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Jelinek, L., Millerova, J., Karabin, M., Dostalek, P., 2018: The secret of dry hopped beers — Review. Kvasny Prum. 64(6): 287-296

Dry hopped beers gain their characteristic flavour from hop products purposely added during the cold stage of production. Although
the production of these beers has not so broad a tradition in the Czech Republic as for instant in Great Britain or the United States,
their popularity increases every year. This study provides a complete set of theoretical and practical information about the production of
dry hopped beers. The relevant sensory active compounds of hops creating the characteristic beer aroma and factors influencing their
transfer into beer are introduced. The last part of the study deals with some important risk factors which must be considered during the
production of dry hopped beers.

Jelinek, L., Miillerova, J., Karabin, M., Dostalek, P., 2018: Tajemstvi vyroby studené chmelenych piv - prehled. Kvasny Prum. 64(6):
287296

Studené chmelena piva ziskavaji svou charakteristickou vini z chmelového materialu, ktery je cilené davkovan ve studeném useku
vyroby (odtud pak nazev ,studené chmeleni“) a ackoliv vyroba téchto piv nema v Ceské republice tak bohatou tradici, jako napfiklad ve
Velké Britanii nebo Spojenych statech, jejich obliba v tuzemsku kazdym rokem stoupa. Tato prace poskytuje uceleny soubor teoretickych
a praktickych informaci o vyrobé studené chmelenych piv. Jsou zde pfedstaveny vyznamné senzoricky aktivni latky chmele vytvarejici
charakteristické aroma a faktory ovliviiujici jejich pfestup do napoje. Posledni ¢ast prace je vénovana nékterym dllezitym rizikovym

faktordm, které je tfeba pfi vyrobé studené chmelenych piv brat v potaz.
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1 INTRODUCTION

Currently, dry hopping is a very popular method for beer produc-
tion. When compared with the traditional production processes, it
enables to transfer considerably higher amounts of aromatic com-
pounds from the hops, especially the essential oils into beverage. At
the same time, it is, up to now the only technological process making
beer in such a way that its final sensory profile approaches that of the
hop product used.

The production of dry hopped beers is mostly based on hop wort
prepared in the traditional way, during which the hops is added to
a copper during the wort boiling (kettle hopping), and sometimes to
a whirlpool tank (late hopping). The last hops dosage compensates
for the most serious loss of essential oils by steam stripping during
the wort boiling and is made during the cold stage of production,
mostly after the primary fermentation or during beer maturation. The
transfer of aromatic compounds into the beer by simple maceration
at low temperature during the wort fermentation is a very slow pro-
cess. Nevertheless, when compared with the wort boiling, the losses
of essential oils and their transformation are minimal if the right tech-
nological procedure is used. In the course of dry hopping, minor frac-
tions of the bitter acids and their derivates are extracted, thus having
an impact on the intensity and the character of the bitterness of the
finished beer. Nevertheless, this process is not the main topic of this
study. For a better understanding, the previously published articles
are recommended (Jaskula et al., 2007; Maye et al., 2016b).

The process of dry hopping seems to be simple, however, from
a physicochemical point of view it is a very complicated. It is influenced
by a number of factors such as the amount of hops, type of hops prod-
uct, the extraction method, the contact time with the beer, the pres-
ence of yeasts and other factors. The wort and the beer compositions
are both very substantial factors. It is obvious that essential oils gener-
ally being non-polar compounds pass more easily into strong beers
with high alcohol content. However, the impact of further important
beer parameters such as colour or content of other volatile substanc-
es, which have not yet been studied, remain questionable.

In terms of the extraction process, the methods of dry hopping can
be divided into static and dynamic methods. In the static method, the
hop product is only added to the fermentation vessel and left to mac-
erate, mainly for the whole fermentation and/or maturation time.
However, the popularity of dynamic methods in which the beer is
pumped through a layer of hops, is currently growing. It is apparent

Klicova slova: studené chmeleni, pivo, chmel, chmelovy extraktor,
chmelové silice

1 UvoD

Studené chmeleni (dry hopping) je v sou¢asné dobé velmi popu-
larni zplUsob vyroby piva, ktery v porovnani s tradiénimi vyrobnimi
postupy umozriuje vnést do napoje vyrazné vyssi mnozstvi aroma-
tickych latek chmele (zejména silic). Zaroven se jedna o jediny do-
sud znamy technologicky proces, s jehoz pomoci Ize pfipravit pivo
tak, aby se jeho vysledny senzoricky profil blizil profilu pouzitého
chmelového materialu.

Samotna vyroba studené chmelenych piv zpravidla vychazi z kla-
sicky pfipravené mladiny, kdy je chmel pfidavan do mladinové panve
v pribéhu chmelovaru (,kettle hopping“) a v nékterych pfipadech
i do vifivé kadé (,late hopping®). Posledni davka chmele, ktera nej-
vy$8i mérou kompenzuje ztraty silic stripovanych vodni parou bé-
hem chmelovaru, je aplikovana az ve studené ¢asti vyroby (nejcas-
téji po hlavnim kvaseni &i zrani). Pfechod aromatickych latek do piva
prostou maceraci pfi nizkych teplotach, které panuji b&€hem kvaseni
mladiny, je proces velmi pomaly, nicméné pfi pouziti spravného tech-
nologického postupu jsou ztraty silic i jejich transformace minimalni,
v porovnani s chmelovarem. Béhem studeného chmeleni dochéazi
i k extrakci minoritniho podilu hotkych kyselin a od nich odvozenych
latek, které maji vliv na intenzitu a charakter horkosti vysledného
piva. Tento déj ovéem neni hlavnim pfedmétem této prace a pro jeho
blizsi pochopeni je mozné doporudit dfive publikované ¢€lanky (Jas-
kula et al., 2007; Maye et al., 2016b).

Jakkoliv se proces studeného chmeleni miize zdat jednoduchym,
z fyzikalné-chemického hlediska jde o proces znaéné komplikovany,
ktery je ovlivnén celou fadou faktord, zejména pak davkou pouzitého
chmele, typem chmelového vyrobku, zplsobem extrakce, dobou
kontaktu s pivem, pfitomnosti kvasinek aj. Velmi podstatnou roli zde
hraje rovnéz slozeni pouzité mladiny/piva. Je zfejmé, Ze obecné ne-
polarni latky, jakymi chmelové silice bezesporu jsou, mnohem ochot-
néji pfechazi do silnych piv s vysokym obsahem alkoholu. Otazkou
vSak stéle zustava vliv dalSich ddlezitych parametrd piva, které ne-
byly dosud studovany, jako napfiklad barva ¢&i obsah jinych nez
chmelovych tékavych latek.

Z hlediska zpUsobu extrakce Ize metody studeného chmeleni roz-
délit na statické a dynamické. P¥i statickych metodach je chmelovy
material pouze viozen do kvasné nadoby, kde je macerovan, zpravi-
dla po celou dobu kvas$eni ¢i zrani piva. V sou€asné dobé vSak stale
vice roste popularita metod dynamickych, pfi nichz je pivo ¢erpano
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that the dynamic dry hopping methods have plenty of advantages
such as a significantly shorter extraction time (in order of minutes to
hours), better transfer of the aromatic compounds and an easy inte-
gration in an automated production. However, special equipment,
the hop extractor, must be used for this technology. The hop extrac-
tors are expensive and, they represent no negligible investment for
the brewery.

In this study, both of these methods will be described in detail.
However, for a better understanding it is necessary to be acquainted
with the physicochemical aspects of the process and with the sen-
sory characteristics of the hop essential oils.

2 THE CHARACTERISTICS OF HOP
ESSENTIAL OILS

From a chemical point of view, the essential oils of hops mainly
belong to a large class of terpenoids (isoprenoids) including hun-
dreds of sensory active substances (Schonberger and Kostelecky,
2011; Almaguer et al., 2014). They are easy to isolate by steam distil-
lation (Steenackers et al., 2015). The essential oils together with hop
resins are biosynthesized in the lupulin glands of the female cones
(Wang et al., 2008) and their concentration ranges from a tenths to
several percents by weight (Briggs, 2004).

In 1980, the hop essential oils were categorized into three basic
fractions: hydrocarbon, oxidized and sulphur fractions (Sharpe and
Laws, 1981). Compounds from the hydrocarbon fraction are present
in the highest concentrations in hops and also have the highest sen-
sory threshold values (Schonberger and Kostelecky, 2011). On the
contrary, the sulphur fraction is rather rare in hop varieties (Kosar
and Prochazka, 2000).

2.1 Hydrocarbon Fraction

This fraction counts for 50 to 80 % of the total content of essential
oils in hops (Briggs, 2004). It consists mainly of aliphatic hydrocar-
bons, monoterpenes and sesquiterpenes (Sharpe and Laws, 1981).
A part of them already oxidize to the oxygen fraction during the culti-
vation and the hop processing and further during the production and
storage of beer (Eyres and Dufour, 2008; Almaguer et al., 2014).
However, the main losses happen during wort boiling due to the
steam stripping (Almaguer et al., 2014).This fact in combination with
a marginal solubility of the hydrocarbon fraction (ranging in order of
1 to 1000 pg/l) is the reason for their low concentrations in finished
beer (Kishimoto et al., 2006). The use of dry hopping methods in-
creases significantly the concentration of the essential oils from the
hydrocarbon fraction in beer as the losses are lower and the alcohol
produced during the primary fermentation increases their solubility
(Briggs, 2004).

The most representative compounds from the hydrocarbon frac-
tion are shown in Fig. 1. As the dominant monoterpene, B-myrcene
can reach up to 70% rel. of the total content of essential oils in some
hop varieties (Howard, 1953; Thompson et al., 2010). Limonene, B-
pinene, B-ocimenes and terpinolene are other important monoterpe-
nes contributing to the aroma of dry hopped beers, even though their
concentrations are significantly lower.

2.2 Oxidized Fraction

This fraction is a mixture of monoterpenic, sesquiterpenic and ali-
phatic alcohols, aldehydes, ketones, esters, epoxides and carboxylic
acids (Basarova et al., 2010). It can reach up to 30% rel. of the total
essential oils (Aberl and Coelhan, 2012). These compounds can be
formed by the oxidation of the hydrocarbon fraction during hop pro-
cessing and beer production (Schénberger et al., 2015). For exam-
ple, with the auto oxidation of B-myrcene during the drying and stor-
age of hops leads to formation of up to forty different compounds,
most of them essential oils of the oxygen fraction (Dieckmann and
Palamand, 1974). During beer fermentation, B-myrcene can be bio-
transformed by yeasts into terpenic alcohols (Praet et al., 2012). The
presence of oxygen in the chemical structure enhances the polarity
of these compounds and thereby, the essential oils of the oxygen
fractions are generally more soluble in water and weak alcohol solu-
tions when compared with those of the hydrocarbon fraction (Van
Opstaele et al., 2012). The most significant compounds of the oxy-
gen fraction in terms of their contents and sensory characteristics
are linalool and geraniol formed as mentioned above by biotransfor-
mation of B-myrcene. Further significant compounds are humulene
epoxides | to Ill, caryophyllene epoxide, esters such as geranyl ac-
etate and 2-methylbuthyl isobutyrate (2MBIB) (Fig. 7).

skrz vrstvu chmele. Je zfejmé, Zze dynamické metody studeného
chmeleni pfinasi mnoho vyhod, mezi které bezesporu patfi vyrazné
niz8i doba extrakce (minuty az hodiny), lepsi pfestup aromatickych
latek a snadné integrace a automatizace vyroby. Na druhou stranu
Ize tuto technologii provozovat pouze ve specialnich zafizenich, tzv.
chmelovych extraktorech, jejichZz pofizeni predstavuje pro pivovar
nezanedbatelnou investici.

V této préaci budou oba zminéné postupy popsany podrobnéji, nic-
méné pro jejich lepsi pochopeni je nejprve nutné seznamit se blize
s fyzikalné-chemickou a do jisté miry i se senzorickou povahou
chmelovych silic.

2 CHARAKTERISTIKA CHMELOVYCH SILIC

Z chemického hlediska jsou chmelové silice skupinou pfevazné
terpenickych latek, zahrnujici stovky senzoricky aktivnich slouc¢enin
(Schonberger a Kostelecky, 2011; Almaguer et al., 2014), které Ize
snadno izolovat destilaci vodni parou (Steenackers et al., 2015). Po-
dobné jako pryskyfice i silice jsou biosyntetizovany lupulinovymi
zlazkami chmelovych $istic (Wang et al., 2008), kde se jejich kon-
centrace pohybuje v rozmezi desetin az jednotek hmotnostnich pro-
cent (Briggs, 2004).

V roce 1980 byly chmelové silice kategorizovany do tfi zakladnich
frakci: uhlovodikové, kyslikaté a frakci sirnych slou€enin (Sharpe
a Laws, 1981). Nejvétsi zastoupeni ve chmelu a zaroven také nej-
vys$§i prahové koncentrace senzorického vnimani vykazuji latky pat-
fici do prvni zminéné frakce (Schonberger a Kostelecky, 2011).
Oproti tomu frakce sirnych slouéenin je u vétsiny chmelovych odrid
zastoupena jen malo (Kosar a Prochazka, 2000).

2.1 Uhlovodikova frakce

Tato frakce tvofi 50-80 % celkového obsahu silic ve chmelu (Bri-
ggs, 2004) a sklada se pfevazné z alifatickych uhlovodik(, monoter-
penl a seskviterpenl (Sharpe a Lewis, 1981). Cast z nich oxiduje uz
béhem péstovani a zpracovani chmele a v pribéhu vyroby a sklado-
vani piv na silice kyslikaté frakce (Eyres a Dufour, 2008; Almaguer et
al., 2014), avSak k jejich nejmarkantnéjSim ztratam dochazi pfi
chmelovaru stripovanim vodni parou (Almaguer et al., 2014). Tato
skute€nost, v kombinaci s nepatrnou rozpustnosti v mladiné (fadové
jednotky az tisice mikrogramu v litru), je pfic¢inou jejich nizkych kon-
centraci v hotovém pivu (Kishimoto et al., 2006). Vyrazné vysSich
koncentraci silic uhlovodikové frakce Ize dosahnout prave u studené
chmelenych piv, nebot nedochazi k tak markantnim ztratam a také
alkohol vznikly béhem hlavniho kva$eni napomaha k jejich rozpust-
nosti (Briggs, 2004).

Nejvyznamnéjsi zastupci uhlovodikové frakce jsou uvedeni na obr. 1.
Dominantni chmelovy monoterpen B-myrcen muize u nékterych odrid
tvofit az 70 % rel. z celkového obsahu silic (Howard, 1953; Thompson
et al., 2010). Limonen, B-pinen, B-ocimen a terpinolen, jsou dalsi vy-
znamné monoterpeny pfispivajici k aroma studené chmelenych piv,
které se ovSem ve chmelu vyskytuji v mnohem niz8ich koncentracich.

2.2 Kyslikata frakce

Tato frakce je smési monoterpenickych, seskviterpenickych a ali-
fatickych alkohold, aldehydd, keton(, ester(, epoxidi a karboxylo-
vych kyselin (Basarova et al., 2010) a mudze tvofit az 30 % rel. z cel-
kového mnozstvi silic (Aberl a Coelhan, 2012). P¥i zpracovani chme-
le a béhem vyroby piva mohou tyto latky vznikat oxidaci z uhlovodi-
kové frakce (Schdnberger et al., 2015). Jako pfiklad poslouzi auto-
oxidace B-myrcenu (probihajici béhem su$eni a skladovani chmele),
ze kterého mUlze vzniknout aZ Ctyficet sloucenin - vétSinou silic kys-
likaté frakce (Dieckmann a Palamand, 1974). Béhem kva$eni piva
mUze pak byt B-myrcen biotransformovan kvasinkami na terpenické
alkoholy (Praet et al., 2012). Pfitomnost kysliku v chemické struktufe
zvySuje polaritu téchto latek, diky ¢emuz jsou silice kyslikaté frakce
obecné snadnéji rozpustné ve vodé a slabych alkoholickych rozto-
cich, nez silice frakce uhlovodikové (Van Opsteale et al., 2012).
Z hlediska obsahu a senzorickych vlastnosti patfi mezi nejvyznam-
néjSi zastupitele kyslikaté frakce zejména linalool a geraniol, které
vznikaji pfevazné zminénou biotransformaci z 3-myrcenu, dale pak
humulen epoxidy | az lll, karyofylen epoxid a estery geranylacetat
a 2-methylbutylisobutyrat (2-MBIB), viz obr. 1.

Je tfeba téz zminit, Ze nékteré silice, a to nejen kyslikaté frakce, se
mohou ve chmelu nachazet také ve formé glykosid(, ze kterych Ize
odstépit cukernou slozku pomoci hydrolytickych enzymd EC 3.2.1
(Kollmannsberger et al., 2006). Tyto enzymy lze pfidavat do mladiny/
piva a podpofit tak pfechod silic z chmelového materialu.
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Fig. 1 Structure of some essential oils involved in the aroma of dry hopped beers (1) B-myrcene, (2) limonene, (3) B-ocimene, (4) B-pinene,
(5) a-humulene, (6) B-karyofylene, (7) B-farnesene, (8) R-linalool, (9) S-linalool, (10) geraniol, (11) humulen epoxid, (12) karyofylen epoxid,
(13) geranyl acetate, (14) 2-MBIB

Obr. 1 Struktura nékterych silic podilejicich se na aroma studené chmelenych piv (1) B-myrcen, (2) limonen, (3) B-ocimen, (4) B-pinen, (5)
a-humulen, (6) B-karyofylen, (7) B-farnesen, (8) R-linalool, (9) S-linalool, (10) geraniol, (11) humulen epoxid, (12) karyofylen epoxid, (13)
geranylacetéat a (14) 2-MBIB

It is worth mentioning that some of the essential oils in hops, main-

ly but not only from the oxygen fraction, can be present in form of
glycosides. The carbohydrate part of the molecule can be cleaved by
hydrolytic enzymes such as EC 3.2.1 (glycosidases) (Kollmanns-
berger et al., 2006). These enzymes can be added to the wort or the
beer to support the transfer of the essential oils from the hop prod-
ucts.

3 THE AROMA OF DRY HOPPED BEERS

The majority of essential oils have very low sensory threshold val-
ues. Therefore, they are able to significantly influence the beer aro-

3 AROMA STUDENE CHMELENYCH PIV

Vétsina chmelovych silic ma velmi nizky senzoricky prah vnimani,
a proto jsou tyto latky schopny i pfi velmi nizkych koncentracich vy-
razné ovlivnit vini piva (Benzo et al., 2007). Bylo by ovSéem chybou
se domnivat, Ze chmelové aroma je zplsobeno pouhym souétem
pfispévkl jednotlivych senzoricky aktivnich entit. Jak bylo v minulos-
ti prokadzano (Takoi et al., 2010), fada silic je schopna umocriovat, Ci
naopak tlumit intenzitu nékterych vini pomoci synergického respek-
tive antagonického efektu, a tudiz Ize prostfednictvim koncentraci
a profilu zastoupeni jednotlivych chmelovych silic hodnotit chmelové
aroma jen omezené.
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ma even at very low concentrations (Benzo et al., 2007). However,
the hop aroma is not only the sum of the individual sensory active
components. It was found that a number of essential oils are able to
potentially increase or decrease the intensity of particular aromas by
means of synergic or antagonistic effects. Consequently, the hop
aroma can be evaluated through the concentration and the profile of
particular essential oils present only to a limited extent.

It is necessary to take into account that the hop aroma passes
through many changes during the wort boiling and late hopping, in
terms both of its intensity and its character. Therefore, the hop aroma
of beer produced by traditional methods corresponds only slightly to
the aroma of hop product used (Van Opstaele et al., 2010). In the
following text, the sensory features of some of the essential oils im-
portant in dry hopping and their behaviour during beer production will
be described.

The monoterpenic hydrocarbon B-myrcene is typical compound
with characteristic intensive spice and herbal aroma (ASBC, 2018).
In common beers, it is present in concentrations much below its sen-
sory threshold value because of the significant losses during wort
boiling (Sharpe and Laws, 1981). In dry hopped beers, however, B-
myrcene is one of the key substances responsible for their individual
tastes (Krottenthaler, 2009). Nevertheless, even during the cold
stage of production it is difficult to prevent the evaporation of B-
myrcene along with the carbon dioxide, and finally its absorption at
the cell surface of the yeasts. For this reason, it is recommended to
apply the dry hopping only after the end of the primary fermentation
(Takoi et al., 2014).

During the dry hoping, sesquiterpenes a-humulene, B-caryo-
phyllene and B-farnesene behave in a similar way to B-myrcene.
The aroma of these compounds and of a number of their oxidation
products are often described as spicy or noble hoppy (Van Opstaele
et al., 2010). The Czech Saaz variety and the German Hallertauer
Hersbrucker variety are the representative hop varieties for this aro-
ma (Eyres and Dufour, 2008).

Due to its higher solubility in water and weak alcohol solutions, the
oxygen fraction has a very distinctive impact on the beer aroma even
at its generally lower sensory threshold values (Forster et al., 2015).
The most important monoterpenic alcohols present in dry hopped
beers in relative high concentrations are in particular linalool, B-cit-
ronellol and geraniol. Linalool is known for its intensive citrus aro-
ma. Nevertheless, due to a synergic effect in the presence of geran-
iol, the aroma changes to a rather floral type flavour (Eyres and Du-
four, 2008). As shown in Fig. 1, linalool can be present in hops and
beer in two stereo isomeric forms, whereas (R)-linalool is significant-
ly more sensory active when compared with the (S)-form (Peacock,
2010). Geraniol has an intensive lime aroma (ASBC, 2018). In pro-
fessional literature, this essential oil is often discussed in terms of
bio-transforming changes to other sensory active substances. Ge-
raniol can possibly be formed from geranyl acetate (Cori et al., 1986;
Forster et al., 2014) and can be further transformed to B-citronellol.
This could explain the significant decrease in geraniol concentration
during the first four days of primary fermentation (Takoi et al., 2016).

Isobutyl esters, especially isobutyl isobutyrate, isoamyl isobu-
tyrate or 2-methylbutyl isobutyrate, which are normally degraded
during wort boiling, are often present in dry or late hopped beers
(Takoi et al., 2010). These compounds provide the beer with a pleas-
ant fruity and spicy aroma (ASBC, 2018). They occur in a broad
spectrum of hop varieties but they are particularly typical for the Ger-
man hop varieties Hallertauer Tradition or Nugget (Perpéte et al.,
1998; Takoi et al., 2010).

4 THE TECHNOLOGY OF DRY HOPPED
BEERS

The production methods for dry hopped beer can be divided into
static and dynamic methods. The basic difference between these
two methods is the way and the speed in which the essential oils are
extracted from the hop products. The general description of both
methods is summarized in Table 1. By using a dry hopping tech-
nique, the addition of hop products can be applied during the primary
fermentation, during the maturation (the most common way) or into
the finished beer.

4.1 Static methods for dry hopping

The principal of the static methods for dry hopping is a simple ad-
dition of the hop products to the fermentation vessel (mostly the fer-
mentation tank), where the sensory active compounds slowly diffuse

Déle je tfeba si uvédomit, Ze aroma chmele prodélava béhem
chmelovaru a pozdniho chmeleni fadu zmén, a to jak z hlediska in-
tenzity tak charakteru. Proto chmelové aroma klasicky pfipraveného
piva odpovida jen minimalné vini chmelového materiélu, ze kterého
bylo pfipraveno (Van Opsteale et al., 2010). V néasledujicim textu
budou pfedstaveny senzorické vlastnosti nékterych dllezitych silic,
hrajicich vyznamnou roli pfi studeném chmeleni a jejich chovani bé-
hem vyroby piva.

Monoterpenicky uhlovodik B-myrcen se vyznacuje intenzivnim
kofenitym a bylinnym aroma (ASBC, 2018). V béznych pivech se
tato latka vyskytuje v koncentracich mnohem niz8ich, nez je jeho
prahova hodnota senzorického vnimani, jelikoz ve velké mife mizi
z mladiny béhem chmelovaru (Sharpe a Laws, 1981). U studené
chmelenych piv je vSak B-myrcen jednou z kliGovych latek zodpo-
védnych za jejich osobitou chut (Krottenthaler, 2009), nicméné
i ve studené Casti vyroby je udrzeni této latky v pivu zna¢né proble-
matické a aby nedochéazelo k jejimu vytékani s oxidem uhli¢itym,
pfipadné sorpci na bunéény povrch kvasinek, je vhodné provadét
studené chmeleni ne dfive nez na konci hlavniho kvaseni (Takoi et
al., 2014).

Podobné chovani jako v pfipadé B-myrcenu bylo pfi studeném
chmeleni pozorovano také u seskviterpent a-humulenu, B-karyo-
fylenu a B-farnesenu. Aroma téchto sloucenin i celé fady jejich oxi-
dacnich produktt byva ¢asto popisovano jako kofenité ¢i uslechtile
chmelové (Van Opstaele et al., 2010) a vyznacuji se jim pfevazné
éeské (Zatecky polorany cervenak) a némecké (Hallertauer Her-
sbrucker) odridy (Eyres a Dufour, 2008).

Kyslikaté frakce mé, zejména diky své vy$Si rozpustnosti ve vodé
a slabych alkoholickych roztocich, velmi vyznamny vliv na aroma
piva, a to i pfes své obecné nizsi prahové hodnoty senzorického vni-
mani (Forster et al., 2015). Mezi nejvyznamnéjSi monoterpenické
alkoholy, které jsou zastoupeny ve studené chmelenych pivech v re-
lativné vysokych koncentracich, se fadi zejména linalool, 3-citrone-
lol a geraniol. Prvni jmenovany je znam pro své intenzivni citrusové
aroma, které vsak diky synergickému efektu v pfitomnosti geraniolu
nabyva spise kvétinovych tond (Eyres a Dufour, 2008). Jak je patrné
z obr. 1, linalool se ve chmelu i pivu mize vyskytovat ve dvou ste-
reoisomerickych formach, pficemz (R)-linalool je, v porovnani se
svou (S) formou, mnohem vice senzoricky aktivni (Peacock, 2010).
Geraniol je spojovan s intenzivnim limetkovym aroma (ASBC, 2018).
Tato silice je v odborné literatufe ¢asto diskutovana z hlediska bio-
transformacnich pfemén na jiné senzoricky aktivni latky. Geraniol
muUze touto cestou v pivu vznikat z geranylacetatu (Cori et al., 1986;
Forster et al., 2014) a mUze se dale pfeménovat na B-citronelol, coz
je také nepochybné divodem dramatického poklesu koncentrace
geraniolu, pozorovaného béhem prvnich ¢&tyf dnl hlavniho kvaseni
(Takoi et al., 2016).

V pozdné ¢i studené chmelenych pivech se ¢asto vyskytuji estery
isobutylu, konkrétné isobutylisobutyrat, isoamylisobutyrat ¢i 2-me-
tylbutylisobutyrat, které jsou béhem chmelovaru nestabilni (Takoi et
al., 2010). Tyto latky, dodavajici pivu pfijemné ovocné a kofenité aro-
ma (ASBC, 2018), se vyskytuji v Sirokém spektru chmelovych odrid,
nicméné charakteristické jsou zejména pro némecké chmely Haller-
tauer Tradition &i Nugget (Perpéte et al., 1998; Takoi et al., 2010).

4 TECHNOLOGIE VYROBY STUDENE
CHMELENYCH PIV

Metody vyroby studené chmelenych piv Ize rozdélit na statické
a dynamickeé. Zakladni rozdily mezi témito dvéma skupinami metod
jsou zejména zpUsob a rychlost extrakce silic z chmelového materi-
alu. Obecna charakteristika obou metod je shrnuta v tab. 1. V zavis-
losti na technologickém Useku aplikace chmelového materiélu roz-
délujeme studené chmeleni béhem hlavniho kvaseni, béhem zrani
(nejCastéjsi) a do hotového piva.

4.1 Statické metody studeného chmeleni

Principem statickych metod studeného chmeleni je prosté viozeni
chmelového materialu do nadoby s pivem (zpravidla kvasného tan-
ku), kde dochéazi k pozvolné difuzi senzoricky aktivnich latek do roz-
toku. Tento postup se obvykle provadi ve fazi hlavniho kvaseni ¢i
zrani, méné Casto pak v hotovém pivu, napfiklad vlozenim chmelo-
vého materialu do sudl (Cocuzza a Mitter, 2013).

Po pfidani chmele do nadoby je vyhodné provést nejprve evakua-
ci vzduchu ze systému (v€etné pfitomného chmelového materialu)
pomoci inertniho plynu a teprve poté nadobu naplnit pivem. Odstra-
néni vzdusného kysliku je z hlediska studeného chmeleni klicové,
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Table 1 Comparison of static and dynamic dry hopping methods

Tab. 1 Srovnani statickych a dynamickych metod studeného chmeleni

STATIC METHODS | DYNAMIC METHODS
Distribution of maceration dynamic extraction
essential oils to
beer
Technological fermentation, maturation, final beer
part of maturation, final
application beer
Contact time with | from days to months | from minutes to hours
hops
Technological unpretentious difficult
difficulty
Acquisition costs | minimal high
Tools / Devices bags, spikes, inserts | hop extractors

into the solution. This technique is normally done by adding the hop
products to casks during the primary fermentation or maturation and
only seldom to the finished beer (Cocuzza and Mitter, 2013).

After the addition of the hops to the vessel, it is advisable to evac-
uate the air from the whole system by means of an inert gas and only
after this to fill the vessel with beer. The elimination of air-oxygen is
crucial, as the essential oils oxidize in presence of air (Kuchel et al.,
2006) and then, the final sensory profile of the beer corresponds only
faintly to that of the hop variety used (Schénberger et al., 2015).

Cones or pellets can be added to the vessels in closable permea-
ble covers such as bags, netting or small cages or only free. The
addition of free hop products became currently unpopular because
the vegetative hop remains settle at the bottom of the vessels and
can cause a number of technical problems such as blocking of pipes,
slowing of the filtration, difficulties with the regeneration of the yeasts
and other problems (Cocuzza and Mitter, 2013; Schénberger et al.,
2015).

As mentioned above, the essential oils of hops are generally non-
polar compounds. Therefore, it can be expected that their diffusion
into beer, also considering the low temperature will be a very slow
process. It can take from days up to months, depending on the tech-
nological section where the dry hopping takes place. With static
methods, time regulation of the contact between beer and hops is
very difficult. If a cylindro-conical fermenter with freestanding hop
products is used, the contact can be stopped instantly by ‘blasting
off’ the hop products from conical bottom. If a fermenter with a flat
bottom is used, it is necessary to pump the beer into an empty tank.
If this option is missing then the hops must stay in contact with the
beer for the time necessary to complete the technological step,
where it was added (Schdnberger et al., 2015).

The indisputable advantage of dry hopping at the stage of primary
fermentation is the minimal concentration of oxygen in the wort or
green beer. In addition, the remaining oxygen is immediately used up
by yeast metabolism (Pires et al., 2014). Nevertheless, the effective-
ness of this method, in terms of the transfer of the essential oils is not
high because the carbon dioxide escaping from the fermentation
vessels serves as a carrier gas and strips out substantial amounts of
the aromatic substances (Rettberg et al., 2018).

A large amount of yeast biomass also has a significant influence
as some of the essential oils can be absorbed to its surface (Praet et
al., 2012; Takoi et al., 2014; Rettberg et al., 2018).

The difficulties mentioned above, can be partially or even totally
eliminated by adding the hop products during the beer maturation. At
this stage, the amount of yeast is significantly lower than during the
primary fermentation. Therefore, its metabolic activity and conse-
quently its production of carbon dioxide are reduced due to a short-
age of nutrients. In addition, the transfer of the essential oils to the
beer is supported by the presence of alcohol produced during fer-
mentation (Durling et al., 2007).

Nowadays, an increasingly popular technique for the transfer of
the hop aroma to the beer is the use of concentrates of the essential
oils. Up to the end of the sixties in last century, these products were
obtained by steam distillation (Wright and Connery, 1951). Neverthe-
less, this method was abandoned because of the thermal degrada-
tion of some essential oils (Marriott and Wilson, 2017). The classic
distillation was progressively replaced by vacuum distillation, which
provides essential oil products in the form of oils or oils emulsions.
These were already used in the late seventies as an alternative to
dry hopping (Pickett et al., 1977). In later experiments, the hop aro-

STATICKE DYNAMICKE
METODY METODY
Distribuce silic macerace dynamicka extrakce

do piva
Technologicky
usek aplikace

Doba kontaktu

kvaseni, zrani,
hotové pivo

dny az mésice

zrani, hotové pivo

minuty az hodiny

s chmelem

Technologicka nenaroéné naroéné
narocnost

Porizovaci minimalni vysoké
naklady

Nastroje/zarizeni | sacky, klicky, inserty | chmelové extraktory

nebot v jeho pfitomnosti dochazi k oxidaci chmelovych silic (Kuchel
et al., 2006) a vysledny senzoricky profil piva pak jen malo korespon-
duje s pouzitou chmelovou odridou (Schénberger et al., 2015).

Hlavky nebo pelety se vkladaji do nadoby v uzaviratelnych perme-
abilnich obalech (sacky, sitky, klicky aj.), nebo jen volné. Od druhé-
ho jmenovaného zplsobu se véak v sou¢asné dobé upousti, nebot
vegetativni chmelové zbytky sedimentované na dné mohou zpUsobit
fadu technologickych problému jako ucpavani potrubi, zpomaleni
filtrace, obtiznou regeneraci kvasinek aj. (Cocuzza a Mitter, 2013;
Schénberger et al., 2015).

Jak jiz bylo zminéno, chmelové silice jsou latky obecné nepolarni-
ho charakteru a Ize tedy oCekavat, ze jejich difuze do piva, ktera na-
vic probih& za nizkych teplot, je procesem velmi pomalym. V praxi
Ize hovofit o dobé v fadech dnll az mésicl, ktera je zavisla zejména
na technologickém Useku, kde je studené chmeleni provadéno. Re-
gulace doby kontaktu chmelu s pivem je u statickych metod obtizna.
V pfipadé pouziti cylindrokoénickych tankd a volné lozeného chmelo-
vého materiélu Ize kontakt okamzité ukongit ,odstfelenim“ chmele
z koénického dna, v opacném pfipadé je nutné pivo precerpat
do prazdného tanku. Jestlize ani tato moznost neni k dispozici, musi
chmel zUstat v kontaktu s pivem po celou dobu technologického kro-
ku, kde byl aplikovan (Schonberger et al., 2015).

Statické metody studeného chmeleni se bézné provadi ve fazi
hlavniho kva$eni, zrani a nékdy téz do hotového piva. Nespornou
vyhodou studeného chmeleni ve fazi hlavniho kvaseni je minimalni
koncentrace kysliku v mladiné/mladém pivu, ktery je okamzité spo-
tfebovavan kvasinkovym metabolismem (Pires et al., 2014). Ug&in-
nost této metody, z hlediska pfestupu silic neni ovSem nijak vysoka,
nebot oxid uhli¢ity, unikajici z kvasnych nadob se chova jako nosny
plyn a stripuje sebou velké mnozstvi aromatickych latek (Rettberg et
al., 2018). Nezanedbatelny vliv zde ma i velké mnozstvi samotné
kvasinkové biomasy, na jejiz povrch se nékteré silice mohou sorbo-
vat (Praet et al., 2012; Takoi et al., 2014; Rettberg et al., 2018).

VySe zminéna Uskali Ize ¢aste¢né, nebo zcela eliminovat pfidanim
chmelového materialu ve fazi zrani piva, kdy je pocet kvasinek opro-
ti hlavnimu kvaseni vyrazné nizsi a jejich metabolicka aktivita, a tedy
i produkce oxidu uhli¢itého, je utlumena disledkem nedostatku Zivin.
K pfestupu silic do piva zde pfispivé i alkohol vznikly béhem hlavniho
kva$eni (Durling et al., 2007).

V soucasné dobé se stava popularnim vyuziti tzv. silicovych kon-
centratll pro vneseni chmelového aroma do piva. Do konce Sedesa-
tych let minulého stoleti se tyto pfipravky ziskavaly destilaci chmelo-
vého materialu vodni parou (Wright a Connery, 1951), od které se
vSak opustilo z divodl termické degradace nékterych silic (Marriott
a Wilson, 2017). Postupem €asu klasickou destilaci nahradila desti-
lace vakuova, poskytujici silicové preparaty bud ve formé olejd,
nebo olejovych emulzi, které se jiz koncem sedmdesatych let pouzi-
valy v Anglii, jako alternativa studeného chmeleni (Pickett et al.,
1977). Dale byly provedeny pokusy extrahovat aromatické latky
chmele kapalnym oxidem uhli€itym (Sharpe a Lewis, 1981), nicméné
i tato metoda byla pozdéji nahrazena G¢innéjsi extrakci superkritic-
kym oxidem uhli¢itym, ktera se s Uspéchem pouziva dodnes (Van
Opstaele et al., 2012). Kombinace této metody s chromatografickou
frakcionaci pak umozriuje pfipravu preparatll s pfevazuijici citruso-
vou, kvétinovou bylinnou, &i kofenitou vani (Van Opstaele et al.,
2012). Davkovani silicovych koncentratd Gzce souvisi s typem pfi-
pravovaného piva a pohybuje se v fadech grami na hektolitr. Marriot
a Wilson (2017) napfiklad ve své praci uvadi, ze davka koncentratu
2 g/hl maze zcela zastoupit studené chmeleni 250 g chmelovych pe-
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matic substances were extracted with liquid carbon dioxide (Sharpe
and Laws, 1981). However, even this method was later replaced by
a more efficient extraction with supercritical carbon dioxide that has
been used up to now (Van Opstaele et al., 2012). The combination of
this method with chromatographic fractionation allows the production
of concentrates with distinct aromas such as citrus, floral, herbal or
spicy ones (Van Opstaele et al., 2012). The dosage of the essential
oil concentrates depends on the type of beer and varies in order of
grams per hectolitre. In their study Marriot and Wilson (2017) men-
tioned that a dose of 2 g/hl can replace 250 g of hop pellets otherwise
used for dry hopping. The concentrates can be added directly to the
tanks or the whirlpool-tanks or even better to the turbulent beer flow
during the pumping from the tanks to the filters. This would provide
an even dispersion over the whole volume (Cocuzza a Mitter, 2013).

4.2 Dynamic methods for dry hopping

For dynamic dry hopping unlike for the static methods, the move-
ment of the liquid initiated by pumping or stirring is necessary
(Schnaitter et al., 2016). The flow supports significantly the extrac-
tion by a constant changing of the layers of the extraction agent
(beer) around the hop particles, whereby it facilitates and acceler-
ates the transfer of the essential oils (Podeszwa and Harasym,
2016). Due to the action of shear forces, it results in a faster break-
up of the hop pellets and consequently to enlargements of the con-
tact surface. This enhances the efficiency and accelerates the trans-
fer of the aromatic substances (Engstle et al., 2016). It results,
among other things, in significant savings of hops in comparison with
the static methods (Michel et al., 2017). A number of factors such as
the velocity and the characteris-

let. Koncentraty mohou byt davkovany bud pfimo do tankd, nebo
Iépe do turbulentniho toku piva, naptiklad pfi Eerpani z tanku na filtr,
ktery zajisti jejich rovnomérné rozptyleni v celém objemu (Cocuzza
a Mitter, 2013).

4.2 Dynamické metody studeného chmeleni

Na rozdil od statickych metod, v pfipadé dynamického studeného
chmeleni je nezbytny pohyb kapaliny vyvolany ¢erpanim ¢&i micha-
nim (Schnaitter et al., 2016). Proudéni vyrazné podporuje extrakci
neustalym obmérovanim vrstvy extrakéniho €inidla (piva) v okoli
chmelovych ¢&astic, ¢imz usnadriuje a zrychluje pfestup silic (Pode-
szwa a Harasym, 2016). V dasledku plsobeni smykovych sil zaro-
veri dochézi k rychlejSimu rozpadu chmelovych pelet a tim padem
ke zvétSeni extrakéni plochy, coz rovnéz vede ke zrychlenému pre-
stupu aromatickych latek (Engstle et al., 2016). To ma mimo jiné
za nasledek i vyrazné uspory chmele v porovnani s metodami static-
kymi (Michel et al., 2017). U€innost dynamickych metod je ovlivnéna
fadou faktorl, zejména pak rychlosti proudéni kapaliny, charakteris-
tikou toku, velikosti smykovych sil, kontaktnim Casem, teplotou
a i samotnymi vlastnostmi piva a chmelového materialu (Wolfe,
2012).

Nejjednodussi metoda dynamického studeného chmeleni spoci-
va, podobné jako v pfedchozim pfipadé, v prostém viozeni chmelo-
vého materialu do tanku, ze kterého je poté vytésnén vzduch inert-
nim plynem, nasledné je tank naplnén pivem a cely jeho objem
(v€etné chmele) je nékolikrat recirkulovan. V soucasnosti je vSak tato
technika stale ¢astgji nahrazovana vyuzivanim tzv. chmelovych ex-
traktord (obr. 2). Na trhu se momentéalné vyskytuje nékolik verzi téch-

to zafizeni, liSicich se konstruk-

tics of the liquid flow, the extent

ci, velikosti a cenou (internetovy

of the shear forces, the time of
contact with the beer, the tem-
perature and last but not least

zdroj), nicméné ve vétsing pri-
padl jde o konické, tlakové na-
doby z korozivzdorné oceli vy-

the properties of the beer and [

{ bavené filtrem pevnych ¢&astic,

the hop products have an im- bt == = el = RS

pact on the effectiveness of
these dynamic  techniques
(Wolfe, 2012).

The simplest technique for dy-
namic dry hoping involves, as for |
the static method, an addition of I:I
the hop products to the tanks fol-
lowed by an evacuation of the air (3)
by means of an inert gas. Then
the tank is filled with beer and the
whole content (including the
hops) is circulated several times.
This technique is currently often
replaced by using hop extractors
(Fig. 2). Several versions of com-
mercially equipment are already
available. They vary in construc-
tion, in size and in price (internet
sources). Nevertheless, most fa-
cilities consist of conical pres-
sure vessels made from stain-
less steel equipped with a filter
for solid particles thus ensuring
the separation of hop remains
from the beer. The fine sludge
can be held on by an additional
filter usually placed before the (N |
entry to the storage tank (Podes-
zwa and Harasym, 2016). Hop
extractors are equipped with an
inlet and an outlet for the beer
and sanitizing solutions, with
a carbon dioxide inlet and further
with a number of sensors for
monitoring pressure, tempera-

&

AN

ktery zajistuje oddéleni piva
od zbytk(h chmelového materia-
lu. Jemné kaly mohou byt poté
zadrzeny pridavnym filtrem, kte-
ry byva umistén pred vstupem
do zasobniho tanku (Podeszwa
a Harasym, 2016). Kromé pfivo-
(3 du a odtoku piva, oxidu uhli¢ité-
ho a sanita¢nich prostiedkl je
chmelovy extraktor vybaven
i fadou senzord pro monitorova-
(1 ni tlaku, teploty, pritoku apod.,
przorem a v nékterych pfipa-
dech i lopatkovym michadlem.
Pro snadnéjSi manipulaci maze
byt cela konstrukce chmelového
extraktoru opatfena kolecky.

P¥i dynamické extrakci je kli-
¢ovym faktorem ovliviujicim
rychlost pFestupu extrahované
latky do roztoku zejména turbu-
lentni proudéni zpusobené Cer-
panim, ¢i michanim (Aubin et al.,
2004). Po vstupu do extraktoru je
proud piva usmérnén prostfed-
nictvim spodniho, ale ¢astéji tan-
gencialniho natoku. V druhém
(6) pfipadé muze byt pfivodové po-
trubi umisténo kdekoliv po celé
vySce téla extraktoru a uspora-
dano do tzv. kfizového tangenci-
alniho pfivodu, kde se postupné
stfida pravotoCivy a levotoCivy
pfitok. Takové usporadani vyraz-
né zesiluje turbulenci proudéni
a zaroven zamezuje tvorbé virl

Y,

ture, flow rate and so on, and

(Yu a Lee, 2009).

sometimes also with a peephole
and with stirrers. For easier han-
dling, the whole equipment often
stands on wheeled legs.

With dynamic extraction, the
key factor for the transfer rate of
the extracted compounds into

Fig. 2 Scheme of hop extractor (1) extractor body, (2) lid fitted with
gasket and screws, (3) filter of particles, (4) inlet for carbon dioxide
and CIP, (5) beer inlet, (6) a CIP outlet, and (7) beer outlet

Obr. 2 Schéma chmelového extraktoru (1) télo extraktoru, (2) viko
opatfené tésnénim a Srouby, (3) filtr pevnych &astic, (4) vstup pro
oxid uhli¢ity a CIP, (5) vstup pro pivo, (6) vystup pro CIP a (7) vystup
pro pivo

Konstrukce chmelovych ex-
traktorl umozriuje snadné cirku-
laéni zapojeni k pfetlatnym tan-
kdim, podle schématu znazorné-
ném na obr. 3 a soucasné je
kompatibilni s CIP (Clean-in-
-place) systémem, ktery umoz-
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Fig. 3 Scheme of hop extractor connection (1) buffer tanks, (2) pump, (3) CO, reservoir, (4) CIP station, (5) hop extractor and (6) outlet for

waste hop material

Obr. 3 Schéma zapojeni chmelového extraktoru (1) pfetlatné tanky, (2) Cerpadlo, (3) zasobnik CO,, (4) CIP stanice, (5) chmelovy extraktor a (6)

vyvod pro odpadni chmelovy material

the solution is in particular the turbulent flow caused by pumping or
stirring (Aubin et al., 2004). After entry into the extractor, the beer
flow is regulated either by a bottom inlet, or more often by a tangen-
tial inlet. Alternatively, tangential inlet tubes with circular cross can be
placed anywhere along the extractor and then, the beer flow chang-
es alternatively from clockwise to anticlockwise. Such an arrange-
ment intensifies significantly the flow turbulences and inhibits the
formation of vortexes (Yu and Lee, 2009).

The construction of the hop extractor enables a simple circular in-
tegration to the bright beer tanks as shown in the chart presented in
Fig. 3 and it is compatible with the CIP (Clean-In-Place) system that
guarantees easy sanitization. When buying such equipment, it is
necessary to pay extra attention to the existing filtration systems,
particularly to the size of the filtration mesh. Sometimes, only coarse
filters for the elimination of hop cones are available; however, they
are not useful for retaining fine particles from the pellets. Such filters
must have a mesh in order of maximum tens of millimetres (Wolfe et
al., 2012). The hop products are placed directly into the extractor and
then, the air in the extractor is replaced with an inert gas. The beer
circulation must be done under increased pressure in order to main-
tain the saturation. The hop products can be easily removed and
because they still contain small traces of the resins, they can be re-
used in the next wort boiling (Oladokun et al., 2017).

5 THE FACTORS AFFECTING THE
PRODUCTION AND FEATURES OF DRY
HOPPED BEERS

The production conditions for dry hopped beers have a vital impact
on the quality and the stability of the final product. Besides the content
and the profile of the essential oils present in the hop products, the
quality of dry hopped beers is also strongly influenced by the type and
form of these products. Dry hopping can be made in the traditional way
using fresh or dried hop cones or with pellets Type 90 or Type 45. Cur-
rently, the hop plugs — dried hop cones pressed into the form of
a hockey puck, sometimes called pellets Type 100, have gained in
popularity (Schonberger and Kostelecky, 2011). Nowadays, the use of
hop pellets is preferred over using hop cones. The reasons are, in
particular, higher homogeneity, easier handling and longer shelf life.
Technological research focussed on a comparison of the quality of dry
hopped beer produced using cones and pellets of the same variety
showed that the essential oils are transferred more easily from hop
granulates due to better accessibility than with dry hops, where the

fluje jeho snadnou sanitaci. PFi pofizovani tohoto zafizeni je ovSem
nutné vénovat zvySenou pozornost zabudovanym filtraénim systé-
mlm, respektive jemnosti jejich sit, jelikoz v nékterych pfipadech
jsou k dispozici pouze sita hruba, ur€ena pro odstranéni chmelovych
hlavek, nikoliv vS§ak drobnych ¢aste€ek pelet, které vyzaduji velikost
filtraénich mezer v fadech maximalné desetin milimetr( (Wolfe et al.,
2012). Chmelovy material je vkladan pfimo do téla extraktoru, ze
kterého je nasledné inertnim plynem vytésnén vzduch. Samotny
obéh piva je nutné provadét za zvySeného tlaku, aby nedoslo ke ztra-
té nasyceni. Chmelovy materiél po extrakci Ize pak snadno vyjmout,
a jelikoz stale obsahuje nezanedbatelny podil zbytkovych pryskyfic,
je mozné ho opétovné pouzit pfi chmelovaru (Oladokun et al., 2017).

5 FAKTORY OVLIVNUJICi VYROBU
A VLASTNOSTI STUDENE CHMELENYCH
PIV

Podminky, pfi kterych jsou studené chmelena piva vyrabéna, maji
zasadni vliv na kvalitu a trvanlivost vysledného produktu. Krom ob-
sahu a zastoupeni silic ve chmelovém materialu, ma na kvalitu stu-
dené chmelenych piv nemaly vliv také typ, respektive forma tohoto
materialu. Studené chmeleni je mozné provadét tradicné chmelovy-
mi hlavkami (Cerstvymi i suSenymi) a peletami typu 90 &i 45. Na ob-
libé v souCasnosti ziskavaji i tzv. hop plugs, nékdy téz oznacované
jako pelety typu 100, cozZ jsou suSené chmelové hlavky slisované
do tvaru hokejovych pukl (Schonberger a Kostelecky, 2011). V sou-
Casné dobé se upfednosthuje pouzivani chmelovych pelet pred
hlavkami, zejména z divodu vys$Si standardnosti a snadnéjsi sklado-
vatelnosti a manipulovatelnosti. Technologicky vyzkum zaméfeny
na porovnani kvality studené chmelenych piv vyrobenych z hlavek
a pelet stejné odridy navic prokazal, Zze z granulovaného chmele
prechazi silice do piva snadnéji, a to zejména diky lepsi pfistupnosti
lupulinovych zrn, které jsou u suSeného chmele chranény listeny
(Cocuzza a Miller, 2013). V pfipadé pelet je dalSim dllezitym fakto-
rem jejich rychlost rozpadu v pivu. Caste¢ky vyskytujici se na povr-
chu pfi kontaktu s kapalinou okamzité bobtnaji a postupem ¢asu se
odlupuji. Rychlost pfijmu vody je podminéna strukturou povrchu ¢as-
tecek, ktera je zavisla na procesu peletizace (Engstle et al., 2016).
Pro GCely studeného chmeleni se doporuc€uje pouzivat tzv. mékké
pelety, které jsou vyrabény za pouziti mnohem nizsiho tlaku, nez je
tomu v pfipadé pelet klasickych (Forster et al., 2017).

Davkovani chmelového materialu zavisi pouze na obsahu aroma-
tickych latek. Bézna davka se pohybuje v fadech stovek grami
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lupulin corns are protected with bracteoles (Cocuzza and Mitter, 2013).
In addition, the pellets disintegrate faster in the beer. The particles at
the surface swell immediately after the contact with the fluid and suc-
cessively peel off. The rate of water intake depends on the structure of
the particle surface which in turn depends on the pelletizing process
(Engstle et al., 2016). For dry hopping, it is recommended to use the
so-called soft pellets produced under much lower pressure than nor-
mal pellets (Forster et al., 2017).

The dosage of hop products depends only on the content of the
aromatic compounds. The usual dosage varies in order of hundreds
of grams per hectolitre of beer. Nevertheless, in practice it seems to
be more useful to recalculate it to a dosage of essential oils ranging
normally between 1 - 4 g/hl of beer (Cocuzza and Mitter, 2013). This
dosage should not be significantly exceeded as the relationship be-
tween the sensory intensity of the hop flavour and the content of the
essential oils is not linear. From a certain amount, the sensory inten-
sity does not increase, on the contrary, in extreme conditions it can
even decrease (Lafontaine and Shellhammer, 2018).

Dry hopping is usually done during fermentation and maturation of
the beer; this means at temperatures in range from 0 to 20°C. Within
this range, the extraction rate of most aromatic compounds increas-
es proportionally with the temperature (Cussler, 2009; Engstle et al.,
2016). The temperature also has an indirect impact on the extraction
of the essential oils due to the increased solubility of the wax struc-
tures in the hops leading to a faster disintegration of the pellets (Eng-
stle et al., 2016).

Another important factor in dry hopping is the type of beer. Some-
times, dry hopping is only supposed to “refresh” the beer or make it
special (lager beers) but for some beers such as India Pale Ale a hop
flavour (a characteristic feature of this beer) is obtained by means of
dry hopping. The individual beer types differ in their chemical compo-
sition, for example in different pH values and the content of alcohol
(Kaltner et al., 2013), which significantly influences the transfer of the
essential oils into the beer. It is worth mentioning that dry hopping
can even slightly increase the alcohol content in the beer due to the
extraction of small amounts of fermentable carbohydrates from the
hop products, which are then metabolized by the yeasts (Oladokun
et al., 2017). The pH values of beer vary mostly between 4.0 and 4.4
(Kaneda et al., 1997). However, pH values even in this range can
affect the transfer of the sensory active compounds in the course of
dry hopping. By lowering the pH values, the essential oils become
more hydrophobic. This causes lower solubility in the beer and
a higher absorption by the yeast cells due to easier transfer through
the lipid double layer of the cytoplasmic membrane (Burt, 2004).

6 THE RISKS LINKED TO DRY HOPPING

The current issue with dry hopping is in particular microbiological
contamination. The hops itself has proven anti-microbial effects,
which in combination with low water activity and relatively difficult to
exploit nutrition sources do not provide a proper environment for the
proliferation of microorganisms (Zanoli and Zavatti, 2008; Bokulich
and Bamforth, 2013). Still, it is far from being a sterile material. Al-
ready in the past, a number of microorganisms such as yeasts of the
genus Saccharomyces and Candida and bacteria of the genus Pan-
toea, Bacillus and Micrococcus, which can contaminate beer were
identified in hop granulates (Guinard et al., 1990).

Due to the potential health risks, another factor to be discussed is
pesticide residues. Some of the polar ones can easily penetrate into
the wort and the beer (Inoue et al., 2011; Kippenberger et al., 2014).
In the study by Hengel et al. (2002) it was proven that the majority of
these substances were eliminated from the beer during wort boiling
and the following fermentation. However, in the case of a hops ap-
plication at a later stage of the production, pesticides could become
a risk again, particularly in the presence of ethanol, which helps to
transfer even the less polar compounds (Hengel et al., 2016). Fur-
ther studies showed only a minor transfer of azoxystrobin, dimetho-
morph and myclobutanil during dry hopping. Their concentrations in
the finished beer ranged between 2 and 9 ug/l, even at relatively high
hop dosages of up to 500 g/hl. A part of that study was the analysis
of six commercial samples of dry hopped beers, in which the concen-
trations of the pesticides of importance were under the value of 2 g/l
(Kippenberger et al., 2014).

Due to the relatively high solubility in water and weak alcohol solu-
tions, large amounts of nitrates can be transferred from the hop prod-
ucts into the beer Although these compounds are not very danger-
ous for human health, they can be easily reduced to nitrites and then

chmele/hl piva, nicméné v praxi se ukézalo jako velmi uzite€né pre-
pocitat tuto davku na davku silic, které se pouziva v rozmezi 1-4 g/hl
piva (Cocuzza a Miller, 2013). Jeji vyrazné piekroceni neni obvykle
vhodné, nebot zavislost senzorické intenzity chmelového aroma
na pouzitém mnozstvi silic neni linearni a od urcité davky se jiz ne-
zvySuje, v extrémnich pfipadech mize zacit i klesat (Lafontaine
a Shellhammer, 2018).

Studené chmeleni je nejcastéji provadéno béhem kvaseni a zrani
piva, coz odpovida teplotnimu rozmezi 0-20 °C. Obecné Ize konsta-
tovat, Ze v tomto rozsahu roste rychlost extrakce vétSiny aromatic-
kych latek s teplotou (Cussler, 2009; Engstle et al., 2016). Nepfimo
teplota ovlivriuje extrakci silic i tim, Ze zvySuje rozpustnost voskovi-
tych struktur chmelu, coz vede k rychlejSimu rozpadu pelet (Engstle
et al., 2016).

DalSim z dulezitych véci, ktera musi byt pfi studeném chmeleni
zohlednéna, je pivni styl. U nékterych typu piva je studené chmeleni
pouzivano pouze pro osvézeni ¢i pouhé ozvlastnéni produktu (leza-
ky), v jinych pfipadech je chmelové aroma dodané studenym chme-
lenim charakteristickym znakem (India Pale Ale). Jednotlivé typy piv
se lisi svym chemickym sloZzenim, mimo jiné i hodnotou pH a obsa-
hem alkoholu (Kaltner et al., 2013), a je to prave alkohol, ktery vyraz-
né ovliviiuje pfechod silic do piva. Je zajimavé, ze i samotné studené
chmeleni mize mirné zvysit obsah alkoholu v pivu prostfednictvim
extrakce malého mnozstvi zkvasitelnych cukrd z chmelového mate-
riglu a jejich naslednym metabolizovanim kvasinkami (Oladokun et
al., 2017). Hodnota pH panujici v pivu se nejCastéji pohybuje v roz-
mezi 4,0 — 4,4 (Kaneda et al., 1997), nicméné i v tomto rozmezi
mohou ovlivnit pfechod senzoricky aktivnich latek b&€hem studeného
chmeleni. S klesajici hodnotou pH se silice stavaji hydrofobnéjsi,
coz vede jednak k jejich niz8i rozpustnosti v pivu a naopak k vy$si
absorpci burikami kvasinek v disledku snadnéj$iho prechodu lipido-
vou dvouvrstvou cytoplazmatické membrany (Burt, 2004).

6 RIZIKA SPOJENA SE STUDENYM
CHMELENIM

V soucasnosti je stale aktualni zejména otazka mikrobialni konta-
minace v souvislosti se studenym chmelenim. Je pravda, Zze chmel
sam o sob& mé prokazatelné antimikrobialni U€inky, které v kombi-
naci s nizkou vodni aktivitou a relativné obtizné vyuzitelnymi zdroji
zZivin nevytvéfi vhodné prostfedim pro rist a mnozeni mikroorganis-
muU (Zanoli a Zavatti, 2008; Bokulich a Bamforth, 2013), nicméné
i presto ani zdaleka nejde o material asepticky. V minulosti byla
na chmelovych granulich identifikovana fada mikroorganismd, které
mohou kontaminovat pivo. Jednalo se zejména o kvasinky rodu Sa-
ccharomyces a Candida a bakterie rodu Pantoea, Bacillus a Micro-
coccus (Guinard et al., 1990).

Diky svym potenciélnim zdravotnim rizikim jsou dalSim diskutova-
nym faktorem rezidua pesticid(l, z nichZ néktera polarni snadno pie-
chazi do mladiny a piva (Inoue et al., 2011; Kippenberger et al.,
2014). V praci Hengela a kolegd (2002) bylo sice prokazano, ze vel-
ké mnozstvi téchto latek je z piva odstranéno chmelovarem a na-
slednym kvasenim, nicméné v pfipadé aplikace chmele v pozdéjsich
fazich vyroby mohou pesticidy opét prfedstavovat riziko, a to zejmé-
na diky pfitomnosti etanolu, ktery mdze napomoci pfechodu i méné
polarnim latkam (Hengel et al., 2016). V dalSim vyzkumu byl pfi vy-
robé studené chmelenych piv prokazan jen nepatrny pfechod azoxy-
strobinu, dimethomorphu a myclobutanilu. Jejich koncentrace v ho-
tovém pivu se pohybovala v rozmezi 2-9 ug/l, a to i pfi relativné vy-
sokych davkach chmelu ~ 500 g/hl. Souéasti tohoto vyzkumu byla
i analyza Sesti komerénich vzorkd studené chmelenych piv, kde se
koncentrace studovanych pesticidd pohybovala pod hodnotou 2 pg/l
(Kippenberger et al., 2014)..

Diky relativné vysoké rozpustnosti ve vodé a slabych alkoholic-
kych roztocich, mlize do piva z chmelového materialu pfechazet vel-
ké mnozstvi dusi¢nand. Samotné tyto latky nejsou pfili§ nebezpecné
lidskému zdravi, nicméné po jejich snadné redukci na dusitany se
mohou podilet na vzniku karcinogennich nitrosamind a nitroamid(
(Bedale et al., 2016). V Ceské republice je proto vyhlaSkou
€. 376/2000 Sb. stanoven limit pro obsah dusi¢nand v pitné vodé
a z ni pfipravenych napoji 50 mg/l. Ve studii z roku 2014 (Kippenber-
ger et al., 2014) bylo zjisténo, Ze obsah dusi¢nan(l ve studené chme-
lenych pivech je pfimo Uumérny davce pouzitého chmelu, pficemz
prestup téchto latek do piva Cini az 81 rel. %. Z hlediska dynamiky
prestupu dusiénand z chmele bylo dale zjisténo, ze majoritni podil
téchto latek prechazi do piva béhem prvniho tydne studeného chme-
leni (Kaltner et al., 2013).
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partake in the formation of cancerogenic nitrosamines and nitroam-
ides (Bedale et al., 2016). Therefore, in the Czech Republic the con-
centration of nitrates in drinking water and drinks using drinking wa-
ter is limited to 50 mg/I by Regulation Nr.376/2000 Sb. In the study
from 2014 (Kippenberger et al., 2014) it was found that the content
of nitrates in dry hopped beers is directly proportional to the dosage
of the hops used. The transfer of nitrate compounds into the beer
reached up to 81 % rel. In terms of the dynamics behind this transit it
was discovered that the majority of the nitrates transfer into the beer
during the first week of dry hopping (Kaltner et al., 2013).

Another frequently discussed topic is the negative influence of dry
hopping on foam stability. This issue is currently the subject of inten-
sive research and up to now, no clear opinion exists. It was believed
until recently that high dosage of hops products and a high tempera-
ture during dry hopping have an unfavourable impact on the stability
of the beer foam due to an enhanced extraction of fatty acids (Maye
et al., 2016a; Hopsteiner, 2017). Nevertheless, the situation is obvi-
ously more complicated. The latest research indicates that the stabil-
ity of the beer foam is highly dependent on the hop variety used
(Maye, 2017). The probable reason is the loss of some foam-forming
precursors from the family of bitter acid derivates, apparently due to
adsorption onto spent hops.

7 CONCLUSIONS

The production of dry hopped beers has been of interest to home
producers and small breweries associated to brassieres for a long
time. Now, dry hopped beer is so popular with customers that even
large international companies have taken up production. The inten-
sive research into dry hopped beer already enabled the understand-
ing of the basic principles in terms of chemical engineering. Howev-
er, a number of important technological questions remain open. Cur-
rently, the main interest is focused on the maximum extraction of the
essential oils, on the standardization and effectiveness of production
and finally yet importantly on the development of more effective hop
extractors. Dry hopping is undoubtedly a very interesting subject,
which has contributed to the attractiveness of beer and will certainly
contribute in the future as well.
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