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Urcujici vlastnosti beta kyselin je jejich nestabilita a sklon k oxidaci v zavislosti na podminkach. Uvedena vlastnost se projevuje jak
pfi skladovani chmele, tak pfi pouziti v procesu vyroby piva. V €istém stavu se na vzduchu pfi pokojové teploté rozlozi po mésici zhruba
polovina pavodniho mnozstvi. Po 6 mésicich ¢ini mira degradace vice nez 90 %. V hlavkovych chmelech je dynamika degradace zna¢né
pomalej$i, zejména v prvnich 6 mésicich skladovani. Zmény beta kyselin v pribéhu starnuti vysvétluji jednu z pficin, pro¢ hof¢ici poten-
cial starSich chmell neklesa umérné s poklesem obsahu alfa kyselin. Vyznamny podil degradaénich produktl tvofi latky, které vznikaji
cyklizaci bo¢nich isopentenylovych fetézcu beta kyselin (tricyklolupulony a hydroxytricyklolupulony). Piva chmelena oxidaénimi produkty
beta kyselinami v davce 20 g/hl vykazovala zfetelnou senzorickou horkost, kterd nebyla v Zzadném pfipadé nepfijemna a ulpivajici. Hof-
Cici vydatnost oxida¢nich produktl beta kyselin chmele dosahuje pfiblizné 35-40 % horkosti iso-alfa kyselin.

Krofta, K. — Vrabcova, S. — Mikyska, A. — Jurkova, M.: The effect of hop beta acids oxidation products on beer bitterness. Kvasny
Prum. 59, 2013, No. 10-11, p. 306-312

Instability and tendency to oxidation depending on conditions is a dominant property of hop beta acids. This property has an impact on
both the hop storage and the beer brewing process. Approximately one half of the amount decomposes in the air at room temperature in
the course of one month. After 6 months the rate of degradation is more than 90%. The dynamics of the decomposition is much slower
in leaf hops, primarily during the first 6 months of storage. Changes of beta acids during ageing explain why the bittering potential of old
hops does not decline proportionally to the alpha acid loss. A large share of degradation products are formed by cyclization of prenyl side
chains of beta acids (tricyclolupulones and hydroxytricyclolupulones). Beers hopped by oxidation products of beta acids at the rate of 20
g/hl showed distinct sensorial bitterness that was not unpleasant and clinging. The bittering potential of oxidation products of beta acids
reaches approximately 35-40% of the bitterness of iso-alpha acids.

Krofta, K. — Vrabcova, S. — MikySka, A. — Jurkova, M.: Der Einfluss der Oxidationsprodukten Beta Sduren des Hopfens auf die
Bitterkeit des Bieres. Kvasny Prum. 59, 2013, Nr. 10-11, S. 306-312

Die bestimmende Eigenschaft der Beta Sauren des Hopfens ist ihre Unbestandigkeit und in Abhangigkeit auf die Bedingungen auch
Neigung zur Oxidation. Die angefuhrte Eigenschaft duBert sich sowohl bei der Hopfenlagerung als auch unter inre Anwendung im Pro-
zess der Bierherstellung. Bei der Raumtemperatur in einem reinen Zustand zersetzt sich etwa eine Halfte der usrspriinglichen Menge
nach 1 Monat. Nach 6 Monaten tut die Degradation schon 90%. Im Doldenhopfen ist die Dynamik der Zersetzung wesentlich langsa-
mer, insbesondere in den ersten 6 Monaten der Lagerung. Die Anderungen der Beta-Séuren in Prozess der Alterung erklaren eine
von mehreren Ursachen, warum Bitterkeitspotenzial von alten Hopfen nimmt proportional mit der Abnahme Alfa-Sauren nicht ab. Der
bedeutende Anteil der Degradationsprodukten bildet Stoffe, die durch eine Zyklisierung der Seiten Isopentenylketten der Beta-S&uren
(Tricyklolupulone und Hydroxytricyklolupulone) entstehen. Die mit Oxidationsmitteln Beta-Sauren gehopfte Biere in Menge 20 g/hl wie-
sen eine deutliche sensorische Bitterkeit auf, die in keinem Fall unangenehm oder haftenbleibende war. Die Bitternissergiebigkeit von

Oxidationsproduten Beta Sauren des Hopfens erreicht ungefahr 35-40% der Bitternis von Iso-Alfa Sauren.

Klicova slova: chmel, alfa kyseliny, beta kyseliny, pivo, starnuti
chmele, rozkladné produkty, chmelovar

1 UVOoD

Chmelové pryskyfice jsou z pivovarského hlediska nejdllezitgj-
§i slozky chmele. Jejich transformaéni produkty, které se tvofi pfi
chmelovaru, jsou zdrojem typické horkosti piva, stabilizuji pivni
pénu a diky antiseptickym G¢inkim zvysuji biologickou trvanlivost
piva (Haas, 1994; Schmalreck, 1975). Nejdulezitéj$i podil na celko-
vé horkosti piva patfi transformaénim produktim chmelovych alfa
kyselin, které se pfi chmelovaru izomeruji na pfislusné cis- a trans-
-iso-alfa kyseliny (Jaskula, 2008; Jaskula, 2010; Intelmann, 2010).
Jejich horkost, zmény v pribéhu starnuti piva, autooxidaéni reakce
a dal&i vlastnosti jsou dobfe popsany (Hughes, 1996; Fritsch, 2008).
Byly také zpracovany kinetické studie izomerac¢ni reakce za rliznych
podminek chmelovaru (Malowicki, 2005).

Chovani beta kyselin za stejnych podminek je zcela odlisné.
Protoze neobsahuiji terciarni alkoholovou skupinu v aromatickém
jadru, nemohou izomerovat podobné jako alfa kyseliny. Beta
kyseliny, pfitomné ve chmelu, jsou citlivé k oxidaénim reakcim,
iniciovanym vzduchem (Laws, 1968; Verzele, 1991). Ve vét&im
rozsahu dochazi k oxidaénim zménam béhem dlouhodobého
skladovani nezpracovanych hlavek. Oxidace je témér kvantitativ-
ni béhem varniho procesu piva (Regan, 1968). Nejdéle znamymi
oxidaénimi produkty rozkladu beta kyselin jsou hulupony (Ste-

Keywords: hops, alpha acids, beta acids, beer, hops ageing,
decomposition products, wort boiling

1 INTRODUCTION

From the brewing technology point of view, hop resins are the most
important components of hops. Their transformation products that orig-
inate during wort boiling are the carriers of the typical beer bitterness.
They also stabilize beer foam and prolong the biological durability of
beer (Haas, 1994; Schmalreck, 1975). Cis- and trans-iso-alpha acids
are the most important transformation products of alpha acids and
have a basic impact on total beer bitterness (Jaskula 2009; Jaskula
2010, Intelmann, 2010). Bitterness, autooxidation reactions, changes
during beer ageing and other properties have been well described
(Hughes, 1996; Fritsch, 2008). Malowicki (2005) elaborated a kinetic
study of the isomerization reaction under various wort boiling condi-
tions. The behaviour of beta acids under the same conditions is quite
different. Beta acids cannot isomerize in the same way as the alpha ac-
ids can because they do not contain tertiary alcohol group in the aroma
ring (Fig. 1). Hop beta acids are sensitive to oxidation reactions initial-
ised by air (Laws, 1968; Verzele, 1991). It is almost quantitative dur-
ing the wort boiling process (Regan, 1968). Hulupones are the longest
known oxidation products of beta acids (Stevens, 1961; Aitken, 1970).
In contrast to other compounds, their identity was confirmed in recent
studies (Haseleu, 2009a). Concentration of hulupones in beers is es-
timated to 1-2 mg/l (Whitear, 1964). Hulupones originate in leaf hops



Vliv oxidacnich produktu beta kyselin chmele na horkost piva

KVASNY PRUM.
59/2013 (10-11)

307

alfa kyseliny / alpha acids

beta kyseliny / beta acids

during long-term storage, and together with humulinones
are considered the main products of natural hops ageing
under aerobic conditions (Taniguchi, 2012). The content
of hulupones in freshly harvested hops is estimated to be
ranging in the interval of 0.5 -3.0%. Stevens (1961) report-
ed the level of hulupones in hops was up to 1% of weight.
Recent research has brought about quite new information
involving modern chromatography methods (LC-MS) and
detection systems (TOF, NMR etc.). Seven to date un-
known degradation products of beta acids with bitter taste
were found by Haseleu et al. (2009a, 2009b) in fractions
of hop extracts after model wort boiling tests. Besides the
previously known hulupones, the structures of other com-
pounds — 2 epimers of hydroxytricyclolupulone, 2 epimers
of dehydrotricyklolupulone, 2 epimers of hydroperoxytri-
cyklolupulone, and nortricyklolupulone — were elucidated.
According to the author, all the new degradation products

acids

Obr. 1 Strukturni vzorce alfa a beta kyselin / Fig. 1 Structures of alpha and beta

showed lingering bitterness with the sensorial threshold in
the interval of 38—90 mmol/l. On the contrary, hulupones
showed short-lasting mild bitterness similar to iso-alpha

acids. Hulupones had the lowest sensorial treshold in the
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The article presents results of several experiments
aimed at elucidation of the impact of hop beta acids on in-
tensity and character of beers bitterness. In spite of a few
papers being published recently (Haseleu et al., 20092,
2009b), devoted to the structure and sensorial assess-
ment of beta acids decomposition products, definite an-
swer for key question did not bring. The topic is important
from Czech hop industry point of view, because many of
Czech aroma varieties preferably Saazer are typical by
high content of beta acids.

2 MATERIAL AND METHODS

—
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2.1 Making of pure beta acids preparation
Beta acids were isolated from CO,-hop extracts by
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™ a two-step rafination according to the schedule devel-
oped in the Hop Research Institute (Krofta, 2012). The
preparation of pure beta acids was free of alpha acids
residues. The purity was over 99% as documented in the
chromatograms in Fig. 2. The isolation procedure ena-
bles to prepare beta acids in amounts of several tens of
grams in a relatively short period of time. The preparation
of pure beta acids was used for studying the natural age-
ing dynamics and for the wort boiling tests in a laboratory
and a pilot scale.

2.2 Making of alpha acids preparation

Twenty grams of hop CO,-extract (alpha acids
45.8% w/w; beta acids 22.5% w/w) were dissolved
in 75 ml of toluene and partitioned with 200 ml of di-
natrium carbonate water solution (¢ = 0.15 mol/l). The
mixture was shaken for 10 minutes. Alpha acids were

selectively extracted into the water phase. The alkali
solution of alpha acids was acidified by the hydro-

Obr. 2 Chromatogram ¢istych beta kyselin a standardu alfa a beta kyselin ICE 3
/ Fig. 2 HPLC chromatogram of pure beta acids and the standard of alpha and

beta acids ICE 3

vens, 1961; Aitken, 1970). Na rozdil od jinych latek, byla jejich
existence potvrzena i v nedavnych studiich (Haseleu, 2009a).
Koncentrace hulupond v pivu je odhadovéana na 1-2 mg/I (Whi-
tear, 1964). Hulupony vznikaji i ve chmelu béhem dlouhodobé-
ho skladovéani a jsou spole¢né s humulinony hlavnimi produkty
pfirozeného starnuti chmele za pfistupu vzduchu (Taniguchi,
2012). V cerstvé sklizeném chmelu neni obsah hulupond vy$si
nez 0,5 %, v pribéhu starnuti jejich obsah stoupa. Data o jejich
obsahu ve chmelu se rozchazeji. Néktefi autofi uvadi, Ze obsah
ohledné obsahu huluponl ve chmelu do 1 % publikoval Stevens
(1961). Zcela nové informace pfinesly nejnovéjsi prace, které jiz
vyuzily moznosti modernich chromatografickych metod (LC-MS)
a detekénich systému (TOF, NMR aj.). Haseleu et al. (2009a,
2009b) objevili ve frakcionovanych chmelovych extraktech, kte-
ré podrobili modelovym chmelovariim, sedm dosud neznamych
degradaénich produktl beta kyselin vykazujicich horkou chut.

chloric acid (c= 6 N). Free alpha acids were reextract-
ed with n-hexane. The hexane layer was dried over
the anhydrous sodium sulphate and concentrated to
dryness in order to produce an alpha acids fraction.
The HPLC analysis confirmed the purity of alpha acids at the
level of 85% w/w.

2.3 Ageing of beta acids

Two grams of beta acids were weighted into Petri dishes and
placed in a dark room at ambient temperature (20 °C). Subsam-
ples were taken for analyses in the interval of 1-12 months. The
dynamics of the beta acids decomposition in leaf hops of the
Saaz and Vital varieties was monitored in a similar way. The rate
of decomposition was assessed by the HPLC analysis EBC 7.7
(Analytica EBC, 1998) on the basis of residual beta acids elution
bands. Standard ICE 3 and pure beta acids samples were used
as references.

2.4 Application of beta acids on solid carriers surface
The preparation of pure beta acids and alpha acids were spread on
a solid carrier prior to application into the brewing process. The inert
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Kromé jiz dfive zndmého huluponu byly
v médiu urceny struktury dalSich latek, 2
epimery hydroxytricyklolupulonu, 2 epi-
mery dehydrotricyklolupulonu, 2 epimery

Tab. 1 Mira degradace Cistych beta kyselin za rdznych podminek (Udaje v tabulce udavaji
obsah zbytkovych beta kyselin v % rel. vztaZzeno na plivodni mnozstvi) / Degradation of
beta acids under various conditions (data represent relative amounts of residual beta acids
in % in relation to the original amounts)

nydroperoxytricyklolupulonu & nonrieyklo-  I'boba expozice (mésica) Cisté beta- | ZPC — hlavky*/ | Vital — hlavky* /
vé%chn)./ nové uréené degra dgéni pr0¥ | Duration of exposition kyseliny* / Saaz - raw hops* | Vital — raw hops*
H *

dukty ulpivajici hofkost se senzorickym (e, Pure beta acids

prahem v rozmezi 38-90 mmol/Il. Naproti 1 494 - -

tomu hulluponyh vylbaztova:jy Ib<r:£1tceh d‘iznit-' 2 335 85.5 95.5

vajici, mirnou hofkost podobnou hofkosti

iso-alfa kyselin. Ze vSech zkoumanych la- 4 27.2 83.8 94.8

tek mély hulupony nejniiél’ prah senzoric- 6 8.9 80.2 82.4

ké horkosti v rozmezi 8—15 mmol/l. 7 7.1 R R
Predlozeny c¢lanek prezentuje vysled-

ky nékolika experimentli, zaméfenych na 8 5.0 76.2 58.9

objasnéni vlivu beta kyselin chmele na in- 10 4.0 57.6 36.6

tenzitu a charakter horkosti piv. | kdyz byla 12 <1.0 50.4 205

v poslednich letech publikovana rada fun-
dovanych praci, které se zabyvaly struk-
turou a senzorickym hodnocenim rozklad-
nych produktl beta kyselin vznikajicich pfi
chmelovaru (Haseleu et al., 2009a, 2009b),
jednoznacénou odpovéd na klic¢ovou otazku
nepfinesly. Z pohledu ¢eského chmelafstvi
je problematika dalezitd mj. z toho davo-

open air

*Pokojova teplota, bez pfistupu svétla, volné na vzduchu / Room temperature, dark room,

Tab. 2 Rychlost oxidace beta kyselin chmele na vzduchu po naneseni na inertni nosi¢ (mik-
ronizovana celuléza ,% rel.) / Oxidation rate of hop beta acids under open air after applica-
tion on an inert carrier surface (micronized cellulose, % rel.)

du, ze fada Ceskych aromatickych odrid | Umisténi/ Teplota/ | Doba oxidace (hodiny) / Duration of oxidation time
chmele v Cele se Zateckym C&ervefiakem Placement Temperature (hours)
je typicka pravé vysokym obsahem beta (°C)
kyselin. 24 48 96 168
temna mistnost 20 96.9% 98.3% 98.6% 98.8%
. | dark room
2 MATERIAL A METODY lednice / +4 32.2% 85.7% 94.0% 95.5%
2.1 PFi sty Zistvch bet refrigerator
ki;selri:r?rava preparatu cistyen beta mrazici box / -18 11.1% 17.0% 25.7% 29.8%
Z&akladem experimentu byla pfiprava pre- freezing box

paratu Cistych beta kyselin. Beta kyseliny

byly izolovany z CO,-chmelovych extraktl

dvoustupriovou rafinaci dle postupu vypracovaného ve Chmelaf-
ském institutu (Krofta, 2012). Preparat Cistych beta kyselin byl zcela
prosty rezidui alfa kyselin a mél Cistotu 99 %, jak to dokumentuji
chromatogramy na obr. 2. Postup umoznuje pfipravu Cistych beta
kyselin v mnozstvi nékolika desitek gramu v relativné kratkém case.
Preparat Cistych beta kyselin byl pouzit ke studiu dynamiky pfiroze-
nych procesu starnuti, provedeni pokusnych chmelovart a pfipravé
nékolika varek piv v ¢tvrtprovoznim méfitku.

2.2 Priprava preparatu alfa kyselin

Dvacet gramli chmelového CO,-extraktu (alfa kyseliny 45,8 %
hm.; beta kyseliny 22,5 % hm.) se rozpustilo v 75 ml toluenu. K roz-
toku se pfidalo 200 ml uhli¢itanu sodného (c = 0,15 mol/l) a smés se
vytfepala po dobu 10 minut. Alfa kyseliny se

silica sand (50—-70 mesh particle size, Sigma-Aldrich), cellulose pow-
der (50 mm, Fluka) and debittered spent hops after CO,-extraction
were used for this purposes. Alpha and beta acids were dissolved in
pure ethanol and mixed with a solid carrier. After a thorough mixing,
ethanol was removed to dry on a rotary vacuum evaporator. The
theoretical amount of beta acids on carriers was 9.0% of weight.
The preparations were kept for 24—72 hours at various temperatures
(-18 °C, +4 °C, +20 °C) until consumption. Some preparations were
used in the brewing process immediately after making (see Tab. 3).
Their composition was verified by the liquid chromatography with UV
detection at wavelengths 260, 290, 314, 355 nm on column Nucleo-
dur 250x4 mm (Macherey-Nagel). The elution of components was
going in the gradient regimen with a mobile phase consisted of the
mixture of acetonitrile-water-formic acid (70:30:1, v/v/v). The dura-

selektivné extrahovaly do vodni faze. Vodny o
alkalicky roztok alfa kyselin se okyselil kyse-

linou chlorovodikovou (c= 6 N). Volné alfa
kyseliny se reextrahovaly n-hexanem. Frak-

[CRI-270nm, 4 (1-00}
ICh2-314nm 4@1 (1.00)

130

1204

ce alfa kyselin o Cistoté 85 % se ziskala po 110
odpafeni n-hexanu na rotaénim vakuovém 1003
odparovaku. oo :

80

2.3 Starnuti beta kyselin

Do Petriho misky byly navazeny 2 g 7o
Cerstvé pfipravenych Cistych beta kyselin 60
a umistény ve tmé. Experiment byl proveden o
pfi pokojové teploté. Po 1 az 12 mésicich
byly v mési¢nich a 2 mésicnich intervalech
odebirany vzorky beta kyselin k provedeni

407

304

analyzy. Metodicky obdobnym zplisobem 20 t
byla sledovana i dynamika rozpadu beta ky- 104 fi
selin v hldvkovych chmelech odrid Zatecky o]

Cervenak a Vital. Mira rozpadu beta kyselin
byla vyhodnocovana metodou chromato-

Rezidudln{
beta kyseliny / residual beta acids

32.280
3.453
35.672
37.884

grafické analyzy EBC 7.7. na zékladé ploch ’ T

T
40.0 min

elucnich pasut rezidualnich beta kyselin. Pfi * >
kazdé analyze byl jako referenéni pokus
analyzovan vzorek Ccerstvé pfipravenych

beta kyselin a standard ICE 3. of storage

Obr. 3 Chromatogram beta kyselin pfi pfirozeném starnuti ve tmé po 6 mésicich skladovani /
Fig. 3 HPLC chromatogram of beta acids during natural ageing in a dark room after 6 months
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Tab. 3 Analytické horkosti piv chmelenych preparaty pfipravenych z istych beta kyselin / Tab. 3 Analytical bitterness of beers hopped by
pure beta acids preparations

Oznaceni
pokusu
[ Trial

Zpusob pridavku preparatu éistych beta kyselin / Addition of
beta acids

Davka /
Amount

Mladina
(IBU)/
Wort (IBU)

Mladé pivo
(IBU) /
Green beer

Pivo (IBU) /
Beer (IBU)

(IBU)
3.7

marking

1 beta kyseliny, fedény ethanolovy roztok ve vodé, aplikace ihned

po pfipravé na za¢atku chmelovaru / beta acids, ethanol diluted in

water, application immediately after preparation at the beginning of
wort boiling

2 beta kyseliny + celul6za, aplikace ihned po pfipravé na zacatku
chmelovaru / beta acids + cellulose, application immediately after
preparation at the beginning of wort boiling

3 beta kyseliny + odhof¢eny chmel, aplikace ihned po pfipravé na
zac¢atku chmelovaru / beta acids + debittered hops, application
immediately after preparation at the beginning of wort boiling

4 alfa kyseliny + celuléza, aplikace ihned po pfipravé na za¢atku
chmelovaru / alpha acids + cellulose, application immediately after
preparation at the beginning of wort boiling

5 alfa kyseliny — extrakt, bez dalSich uprav, aplikace ihned po
pfipravé na zac¢atku chmelovaru / alpha acids — extract, no
treatment, application immediately after preparation at the
beginning of wort boiling
6 beta kyseliny + kfemicity pisek, 24 hodin pfi teploté +4 °C,
davkovani na zagatku chmelovaru, cca 50 % beta kyselin se
rozlozilo / beta acids + silica sand, 24 hours at the temperature
+4 °C, addition at the beginning of wort boiling, cca 50% of beta
acids were decomposed

7 beta kyseliny + celuldza, 72 hodin starnuti pfi 20 °C, davkovani na
zaCatku chmelovaru / beta acids + cellulose, 72 hours ageing of at
20 °C, addition at the beginning of wort boiling

8 beta kyseliny + celuléza, 72 hodin starnuti pfi 20 °C, davkovani 15
minut pfed koncem chmelovaru / beta acids + cellulose, 72 hours of
ageing at 20 °C, addition 15 minutes before the end of wort boiling

20 g/hl 6.3 <1

20 g/hl 5.5 3.3 <1

20 g/hl 7.8 5.4 <1

8 g/hl 48.2 30.1 26.8

8 g/nl 50.1 32.8 29.2

20 g/hl 20.5 15.3 15.1

20 g/hl 39.7 28.5 26.6

20 g/hl 38.2 29.3 28.5

tion of the analysis was 45 minutes under the mobile phase flow rate
of 0.8 ml/min.

2.4 Postup naneseni alfa a beta kyselin na pevny nosi¢

Pro ucely aplikace alfa a beta kyselin pfi chmeleni pokusnych
varek byl preparat Cistych beta kyselin a alfa kyselin nanesen na
pevny nosi¢. K tomuto ucelu byla pouzita mikronizovana celuléza,
inertni kfemicity pisek a odhof€eny chmel po extrakci oxidem uhli¢i-
tym. Alfa a beta kyseliny byly rozpustény v absolutné Cistém ethano-
lu a roztok smichan s pevnym nosi¢em. Po dikladném promichani
byl ethanol odpafen na rotaénim vakuovém odpafovaku do sucha.

2.5 Brewing pilot plant tests of beta acids

In the brewing pilot plant test, a double decoction mashing process
of wort production, which is the classic main fermentation technology
in open fermentation tanks and maturation in kegs at temperatures
of +8 ° C and +2 ° C, was used. The brew house capacity is 65 liters
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Obr. 4 Chromatogram rozkladnych produktd beta kyselin po naneseni na celulosu a ponechani produktu pfi pokojové teploté a ve tmé po
dobu 72 hodin / Fig. 4 Chromatogram of beta acids decomposition products after application on cellulose and leaving the product in the dark
at room temperature for 72 hours
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Obr. 5 Rozpustnost kysliku ve vodé v zavislosti na teploté a tlaku
(Cervend kfivka odpovida teploté varu za normalniho tlaku) / Fig 5
Solubility of oxygen in water in dependance on temperature and pre-
ssure (red line corresponds to the boiling point at normal pressure)
Intenzita horkosti, charakter horkosti — Skala 0-5 /Bitterness intensi-
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character 0 s
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character 40 s

Teoretické mnozstvi beta kyselin na nosi¢ich bylo 9 % hm. Pfipra-
vené preparaty byly az do pouziti uchovavany po dobu 24 hodin
az 72 hodin pfi raznych teplotach od —18 °C do +20 °C. Nékteré
byly pouzity do chmelovaru bezprostfedné po pfipravé (viz tab. 3).
Slozeni pfipravenych preparatld se ovérovalo kapalinovou chroma-
tografii s UV detekci pfi vinovych délkach 260, 290, 314 a 355 nm
na koloné Nucleodur 250 x 4 mm. Mobilni faze se skladala ze smési
acetonitril-voda-mravenéi kyselina (70:30:1, v/v/v). Eluce latek pro-
bihala v gradientovém rezimu. Pfi pratoku mobilni faze 0,8 ml/min
byla doba analyzy 45 minut.

2.5 Pivovarské testy beta kyselin ve étvrtprovoznim méfitku
PFi Etvrtprovoznich pivovarskych testech byl pouzit dvourmutovy

dekokéni postup vyroby sladiny, klasicka technologie hlavniho kva-

Seni v otevienych kvasnych nadobach a dokvasovani v KEG sudech

pfi teplotach +8 °C, resp. +2 °C. Varna méa objem 65 litr( vyraZzené

mladiny. Testy byly provedeny pfi vyrobé& 10% vyc€epnich piv. Pro
pokusné varky bylo z beta a alfa kyselin pfipraveno nékolik prepa-
ratd, které se lisily pouzitym sorbentem a podminkami skladovani

(teplota, Cas) pred aplikaci do varného procesu.

e Ethanolovy roztok Cistych beta kyselin fedény vodou v poméru
1:25, pfipraveny bezprostfedné pred davkovanim do mladiny.

e Beta kyseliny nanesené na mikronizovanou celulosu a odhof¢e-
ny chmel po CO,-extrakci, preparat byl pred aplikaci skladovan
v temnu pfi pokojové teploté po dobu 72 hodin. V dobé aplikace
obsahoval pouze stopova mnozZstvi beta kyselin.

e Beta kyseliny nanesené v tenké vrstvé na kiemicity pisek. Prepa-
rat byl pfed aplikaci skladovan pfi teploté +4 °C po dobu 24 hodin.
Obsah beta kyselin v pfipraveném preparatu byl v okamziku dav-
kovani 47 % pUvodniho mnozstvi.

o Alfa kyseliny nanesené na mikronizovanou celuldzu, preparat byl
bezprostfedné po pfipravé pfidan do mladiny.

Preparaty beta kyselin se pfidavaly v jedné davce na zacatku
chmelovaru nebo 15 minut pfed koncem chmelovaru v mnozstvi 20
g/hl. Preparaty alfa kyselin v davce 8 g/hl se pfidavaly na zacatku
chmelovaru. Dalsi technologicky postup se nijak neliSil od stan-
dardnich varek, tj. zakvasovani v bézné davce pivovarskych kvas-
nic, doba lezeni 5 tydnu pfi teploté +2 °C. Staéeni do lahvi se pro-
vadeélo po filtraci pfes celulézové desky pod ochrannou atmosférou
oxidu uhli¢itého a dusiku. Piva byla senzoricky hodnocena komisi
certifikovanych hodnotitelll deskriptivni metodou a dale stanove-
nim profilu doznivani senzorické horkosti, kdy po napiti a polknuti
dousku je sledovana intenzita hofkého viemu. Po polknuti a po 40
s je zaznamenan charakter, pfijemnost horkosti (Mikyska a Cejka,
2013).

of hot wort. Tests were performed during production of 10% bottom

fermented pale beers. For experimental batches, several beta and

alpha acids preparations that differed in terms of the used sorbent
and storage conditions (temperature, time) were made before being
applied into the brewing process.

e Ethanolic solution of pure beta acids diluted with water (1:25), pre-
pared immediately before application to the wort.

» Beta acids applied in a thin layer on a cellulose powder surface or
debittered spent hops after CO, extraction. The preparation was
kept for 72 hours at ambient temperature before usage. At time of
application, it contained only trace amounts of beta acids.

e Beta acids applied in a thin layer on a silica sand surface, the
preparation was kept for 24 hours at +4 °C before usage. The
content of residual beta acids was 47% rel. of origin.

¢ Alpha acids applied in a thin layer on a cellulose powder surface,
the preparation was added to the wort immediately after making.
The preparations of beta acids were added in one portion at the

start of wort boiling or 15 minutes before the end of the wort boiling in

the amount of 20 g/hl. The preparation of alpha acids in a dose of 8

g/hl was added at the start of wort boiling. The technological process

was not different from standard brews, i.e. pitching with common of
brewer's yeast, maturation for five weeks at +2 ° C. After filtration
through cellulose plates, bottling under a protective atmosphere of
carbon dioxide and nitrogen was performed. The sensorial proper-
ties of the beer were evaluated by certified evaluators using the de-
scriptive method and determination of the profile of sensory bitter-
ness decrease. After having a sip and swallowing it, the bitterness
perception is monitored. After swallowing and after 40 seconds, the
character and pleasantness of bitterness is recorded (Mikyska and
Cejka, 2013).

3 RESULTS AND DISCUSSION

3.1 Ageing tests of beta acids

The results of pure beta acids ageing as well as results of Saaz
and Vital raw hops are summarized in Tab. 1. The rate of pure beta
acids ageing is much faster compared to raw hops of both cultivars
under similar storage conditions. After as early as one month of stor-
age, approximately one half of the original amount of beta acids had
decomposed. The rate of loss reached 90% after 6 months of stor-
age. The dynamics of beta acid decomposition in raw hops is con-
siderably slower especially in the course of the first 6 months of stor-
age. Cell bio membranes protect the compounds contained in lupulin
glands against fast deterioration efficiently. The sensitivity of beta
acids to oxidation is generally known (Verzele, 1991) but it has not
been satisfactorily quantified yet. The sensitivity of beta acids to the
impact of oxygen is illustrated by the spreading test on a solid carrier
surface (micronized cellulose). Beta acids in the form of a thin film
are exposed to air oxygen. Tab. 2 shows the significant effect of the
storage temperature on the decomposition rate after 24 hours. Keep-
ing the preparation at ambient temperature resulted in over 90%
beta acids loss. The degradation of beta acids is significantly sup-
pressed if stored at low temperatures (-18 °C). The chromatogram
(Fig. 3) shows the elution profile of pure beta acids decomposition
products after 6 months of ageing at room temperature and exposi-
tion to open air. Four compounds with elution times in the range of
17 to 21 minutes (A-D) dominate the rich spectrum of decomposition
fragments. Their UV spectra with two absorption maxima of 232 and
283 nm are very alike, thus indicate also a structural similarity. Im-
portant degradation products of beta acids are formed by cyclisation
of aroma ring side chains when several steric isomers of hydroxytri-
cyclolupulone and tricyclolupulone emerge as confirmed DART-MS
analyses (Krofta, MikySka, 2013).

3.2 Brewing pilot plant tests with pure alpha and beta acids
preparations

When preparing the first agent (beta acids dissolved in a mixture
of ethanol-water made shortly before application), formation of white
haze occurred immediately after dilution with water. Neither during
the wort boiling nor in the course of the brewing process abnormali-
ties were observed. The sensory perception of bitterness was com-
pounded by the fact that beers were deep attenuated. The results
of the analytical determination of bitterness in the row wort-young
beer-beer are summarized in Tab. 3. The results of the sensory anal-
yses of beer using the descriptive method are documented in Tab. 4.
It was found that the analytical and sensorial bitterness of beer, in
which beta acids were added immediately after making the prepara-
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3. VYSLEDKY A DISKUSE

3.1 Testy starnuti beta kyselin

Vysledky testl starnuti Cistych beta kyselin a hlavkovych chmell
odriid Zatecky polorany ¢ervenak (ZPC) a Vital v hlavkové formé jsou
shrnuty v fab. 1. Vysledky ukazuiji, Zze Cisté beta kyseliny degraduiji za
uvedenych podminek velmi rychle, mnohem rychleji nez v hlavkovém
chmelu, skladovaném za srovnatelnych podminek. Jiz po mésici se
rozloZila zhruba polovina plvodniho mnozstvi Cistych beta kyselin. Po
6 mésicich Cinila mira degradace vice nez 90 %. Ve chmelech je dy-
namika degradace znaéné pomalejsi, zejména v prvnich 6 mésicich
skladovani. Lupulinové Zlazy chrani pred rychlou degradaci latek v nich
obsazenych biomembrany. Vysokou citlivost beta kyselin k oxidaci, kte-
ra je obecné znama (Verzele, 1991), dokumentuji vysledky testu, pfi
kterém byly Cisté beta kyseliny naneseny v tenké vrstvé na pevny inert-
ni nosi¢ a uchovavany po definovanou dobu za pfistupu vzduchu pfi
rliznych teplotach. (tab. 2). Pii uchovani preparatu pii normaini teploté
se po 24 hodinach degradovalo vice nez 80 % plvodnich beta kyselin.
Uchovanim beta kyselin pfi velmi nizkych teplotach se rychlost trans-
formacnich reakci vyrazné zpomali, ale nezastavi. Na chromatogramu
(obr. 3) je patry eluéni profil rozkladnych produktd gistych beta kyselin
po 6 mésicich starnuti pfi pokojové teploté a pfistupu vzduchu. Spektru
rozkladnych produktd, které je velmi bohaté, dominuji 4 latky oznacené
pismeny A az D. Eluuji se v ¢asech od 17. do 21. minuty. Jejich UV
spektra s dvéma absorp&nimi maximy pfi 232 a 283 nm jsou si velmi po-
dobnd a naznaduiji strukturalni podobnost rozkladnych produktt. Hmot-
nostni spektra vzorku Cistych beta kyselin a rozkladnych produktti po 6
mésicich pfirozeného starnuti ziskand metodou DART-MS prokazala,
ze vyznamné degradacni produkty beta kyselin vznikaji cyklizaci bo¢-
nich fetézcl aromatického jadra za vzniku nékolika sterickych izomerQ
hydroxytricyklolupulonu a tricyklolupulonu (Krofta, Miky$ka, 2013).

3.2 Ctvrtprovozni varni zkousky s preparaty pfipravenymi
z Cistych alfa a beta kyselin

Pfi pfipravé prvniho preparatu, roztoku beta kyselin ve smési etha-
nol-voda provadéné tésné pred aplikaci, doSlo ihned po naredéni
vodou k tvorbé bilého zakalu. V pribéhu chmelovaru ani v dals§im
pribéhu varniho procesu nebyly pozorovany ani v jenom pfipadé zad-
né anomalie. Senzoricky viem horkosti byl umocnén tim, ze piva se
nechala hloubgji prokvasit. Vysledky stanoveni analytickych horkosti
v fadé mladina-mladé pivo-pivo jsou shrnuty v fab. 3. Vysledky senzo-
rické analyzy piv deskriptivni metodou dokumentuje tab. 4. Zcela za-
sadnim poznatkem je zjiSténi, ze analytické i senzorické horkosti vSech
piv, do kterych byly beta kyseliny pfidany bezprostfedné po pfipravé
preparatu, byly velmi nizké, na Urovni pokust, do kterych neni vibec
pfidan chmel. | nechmelené pivo ma velmi slabou horkost/trpkost
zpusobenou sladem, polyfenolovymi latkami (Callemien et al., 2005)
a hordatiny (Tada et al., 2004). Nepatrné vyssi hotkost u varky €. 3 Ize
pri¢ist na vrub rezidualnimu zbytku alfa kyselin v odhof¢eném chmelu.
Preparaty alfa kyselin pfidavané za stejnych podminek mély horkosti
adekvatni mnozstvi nadavkovanému do chmelovaru. Piva chmelena
preparaty beta kyselin nanesenych na pevné inertni nosi¢e s ¢asovou
prodlevou prfed aplikaci jiz nezanedbatelnou analytickou i senzorickou
horkost vykazovala. Tato piva byla ve skute¢nosti chmelena smési roz-
kladnych produktt, vzniklych oxidaci beta kyselin, jak ukazuje chroma-
togram rozkladnych produktl beta kyselin nanesenych na celul6zu po
72 hodinach expozice na vzduchu pfi pokojové teploté (obr. 4). Z ob-
razku je patrné, ze mnozstvi plivodnich beta kyselin je zanedbatelné.

Intenzita senzorické horkosti korespondovala s horkosti analytickou
i v pfipadé piv chmelenych oxidaénimi produkty beta kyselin s tim, ze
pfi srovnatelné analytické horkosti méla piva chmelena alfa kyselinami
(varky €. 4 a 5) mirné, o 0,2 bodu vyssi senzorickou horkost v porov-
nani s pivy chmelenymi oxidovanym preparatem beta kyselin (varky
€. 7 a 8), hodnota u piva €. 6 chmeleného ¢astec¢né oxidovanymi beta
kyselinami byla adekvatné nizsi. Pribéh doznivani senzorické hof-
kosti piv chmelenych vyhradné oxidovanymi beta kyselinami se od piv
chmelenych vyhradné alfa kyselinami prakticky nelisil, doznivani hot-
kosti bylo plynulé, mirné rychlejsi v porovnani s pivy chmelenymi alfa
kyselinami. Charakter horkosti byl jemny a od charakteru horkosti piv
chmelenych alfa kyselinami se nelisil (obr. 6). V celkovém dojmu po
napiti byla piva chmelena alfa kyselinami a piva chmelena oxidovany-
mi beta kyselinami pIné srovnatelna. Horkost zpusobena pfipravenymi
preparaty oxidaénich produktl beta kyselin nebyla v zadném pfipadé
nepfijemna a ulpivajici. Nepfijemna horkost nékterych produktd beta
kyselin je uvadéna v literatufe (Haseleu et al., 2009b).

Ukazalo se, ze prevazna vétsina oxidacnich produktl beta kyselin je
dobfe rozpustna ve vodé. Horkost piva €.8 s pfidavkem preparatu beta
kyselin 15 minut pfed koncem chmelovaru byla srovnatelna s pivem .7,

tion, was very low; in fact, it was at the level of experiments in which
no hops were added. Even unhoppped beer has a very slight bitter-
ness/astringency to it caused by malt polyphenol compounds (Cal-
lemien et al., 2005) and hordatins (Tada et al., 2004). The slightly
stronger bitterness of brew No. 3 can be attributed to residual alpha
acids in debittered hops. The alpha acids preparations added under
the same conditions had bitterness corresponding with the amounts
added to wort boiling. Beer hopped with beta acids applied on a solid
inert carrier with a time delay prior to the application showed con-
siderable analytical and sensory bitterness. This beer was in fact
hopped with a mixture of decomposition products formed by oxida-
tion of beta acids, as shown in the chromatogram of degradation
products of beta acids deposited on cellulose after 72-hour-long ex-
posure to air at room temperature (Fig. 4). The figure shows that the
amount of the original beta acids is negligible.

The intensity of the sensory bitterness corresponded with the ana-
lytical bitterness of beers hopped with oxidation products of beta ac-
ids. In terms of analytical bitterness, beer hopped with alpha acids
(brew No. 4 and 5) had a slightly higher sensory bitterness (by 0.2
points) when compared to beers hopped with oxidized preparation of
beta acids (batch No. 7 and 8), the value of beer No. 6 hopped with
partially oxidized beta acids was correspondingly lower. Almost no
difference was observed between the courses of the decrease of the
sensory bitterness of beers hopped exclusively with oxidized beta
acids and beers hopped exclusively with alpha acids; bitterness lin-
gering was smooth, slightly faster in comparison with beers hopped
with alpha acids. The bitterness character was soft and the nature of
the bitterness of beer hopped with alpha acids was not different (Fig.
6). The overall impression after drinking beers hopped with alpha ac-
ids and beers hopped with oxidized beta acids was fully comparable.
The bitterness caused by prepared oxidation products of beta acids
was by no means unpleasant and adhering. Unpleasant bitterness of
some beta acid products has been reported in the literature (Haseleu
et al., 2009b).

It turned out that the vast majority of oxidation products of beta
acids are soluble in water. The bitterness of beer No. 8 with the ad-
dition of beta acids preparation 15 minutes before the end of wort
boiling was comparable with beer No.7, to which the same prepara-
tion was added in the beginning of the wort boiling process. Analyti-
cal bitterness of beers hopped with alpha and beta acids also show
that bitterness yield of beta acids oxidation products is approximately
35-40% of iso-alpha acids bitterness. The defining feature of beta
acids during prolonged storage of hop is their unstability and ten-
dency to oxidation depending on conditions. Only beta acids decom-
position products resulting from oxidation have a bitter taste. The
conditions for oxidation of beta acids after adding the boiling wort are
not favorable. Their solubility in water is very small and the amount
of oxygen in the wort is negligible (Fig. 5). Therefore, they transform
into the bitter products only in a small extent so the contribution of
beta acids to the total beer bitterness is insignificant. In contrast, the
behavior of alpha acids under comparable conditions is quite differ-
ent. In the course of the wort boiling process, a thermal isomerization
occurs. The thermal isomerization does not require the presence of
oxygen, and thus, the basic character of beer bitterness is deter-
mined by the isomerization products of alpha acids.
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/ Fig. 6 The lingering and character of sensory bitterness of fresh
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do kterého se stejny preparat pfidal na za¢atku chme-

Tab.4 Vysledky senzorické analyzy piv / Results of sensorial analysis of beers

lovaru. Analytické horkosti piv chmelenych alfa a beta

kyselin dale ukazuji, ze hoi€ici vydatnost oxidacnich
produktd beta kyselin chmele dosahuje pfiblizné 35—

40 % horkosti iso-alfa kyselin. Uréujici vlastnosti beta

kyselin pfi dlouhodobém skladovani chmele je jejich

nestabilita a sklon k oxidaci v zavislosti na podmin-
kach. Pouze rozkladné produkty beta kyselin, vzniklé

oxidaci, vykazuji hotkou chut. Podminky pro oxidaci

beta kyselin po pfidavku do vrouci mladiny vSak ne-
jsou pfiznivé. Jejich rozpustnost ve vodeé je velmi mala

a mnozstvi kysliku v mladiné je zanedbatelné (obr. 5).
Z toho duvodu se transformuji na horké produkty jen

v malé mife, a tudiz pfispévek beta kyselin k celkové
horkosti piva je zanedbatelny. Naproti tomu chovani

Pivo / Beer 1 2 3 4 5 6 7 8
Riz / Sharpness 25126 |26 |28 |27 |26 |27 |28
Plnost / Fulness 20 |21 |22 |24 | 25|25 |26 | 23
Horkost / Bitterness 12 |14 |16 |28 |27 |22 |26 | 25
Trpkost / Harshness 0809|1110 09]| 07|11 ] 038
Sladkost / Sweetness 06 | 08|07 |05(|12(|11 |12 |13
Kyselost / Sourness 09 14|16 | 12|08 | 15|08 08
Ovocna-esterova / 11|12 (0709|1212 |11 |13
Fruity-esters

pelkovy _dojem | Overall 56 | 54 | 55 |36 | 37|42 | 37| 39
impression

alfa kyselin za srovnatelnych podminek je zcela od-
liSné. Pfi chmelovaru dochazi k termické izomeraci,
ktera nevyzaduje pfitomnost kysliku, a tudiz zakladni charakter horkosti
piva uréuji izomeracni produkty alfa kyselin.

4 ZAVER

Degradace beta kyselin v Cistém stavu za pfistupu vzduchu pfi po-
kojové teploté je velmi rychla. Po 30 dnech se rozlozi pfiblizné polovina
plvodniho mnozstvi. Naproti tomu degradace beta kyselin v hiavkovych
chmelech je za stejnych podminek podstatné pomalejsi. Po 6 mésicich
¢ini pokles zhruba 20 %. Vysoka citlivost beta kyselin vGci oxidaci se
nejvice projevila po naneseni na pevné nosice (mikronizovana celulé-
za, kfemenny pisek). Stupen oxidace byl zna¢né zavisly na teploté, pfi
které byly preparaty uchovavany. Piva chmelena ¢aste¢né zdegradova-
nymi beta kyselinami v davce 20 g/hl vykazovala zfetelnou a pfijemnou
senzorickou horkost. Hof¢ici vydatnost oxidacnich produkt(i beta kyselin
chmele dosahuije priblizné 35-40 % horkosti iso-alfa kyselin.
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4 CONCLUSIONS

Degradation of beta acids in a pure form in the access of air at
room temperature is very quick. After 30 days, approximately half of
the original amount decomposes. On the contrary, the degradation
of beta acids in hop cones under the same conditions is significantly
slower. After 6 months, the decrease is about 20%. High sensitivity
of the beta acids to oxidation is most apparent after application on
a solid carrier (micronized cellulose, quartz sand). The degree of oxi-
dation was significantly dependent on the temperature at which the
preparations were kept. Beer hopped with partially degraded beta
acids at a dose of 20 g / hl showed distinct and pleasant sensory
bitterness. The bittering yield of beta acids oxidation products is ap-
proximately 35-40% of the iso-alpha acids bitterness.
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