorbé aldehydl staré chuti
a senzorické stabilité piva (Boivin 2008, Dostalek, Karabin 2007, Mi-
kyska et al. 2011, MikySka et al. 2010, Forster 2007). Pouziti chmele
vyznamné snizuje tvorbu Streckerovych aldehydu v priibéhu sklado-
vani piva v porovnani s pivem uvarenym bez chmele (Methner et al.
2007). Polyfenoly, zejména kondenzované struktury flavanolll a fla-
vonold, jsou plvodcem koloidnich zakall tfislobilkovinné povahy
v pivu a snizuji jeho trvanlivost (Steiner et al. 2010). V neposledni
fadé jsou nékteré polyfenolové latky samy o sobé senzoricky aktivni-
mi slou¢eninami s vlivem na modifikaci charakteru horkosti a pravdé-
podobné i plnost chuti piva (Goiris et al. 2007, McLaughlin et al.
2008).

Cilem provedené studie bylo ziskat poznatky o vlivu chmeleni
skladovanym chmelem na senzorickou kvalitu a stabilitu piv v dd-
sledku zmén chmelovych pryskyfic, polyfenold a antiradikalové akti-
vity pfi dlouhodobém skladovani chmelovych pelet. V sou¢asném
obdobi velké nadprodukce chmele existuje velka pravdépodobnost,
Ze u obchodnikd i v pivovarech vzniknou zna¢né zasoby chmelovych
vyrobkil. Casovy interval mezi sklizni a aplikaci chmele ve varné
muUze tak byt i nékolik let. Otdzka zmény kvality chmele pfi dlouhodo-
bém skladovani je za této situace velmi aktualni.

2 MATERIAL A METODY

2.1 Pokusné varky

Byla uvafena série ¢tyf pokusnych varek (501) 12% celosladového
sveétlého lezackeho piva. Varky byly chmeleny bud cerstvym lisova-
nym chmelem odrid Zatecky Cervendk a Premiant (ZPC-F, Premi-
ant-F), nebo peletami stejnych odrid skladovanymi jeden rok v origi-
nalnim baleni pfi teploté 20 °C (ZPC-A, Premiant-A). S ohledem
na velké ztraty isohumulonl v malém pokusném pivovaru a prdmér-
nou horkost ¢eskych komerénich lezackych piv 26 jednotek EBC
(Cejka et al. 2004) byla kalkulovana kompromisni davka chmelovych
surovin na 10 mg alfa-kyselin na 1 litr. Vysledna horkost piv byla 22
+ 2 jednotek EBC. Pelety nebo lisované chmele byly aplikovany
ve tfech davkach, 30% na zacatku, 50% po 30 min a 20% 15 min
pfed koncem 90minutového chmelovaru.

Kaly byly separovany v sedimenta¢ni nadobég, zchlazena mladina
byla provzdusnéna na jednotnou Uroven rozpusténého kysliku
(7 mg/l) a zakvaSena lisovanymi kvasnicemi kmene €. 95 sbirky pivo-
varskych kvasinek VUPS. Senzoricky profil piva je tvofen pfedevsim
v prubéhu kvaseni a zrani. Tvorba a rozklad senzoricky aktivnich la-
tek zavisi na jejich obsahu nebo obsahu jejich prekurzor(i v mladiné
stejné jako na fyziologickém stavu a kmenu kvasinek, zékvasné dav-
ce a teploté kvaseni. Prikaznost vlivu chemického sloZzeni na senzo-
rické vlastnosti klesa od piva k surovinam pouzitym pro jeho vyrobu.
Vliv rlizného fyziologického stavu kvasnic byl redukovan na mini-
mum, pro vSechny varky byly pouzity Cerstvé lisované kvasnice
po 1. nasazeni. Doba zrani piva pfi teploté 0-2 °C byla 40 dn(. Piva
byla zfiltrovana, sto¢ena do lahvi, pasterizovana na uroven pfiblizné
20 pasteriza¢nich jednotek a skladovana v laboratofi pfi teploté
20 °C.

2.2 Analyzy

Index starnuti chmele (HSI) byl méfen podle analytiky ASBC (Me-
thods of Analysis ASBC 2002). Analyzy chmelovych vyrobku, mladin
a piv véetné polyfenoll a flavanoidd byly provedeny podle analytiky
EBC (Analytica EBC 1998), anthokyanogeny byly stanoveny podle
Pivovarsko-sladarské analytiky (Basarova et al. 1992). Polyfenolové

When using old hops, the concentration of NIBC in beer increases.
These substances were termed as S-fraction by Ono et al. (1985)
According to their research, beers with a high concentration of S-
fraction have a harsh, astringent bitterness. A similar issue was also
solved by Wackerbauer and Balzer (1992). They added NIBC and
isohumulones to unhopped beer and compared the effect of NIBC on
the intensity and quality of bitterness. It was found that the bitterness
potential of NIBC is weak. The qualitty of bitter flavour was by no
means better that provided by pure isohumulones.

Most of studies about ageing of hops and hop products are aimed
at hops resins and oils, small interest is devoted to hop polyphenols.
Polyphenols and free phenol compounds are the main antioxidants
in hops (Krofta et al. 2008). Reduction properties were proved for
bitter acids as well (Lermusieau et al. 2001, Liu et al. 2007). Con-
tents of total polyphenols in hops is usually at the range of 2-6 %. Its
amount and composition depends on a hop kultivar (Lermusieau et
al. 2001, MikySka et al. 2008, Forster et al. 2002). Hop polyphenols
affect antioxidant activity of beer. Apparent relationship between al-
dehydes formation and sensorial stability of beers was demonstrated
by some autors (Boivin 2008, Dostéalek, Karabin 2007, Mikyska et al.
2011, MikySka et al. 2010, Forster 2007). Use of hops significantly
reduces formation of Strecker aldehydes during storage of beer com-
pared to a beer brewed without hops (Methner et al. 2007). Polyphe-
nols, especially condensed structures of flavanols and flavonons are
initiator of colloidal hazes in beer and shorten its shelf-life (Steiner et
al. 2010). Last but not least some polyphenols itself are sensorially
active compounds with the effect on bitterness character and prob-
ably to mouthfull perception as well (Goiris et al. 2007, McLaughlin et
al. 2008).

The aim of the presented study was to obtain knowledge about an
influence of aged hops on sensorial quality and stability of beer as a
result of hop resins, polyphenols content and antiradical activity
changes during long-term storage of hop pellets. There is a high
probability that sizeable stocks of processed hops arise by mer-
chants and breweries in current big overproduction of hops. Time
period between hops processing and its consumption in breweries
could be several years. Under such circumstances the question of
change of hops quality during long-term storage is current topic.

2 MATERIAL AND METHODS

2.1 Brewing trials

Series of four experimental 50L brews of 12 °P all malt pale lager
beers were brewed. Brews were hopped either by fresh, pressed
hops of varieties Saaz and Premiant (Saaz-F, Premiant-F) or by hop
pellets of the same varieties stored for one year in original packs at a
temperature of 20 °C (Saaz-A, Premiant-A). Considering large loses
of iso-humulones in small experimental brewery and average bitter-
ness of Czech commercial lager beers 26 B.U. (Cejka et al. 2004),
compromise hop raw material dose was calculated on 10mg of al-
pha-acids per 1L. Resulting bitterness of final beers was 22 + 2 EBC
units. Pellets or pressed hops were applied in three portions, 30 % at
a start, 50 % after 30 min. and 20% 15 min. before the end of wort
boiling which took 90 minutes.

Break was separated in a clarifying tank; cooled wort was aerated
on the same level of dissolved oxygen (7 mg/l) and inoculated by
pressed yeast, strain No 95 of RIBM brewing yeasts collection. Sen-
sorial profile of beer is formed primarily in the course of fermentation
and maturation. Formation or decomposition of sensorial active sub-
stances depends on its content or content of its precursors in wort as
well as on physiological stage and yeast strain, pitching yeast dose
and course of fermentation temperature. Detectability of chemical
composition effect on beer sensorial properties decreased from beer
to raw materials used for its production. Influence of different physi-
ological stage of yeast was reduced to minimum. For all brews fresh
pressed yeast after 1% pitching were always used. Maturation period
took 40 days at a temperature 0-2 °C. Beers were filtered, bottled,
pasteurized at the level approx. 20 PU and stored in laboratory at
a temperature of 20 °C.

2.2 Analyses

Hop storage index (HSI) was measured according to the Analytica
ASBC (Methods of Analysis ASBC 2002). Analyses of hop products,
hopped worts and beers including total polyphenols and flavanoids
were made according to Analytica EBC (Analytica EBC 1998), an-
thocyanogens were determined according to Pivovarsko-sladarska
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latky a antioxida¢ni sila chmelovych surovin byla analyzovana ve vy-
luzich vrouci vodou (5g/l, 30 min. var pod zpétnym chladi¢em) (Mi-
kyska et al. 2006).

Antioxidaéni (antiradikalové) vlastnosti chmelovych surovin, mla-
din, ¢erstvych a skladovanych piv byly méfeny tfemi riznymi metoda-
mi, z nichZ kazda stanovuje ponékud odli§né spektrum antioxidant
nebo antiradikalovych vlastnosti. Redukéni kapacita (2,6 — dichlorfe-
nol indofenol, DCPI) byla méfena podle analytiky MEBAK (Brautech-
nische Analysenmethoden 1987). Antiradikalova aktivita s pouzitim
stabilniho volného radikdlu DPPH (1,1-dipyridyl-2-pikryl hydrazyl)
byla méfena podle postupu ESR-DPPH popsaného dfive (Mikyska et
al. 2006, Mikyska et al. 2008). Stanoveni endogenni antiradikalové
kapacity mladin (hodnota T150) a piv (hodnota lag-time) bylo prove-
deno podle plvodni metody popsané Ushidou (Ushida, Ono 1996,
Ushida et al. 1996). Metodou DCPI jsou stanoveny zejména cukerné
reduktony a melanoidiny (Kaneda et al. 1995, Maillard, Berset 1995).
DPPH redukéni aktivita zahrnuje zejména pomalu redukujici latky,
predevsim polyfenoly (Kaneda et al. 1995, Miky$ka et al. 2006). Sta-
noveni endogenni antiradikalové kapacity piv, hodnoty lag-time pred-
stavuje pfedevsim vliv SO, a zatizeni kyslikem (Andersen et al. 2000,
Back et al. 2001).

Senzoricky aktivni vy3si alkoholy a estery obsazené v pivu byly
stanoveny metodou GC (Analytica EBC 1998). Karbonylové latky
(13 markerd — 2-methylpropanal, 2-methylbutanal, 3-methylbutanal,
benzaldehyd, fenylacetaldehyd, (E)-2-nonenal, (E)-2-oktenal, (E)-
butenal, hexanal, heptanal, oktanal, 2-furfural, 3-methyl butan-2-on)
byly stanoveny metodou GC/MS (Culik et al. 1998, Ojala et al. 1994).
Senzorickd analyza piv €erstvych, piv po 3 a 6 mésicich skladovani
byla provedena komisi osmi $kolenych degustatort VUPS (Cejka et
al. 2002). S ohledem na potfebu sou¢asného vyhodnoceni celého
souboru karbonylovych slou¢enin byla pouzita metoda vicerozmér-
né analyzy dat, shlukova analyza.

3 VYSLEDKY A DISKUSE

Vysledky nasSich predchozich pokusl se skladovanim chmele
(Krofta et al. 2008) ukazaly, Zze dlouhodobé skladovani ma v pfipadé
pelet balenych do vicevrstvé félie bez pfistupu vzduchu relativné
maly vliv na antiradikalovou aktivitu ESR-RA ., , index skladovani
chmele (HSI) v§ak stoupa v dusledku chemickych zmén chmelovych
pryskyfic. Cilem aktualnich pivovarskych pokusu bylo hledani dopa-
du starych chmelovych pelet na senzorickou kvalitu a stabilitu piva.
Pokusna piva byla chmelena bud Cerstvym lisovanym chmelem,
nebo peletami skladovanymi po dobu 12 mésicl v evakuovaném ba-
leni pfi teploté cca 20 °C. Takto byly testovany chmele dvou odrid
s odliSnym obsahem alfa-kyselin a pomérem alfa-kyselina k polyfe-
nolim, Zatecky Cerveridk a Premiant. Cerstvé chmele byly vybrany
tak, aby obsah alfa-kyselin, polyfenolt a antiradikélové aktivity byl
blizky hodnotam u pelet na za¢atku skladovani (A-Original) (tab. 1).
V pribéhu skladovani byl zjistén Ubytek alfa-kyselin 23 % pro Zatec-
ky Cervenak a 18 % pro Premiant. Pokles obsahu polyfenolovych la-
tek a antiradikalové aktivity byl do 10 %. Hodnota HSI starych chme-
10 Zatecky Cervenak a Premiant byla 0,46 respektive 0,43. Hodnoty
HSI nad pfiblizné 0,50 jsou povazovany za vyrazné snizeni kvality
chmele skladovanim.

Obsah celkovych polyfenoll, hodnota antiradikalové aktivity ESR-
RA .5, @ hodnota T150 v mladinach chmelenych starym chmelem
byly vyssi v porovnani s mladinami chmelenymi ¢erstvymi chmely.
Obsah anthokyanogenu byl vy$Si u mladin chmelenych Cerstvymi
chmely (tab. 2). U hotovych piv nebyly mezi varkami chmelenymi ¢er-
stvymi a starymi chmely zjiStény zadné vyrazné rozdily v obsahu
polyfenolovych latek stejné jako v hodnotach antioxidaénich aktivit
(tab. 3). V pivech chmelenych starymi chmely Zatecky Gerveriak
a Premiant byl stanoven mirné vy$si obsah oxidu sifi¢itého (o 15
resp. 6 %) a mirné vyssi pomér vyssich alkohold k esterim. Pokusna
piva nebyla koloidné stabilizovana. Koloidni trvanlivost piv chmele-
nych &erstvym chmelem byla znatelné prodlouzena v porovnani
s aplikaci starych chmelt.

Mladiny chmelené starymi chmely Zatecky Cervenak a Premiant
mély oproti ¢erstvym chmellm horkost vy$si o 2 jednotky horkosti.
Horké latky ale mély niz&i stabilitu, ¢erstva piva ze starych chmell
méla hotkost o 1 resp. 2 j.h. niz&i. Ubytky hotkosti v priibéhu sklado-
vani byly srovnatelné (fab. 4).

Byly zjistény zfetelné rozdily mezi varkami chmelenymi rdznymi
odridami chmele. U piv chmelenych Zateckym Eerveniakem byl sta-

noven vy$§i obsah polyfenold a hodnot ESR-RA ., . Ve vysledcich

analytika (Basafova et al. 1992). Polyphenols, free phenolics and
antioxidant power of hop materials were analyzed in boiling water
extracts (5g/L, 30 min. boil under a reflux cooler) (MikySka et al.
2006).

Antioxidant (antiradical) properties of hop raw materials, worts,
fresh and stored beers were measured by the use of three different
methods each of them determinate slightly different spectrum of anti-
oxidants or antiradical features. Reducing capacity (2,6 — dichlorphe-
nol indophenol, DCPI) was measured according to Analytica MEBAK
(Brautechnische Analysenmethoden 1987). Antiradical activity by
the use of stable free radical DPPH (1,1-dipyridyl-2-picryl hydrazyl)
was measured according to ESR-DPPH procedure previously de-
scribed (MikySka et al. 2006, Mikyska et al. 2008). Determination of
endogenous antiradical capacity of worts (T150 value) and beers
(lag-time value) proceeded according to original method described
by Ushida (Ushida, Ono 1996, Ushida et al. 1996). Above all sugar
reductons and melanoidins are determinate by DCPI method (Kane-
da et al. 1995, Maillard, Berset 1995). DPPH reducing activity value
concerns namely slow reducing substances, above all polyphenols
(Kaneda et al. 1995, MikySka et al. 2006). Determination of endog-
enous antiradical capacity of beers, lag-time value represents prima-
rily the influence of SO, and oxygen charge (Andersen et al. 2000,
Back et al. 2001).

Sensorial active higher alcohols and esters contained in beer were
accessed by GC method (Analytica EBC 1998). Carbonyl com-
pounds (13 markers — 2-methylpropanal, 2-methylbutanal, 3-methyl-
butanal, benzaldehyde, phenylacetaldehyde, (E)-2-nonenal, (E)-2-
octenal, (E)-butenal, hexanal, heptanal, octanal, 2-furfural, 3-methyl
butan-2-on) were determinate by GC/MS method (Culik et al. 1998,
Ojala et al. 1994). Sensorial analysis of fresh beer, beer after 3 and
6 months storage was carried out by the panel of eight trained tasters
of RIBM (Cejka et al. 2002). With respect to a need of simultaneous
evaluation of whole set of as carbonyl compounds multivariate data
analyze method, cluster analysis was applied.

3 RESULTS AND DISCUSSION

Results of our previous hop storage trials (Krofta et al. 2008)
showed long term storage had relative low effect on the antioxidant
activity ESR-RA ., of the hop pellets packed in a multi-layer foil
without air access but hop storage index (HSI) increased by the
reason of hop resins chemical changes. Aim of current brewing tri-
als was to search an impact of aged hop pellets on beer sensorial
quality and stability. Experimental beers were hopped either by
fresh, pressed hops or by hop pellets stored in evacuated package
at a temperature of 20 °C for 12 months. This way Saaz and Premi-
ant, two varieties of hops with a different alpha-acids content and
alpha-acids and polyphenols ratio were tested. Fresh hops were
chosen so that the alpha-acids, polyphenols and antiradical activity
was close to the values of the pellets at the beginning of storage
(A-original), (Tab. 7). In the course of storage the decrease of alpha
acids content in Saaz and Premaint was 23% and 18 % respec-
tively. The decrease of polyphenols content and antiradical activity
was up 10%. HIS value of aged Saaz and Premiant hops was 0.46
and 0.43 respectively. HSI values above the approximately 0.50 are
considered significant decrease in the quality of hops during stor-
age.

Total polyphenols content and ESR-RA ., antiradical aktivity of
worts hopped by aged hops was higher compared with worts hopped
by fresh hops. Anthocyanogens content and T150 value was higher
in worts hopped by fresh hops (Tab. 2). There were not found out any
significant differences in polyphenols content as well as in antioxi-
dant activities between brews hoped either aged or fresh hop materi-
als in final beer (Tab, 3). In the beers hopped by old hops were deter-
mined higher levels of sulfur dioxide and a slightly higher ratio of
higher alcohols to esters. Beers were not treated by any stabilizer.
Shelf life of beers hopped by fresh hops was markedly prolonged in
comparison to aged hop application.

Worts hopped by aged Saaz and Premiant hops had compared
with fresh hops bitterness increased by 2 B.U. However bitter sub-
stances were less stable, fresh beers of aged hops were in 1 or 2
B.U. lower in bitterness. Decreases of bitterness during beer storage
were comparable (7ab. 4).

Evident differences between brews hopped by different hop varie-
ties were detected. Higher polyphenols content and ESR-RA .,
values were in beers hopped by Saaz variety. Fresh and aged hops
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showed no significant difference in evaluated antioxidant activity
changes during beer processing and storage (Fig. 1, 2).

Carbonyl compounds content in fresh as well as in stale beers
was more “hop age” dependent than varietal dependent as evi-

Vliv skladovani chmelovych pelet na kvalitu piva

hodnoceni zmén antioxidacnich aktivit v prabéhu vyroby a skladova-
ni piva se neukazaly zadné vyznamné rozdily mezi Cerstvymi a sta-
rymi chmely (obr. 1, 2).

Obsah karbonylovych latek v €erstvych a stejné tak i starych pivech

Tab. 1 Vysledky rozboru chmelovych surovin / Results of hop raw material analyses

ZPC / Saaz Premiant
. (ori;\inal) 2 . (orig\inal) 7
Alfa-kyseliny / Alpha acids (% w) 2.71 3.51 3.65 712 8.7 8.45
HSI 0.46 0.31 0.31 0.43 0.29 0.28
Celkové polyfenoly / Total polyphenols (mg/g) 58.8 65.3 63.5 37.3 41.3 375
Anthokyanogeny / Anthocyanogens (mg/g) 22.2 24.4 23.8 18.2 19.6 19.6
ESR RA,,., (% rel.) 62.2 67.7 67.1 50.2 57.5 58.8
Davka chmele / Dose of hops (g/hl) 369 - 274 140 - 118
A — stary chmel / aged hops A (original) — chmel na pocatku skladovani / hops at the beginning of storage
F — Cerstvy chmel / fresh hops HSI — index skladovani chmele / hop storage index
Tab. 2 Vysledky rozboru mladin / Results of wort analyses
Saaz-A Saaz-F Prem-A Prem-F
Extrakt / Extract (% w) 12.64 12.44 12.46 12.46
pH 5.74 5.73 5.79 5.76
Celkové polyfenoly / Total polyphenols (mg/l) 425 339 242 213
Anthokyanogeny / Anthocyanogens (mg/l) 110.2 121.5 59.9 69.6
Redox DCPI (% rel.) 61 60 59 64
ESR RA, .., (% rel.) 85 79 70 73
ESR-T 150 6.33 4.70 7.26 4.88
Tab. 3 Vysledky rozboru piv / Results of beer analyses
Saaz-A Saaz-F Prem-A Prem-F
Pavodni extrakt / Original extract (% w.) 12.58 12.42 12.29 12.37
Zdanlivy extrakt / Extract apparent (%) 2.78 2.79 2.80 2.74
Skuteény extrakt / Extract real (%) 4.66 4.64 4.63 4.60
Alkohol / Alcohol (% w.) 410 4.02 3.96 4.02
Alkohol / Alcohol (% v.) 5.24 5.14 5.06 5.14
Prokvaseni zdanlivé / Attenuation apparent (%) 78.0 77.6 77.2 77.9
Prokvaseni skute¢né / Attenuation real (%) 64.5 64.2 63.8 64.4
Barva / Colour (EBC) 8.6 7.6 7.7 7.9
pH 4.67 4.73 4.73 4.78
Celkové polyfenoly / Total polyphenols (mg/l) 277 247 165 169
Anthokyanogeny / Anthocyanogens (mg/l) 81.9 77.3 541 55.2
Oxid uhli¢ity / Carbon dioxide (%) 0.41 0.43 0.42 0.43
Oxid sifi¢ity / Sulphur dioxide (mg/l) 71 6.2 7.5 6.8
Redox DCPI (% rel.) 50 51 49 51
ESR Lag-time (min.) 27 30 42 35
ESR RA,..., (% rel.) 72 71 61 61
Vyssi alkoholy / Higher alcohols (mg/l) 87 81 79 80
Estery / Esters (mg/l) 23 22 22 24
A/E pomér / A/E ratio 3.9 3.6 3.6 3.3
Trvanlivost / Shelf life (dny/days) 155 210 200 21
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byl vice zavisly na ,stafi chmele“ nezli na odrlidé chmele, jak je ziej-
mé z vypoctenych vzdalenosti na dendrogramech zahrnujicich
vSechny analyzované markery (obr. 3, 4). V Cerstvych pivech byl pro
varky se starymi chmely stanoven vy$Si obsah Streckerovych aldehy-
du (karbonyly z aminokyselin a vy$Sich alkohol(l) i nékterych karbo-
nyld z mastnych kyselin hexanalu a (E)-butenalu. Nizsi byl naopak
obsah (E)-oktenalu, (E)-nonenalu a 3-methyl butan-2onu, rovnéz kar-
bonyll z nenasycenych mastnych kyselin (tab. 5). V pribéhu sklado-
vani byl zjistén vys$si narlst obsahu karbonylll z mastnych kyselin
u piv ze starych chmell. Pfi¢inou ovSem mohl ¢aste¢né byt i vyssi
obsah oxidu sifi¢itého v téchto pivech. Celkové je mozno konstatovat,
ze po 3 a 6 mésicich skladovani nebyl obsah karbonylovych latek
v pivech chmelenych €erstvym a starym chmelem zasadné odlisny.
Piva chmelena ¢erstvym chmelem byla hodnocena v celkovém do-
jmu mirné lépe v porovnani s varkami chmelenymi starymi chmely.
Obdobné tomu bylo u piv skladovanych 3 a 6 mésicq, stard piva
z erstvych chmell byla mirné Iépe hodnocena i v parametrech staré

Obr. 1 Antiradikalova aktivita ESR-DPPH mladin a piv / Fig. 1 Antira-
dical activity ESR-DPPH of worts and beers

denced by calculated distances in dendrograms concerning all an-
alyzed markers (Fig. 3, 4). In fresh beers was for the brews hopped
by aged hops determined higher content of Strecker aldehydes
(carbonyls of amino acids and higher alcohols) and some carbonyls
of the fatty acids hexanal and (E)-butenal. However the lower was
content of (E)-octenal, (E)-nonenal and 3-methyl-butane 2on, also
carbonyls of unsaturated fatty acids (7ab. 5). During storage, the
higher increase was found for content of fatty acids carbonyls for
beers brewed by aged hops. The cause, however, could partly be a
sulfur dioxide content in these beers. Overall, it can be stated that
after 3 and 6 months of storage was not the content of carbonyl
compounds in beers hopped by fresh and aged hops fundamen-
tally different.

Beers hopped by fresh hops were assessed slightly better in sen-
sorial evaluation expressed by overall impression value. Similarly, it
was for beers stored 3 and 6 months, stale beers of fresh hops were
moderately better evaluated in stale and oxidized off-flavors (Tab. 6).

Obr. 2 Redukéni kapacita DCPI mladin a piv / Fig. 1 Reducing capa-
city DCPI of worts and beers
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Obr. 3 Karbonylové latky v €erstvych pivech / Fig. 3 Carbonyl com-
pounds in fresh beer

Obr. 4 Karbonylové latky v pivech po 6 mésicich skladovani / Fig. 4
Carbonyl compounds in beer after 6 months storage
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Tab. 4 Zmény horkosti od mladiny po skladované pivo (j.h. EBC) / Changes of bitterness from worts to stored beer (B.U. EBC)

Saaz-A Saaz-F Prem-A Prem-F
Miladina / Wort 51 49 56 54
Mladé pivo / Green beer 20 21 22 23
Pivo / Beer 21 22 21 23
3 mésice / months 19 21 19 21
6 mésicl / months 18 20 19 20
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a oxidované cizi chuti (fab. 6). V trojuhelnikovych testech (fab. 7) ne-  The differences between sensorial quality of beers brewed with fresh
byly rozdily v senzorické kvalité piv uvafenych z Cerstvych a sklado-  and aged hops were not proved by triangle test, so it is possible to
vanych chmell potvrzeny, takze je mozno hovofit pouze o trendu. speak only about the trend (Tab. 7).

Tab. 5 Obsah karbonylovych latek v Eerstvych a skladovanych pivech / Carbonyl compounds content in fresh and stored beers

CARB-AA CARB-FA1 CARB-FA2
1 ®© ©
=3 =] 2 ] © _ 8 g o = -5
= z g | 2 = E: g 3 3 8 2 5 Zq
o 7} [} c > N S & < P N a £ QS
es | E | £ | 25| § | § | 8| 2 | & | & | & | & | ES
&€ & ) 5T Q < < o = = L & &2
Cerstvé pivo / Fresh beer
Saaz-A 3.0 25 9.6 0.0 7.9 18.3 0.2 0.1 6.9 2.7 1.2 5.0 1.5
Saaz-F 2.4 2.3 7.6 0.0 7.9 10.9 0.3 0.4 5.5 4.9 7.0 3.3 3.8
Prem-A 23 2.0 71 0.0 6.2 131 0.3 0.3 5.9 23 1.7 4.1 0.9
Prem-F 2.2 1.7 5.7 0.0 5.3 11.8 0.4 0.5 4.4 3.0 5.4 4.6 1.7
Pivo po 3 mésicich / Beer after 3 months
Saaz-A 14.7 3.2 12.2 0.7 8.9 6.6 21 3.0 11.1 1.6 6.7 65.6 0.3
Saaz-F 15.4 3.2 11.0 1.9 10.4 6.6 1.8 4.0 10.6 24 6.9 57.0 1.8
Prem-A 15.7 3.2 10.5 0.6 11.5 7.3 2.0 3.5 10.8 2.1 6.1 61.4 0.3
Prem-F 18.0 3.3 11.4 0.5 14.5 7.1 3.2 11.9 11.5 2.9 5.5 63.4 0.8
Pivo po 6 mésicich / Beer after 6 months
Saaz-A 27.0 9.2 14.6 4.6 29.8 12.9 5.9 5.2 5.4 2.6 4.0 82.4 2.6
Saaz-F 25.8 9.0 14.7 4.4 31.2 125 6.4 4.6 5.5 3.4 5.5 80.8 4.5
Prem-A 28.9 9.0 14.0 4.6 37.4 12.3 6.4 7.4 5.1 3.2 49 62.8 2.2
Prem-F 28.6 9.4 14.7 5.0 33.2 13.0 6.1 5.3 5.6 3.0 4.6 86.5 3.7
Tab. 6 Vysledky senzorické analyzy piv (vybrané deskriptory) / Results of sensorial analyses (selected descriptors)
Saaz-A | Saaz-F | Prem-A | Prem-F
Cerstvé pivo / Fresh beer
Celkovy dojem / Overall impact 4.4 | 41 | 4.3 | 4.2
3 mésice / months
Celkovy dojem / Overall impact 6.6 6.1 6.1 5.9
Stara / Stale 1.2 1.0 1.0 0.8
Oxidacni/ Oxidized 1.9 1.1 1.3 1.0
6 mésicl / months
Celkovy dojem / Overall impact 7.2 71 7.0 6.9
Staré / Stale 1.4 1.2 1.2 1.1
Oxidac¢ni / Oxidized 2.6 2.4 2.5 2.4
Celkovy dojem — Skala 1 (nejlepsi)—9 Stara, oxida¢ni — Skala 0-5
Overal impact — scale 1 (the best)-9 Stale, oxidized — scale 0-5
Tab. 7 Vysledky trojuhelnikovych testl / Results of triangle tests
Pocet hodnotitelti / Number of evaluators Urcilo / Right Vyznamné / Significant
Cerstvé pivo/ |Saaz-A/Saaz-F 8 5 ne/ no
Fresh beer Prem-A / Prem-F 8 2 ne/ no
3 mésice / Saaz-A / Saaz-F 10 6 ne/ no
months Prem-A / Prem-F 10 6 ne/ no
6 mésict / Saaz-A / Saaz-F 9 5 ne/ no
months Prem-A/ Prem-F 9 4 ne/ no
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4 ZAVERY

Provedené varni pokusy ukazaly, ze chmelové pelety i po jedno-
ro¢nim skladovani pfi pokojové teploté s vyslednou hodnotou indexu
skladovani chmele pod 0,5 jsou zpracovatelné bez zédsadniho ovliv-
néni kvality piva. Pfi aplikaci takové suroviny je ovSem nutno brat
v Uvahu mozné mirné zhorSeni senzorické kvality piva a snizeni ko-
loidni stability piva. Proto je nutno pfi zpracovani vétsiho mnozstvi
chmele skladovaného déle nezli jeden rok v neklimatizovaném skla-
du doporucit zvy$enou pozornost a citlivy pfistup, pfipadné kombi-
naci s chmelem z nové sklizné.
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4 CONCLUSIONS
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