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Prace je zamérena na vzajemné porovnani ¢tyi metod stanoveni alfa kyselin ve chmelu (EBC 7.4, EBC 7.5, CSN a EBC 7.7) a jejich
aplikaci pfi hodnoceni chmele skladovaného za rliznych podminek. Déle jsou diskutovany vysledky porovnani prognézovanych a skutec-
nych hodnot alfa kyselin v dlouhodobém sledovani sklizni tfi ¢eskych odrid chmele. Nejvétsi rozdily byly zjistény mezi metodami EBC
7.5 (KH) a EBC 7.7 (HPLC), prva dava systematicky vyssi vysledky a rozdil exponencialné stoupa s hodnotou indexu skladovani chmele
(HSI), u cerstvych chmeld je rozdil 10 — 15 % rel., u starSich chmell s HSI 0,6 — 0,7 je rozdil 25 — 45 % rel. Pfedsklizfiova prognéza
i sklizriovy odhad alfa kyselin v Zateckém poloraném ¢ervenaku jsou v dobré shodé se skute¢nosti (kr = 0,93; kr = 0,95), totéZ plati i pro
relaci skliziového odhadu a skute¢nosti odriid Sladek a Premiant (kr = 0,93; kr = 0,97).

Krofta, K., MikySka, A., Jurkova, M., Mravcova, L., Vondrackova, P., 2017: Determination of bitter compounds in hops — Effect of
crop year and hops age. Kvasny Prum. 63(5): 241-247 ;

Our study is focused on mutual comparison of four methods of determination of alpha acids in hops (EBC 7.4, EBC 7.5, CSN and EBC
7.7) and their application in evaluation of hops stored under different conditions. Furthermore, the results of the comparison of predicted
and actual alpha acid values in the long-term monitoring of harvesting of three Czech hop varieties are discussed. The largest differ-
ences were found between the EBC 7.5 (LCV) and EBC 7.7 (HPLC) methods; the first method gives systematically higher results and
the difference exponentially increases with the hop storage index (HIS) value. The difference in HSI in fresh hops is 10 — 15% rel. while
the difference in older hops with HSI 0.6 — 0.7 is 25 — 45% rel. Pre-harvest prognosis and harvest estimate of alpha acids in the Saaz
variety are in good agreement with the facts (kr = 0.93, kr = 0.95) and the same holds for the harvest estimation relation and the reality
of the varieties Sladek and Premiant (kr = 0.93; 0.97).

Krofta, K., Miky$ka, A., Jurkova, M., Mravcova, L., Vondrackova, P., 2017: Die Bestimmung von Bitterstoffen — der Einfluss des
Jahrganges und des Alters. Kvasny Prum. 63(5): 241-247

Der Artikel beschaftigt sich mit einem Gegenvergleich von vier Methoden zur Bestimmung a- Séuren im Hopfen (EBC 7.4, EBC 7.5,
Tschechische Norm CSN und EBC 7.7) und ihre Applikation im unter unterschiedlichen Bedingungen gelagerten Hopfen. Weiterhin
werden die Ergebnisse der Vergleichung vom vorhersagten und wichtigen Gehalt an a- S&uren im Hopfen wéhrend der langfristigen
Ernten Verfolgung von drei tschechischen Hopfensorten diskutiert. Die groBten Unterschiede wurden unter folgenden Methoden EBC
7.5 (KH) und EBC 7.7 (HPLC) festgestellt, die erste systematisch gibt héhere Ergebnisse, der Unterschied exponentiell steigt mit dem
Wert des Hopfenlagerungsindex (HSI), bei dem frischen Hopfen tut der Unterschied 10 — 15% (rel.) bei alteren Hopfen mit dem Wert HSI
0,6-0,7 gibt’s schon Unterschied 25 — 45 % (rel.). Die Vorerntevorhersage und Ernteabschatzung des Gehalts an a- Sauren im Hopfen
in Hopfen Sorte Zatecky polorany &ervenak (Saazer halbfrilher Rothopfen) sind in einer guten Ubereinstimmung mit der Wirklichkeit
(kr=0,983; kr = 0,95), dasselbe gilt auch die Relation der Vorerntevorhersage und Wirklichkeit bei den Hopfensorten Sladek und Premiant

(kr = 0,93; kr =0,97).
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jsou alfa kyseliny. Samy o sobé nejsou horké, ale termickou izome-
raci z nich vznikaji iso-alfa kyseliny, které maji intenzivné horkou
chut a vytvafi tak zaklad typického senzorického znaku piva. Vice
nez 85 % horkosti piva je pfipisovano iso-alfa kyselinam. Koncentra-
ce iso-alfa kyselin v pivech se pohybuje v intervalu 10-100 mg/| po-
dle typu piva. Dalsi transformacéni produkty alfa kyselin, humulinony,
vznikaji oxidaci alfa kyselin napf. pfi zpracovani chmele na pelety
nebo pfi starnuti chmele za pfistupu vzduchu. Jsou dobfe rozpustné
ve vodé, ale jejich pfispévek k celkové horkosti piva neni pfi chmele-
ni do kotle velky, pfestoze jejich senzorickéd horkost dosahuje 65 %
horkosti iso-alfa kyselin. Tyto latky ale pravdépodobné pfispivaji
k horkosti studené chmelenych piv (Vollmer et al., 2017).

Prispévek beta kyselin k celkové horkosti piva byl fadou autor(
zohledriovan pfi ur€ovani davky chmele pro chmelovar a vyjadfovan
jako soucet obsahu alfa kyselin a definovaného podilu beta kyselin.
Asi nejznamgjsi je Wollmerdv vztah ,a + 3/9* (Wélimer, 1930). Pro
Zatecky Cervendk byl Wéllmer(iv vztah Salaéem a Dyrem upraven
na ,a + B/3“ (Sala¢ a Dyr, 1944). Nejnovejsi vyzkumy ukazaly, ze
Cisté beta kyseliny k horkosti piva nijak nepfispivaji. To jednoznaéné
potvrdily experimenty, pfi kterych byly Cisté beta kyseliny pfidavany

Keywords: hops, alpha acids, hop aging, HSI, shelf life, liquid
chromatography

1INTRODUCTION

The most important ingredient of hops in terms of brewing technol-
ogy is alpha acids. They are not bitter by themselves, but thermal
isomerization converts them into iso-alpha acids, which have an in-
tense bitter taste and thus form the basis of a typical sensory feature
of beer. More than 85% of the bitterness of beer is attributed to iso-
alpha acids. The concentration of iso-alpha acids in beers ranges
from 10 to 100 mg/l depending on the type of beer. Other transforma-
tion products of alpha acids, humulinones, are formed by the oxida-
tion of alpha acids during the processing hops to pellets or aging of
hops by air. They are well soluble in water, but their contribution to
the overall bitterness of beer is not high with kettle hopping, although
their sensory bitterness reaches 65% of that of bitter iso-alpha acids.
These substances are likely to contribute to the bitterness of cold-
hopped beers (Vollmer et al., 2017).

The contribution of beta acids to the total bitterness of beer has
been taken into account by a number of authors when determining
the hop dose for the hopping and is expressed as the sum of the al-
pha acid content and the defined beta acid content. Probably the
most famous is Wollmer's relationship “a + g / 9” (Wélimer, 1930).
The Wollmer's relationship was modified for the Saaz variety by
Sala¢ and Dyr to “a + B / 3" (Sala¢ and Dyr, 1944). Recent research
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do mladiny ve formé ethanolového roztoku. Mladina ani pivo nevyka-
zovaly zadnou senzorickou horkost (Krofta et al., 2015). Vyrazné
horkou chut ale maji produkty oxidace beta kyselin, které jsou roz-
pustné ve vodé. Nejdéle znamymi transformacénimi produkty beta
kyselin jsou hulupony a hulupinové kyselina (Stevens a Wright
ni, kdy jejich obsah ve chmelu maze byt kolem 1%. Piva chmelena
oxidaénimi produkty beta kyselin vykazuji zfetelnou senzorickou hof-
kost, ktera neni v zadném pfipadé nepfijemna a ulpivajici. Samotné
hulupony dosahuji 84 + 10% horkosti iso-alfa kyselin, naproti tomu
hulupinovéa kyselina neni vibec hotka (Algazzali a Shellhammer,
2016). Absence kysliku ve vrouci mladiné neumoznuje rozpusténym
alfa a beta kyselinam vyznamnéjsi transformaci na horké produkty.

SloZeni chmele se neustale méni, a to nejen v procesu dozravani,
ale i pfi poskliziovém zpracovani na vyrobky a zejména pfi skladova-
ni. Po sklizni chmel starne. Starnutim se rozumi nevratné zmény
ve sloiem’ chmelovych pryskyFic silica dalSich slozek chmele, zpuso-
selin. Rychlost oxidaénich procesu je ovliviiovana fadou faktor(,
z nichZ nejddlezitéji jsou Cas, teplota, pfistup vzduchu, svétlo. Je
znamo, ze rychlost ztraty alfa a beta kyselin se po sklizni za srovnatel-
nych podminek u jednotlivych odrid liSi. To se nasledné promita
do hof¢ici vydatnosti chmele. Varni zkousky starSich chmell potvrdi-
ly, ze jejich hof€ici schopnost neklesa tak rychle, jak by odpovidalo
analytickym hodnotam, tj. pfedevsim ubytku alfa kyselin (Almaguer et
al., 2012).

NejbéznéjSim kritériem hodnoceni starnuti chmele je tzv. index
skladovani chmele, znamy z anglického prekladu ,Hop Storage In-
dex“ jako HSI. Jedna se o bezrozmérny index definovany jako pomér
absorbanci toluenového extraktu chmele v prostredi alkalického me-
thanolu pfi vinovych délkach 275 a 325 nm (Likens a Nickerson,
1970). V Cerstvém zeleném chmelu se jeho hodnota pohybuje v roz-
mezi 0,20-0,25. Po sklizni hodnota HSI nevratné stoupa. Staré, ne-
vhodné skladované chmele, mohou mit HSI v rozmezi 1 ,00- 2 00.
chmele ma prabéh povétrnostnich podminek béhem vegetacni se-
zény. V podminkach stfedni Evropy se jedna predev§im o teploty
a srazky v obdobi ¢erven-srpen, u hybridnich odriid s del$i vegetac-
ni dobou se toto obdobi prodluzuje az do zéfi. Informace o obsahu
alfa kyselin v ¢eskych chmelech z nové sklizné jsou odbornou verej-
nosti vzdy o¢ekavany s velkym zajmem. Z tohoto divodu se progné-
zovani a hodnoceni obsahu alfa a beta kyselin z ro¢nikové sklizné
chmele vénuje dlouhodobé zna¢na pozornost (Krofta, 2012). Tento
proces zacina predskliziovymi odhady pro Zatecky Cervenak. Na to
navazuji skliziiové prognézy, a nakonec se provadi hodnoceni sku-
te¢nosti na zakladé zpracovani vysledkl analyz dostupnych sklizrio-
vych vzorkl chmele. Ke kvantitativnimu stanoveni obsahu alfa
a beta kyselin ve chmelu se pouziva nékolik analytickych metod.
Ke stanoveni obsahu Eistych alfa a beta kyselin se pouziva kapalino-
va chromatografie s UV detekci v isokratickém ¢i gradientovém rezi-
mu (Analytica EBC, 1998). K analyze alfa kyselin se dale Siroce uzi-
vaji konduktometrické metody, zalozené na srazeci reakci humulont
s ionty Pb?, pfi které se tvofi Zluta srazenina humulonatu olovnaté-
ho. V tomto pfipadé se jedna o metody nespecifické, protoZe olovna-
tymi ionty se srazi nejen alfa kyseliny, ale i nékteré minoritni slozky
chmelovych pryskyfic. Vysledek analyzy se pak oznacuje jako kon-
duktometricka hodnota chmele (KH). Pres zatizeni fadou systema-
tickych chyb, jsou titraéni metody pro svou jednoduchost a rychlost
v praxi velmi rozsifené (Analytica EBC, 1998; CSN 462520, 1997).
Je v§ak nutné mit na paméti, Ze kazdd metoda poskytuje jiny vysle-
dek a vzajemné ,pfepoditavaci“ koeficienty neexistuji.

Publikace je zaméfena na vzajemné porovnani metod stanoveni
alfa kyselin ve chmelu, jejich aplikaci pfi hodnoceni chmele v pribé-
hu skladovani za rGznych podminek. Dale jsou prezentovany vysled-
ky dlouhodobého sledovani obsahu alfa kyselin ve vybranych Ges-
kych odrGdach chmele ve formé porovnani prognézovanych a sku-
te¢nych hodnot.

2 MATERIAL A METODY

Soubor hlavkovych chmell (Ceské odridy Premiant, Sladek, Ag-
nus, Zatecky €ervenak) ze sklizni 2015 a 2016 byl pouzit pro porovna-
ni vysledkl stanoveni alfa kyselin riznymi analytickymi metodami.
Cast chmell byla skladovana pfi pokojové teploté, ¢ast v klimatizova-
nych prostorech pfi teploté +4 °C. VSechny vzorky byly analyzovany
kapalinovou chromatografii dle metody EBC 7.7. (Analytica EBC,
1998), s pouzitim externiho kalibraéniho standardu ICE 3 a tfemi riz-

has shown that pure beta-bitter acids do not contribute to the bitter-
ness of beer. This was clearly confirmed by experiments in which
pure beta acids were added to the wort as an ethanol solution. Nei-
ther the wort nor the beer showed any sensory bitterness (Krofta et
al., 2015). Distinctly bitter taste have oxidation products of beta acids
which are soluble in water.

The best known transformation products of beta acids are hu-
lupones and hulupinic acid (Stevens and Wright, 1961). Hulupones
are produced in hops already during drying and storage and their
hops content may be around 1%. Beers hopped with beta acid oxida-
tion products show a distinct sensory bitterness, which is by no
means unpleasant and clinging. The hulupones themselves reach
84 + 10% bitterness of iso-alpha acids; on the other hand, hulupinic
acid is not bitter (Algazzali and Shellhammer, 2016). The absence of
oxygen in the boiling wort does not allow soluble alpha and beta ac-
ids to be transformed into bitter products.

The composition of the hops is constantly changing, not only dur-
ing the ripening process, but also during the post-harvest processing
to hop products and especially during storage. After harvest hops
undergoes aging, which involves irreversible changes in the compo-
sition of hop resins, oils, and other hops components due to oxida-
tion. The most significant change is the decrease in alpha and beta
acid content. The speed of oxidation processes is influenced by
a number of factors, the most important being time, temperature, air
access and light. It is known that the post-harvest rate of loss of al-
pha and beta acids for different varieties under comparable condi-
tions is different. This is then reflected in the bittering capability of
hops. Brewing trials confirmed that bittering ability of older hops does
not decrease as quickly as would correspond to analytical values, i.e.
mainly to loss of alpha acids (Almaguer et al., 2012).

The most common criterion for assessment of hops aging is the
so-called hops storage index (HSI). It is a dimensionless index de-
fined as the ratio of absorbance of toluene hops extract in alkaline
methanol at 275 and 325 nm (Likens and Nickerson, 1970). In fresh
green hops the value ranges from 0.20-0.25. After harvest, the value
of HSl irreversibly rises. Old, badly stored hops may have an HSI in
the range of 1.00-2.00.

The most important effect on the alpha and beta acid content of
a crop year’s harvest of hops is the course of weather conditions
during the growing season. In terms of Central Europe, this is mainly
the temperature and rainfall in June-August. In hybrid varieties with
a longer growing season this period is extended until September.
Information about alpha acid content in Czech hops from the new
harvest is always awaited with great interest by the professional pub-
lic. For this reason, considerable attention is paid in the long term to
the forecasting and evaluation of the alpha and beta acid content of
hops harvests (Krofta, 2012). This process begins with pre-harvest
estimates for the Saaz variety. This is followed by harvesting fore-
casts, and eventually evaluating the actual reality based on the re-
sults of the analysis of available harvest hop samples. A variety of
analytical methods are used to quantify the alpha and beta acid con-
tent of hops., Liquid chromatography with UV detection in isocratic or
gradient mode is used to determine the content of pure alpha and
beta acids (Analytica EBC, 1998). Conductometric methods based
on the precipitation reaction of humulones with Pb?* ions to form
a yellow precipitate of lead humulonate are widely used for the anal-
ysis of alpha acids. These methods are non-specific because lead
precipitates are formed not only by alpha acids but also by some
minor components of hop resins. The result of the analysis is then
referred to as the lead conductance value of hops (LCV). Despite the
burden of a series of systematic errors, the titration methods are
widespread in practice for their simplicity and speed (Analytica EBC,
1998; CSN 462520, 1997). However, it must be borne in mind that
each method provides a different result and mutual ,conversion® co-
efficients do not exist.

Our study is focused on mutual comparison of the methods of
determining alpha acids in hops and their application in hops evalu-
ation during storage under different conditions. Furthermore, the re-
sults of the long-term monitoring of alpha acid content in selected
Czech hop varieties are presented in the form of comparison of pre-
dicted and actual values.

2 MATERIAL AND METHODS

A set of Czech hops varieties (Premiant, Sladek, Agnus and Saaz)
from the 2015 and 2016 harvests was used to compare the results of
the determination of alpha acids by various analytical methods. Part
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nymi konduktometrickymi metodami — EBC 7.4, CSN 462520-15
a EBC 7.5. Jedna se o metody, které se v praxi pouzivaji nejcasteji.
Prvni dvé pouzivaji jako extrakéni rozpoustédio toluen, v metodé EBC
7.5 se pouziva diethylether. V dalSim textu, tabulkach a obrazcich jsou
vySe zminéné analytické metody uvadény jako HPLC (EBC 7.7), KH
7.4 (EBC 7.4), KH 7.5 (EBC 7.5), KH CSN (CSN 462520-15).

Zmény vybranych analytickych parametri granulovanych chmel(
(HSI, alfa a beta kyseliny, KH 7.5), skladovanych za rGiznych podmi-
nek po dobu 12 mésicu byly hodnoceny na odridé Rubin. Granulo-
vané chmele byly skladovany ve vakuovanych obalech bez pfistupu
vzduchu pfi teplotach +4 a +20 °C. Dalsi variantou byl granulovany
chmel skladovany volné na vzduchu pfi teploté 20 °C, tj. stav, ktery
simuluje skladovani protrzeného obalu pfi pokojové teploté. Sklado-
vatelnost odriidy Rubin byla vyhodnocena v pribéhu pfirozeného
starnuti hlavkového chmele pfi pokojové teploté po dobu 12 mésicu.

Vysledky prognézovani a hodnoceni skuteéného obsahu alfa
a beta kyselin ve vybranych ¢eskych odridach chmele z ro€nikové
sklizné chmele jsou dokumentovany ¢asovymi fadami za obdobi let
2000 az 2016 pro Zatecky Cerveridk a 2004—-2016 pro hybridni odr(-
dy Premiant a Sladek. Analyzy alfa kyselin u odrud Sladek a Premi-
ant byly provedeny metodou HPLC. Pfedskliziiové odhady se analy-
ticky hodnoti konduktometrickou metodou KH CSN. Pro Zatecky
Cervenak se kombinuje analyza metodou HPLC (skliziiova progno-
za) s konduktometrickou metodou dle CSN (skute¢nost).

3 VYSLEDKY A DISKUSE

3.1 Stanoveni horkych latek ve chmelu

Vysledky simultanniho stanoveni obsahu alfa kyselin ve vybraném
souboru ¢eskych odriid (Zatecky Cervenak, Premiant, Sladek, Saaz
Late, Kazbek) nékolika analytickymi metodami jsou uvedeny v fab. 1.
Cést chmell byla skladovana pfi pokojové teploté (T), éast v klimati-
zovaném skladu pfi teploté +3 °C (CH). Rtzné skladovaci podminky
se vyrazné odrazily na hodnotach indexu skladovani chmele. Vzorky
skladované v teplu mély HSI na hranici 0,70, kdezto HSI chmell
skladovanych v klimatizovaném skladu vétSinou nepfesahl hranici
0,40. Hodnoty v tab. 1 ukazuiji, ze analytické vysledky stanoveni alfa
kyselin vybranymi metodami se lii, v nékterych pfipadech i o desit-
ky procent. Vzajemné porovnani analytickych dat v relativnich pro-
centech je shrnuto v fab. 2. Srovnani je provedeno pro konduktome-
trické metody KH CSN a KH 7.5 vii&i HPLC metodé. Dale jsou porov-
nany dvé konduktometrické metody KH 7.4 a CSN. Obé metody po-
uzivaji jako extrakéni €inidlo toluen, li§i se predevs§im ve zpusobu
extrakce. Metoda KH 7.4 vyuziva specialni rychlobézné michadlo,
v metodé CSN se chmele extrahuji v klasické tfepacce. Vzajemny
rozdil téchto metod v prdmérnych hodnotach 11 az 12% rel. je dan
pfedevs§im intenzitou michani. Vysledky zjisténé metodou KH 7.4

Tab. 1 Vysledky stanoveni obsahu alfa kyselin / Table 1 Results of
determination of alpha acid content

Vzorek | .o o | KH75 | KH7.4 | KHESN | Hsl c;r;:;g/
Sample LCV7.5|LCV 7.4 | LCV CSN ooplo
1 401 | 534 | 479 | 453 |o601| T
> | 926 | 1006 | 921 | 870 |0342| cH
3 | 601 | 68 | 622 | 58 |0398| CH
4 | 841 | 049 | 891 | 824 |o418| cH
5 | 598 | 757 | 693 | 580 |o0667| T
6 | 463 | 557 | 507 | 445 |0565| T
7 | 230 | 849 | 301 | 253 |oe18] T
8 | 420 | 48 | 451 | 421 |o47z| T
o | 327 | 898 | 422 | 376 |os46] T
10 | 808 | 904 | 98 88 |0326| CH
11 | 793 | 858 | 855 | 806 |0328] CH
12 | 614 | 712 | 672 | 575 |o0384| cH
13 | 565 | 677 | 602 | 537 |0534| T
14 | 740 | 1006 | 870 | 754 |o640| T

RT = room temperature

of the hops was stored at room temperature, another part in air-con-
ditioned rooms at +4 °C. All samples were analyzed by liquid chro-
matography according to the EBC 7.7 method. (Analytica EBC,
1998), using the external calibration standard ICE 3 and three differ-
ent conductometric methods - EBC 7.4, CSN 462520-15 and EBC
7.5, which are most commonly used in practice. The first two use
toluene as the extraction solvent while the EBC 7.5 method uses di-
ethyl ether. In the following text these analytical methods are referred
to as HPLC (EBC 7.7), LCV 7.4 (EBC 7.4), and LCV 7.5 (EBC 7.5),
LCV CSN (CSN 462520-15).

Changes in selected analytical parameters of granulated hops
(HSI, alpha and beta acids, LCV 7.5) were evaluated on the Rubin
variety stored under different conditions for 12 months. Granulated
hops were stored in vacuum packs without air access at +4 and
+20 °C. Another variant was granulated hops stored freely in air at
20 °C, i.e. a condition that simulates the storage in a ruptured con-
tainer at room temperature. The shelf life of the Rubin variety was
evaluated during the natural aging of hops cones at room tempera-
ture for 12 months.

The results of the forecasting and evaluation of the actual alpha and
beta acid content in selected Czech varieties of hops from the crop
year’s harvest are documented by the time series from 2000 to 2016
for Saaz and 2004-2016 for the hybrid varieties Premiant and Sladek.
The alpha acid analyses of the Sladek and Premiant varieties were
performed by HPLC method. Pre-harvest estimates are analytically
evaluated by the conductometric LCV CSN method. For Saaz variety
the analysis by HPLC method (harvest prognosis) was combined with
the conductometric method according to CSN (reality).

3 RESULTS AND DISCUSSION

3.1 Determination of bitter substances in hops

The results of the simultaneous determination of the alpha acid
content in a selected set of Czech varieties (Saaz, Premiant, Sladek,
Saaz Late, Kazbek) by several analytical methods are presented in
Table 1. Part of the hops was stored at room temperature (T), part in
an air-conditioned warehouse at +3 °C (CH). Different storage condi-
tions were significantly reflected in hop storage index values. Sam-
ples stored at RT had HSI at the 0.70 limit, whereas the HSI of hops
stored in the air-conditioned warehouse mostly did not exceed 0.40.
Table 1 shows that the analytical results of the determination of alpha
acids by the selected methods differ, in some cases even by tens of

Tab. 2 Porovnani rozdil( analytickych dat mezi metodami / Table 2
Comparison of analytical data differences between methods

KH CSNHPLC | KH7.5HPLC | KH 7.4/KH CSN
\Sl::::Ike LCV CSN/HPLC | LCV7.5HPLC |LCVZ4LCVESN| pg)

% rel. % rel. % rel.

1 12.9 33.2 57 0.601

2 -6.1 8.6 5.9 0.342

3 2.8 13.8 6.7 0.398

4 -2.0 12.8 8.1 0.418

5 1.5 26.6 17.6 0.667

6 -3.9 20.3 13.9 0.565

7 5.8 46.0 18.9 0.618

8 0.2 15.7 7.1 0.472

9 15.0 21.7 12.2 0.546

10 8.9 11.9 11.5 0.326

11 1.6 8.2 6.1 0.328

12 -6.4 16.0 16.9 0.384

13 -4.9 19.8 12.1 0.534

14 1.9 35.9 15.4 0.640
::/‘:;e; e/ % rel) 13 20.7 1.3
mee“;":: i% rel) -0.7 17.9 11.8
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Obr. 1 Zavislost analytickych rozdilii mezi metodami KH CSN, HPLC
a HSI/ Fig. 1 Dependence of analytical differences between the CSN
LCV method and HPLC on HSI

jsou systematicky vy$Si. Je patrné, Ze intenzivni michani (6000 min;
8 minut) je U¢inngj$i neZz tfepani po dobu 90 minut. Porovnani metod
KH CSN/HPLC sice ukazuje, ze se v primérnych hodnotach zasad-
né nelisi, ale rozdily individualnich hodnot se pohybuji v rozmezi
od -6,4 do 15,0 % rel. (tab. 2). Diference analytickych dat nejsou za-
vislé na stafi chmele, jak je patrné z grafu na obr. 1. Obdobny cha-
rakter ma i zavislost rozdili mezi metodami KH 7.4 a KH CSN
na HSI.

Nejvétsi rozdily byly zjistény mezi metodami KH 7.5 a HPLC. Kon-
duktometricka metoda dava v analyzovaném souboru vzorkl syste-
maticky vy$Si vysledky o 15 az 20 % rel. Navic se ukazalo, ze relativ-
ni rozdily vyznamné zavisi na stafi chmele. Zavislost analytickych
rozdill mezi metodami KH 7.5, HLPC na HSI je uvedena na obr. 2.
U dobre skladovanych chmeld je relativni rozdil mezi témito metoda-
mi do 15% rel., u starSich chmell mize byt rozdil 40 az 50% rel.
Tato skute¢nost je dana vznikem €etnych oxidacnich produktl alfa
a beta kyselin, které se v diethyletheru extrahuji a jsou titrovatelné
roztokem octanu olovnatého.

3.2 Hoiké latky a stafi chmele

V tab. 3 jsou uvedeny analytické vysledky sledovani starnuti odrd-
dy Rubin v granulované formé za anaerobnich podminek pfi dvou
teplotach, pokojové a teploté klimatizovaného skladu +4 °C. Vy&Si
hodnoty HSI na zacatku testu jsou zplUsobeny 4mésiéni ¢asovou
prodlevou mezi sklizni a granulaci, kdy skladovaci teploty nezpraco-
vaného chmele prakticky kopirovaly venkovni teploty podzimniho
a Casti zimniho obdobi. Nejlepsi kvalitativni parametry po 13 mési-
cich skladovani maji podle o€ekavani granule skladované v klimati-
zovanych podminkach bez pfistupu vzduchu. Pokles obsahu alfa
kyselin, beta kyselin i hodnot KH je vyrazné pod urovni 10% rel.
Tento zplsob uchovavani chmele je dnes u velkych zpracovatell
chmele béznym standardem a stejnym zplsobem jej skladuje i fada
pivovar(. Skladovani granuli bez pfistupu vzduchu za normalni tep-
loty jiz vede k pomérné zna¢nému Ubytku alfa kyselin (30% rel.).
Zajimavé je, zZe snizeni konduktometrické hodnoty chmele je zhruba
poloviéni (16% rel.). JeSté menSi je pokles obsahu beta kyselin
(8,3% rel.). Je to dano tim, Ze fada transformacnich reakci alfa kyse-
lin, na rozdil od beta kyselin, nevyzaduje pfitomnost kysliku (Tanigu-
chi, 2014). Skladovani granulovaného chmele za pfistupu vzduchu
pfi teplotach kolem 20 °C ma na kvalitu chmele silné destruktivni vliv.
Béhem nékolika tydnu je chmel pro pivovarské Ucely prakticky zne-
hodnocen. V pfipadé vyse diskutované odriidy Rubin doslo béhem 3
mésicu k poklesu obsahu alfa kyselin z pGvodnich 9,3% na 0,40 %

Obr. 2 Zavislost analytickych rozdilli mezi metodami KH 7.5, HPLC
a HSI/ Fig. 2 Dependence of analytical differences between LCV 7.5
and HPLC on HSI

percent. Mutual comparison of analytical data in relative percentages
is summarized in Table 2. Comparison was performed for the con-
ductometric methods LCV CSN and LCV 7.5 against the HPLC
method. In addition, two conductometry methods, LCV 7.4 and CSN,
were compared. Both methods use toluene as the extraction agent,
and differ mainly in the extraction method. The LCV 7.4 method uses
a special high-speed stirrer, in the CSN method the hops are ex-
tracted in a conventional shaker. The difference between these
methods in average values of 11 to 12% rel. is mainly due to the in-
tensity of mixing. The results obtained by the LCV 7.4 method are
systematically higher. It can be seen that intensive stirring (6000 min-",
8 minutes) is more effective than shaking for 90 minutes. Compari-
son of the LCV CSN/HPLC methods shows that they do not differ
significantly in average values, but the individual value differences
range from -6.4 to 15.0% rel. (Table 2). As can be seen from Fig-
ure 1, differences of analytical data do not depend on the age of the
hops. The dependence of the differences between the methods LCV
7.4 and LCV CSN on HSI is similar.

Major differences were found between conductometric 7.5 and
HPLC methods. In the analyzed sample set the conductometric
method gives systematically 15 to 20% rel. higher results. In addi-
tion, it has been shown that relative differences depend significantly
on the age of hops. The dependence of analytical differences be-
tween LCV 7.5, HLPC on HSI is shown in Fig. 2. For well-stored
hops, the relative difference between these methods is up to 15%
rel., in older hops it may amount to 40 to 50% rel. This fact is due to
the formation of numerous oxidation products of alpha and beta ac-
ids which are extracted in diethyl ether and are titrated with lead ac-
etate solution.

3.2 Bitter substances and age of hops

Table 3 shows the analytical results of monitoring the aging of the
Rubin variety in pellet form under anaerobic conditions at two tem-
peratures: at room and the +4 °C ones (air-conditioned store). Higher
HSI values at the start of the test are due to a 4-month time lag be-
tween harvesting and granulation, during which the storage temper-
ature of unprocessed hops practically copied the ambient tempera-
tures of the autumn and part of the winter period. As expected, the
best quality parameters after 13 months of storage were found in
pellets stored in air-conditioned conditions without air access. The
decrease in alpha acids, beta acids and LCV was significantly below
10% rel. This method of storing hops is currently a standard for large
hop processors, and a number of breweries store it in the same way.

Tab. 3 Starnuti odrGdy Rubin v granulich T90 / Table 3 Aging of the Rubin variety in pellets T90
(teplo /T/ = 20 °C; chladno /CH/ = +4 °C, anaerobni podminky) / (room temperature/T/ = 20 °C, cold /CH/ +4 °C, anaerobic conditions)

0 3 mésice 6 mésicl 10 mésicu 13 mésicl
Parametr / 3 months / 6 months / 10 months / 13 months
Paramater T CH T CH T CH T CH
HSI 0.521 0.589 0528 0.606 0.53 0.662 0.534 0.685 0.544
KH7.5/LCV7.5 | 10.02 9.23 10.09 9.02 10.11 8.81 9.73 8.40 9.67
(AI_'{;L/S"”""’ 9.28 8.58 9.22 7.87 9.12 6.91 8.67 6.51 8.64
Beta (HPLC) 3.83 3.66 3.80 3.66 3.71 3.74 3.75 3.51 3.69
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Obr. 3 Starnuti odridy Rubin volné na vzduchu (hlavky, normalini
teplota, bez pfistupu svétla) / Fig. 3 Aging of the Rubin variety under
open air (cones, room temperature, no light access)

hm., obsah beta kyselin byl zanedbatelny a hodnota indexu sklado-
vani chmele pfesahla hodnotu 2,00. Konduktometricka hodnota (KH
7.5) takto zdegradovaného chmele vSak byla pomérné vysoka -
6,2 % hm. Pfi¢inou rychlé degradace chmelovych granuli je naruSeni
integrity lupulinovych zrn, ke kterému dochazi v prabéhu vyroby pre-
devsim pfi mleti chmele a béhem granulace, kdy se chmel navic za-
hriva.

Je znamo, ze rychlost ztraty alfa kyselin po sklizni se za srovnatel-
nych podminek skladovani u jednotlivych odrid li§i (MikySka a Krof-
ta, 2012). Z tohoto divodu se dnes pfi charakterizaci chmelovych
odrlid ¢asto uvadi tzv. skladovatelnost (storage). Je definovana jako
relativni ubytek alfa kyselin po 6 mésicich skladovani hlavkového
chmele volné na vzduchu pfi teploté 20 °C. Priibéh skladovaciho po-
kusu za podminek, které umoznuji tento parametr stanovit pro odrd-
du Rubin, je uveden na obr. 3. Protoze byl zalozen bezprostiedné
po sklizni, je startovaci hodnota HSI < 0,30. Obsah alfa kyselin po-
klesl z hodnoty 12,22 % hm. na 10,11 % hm. po 6 mésicich. Relativni
Ubytek alfa kyselin tak ¢inil méné nez 20 % rel., coz fadi odrldu Ru-
bin mezi chmele s dobrou skladovatelnosti, spole¢né s odrlidami
Galena ¢i Nugget. Za nejstabilngjsi je z hlediska skladovatelnosti
povazovana odrida Cluster s Ubytkem alfa kyselin < 10% rel. (Nic-
kerson a Likens, 1979 ).

3.3 Vliv ro€niku na obsah hofkych latek ve chmelu

Na obr. 4 jsou znazornény obsahy alfa kyselin v Zateckém Cerve-
fidku v obdobi 2000 az 2016. Kazdy ro¢nik je charakterizovan trojici
analytickych dat pro pfedskliziovy odhad, skliziovou prognézu
a skute¢nost. Vysledky jsou prezentovany pro Zateckou chmelaf-
skou oblast, protoZe pocet vzorkd je vzhledem k péstebni plose zda-
leka nejvySSi v porovnani s oblasti Ustéckou a TrSickou. Je patrné,
ze vysledné ro¢nikové hodnoty vykazuji velmi dobrou shodu, presto-
ze byly ziskany z rzné velkych souborli vzorkd a hodnoceny dvéma
analytickymi metodami. Zejména predskliziiové odhady mohou byt
zatizeny fadou systematickych nejistot (napf. kazda individualni
hodnota ma stejnou vahu, bez ohledu na rozsah péstovani v dané
lokalité, obsah alfa kyselin se mize ménit jesté v prlbéhu sklizng,
coz prognostickym modelem nelze v pIné mife podchytit aj.). Rozdily
mezi min. a max. hodnotami v trojici analytickych dat, které charak-
terizuji kazdy ro¢nik, nepresahuji zpravidla 0,5% hm. Obr. 4 velmi
dobfe dokumentuje znaéné meziro¢ni rozdily v obsahu alfa kyselin,
které jsou determinovany predevsim pribéhem povétrnostnich pod-
minek v obdobi ¢erven-srpen (Kucera a Krofta, 2009). Primérné
obsahy alfa kyselin v ZPC se v hodnoceném obdobi pohybovaly v in-
tervalu 2 az 4% hm. Dva ro¢niky, 2006 a 2015, s primérnymi obsa-
hy alfa kyselin pod 2,5% hm. z ¢asové fady znacné vybocluji. Pové-
trnostni podminky v téchto letech maji spole¢ny rys — vysoké teploty
v letnim obdobi s nedostatkem srazek. Vysledkem jsou nizké vynosy
chmele a podprimeérné obsahy alfa kyselin. Takové extrémni podmin-
ky postihuji vétSinou celou stfedni Evropu véetné Némecka, coz ovliv-
fiuje trh se chmelem v celosvétovém méfitku.

Na obr. 5 a 6 jsou znazornény obsahy alfa kyselin ve chmelech
Sladek a Premiant v obdobi 2004 az 2016. Kazdy ro¢nik je charak-
terizovan dvojici analytickych dat pro skliziiovou progndzu a skutec-
nost. Vysledky jsou opét prezentovany pro Zateckou chmelafskou
oblast. U odrady Sladek byly hodnoty skliziiového odhadu ve vétsiné
pfipadl nizsi oproti skute¢nosti, rozdil v obsahu alfa kyselin mezi
skliziovym odhadem a skute¢nosti se pohyboval mezi 0,2-0,5%

Obr. 4 Obsahy alfa kyselin v Zateckém &erveniaku v zatecké oblasti
v obdobi 2000 az 2016 / Fig. 4 Content of alpha acids in the Saaz
variety in the Zatec region between 2000 and 2016

Storage of pellets without access to air at normal temperatures al-
ready leads to a relatively significant decrease in alpha acids (30%
rel.). Interestingly, the reduction in the conductometric value of hops
is only roughly half that (16% rel.). Even lower is the decrease in beta
acid content (8.3% rel.). This is due to the fact that unlike in beta
acids, a number of transformation reactions of alpha acids do not
require the presence of oxygen (Taniguchi, 2014). Storage of granu-
lated hop in air at temperatures around 20 °C has a strong destruc-
tive effect on the quality of hops. Within a few weeks the hops for
brewing purposes are virtually devalued. In the case of the Rubin
variety discussed above, the alpha acid content dropped from 9.3%
to 0.40% by weight in 3 months, the beta acid content was negligible
and the hop storage index exceeded 2.00. However, the conducto-
metric value (LCV 7.5) of this degraded hops was relatively high -
6.2% w/w. The cause of the rapid degradation of the hop granules is
the distruption of the integrity of the lupuline grains, which occurs
during the production, especially during the grinding of hops and dur-
ing granulation, when the hops are additionally heated.

It is known that the rate of loss of alpha acids after harvesting is
different under comparable storage conditions for different varieties
(MikySka and Krofta 2012). For this reason, so-called shelf life is of-
ten referred to in the characterization of hop varieties. It is defined as
the relative reduction of alpha acids after 6 months of free-air hop
cone storage at 20 °C. The course of the storage experiment under
conditions that allow this parameter to be determined for the Rubin
variety is shown in Fig. 3. Because it was started immediately after
the harvest, the starting value of HSI is <0.30. The alpha acid content
dropped from 12.22% by weight to 10.11% by weight after 6 months.
Relative alpha acid loss was less than 20% rel., classing the Rubin
variety among hops with good shelf life, along with the Galena or
Nugget varieties. The Cluster variety with an alpha acid loss of <10%
rel. is considered the most stable (Nickerson and Likens, 1979).

3.3 Influence of crop year on the content of bitter substances
in hops

Fig. 4 shows the alpha acid content in Saaz variety in the period
2000 to 2016. Each crop year is characterized by three analytical
data for pre-harvest estimation, harvest prognosis and reality. The
results are presented for the Zatec hop growing region, because the
number of samples in relation to the growing area is far higher than
that in the USték and TrSice regions. It can be seen that the final crop
year values show very good agreement, although they were ob-
tained from different sets of samples and evaluated by two analytical
methods. Pre-harvest estimates can be burdened by a number of
systematic uncertainties (e.g, each individual value has the same
weight regardless of the range of cultivation at the site, and the alpha
acid content may change during the harvest which cannot be fully
taken into account by the prognostic model). Differences between
minimum and maximum values in the set of three analytical data that
characterize each vintage do not generally exceed 0.5% by weight.

Fig. 4 documents very well the significant year-to-year differences
in alpha acid content, which are determined mainly by weather con-
ditions in June-August (Ku€era and Krofta, 2009). The average al-
pha acid content in the Saaz variety in the period under review was
in the range of 2 to 4% w/w. Two years, 2006 and 2015, with an aver-
age alpha acid content below 2.5% by weight significantly deviate
from the time series. Weather conditions in these years have had
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Obr. 5 Obsahy alfa kyselin v odr(idé Sladek v Zatecké oblasti v obdo-
bi 2004 az 2016 / Fig. 5 Content of alpha acids in the Sladek variety
in the Zatec region between 2004 and 2016

hm. (prdmér -0,26% hm.), tedy od 3 do 8% relativnich (primér
-3,8% rel.). Pro chmele Premiant byly kladné a zaporné odchylky
mezi odhadem a skute€nosti vyvazené, rozdil mezi skliziiovym od-
hadem a skutec¢nosti byl od 0,1-0,4 % hm., tedy 0,9 az 6 % rel. Vez-
meme-li v Gvahu velikost soubort, méné nez polovi¢ni pocet vzork(
ve skliziiové progndze a z&asti odlisné lokality oproti souboru vzorku
~skute€nosti“, je opét patrna dobra shoda dat ze skliziiové prognézy
a finalniho hodnoceni, o éemz svéd¢i i korelace dat pro Sladek i Pre-
miant (r = 0,93 resp. r = 0,97). U chmell obou odrld jsou zfetelné
meziro¢ni rozdily v obsahu alfa kyselin, pro Sladek v rozpéti 6-8 %
hm. a Premiant 7 az 10,5 % hm. Jak je patrneé z obr. 7, porovnani dat
skutec¢nosti pro odriidy Zatecky ¢ervendk, Sladek a Premiant v ob-
dobi 2004 az 2016, je obsah alfa kyselin u rdznych odrid priibéhem
pocasi v konkrétnim roce ovlivnén riznou mérou, jednim z divodu je
rizna vegetacni doba odriid a tim dany termin sklizné.

4 ZAVER

Kvantitativni hodnota obsahu alfa kyselin ve chmelu a chmelovych
vyrobcich je znaéné ovlivnéna pouzitou analytickou metodou. Proto-
ze od toho se odviji stanoveni davky chmele pro chmelovar, Ize pro
pivovarskou praxi doporucit nékterou z konduktometrickych metod.
Pri volbé analytické metody je dllezité pouzivat stale stejnou, nejlé-
pe KH 7.5. Na rozdil od dalSich konduktometrickych metod zohled-
fuje i stafi chmele a hof¢ici vydatnost nékterych degradacnich pro-
duktl alfa a beta kyselin. Metoda HPLC (EBC 7.7) méfi pouze obsah
Cistych alfa a beta kyselin. Skute¢ny hof¢ici potencial chmele je tak
¢aste¢né podhodnocen. Nespornou vyhodou konduktometrickych
metod je i niz8i cena za analyzu v porovnani se stanovenim kapali-
novou chromatografii.
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Tato studie byla podpofena Ministerstvem zemédélstvi Ceské re-
publiky, projekty RO1916 ,Vyzkum kvality a zpracovani sladarskych
a pivovarskych surovin“ a QJ1610202 ,,Vyvoj novych plodin s cilem
produkce vyrobki s vyssi vyZivovou hodnotou“.
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Obr. 7 Porovnani obsah( alfa kyselin v odriidach ZPC, Sladek a Pre-
miant v Zatecké oblasti v obdobi 2004 az 2016 / Fig. 7 Comparison
of alpha acid contents in the Saaz, Sladek and Premiant varieties in
the Zatec region between 2004 and 2016

a common feature — high temperatures in the summer with no pre-
cipitation. The result is low hop yields and below-average alpha acid
contents. Such extreme conditions affect mostly the whole of Central
Europe, including Germany, which in turn affects the global hops
market.

Figures 5 and 6 show the alpha acid content in Sladek and Premi-
ant hops in the period 2004 to 2016. Each crop year is characterized
by a pair of analytical data for the harvest prognosis and reality. The
results are again presented for the Zatec hop field. In the case of the
Sladek variety, the harvest estimation values were in most cases
lower than reality, and the difference in the alpha acid content be-
tween the harvest estimate and the reality ranged between 0.2—0.5%
w/w (average -0.26% by weight), i.e. from 3 to 8% relative (mean
-3.8% relative). The positive and negative differences between the
harvest estimate and the reality for Premiant hops between the esti-
mate and the reality were balanced, the difference between harvest
estimate and reality was 0.1-0.4% w/w, i.e. 0.9 to 6% rel. Consider-
ing the size of the sample sets, i.e. less than half the samples in the
harvest forecast and partially different locations compared to the set
of ,real” samples, we can again see a good match of the data from
the harvest forecast and the final evaluation, as evidenced by the
data correlation for Sladek and Premiant (r = 0.93 or r = 0.97). The
hops of both varieties evince distinct year-to-year differences in al-
pha acid content, ranging for Sladek from 6 to 8% by weight and for
Premiant from 7 to 10.5% by weight. As can be seen from Fig. 7 that
shows, the comparison of the actual data for the varieties Saaz,
Sladek and Premiant in the period 2004 to 2016, the alpha acid con-
tent of different varieties is influenced by different weather patterns in
a particular year, one of the reasons being different vegetation peri-
od of different varieties and thus the term of harvest.



Stanoveni horkych latek v chmelu — vliv rocniku a stari chmele

Kvasny Prum.
63/2017 (5)

247

Likens, S. T., Nickerson, G. B., Zimmermann, C. E., 1970: An Index
of Deterioration in Hops. ASBC Proceedings, 68-74.s

Mikyska, A., Krofta, K., 2012: Assessment of changes in hop resins
and polyphenols during long-term storage. J. Inst. Brew., 118(3):
269-279.

Nickerson, G. B., Likens, S. T., 1979: Hop Storage Index. J. Am.
Soc. Brew. Chem. 37(4): 184-187.

Sala¢, V., Dyr, J., 1944: Gambrinus 5 (72): 63.

Stevens, R., Wright, D., 1961: Hulupones and the significance of
beta acids in brewing. J. Inst. Brew. 67: 496-501.

Taniguchi, Y., Taniguchi, H., Matsukura, Y., Kawachi, Y., Shindo, K.,
2014: Structural Elucidation of Humulone Autoxidation Products
ana Analysis of Their Occurence in Stored Hops. J. Nat. Products,
77:1252-1261.

Vollmer, D. M., Algazzali, V., Shellhammer, T. H., 2017: Aroma Pr-
operties of Lager Beer Dry-Hopped with Oxidized Hops. J. Am.
Soc. Brew. Chem. 75(1): 22-26.

Woéllmer, W., 1930: Wochenschr. Brauerei 47: 521.

Do redakce doslo / Manuscript received: 06/07/2017
Prijato k publikovani / Accepted for publication: 13/08/2017

4 CONCLUSIONS

The quantitative value of alpha acid content in hops and hop prod-
ucts is greatly influenced by the analytical method used. Since the
determination of the hops dose for hopping is based on this, one of
the conductometric methods can be recommended for brewing prac-
tice. When choosing an analytical method, it is important to use al-
ways the same, most preferably LCV 7.5. Unlike other conductomet-
ric methods, it also takes into account the age of the hops and the
bittering yield of some alpha and beta acid degradation products.
The HPLC method (EBC 7.7) measures only the content of pure al-
pha and beta acids. The real bittering potential of hops is thus par-
tially underestimated. The undisputed advantage of conductometric
methods is the lower price for analysis compared to the liquid chro-
matographic determination.
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