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Byl vyhodnocen obsah a- a B-horkych kyselin chmele sklizeného v Ceské republice v roce 2016. Vzorky byly ze vSech péstebnich ob-
lasti — Zatecké, Ustécké a Trsické (77,3 %, 10,7 % a 11,9 % ploch chmelnic v CR). Testované odriidy, Zatecky polorany éerveriak (ZPC),
Sladek, Premiant, Agnus, Kazbek a Saaz Late, byly péstovany na 87,8 %, 5,6 %, 3,7 %, a 0,8 %, 0,4 % a 0,9 % ploch chmelnic. Vzorky
byly analyzovany metodou EBC 7.7 (HPLC) a vysledky jsou udany v % hmot. v sudiné. Primérny obsah a-horkych kyselin odridy ZPC
v Ceskeé republice (3,35 %) byl 0 1,20 % (55,8 % rel.) vyssi oproti sklizni roku 2015 a 0,20 % (5,6 % rel.) niz§i v porovnani s primérem za
poslednich 23 let. Obsah B-horkych kyselin (4,99 %) byl vy$si oproti roku 2015 a dlouhodobému priiméru o 1,75 % (54,0 % rel.) a 0,33
(7,0 % rel.). Obsah a-horkych kyselin odridy Sladek (7,29 %) byl oproti sklizni 2015 a priméru za 13 let vyS$Si 0 2,20 % (43,2 % rel.)
a 0,64 % (9,6 % rel.), u odridy Premiant (9,02 %) byla hodnota o 2,43 % (36,94 % rel.) vy$si oproti sklizni 2015 a shodna s primérem
za 13 let, u odrady Agnus (9,70 %) byla hodnota v porovnani se sklizni 2015 a s osmiletym pramérem o 0,80 % (7,6 % rel.). a0 1,40 %
(12,6 % rel.) nizsi. U odrad Kazbek (4,96 %) a Saaz Late (4,76 %) byl obsah a-horkych kyselin v porovnani se sklizni 2015 vyssi o 0,37
% (8,1 % rel.) a0 2,6 % (119 % rel.). Pomér obsahu a-kyselin k obsahu B-kyselin, relativni obsah kohumulonu v celkovych a-kyselinach
i relativni obsah kolupulonu v celkovych B-kyselinach byl v souladu s dlouhodobymi prdméry pro testované odridy.

Mikys$ka, A., Dusek, M., Jurkova, M., 2017: Evaluation of a- and B-bitter acids content in harvest of Czech hops in 2016. Kvasny
Prum. 63(4): 190-198

The contents of a- and B-bitter acids from hops harvested in the Czech Republic in 2016 have been evaluated. Samples originated
from all growing areas — Zatec, Usték and TrSice (77.3%, 10.7% and 11.9% of the hop garden areas in the Czech Republic). The tested
varieties, Saaz (ZPC), Sladek, Premiant, Agnus, Kazbek and Saaz Late were cultivated on 87.8%, 5.6%, 3.7%, 0.8%, 0.4 and 0.9 of
the harvest areas respectively. Samples were analyzed in accordance with the Analytica EBC, method 7.7 (HPLC), all results are given
in weight % in dry matter. The average value of a-bitter acids in the Saaz hops (3.35%) was 1,20% (55.8% rel.) when compared to the
year 2015 and 0.20% (5.6% rel.) lower to the average of the 23 years. The content of 3-bitter acids (4.99%) was 1.75 % (54.0% rel.) and
0.33 % (7.0 % rel.) higher when compared to the year 2015 and to the long-term average respectively. The content of a-bitter acids in
the Sladek hops (7.29%) was 2.20% (43.2% rel.) and 0.64% (9.6% rel.) higher when compared to the harvest in 2015 and to the average
of the 13 years respectively. The content of a-bitter acids in the Premiant hops (9.02) was in 2.43% (36.9% rel.) higher when compared
to the harvest in 2015 and comparable to the average of the last 13 years. The content of a-bitter acids in the Agnus hops (9.70) was
in 0.80% (7.6% rel.) and 1.40% (12.6% rel.) lower when compared to the harvest in 2015 and to average of last 8 years. The content of
a-bitter acids in the Kazbek (4.96%) and Saaz Late (4.76%) varieties was in comparison with the harvest in 2015 0.37% (8.1%rel.) and
2.6% (119% rel.) higher. The ratio /B bitter acids, the relative content of cohnumulone in the total a-bitter acids and the relative content of
colupulone in the total B-bitter acids were also in agreement with the long-term averages found for the tested varieties.

Mikys$ka, A., Dusek, M., Jurkova, M., 2017: Die Auswertung des Gehalts an a- und B-Bittersduren aus der tschechischen Hopfen-
ernte im Jahre 2016. Kvasny Prum. 63(4): 190-198

Es wurde der Gehalt an a- und - Hopfenbitterséuren aus der Ernte in der Tschechischen Republik im Jahre 2016 ausgewertet. Die
getestete Hopfenmuster wurden aus allen tschechischen Anbaugebieten, d.h. Zatec (Saazer Anbaugebiet) der gesamte Hopfenanbau-
flache 77,3%), péték (Auschaer Anbaugebiet) 10,7% und TrSice (Terschitzer Anbaugebiet) 11,9%. Es handelte sich dabei um folgende
Hopfensorten: Zatecky polorany ¢ervenak (ZPC.Saazer Halbsfriiher Rotenhopfen), Sladek, Premiant, Agnus, Kazbek und Saaz Late, die
an der Flache (87,8%, 5,6 %, 3,7%, 0,8%, 04% und 0,9%) der gesamten Hopfenanbauflache in der Tschechischen Republik geerntet
wurden. Durch die Methode EBC 7,7 (HPLC) wurden die Muster analysiert, die Ergebnisse wurden in % (Trockenmass) angegeben.
Der durchschnittliche Gehalt an a-Bittersauren der Hopfensorte ZPC in der Tschechischen Republik (3,3%) wurde um 1,2% (55,8% rel.)
héher im Vergleich mit der Ermnte 2015 und um 0,20% (5,6% rel.) im Vergleich mit dem Durchschnitt aus den letzten 23 Jahren niedriger.
Der Gehalt an B-Bittersauren (4,99%) wurde im Vergleich mit der Ernte 2015 um 1,75% (54,0% rel.) héher und um 0,33% (7,0% rel.)
im Vergleich mit dem langjéhrigen Durchschnitt auch héher. Der durchschnittliche Gehalt an a-Bittersduren der Hopfensorte Premiant
(9,02%) wurde im Vergleich mit der Ernte 2015 um 2,43% (36,94% rel.) héher und der gleiche im Vergleich mit dem Durchschnitt aus den
letzten 13 Jahren. Der durchschnittliche Gehalt an a-Bitterséduren der Hopfensorte Agnus (9,70%), im Vergleich mit der Ernte 2015 um
0,80% (7,6% rel.) niedriger und mit dem Durchschnittwert aus den letzten 8 Jahren um 1,40% (12,6% rel.) niedriger. Der durchschnitt-
liche Gehalt an a-Bittersduren der Hopfensorte Sladek in der Tschechischen Republik (7,29%) wurde um 1,2% (55,8% rel.) héher im
Vergleich mit der Ernte 2015 und um 2,20% (43,2% rel.), im Vergleich mit dem Durchschnitt aus den letzten 13 Jahren um 0,64% (9,6%
rel.) auch héher. Bei den Hopfensorten Kazbek (4,96%) und Saaz Late (4,76%) wurden die durchschnittlichen Gehalte an a — Bittersau-
ren im Vergleich mit der Ernte 2015 um bei der Sorte Kazbek um 0,37% (8,1% rel.) héher, als auch bei der Sorte Saaz Late um 2,6%
(119,0% rel.) héher. Das Verhaltnis o-Bitterséduren zu den B-Bittersauren, der relative Gehalt an Kohumulon in den gesamten a- und
B-Bittersduren war im Einklang mit den langjéhrigen Durchschnitten fiir die probierenden Hopfensorten.

Klig¢ova slova: sklizeri chmele, Zatecky chmel, a-hofké kyseliny, Keywords: hops harvest, Saaz hops, a-bitter acids, B-bitter acids
B-horké kyseliny

_ 1 INTRODUCTION
1 UVOD
This paper presents the evaluation of the harvest forecast for the
V tomto ¢&lanku je prezentovano vyhodnoceni sklizriové prognézy  content of a- and B-bitter acids in significant Czech hop cultivars
obsahu a- a B-horkych kyselin v dulezitych ¢eskych odridach chme-  from the 2016 harvest. The evaluation of the a- and B-bitter acids of
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le ze sklizné 2016. Hodnoceni obsahu horkych kyselin ¢erstvé skli-
zeneho chmele se ve Vyzkumném ustavu pivovarském a sladafském
(VUPS) provadi od roku 1950. Analyzovany jsou vzorky odebirané
v priib&hu sklizné ze véech tfi péstitelskych oblasti v CR dle odb&mi
mapy. Hodnoty jsou predikci sklizné zalozenou na analyze 170—-180
vzorkd chmele. Hodnoceni celé sklizné, véech vykoupenych partii
chmele provadi Chmelafstvi druzstvo, Zatec a Chmelafsky institut
konduktometrickou metodou.

Od roku 2000 jsou samostatné hodnoceny chmele ze standard-
ni (ZPC-ST) a bezvirézni (ZPC-VF) sadby Zateckého poloraného
Cervenaku. V roce 2004 se ve VUPS zahgjilo i hodnoceni dalSich
Ceskych odrud Sladek a Premiant, jejichz produkce je pro tuzemské
pivovary vyznamna (MikySka, 2010). Horka odrida Agnus je hod-
nocena od roku 2009, aromatickd odrida Kazbek od roku 2014
a v roce 2015 bylo zahdjeno hodnoceni aromatické odridy Saaz
Late, ktera byla v roce 2013 doporu€ena Vyzkumnym Ustavem pi-
vovarskym a sladafskym pro vyrobu dle CHZO Ceské pivo (Mikyska
et al., 2013).

V roce 2016 skliziiova plocha chmelnic v CRvéiniIa 4775 ha, coz
znamena nardst oproti roku 2015 o0 153 ha. V Zatecké oblasti byla
plocha chmelnic 3692 ha, v Ustécké 513 ha a v TrSické 570 ha. Ma-
joritni odrGidou stale zlistava Zatecky polorany ¢ervenak. Podle uda-
ji Ustfedniho kontrolniho a zkugebniho Ustavu zemé&délského v Zat-
cisev CR v roce 2016 péstoval na 87,8 % ploch. V nejvyznamngjsi
Zatecké oblasti se nachazelo 79,0 % z celkové sklizriové plochy ch-
melnic v CR oséazenych ZPC. Minoritnimi odradami z hlediska ploch
chmelnic byly starsi ¢eské odridy Sladek (5,6 %), Premiant (3,7 %),
Agnus (0,8%) a nové odridy Kazbek (0,4%) a Saaz Late (0,9 %)
(Barborka, 2017). B

V roce 2016 bylo v CR sklizeno 7712 tun chmele, v Zatecké oblasti
sklizefi &inila 5800 tun, v Utécké oblasti 819 tun a v Trsické 1093
tun. Primérny vynos byl 1,61 t/ha (Barborka, 2017). Produkce byla
proti roku 2015 vy3s8i o 28691, vzhledem ke sklizni 2014 byla vyS8&i
0 1510t.

Od roku 1994 jsou analyzy celého souboru vzork(l provadény vy-
soce specifickym stanovenim a- i -horkych kyselin a jejich analogl
metodou HPLC podle EBC (Analytica EBC, 1998). Jsou tedy
k dispozici vysledky sledovani kvality chmele v CR touto metodou
za dvacet tfi let. Hodnoty stanovené rliznymi metodami nejsou piné
porovnatelné. Vysledek konduktometrického stanoveni je zpravidla
vy$Si nezli vysledek analyzy metodou HPLC podle EBC, pfi konduk-
tometrickém stanoveni se totiz uplatiuji i dalsi slozky chmelovych
pryskyfic (MikySka et al., 1999; Krofta et al., 2013).

2 MATERIAL A METODY

Vzorky Cerstvé sklizeného, ususeného chmele byly ve spolupraci
s Chmelafstvim druzstvo Zatec odebrany z partii dodavanych ¢eskymi
a moravskymi péstiteli v pribéhu a tésné po ukonéeni sklizné. Pro-
vozné suSené partie chmele byly vzorkovany, po shromazdéni
dilgich kolekci byly vzorky transportovany do VUPS. Poget vzorkii
z jednotlivych péstebnich oblasti odpovidal osazené ploSe chmel-
nic. Vybér péstebnich mist a obci byl volen tak, aby prizkum plosné
pokryl celé péstitelské oblasti. Vzorky byly po dodani neprodlené an-
alyzovany. Cely soubor vzorkl byl analyzovan na obsah a- i B-hof-
kych kyselin a jejich analogli metodou HPLC podle metodiky EBC
(metoda 7.7) (Analytica EBC, 1998). Obsah vody byl stanovovan
suSenim 5g rozemletého vzorku pfi teploté 105 °C po dobu 60 minut.

3 VYSLEDKY A DISKUSE
3.1 Zatecky polorany &ervenak

3.1.1 Zateckd péstebni oblast

Vysledky analyz horkych latek uvadéné v této zpravé jsou vy-
jadfeny v % hmotnostnich v susiné. Vysledky statistického zpra-
covani naméfenych dat jsou uvedeny v tab. 1. Primérny obsah a-hof-
kych kyselin v testovanych vzorcich chmele ze Zatecké oblasti ¢inil
3,38% (3,09 % v plivodnim chmelu). Sklizer byla v dlouhodobém
horizontu 23 let prdmérnd. Rozdil oproti dlouhodobému priméru
¢inil -0,21 % (-5,7 % rel.), oproti roku 2015 byl obsah vy$si 0 1,23%
(57,2% rel.).

Prehled obsahu a- a B-horkych kyselin ve skliznich za posled-
nich 23 let pfiblizuje tab. 2. Obsah a- i - kyselin ve skliznich za toto
obdobi se znacné lisil. Od maxima v roce 1996 obsah a-horkych
kyselin ve chmelech v rdmci Zatecké oblasti i celé CR postupné

the harvested hops at the Research Institute of Brewing and Malting
(RIBM) is carried out yearly and has been done since 1950. The
analyzed samples were collected during the course of the whole har-
vest from all three growing areas in the Czech Republic. The values
are harvest prediction based on the analysis 170-180 hop samples.
Evaluation of the whole harvest, all of purchased parts of hops per-
forms Chmelafstvi druzstvo and Hop Research Institute both using
lead conductance value. o

The standard Saaz variety hops (ZPC-ST) and the virus-free
seedlings (ZPC-VF) have been evaluated separately. In 2004 the
RIBM started the evaluation of other Czech hop varieties Sladek
and Premiant which are important for domestic breweries (MikySka,
2010). The Agnus variety has also been evaluated since 2009, aro-
ma variety Kazbek since 2014, and in 2015 started the assessment
of aroma variety Saaz Late, which was recommended by the Re-
search Institute of Brewing and Malting for production according PGl
Czech beer in 2013 (Mikyska et al., 2013).

In 2016 the hop yard areas in the Czech Republic amounted to
4,775 ha which means an increase of 153 ha compare to 2015. The
Zatec area was spread over 3,692 ha, the USték area 513 ha and the
TrSice area over 570 ha. The most important variety is still the Saaz
variety. According to the data published by the Central Institute for
Supervising and Testing in Agriculture in Zatec, the Saaz variety was
cultivated on 87.8% of all hop yards in the Czech Republic in 2016.
In the most important area Zatec the Saaz variety was cultivated on
79.0% of the hop yards. Other Czech varieties Sladek, Premiant,
Agnus, Kazbek and Saaz Late cultivated on 5.6%, 3.7%, 0.8%, 0.4%
and 0.9% of the hop yards, are from this point of view only minor
varieties (Barborka, 2017).

In the year 2016 a yield of 7,712 tons of hops were harvested. In
the Zatec area 5,800 tons of hops were harvested, in the Usték area
819 tons and in the TrSice area the yield amounted to 1,093 tons.
The average yield was 1.61 tons/ha (Barborka, 2017). The yield
was 2,869 and 1,510 tons higher compare to years 2015 and 2014
respectively.

Since 1994 the hop samples were analyzed by using a highly
specific HPLC-method in accordance with Analytica-EBC for the de-
termination of a- and - bitter acids and their analogues (Analytica
EBC, 1998). Therefore, results from 23 years of hop quality testing
in the Czech Republic by this method are available. The results ob-
tained using different methods are not fully comparable. The values
obtained by lead conductance method are generally higher than the
values obtained by the HPLC method accordance with Analytica
EBC because the lead conductance value also covers additional
components of the hop resins (MikySka et al., 1999; Krofta et al.,
2013).

2 MATERIAL AND METHODS

The samples of freshly harvested and dried hops were collected
in collaboration with the Chmelafstvi, druzstvo Zatec from batches
supplied by Czech and Moravian hop producers during the harvest
or immediately after the end of the harvest. The batches of hops
dried in an industrial scale were sampled and transported to the
RIBM. The number of samples corresponded to the harvest areas.
The specific localities were selected in a way that the survey covers
all growing areas — Zatec, Usték and TrSice. The analyses were con-
ducted immediately after the delivery. The whole sample collection
was analyzed using the HPLC-method in accordance with Analytica-
EBC (method 7.7) for the determination of a- and - bitter acids and
their analogues (Anonymous 1998). The water content was deter-
mined by drying 5g of milled sample at a temperature of 105°C for
60 minutes.

3 RESULTS AND DISCUSSION
3.1 Saaz variety

3.1.1 Growing area Zatec

All contents of bitter substances presented in this study are ex-
pressed as weight % in dry matter. The values obtained and their
statistical evaluations are shown in the Table 1. The average con-
tent of a-bitter acids in the hop samples examined from the Zatec
area was 3.38% (3.09% in origin). This value was comparable to
the long-term average of the last 23 years. The difference from the
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Tab. 1 Obsah hotkych kyselin v odriidé ZPC ve sklizni 2016 v Zatecké oblasti / Table 1 Bitter acids content of Saaz variety of year crop 2016

in Zatec area

a-kyseliny/ kohumulon/ a-kys. /acids B-kyseliny/ kolupulon/ viaha/
a-acids cohumulone : B-acids colupulone moisture
% hm./ % w % rel. B-kys. /acids % hm./ % w % rel. % hm./ % w
Priimér/average 3.38 23.6 0.66 5.14 39.7 8.6
Maximum 5.38 25.9 1.07 6.28 41.9 12.0
Minimum 2.09 19.9 0.44 3.73 36.9 7.5
SD 0.74 1.1 0.12 0.54 1.1 0.6
SD (% rel.) 21.93 4.8 18.92 10.53 2.8 7.1
Median 3.29 23.8 0.64 5.14 39.8 8.5

SD — smérodatnda odchylka / standard deviation

Tab. 2 Obsah hotkych kyselin v odriidé ZPC ve skliznich 1994—2016 v p&stebnich oblastech / Tab. 2 Bitter acids content of Saaz variety of

year crops 1994-2016 in growing areas

Z.izf;;:; :’E)elgstl Zatecka/ Zatec area Ustécka/Usték area TrSicka// Trsice area
Rok/Year a-kyseliny/ B-kyseliny/ a-kyseliny/ B-kyseliny/ a-kyseliny/ B-kyseliny/
a-acids B-acids a-acids B-acids a-acids B-acids
1994 2.7 3.6 2.0 3.4 2.3 3.7
1995 3.6 4.7 3.5 4.6 3.0 4.5
1996 5.1 4.8 4.4 4.6 4.8 5.2
1997 4.7 5.3 4.3 5.3 4.4 5.9
1998 4.1 5.2 3.4 5.5 3.4 4.8
1999 3.5 5.0 3.1 4.8 3.4 4.7
2000 4.0 5.6 4.2 5.7 4.1 5.4
2001 4.1 5.1 4.2 5.4 3.8 5.3
2002 3.2 5.0 3.3 5.1 2.3 4.3
2003 3.2 4.5 3.1 4.5 3.3 4.3
2004 3.9 4.4 3.5 4.2 4.5 5.4
2005 3.6 4.7 3.7 5.2 3.7 4.6
2006 2.3 4.2 2.2 4.3 2.4 3.6
2007 2.9 4.6 3.1 4.7 2.5 4.2
2008 3.8 4.6 3.8 4.9 3.3 45
2009 4.1 4.9 3.7 4.7 3.6 4.6
2010 3.1 5.2 3.1 4.8 2.5 4.5
2011 4.3 5.2 4.1 5.0 4.1 5.0
2012 4.2 4.8 4.0 4.9 3.8 4.6
2013 3.5 3.7 3.2 3.5 2.9 3.0
2014 3.1 4.5 2.7 4.3 2.7 3.7
2015 2.2 3.2 2.1 3.2 2.2 3.3
2016 3.4 5.1 3.4 4.8 3.1 4.4
Pramér/Average 3.6 4.7 3.4 4.7 3.3 4.5
mSTEVF long-term average was -0.21% (-5.7% rel.). In comparison to 2015

Podil /Ratio (% rel.)

1,5-2,0 2,025 2,5-3,0 3,0-35 3,540 4,045 4550 5,0-55
O/O 0/0 0/0 0/0 0/0 0/0 0/0 0/0
a-horké kyseliny v susiné/ a-bitter acids in dry matter

ST - standardni sadba / Standard seed
VF — bezvirozni sadba / Virus-free seed
a-horké kyseliny v susine / a-bitter acids in dry matter

Obr. 1 Frekvenéni rozdéleni obsahu a-hofkych kyselin vzorkli chme-
IG odrady ZPC ve sklizni 2016 / Fig. 1 Distribution of a-bitter acids
content of Saaz hops harvested in 2016

the content was higher in 1.23% (57.2% rel.).

The overview of the a- and B-bitter acids contents in harvested
over the last 23 years shows the Table 2. The a- and B-bitter ac-
ids contents in the harvests during this period differed considerably.
Since the peak values in 1996 the content a-bitter acids in hops from
the growing area Zatec and the total Czech Republic declined until
the year 1999. The harvests in the years 2000 and 2001 were rela-
tively in the good quality, significant decrease was observed in 2002
and 2003.The hops harvested in the years 2004 and 2005 were
average and the lowest values were reached in the harvest 2006.
Since that year, the contents of a-bitter acids in hops significantly
increased. In 2010 the fall was recorded, below-average harvest. In
the years 2011 and 2012 harvests were above average, while the
2013 harvest was slightly, the 2014 harvest markedly and harvest
2015 deeply below long-term average.

The harvest 2016 was rather unbalanced, the relative standard
deviation of a-bitter acids content in the whole set of samples (ZPC
ST and ZPC VF) was 21.9% (values a-bitter acids varied from 2.09%
to 5.38%). The statistical distribution of the a-acid contents (Fig. 1)
showed that the majority of the samples, more than 70% rel. was in
three content groups — a-bitter acids content 2.5-3.0% (25.6% rel.),
3.0-3.5% (28.1% rel.) and 3.5-4.05% (18.3% rel.).

The average content of B-bitter acids of 5.14% (4.69% in origin)
was 0.44% (9.4% rel.) higher than the long-term average and 1.92%
(59,6% rel.) higher than the average value from the harvest in 2015.
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klesal do roku 1999. Sklizné v letech 2000 a 2001 pak byly relativné
kvalitni, vyrazny pokles byl zjistén v roce 2002 a 2003, sklizné 2004
Od tohoto roku obsah a- kyselin vyrazné stoupal. V roce 2010 byl
zaznamenan propad, podpramérna sklizen. V letech 2011 a 2012
byly sklizné nadpriimérné, v roce 2013 byla hodnota mirné, v roce
2014 vyraznéji a v roce 2015 hluboko pod dlouhodobym primérem.

Sklizer 2016 byla dosti nevyrovnana, relativni smérodatna odchyl-
ka obsahu a-hotkych kyselin souboru vzorkii ZPC ST i VF &inila
21,9 % (a-kyseliny v intervalu 2,09 %—5,38 %). Frekvencni rozdéleni
obsahu a-kyselin (obr. 1) ukazuje, ze nejvétsi zastoupeni, vice nez
70% vzork(, bylo ve tfech obsahovych tfidach, 2,5-3,0% hmot.
v susiné (25,6 %), a 3,0-3,5% hmot. v susiné (28,1%) a 3,5-4,0%
hmot. v susiné (18,3 %).

Primérny obsah B-hofkych kyselin ve vysi 5,14% (4,69%
v ptivodnim chmelu) byl 0 0,44 % hmot. v susiné (9,4 % rel.) vy$si
nezli dlouhodoby priimér a o 1,92 % hmot. v susiné (59,6 % rel.) vys-
&i oproti primérné hodnoté sklizné 2015. Pomér a- a B-kyselin 0,66
byl nizsi oproti priméru za 23 let (0,76).

Relativni obsah kohumulonu v celkovych a-kyselinach 23,6 %
i relativni obsah kolupulonu v celkovych B-kyselinach 39,7% se
nachazel v rozmezi typickém pro Zatecky polorany cCervenak
a od dlouhodobych priméra se vyrazné nelisil (relativni obsah kohu-
mulonu 24,8 %, relativni obsah kolupulonu 40,6 %).

Obsah vody v odebranych vzorcich byl v priméru 8,6 % s dlou-
hodobym primérem (8,2 %).

3.1.2 Ustécka péstebni oblast )

Primérny obsah a-hofkych kyselin ve vzorcich chmele z Ustéc-
ké oblasti ¢inil 3,41% hm. v susiné (3,11 % v pavodnim chmelu)
(tab. 3). Vyrovnanost sklizn& byla obdobna Zatecké oblasti, relativ-
ni smérodatna odchylka obsahu a-horkych kyselin souboru vzork(
chmele byla 23,5 % (a-kyseliny v intervalu 2,28 %—5,06%). Primérna
hodnota a-horkych kyselin byla shodna s primérem za 23 let ndmi
provadéného sledovani a o 1,28% (60,1% rel.) vy$si oproti roku
2015 (tab. 2).

Obsah B-horkych kyselin ve vzorcich chmele byl 4,76 % (4,34 %
v puvodnim chmelu), byl prakticky shodny s priimérem pro tuto
oblast za 23 let a 0 1,53% (47,4% rel.) vy$si nezli ve sklizni 2015.
Pomér a- a B- hotkych kyselin 0,73 | byl shodny s dlouhodobym pr-
meérem pro oblast (0,72).

Relativni obsah kohumulonu v celkovych a-kyselinach (22,7 %)
i relativni obsah kolupulonu v celkovych B-kyselinach (39,0%) se
od dlouhodobych primér pro tuto oblast vyrazné nelisil (24,5 %
resp. 40,3 %).

Obsah vody v odebranych vzorcich byl v priméru 8,7 %.

The ratio a-/B-bitter acids was 0.66. This value was lover compare to
the average of the last 23 years (0.76).

Both the relative content of cohnumulone in the total a-bitter acids
(283.6% rel.) and the relative content of colupulone in the total B-bitter
acids (39.7% rel.) were in the range typical for the Saaz variety and
was about the same when compared to the long-term average of
cohumulone (24.8% rel.) and colupulone (40.6% rel.).

The average water content in the tested samples was 8.6%.

3.1.2 Growing area Usték

The average content of a-bitter acids in hop samples from the
Usték area was 3.41% (3.11% in origin) (7able 3). The crop balance
was similar to Saaz growing area. The relative standard deviation
for the values of a-bitter acids in this group of samples was 23.5%
and the values varied from 2.28% to 5.06%. The average value for
a-bitter acids was comparable to the average for the last 23 years of
monitoring and in 1.28% (60.1% rel.) higher than in 2015 (Table 2).

The content of B-bitter acids of 4.76% (4.34% in origin) was
comparable to the average in this area for the last 23 years and in
1.53% (47.4% rel.) higher compare to the year crop 2015. The o-/B-
bitter acids ratio was 0.73. This value was the same as the long-term
average (0.72) for this area.

Both the relative content of cohnumulone in the total a-bitter acids
(22.7% rel.) and the relative content of colupulone in the total B-bitter
acids (39.0% rel.) were virtually identical to the long-term average
values for this area (24.5% rel. and 40.3% rel.).

The average water content in the samples tested was 8.7%.

3.1.3 Growing area TrSice

The average content of a-bitter acids in hop samples from the
Tr8ice area was 3.11% (2.85% in origin) (Table 4). The crop was ho-
mogeneous similarly to other two growing areas. The relative stand-
ard deviation for the values of a-bitter acids in this group of samples
was 22.5% and the values varied from 1.90% to 4.62%. The content
of a- bitter acids was 0.2% (6.0% rel.) lower than the average for the
last 23 years and 0.92% (42% rel.) higher than in 2015 (Table 2).

The content of B-bitter acids in hops was 3.34% (3.07% in ori-
gin). This value was 1.08% (32% rel.) lower than the average for the
last 22 years and 0.92% (42.0% rel.) higher than the value of crop in
2015. The a-/B-bitter acids ratio was 0.71. This value was similar to
the long-term average (0.73).

Both the relative content of cohnumulone in the total a-bitter acids
(24.0% rel.) and the relative content of colupulone in the total B-bitter
acids (40.3%) were very similar to the long-term average values for
this area (25.1% rel. and 40.5% rel.).

The average water content in the tested samples was 8.6%.

Tab. 3 Obsah hotkych kyselin v odriidé ZPC ve sklizni 2016 v Ustécké oblasti / Table 3 Bitter acids content of Saaz variety of year crop

2016 in Usték area

a-kyseliny/ kohumulon/ a-kys. /acids B-kyseliny/ kolupulon/ vilaha/
a-acids cohumulone : B-acids colupulone moisture
% hm./ % w % rel. B-kys. /acids % hm./ % w % rel. % hm./ % w
Pramér / average 3.4 22.7 0.73 4.76 39.0 8.7
Maximum 5.06 25.6 1.22 5.52 41.0 10.8
Minimum 2.28 20.0 0.54 3.85 35.1 7.5
SD 0.80 1.5 0.20 0.49 1.4 0.7
SD (% rel.) 23.53 6.8 27.28 10.23 3.6 7.5
Median 3.22 23.4 0.63 4.80 39.4 8.6

Tab. 4 Obsah hotkych kyselin v odrtidé ZPC ve sklizni 2016 v Trsické oblasti / Table 4 Bitter acids content of Saaz variety of year crop 2016

in Trsice area

a-kyseliny/ kohumulon/ a-kys. /acids B-kyseliny/ kolupulon/ vilaha/
a-acids cohumulone : B-acids colupulone moisture
% hm./ % w % rel. B-kys. /acids % hm./ % w % rel. % hm./ % w
Primeér / average 3.11 24.0 0.71 4.42 40.3 8.6
Maximum 4.62 25.5 0.93 5.24 42.6 11.1
Minimum 1.90 21.3 0.47 3.08 37.6 7.1
SD 0.70 1.4 0.14 0.57 1.3 1.0
SD (% rel.) 22.48 5.6 20.35 12.85 3.1 11.6
Median 3.09 24.5 0.69 4.51 40.3 8.4

SD — smérodatna odchylka / standard deviation
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3.1.3 Trsicka péstebni oblast

Pramérny obsah a-horkych kyselin ve vzorcich chmele z TrSické
oblasti ¢inil 3,11% (2,85% v plvodnim chmelu) (tab. 4). Vyrov-
nanost sklizné byla obdobna Zatecké oblasti, relativni smérodatna
odchylka obsahu a-hotkych kyselin souboru vzorkli chmele byla
22,5% (a-kyseliny v intervalu 1, 90 %—4,62 %). Hodnota je 0 0,20 %
(6,0% rel.) nizsi oproti priméru za 23 let a 0 0,92% (42,0% rel.)
vy$8i oproti roku 2015 (tab. 2).

Obsah B-horkych kyselin ve vzorcich chmele byl 4,42 % (4,04 %
v plvodnim chmelu) a je shodny s primérem za poslednich 23
let a 0 1,08% (32,3 % rel.) vy$si oproti sklizni 2015. Pomér a- a B-
horkych kyselin 0,71 byl shodny s dlouhodobym primérem (0,73).

Relativni obsah kohumulonu v celkovych a-kyselinach (24,0 %)
i relativni obsah kolupulonu v celkovych B-kyselinach (40,3%) se
od dlouhodobych priimérd pro tuto oblast vyrazné nelisil (25,1 %
resp. 40,5 %).

Obsah vody v odebranych vzorcich byl v priméru 8,6 %.

3.1.4 Ceska republika celkem

Prameérny obsah a-hofkych kyselin ve vzorcich chmele standard-
ni i bezvirozni sadby z celé Ceské republiky &inil 3,35% (3,06 %
v puvodnim chmelu) (fab. 5). Relativni smérodatna odchylka
od prdmérného obsahu a-hotkych kyselin ¢inila 22,4% (a-kyseliny
v intervalu 1,90 %—5,38 %). Zjisténa primérna hodnota byla o 0,20%
(5,6 % rel.) nizsi oproti priméru za poslednich 23 let a 0 1,20 % (55,8 %
rel.) vy$si oproti roku 2015. Vysledky nami provedené skliziiové prog-
nézy a-horkych kyselin jsou niz$i neZli vysledky predskliziiové prog-
ndzy i celkového hodnoceni véech nakupnich vzorkl provadéné Ch-
melafskym institutem (Zatecko ZPC-ST 3,54 % a 3,50% v plivodnim)
(Krofta, 2017). Dlivodem je zejména rozdil v pouzitych metodach, pro
predskliziiovou prognozu i celkové hodnoceni sklizné je pouzivano
konduktometrické stanoveni dle CSN 462520-15.

Primérny obsah B-hotkych kyselin 4,99% (4,56 % v ptivodnim
chmelu) byl vy$si v porovnani s dlouhodobym primérem o 0,33
(7,0% rel.) a 0 1,75% (54,0 % rel.) vyS&i oproti roku 2015 (MikySka
a Jurkova, 2016).

Pomér a- a B-horkych kyselin 0,67 byl nizsi oproti dlouhodobému
praméru (0,74). Ve skliznich 2006, 2007, 2010, 2014 a 2015 byla
znacna prevaha (- horkych kyselin, naproti tomu napf. v roce 2013
byl obsah a- a - horkych kyselin téméf vyrovnany (tab. 2).

Relativni obsah kohumulonu v celkovych a-kyselinach (23,5 %)
i relativni obsah kolupulonu v celkovych B-kyselinach (39,7 %) se na-
chéazel v rozmezi typickém pro Zatecky polorany ervefak, hodnoty
byly srovnatelné s dlouhodobym priimérem (24,7 % resp. 40,4 %).

Obsah vody byl 8,6 %.

Pramérny obsah a-hofkych kyselin v 65 vzorcich chmele stan-
dardni sadby z celé Ceské republiky ¢inil 3,27 %. Primérny obsah
a-horkych kyselin ve 47 chmelech z bezvirézni sadby byl 3,46 %, byl
tedy 0 0,19% (5,9 % rel.) vy$Si v porovnani se standardni sadbou.
Pramérny obsah B-horkych kyselin ve chmelech z bezvirézni sadby
byl srovnatelny s chmely ze standardni sadby (fab. 5). Dle nasich
vysledkd byly ve skliznich 2003 az 2007 prdmérné hodnoty obsahu
a-hotkych kyselin u vzorkit ZPC-VF 0 4-14% rel. vy$$i v porovnani
s ZPC-ST (Mikyska, 2008), v letech 2010 az 2015 se rozdil pohy-
boval od 3 do 10% rel. Rozdily uvadéné chmelaiskym institutem
pro standardni a bezvirozni chmele jsou podstatné vétsi (ZPC-ST
3,50%, ZPC-VF 4,41%; KH v pavodnim) (Krofta, 2017). Pravdé&po-
dobnym ddvodem je nespolehlivé znaceni typu sadby péstiteli.

3.1.4 Whole Czech Republic

The average content of a-bitter acids in hop samples from
throughout the Czech Republic was 3.35% (3.06% in origin) (7a-
ble 5). The relative standard deviation from the average value of
the a-acid content was 22.4% and the values varied from 1.90% to
5.38%. The average value was 0,2% (5.6% rel.) lower when com-
pared to the average for the last 23 years and 1.20% (55.8% rel.)
higher than the average in 2015. The results of our harvest forecasts
of a-bitter acids content are lower than the results of the pre-harvest
forecast and the overall evaluation of all purchasing samples car-
ried out by the Hop Research Institute Zatec (Saaz-ST 3,54% and
3,50% in original) (Krofta 2017). The reason is mainly the difference
in the methods used, the led conductance method according to CSN
462520-15 has been used for the pre-harvest prognosis as well as
the overall evaluation of the harvest.

The average content of B-bitter acids was 4.99% (4.56% in ori-
gin). It was 0.33% (7.0% rel.) higher compared to the long-term aver-
age and 1.75% (54.0% rel.) higher in comparison with the year 2015.
(Miky$ka, Jurkova 2016).

The a-/B-bitter acids ratio was 0.67. This value was lower compare
to the long-term average (0.74). considerable superiority of 3- bitter
acids was in harvests 2006, 2007, 2010, 2014 and 2015, whereas
the content of a- and B- bitter acids nearly balanced for example in
2013 (Table 2).

Both the relative content of cohumulone in the total a-bitter acids
(23.5% rel.) and the relative content of colupulone in the total B-bitter
acids (39.7% rel.) were in the range typical for the Saaz variety and
similar to the long-term average (cohumulone 24.7% rel., colupulone
40.4% rel.).

The average water content was 8.6%.

The average content of a-bitter acids in 65 samples of standard
seedlings from the whole Czech Republic amounted to 3.27%. The
average content of a-bitter acids of virus free seedlings was 3.46%,
it was therefore 0.19% (5.9% rel.) higher compared to the standard
planting. The average content of B-bitter acids of virus free seedlings
and standard ones was comparable (Table 5). According to our re-
sults, for the harvests from 2003 to 2007, the average contents of
a- bitter acids in samples of Saaz-VF were only 4-14% rel. higher
when compared to samples of Saaz-ST (MikySka, 2008), the differ-
ence was 3 — 10% rel. in the years 2010 - 2015. The differences
reported by the Hop Research Institute for standard and virus free
hops are significantly higher (ZPC-ST 3,50%, ZPC-VF 4,41%, LCV
in original) (Krofta, 2017). The probable reason is unreliable seedling
type markup by growers.

The statistical distribution of the values for a-acid contents (Fig. 1)
showed that the larges representation in the samples of virus-free seed-
lings were in two content classes 3.0-3.5 and 3.54.0 (both 23.7% rel.).
For standard seedlings, it was content classes 2.5-3.0 and 3.0-3.5
(26.2 and 29.2% rel.). Only approximately 10% of all tested hops had
content of a-bitter acids below 2.5%, less than 20% of hops had the
content above 4.0%. Balance of the o-bitter acids content was better
compare to the year 2015 and lower than in former crops.

3.2 Other Czech varieties
3.2.1 Sladek variety

The average content of a-bitter acids in the tested hop samples
of the Sladek variety was 7.29% (6.72% in origin). The average

Tab. 5 Obsah hotkych kyselin v odriidé ZPC ve sklizni 2016 v Ceské republice / Table 5 Bitter acids content of Saaz variety of year crop 2016

in the Czech Republic

a-kyseliny/ kohumulon/ a-kys. / acids B-kyseliny/ kolupulon/ vlaha/
a-acids cohumulone - B-acids colupulone moisture

% hm./ % w % rel. B-kys. / acids % hm./ % w % rel. % hm./ % w
Pramér / average 3.35 23.5 0.67 4.99 39.7 8.6
Maximum 5.38 25.9 1.22 6.28 42.6 12.0
Minimum 1.90 19.9 0.44 3.08 35.1 71
SD 0.75 1.3 0.14 0.60 1.2 0.7
SD (% rel.) 22.40 5.4 21.03 11.96 3.1 7.9
Median 3.28 23.8 0.64 4.96 39.8 8.6
Pramér / average ST 3.27 23.3 0.66 4.97 39.5 8.7
Primeér / average VF 3.46 23.9 0.69 5.02 40.0 8.5

SD — smérodatna odchylka / standard deviation
ST — standardni sadba / Standard seed
VF — bezvirozni sadba / Virus-free seed
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Tab. 6 Obsah hotkych kyselin v odridé Sladek ve sklizni 2016 v Ceské republice / Table 6 Bitter acids content of Sladek variety of year crop

2016 in the Czech Republic

a-kyseliny/ kohumulon/ a-kys. / acids B-kyseliny/ kolupulon/ vlaha/
a-acids cohumulone : B-acids colupulone moisture
% hm./ % w % rel. B-kys. / acids % hm./ % w % rel. % hm./ % w
Pramér / average 7.29 23.7 1.17 6.40 46.9 7.8
Maximum 9.85 27.9 1.97 7.99 50.8 8.4
Minimum 4.73 20.5 0.67 4.74 41.8 7.2
SD 1.44 1.9 0.33 0.77 2.3 0.3
SD (% rel.) 19.79 8.0 27.83 12.01 4.8 4.3
Median 7.39 23.3 1.09 6.18 47.0 7.9

SD - smérodatna odchylka / standard deviation

Tab. 7 Obsah hotkych kyselin v odriidach Sladek, Premiant a Agnus ve skliznich 2004—2016 v Ceské republice / Table 7 Bitter acids content
of Sladek, Premiant and Agnus varieties of year crops 2004 —2016 in the Czech Republic

Odruda / Variety Sladek Premiant Agnus
Rok / Year u-kyse'liny/ B-kyse_linyl a-kyse'liny/ B-kyse_linyl a-kyse'liny/ B-kyse_liny/
a-acids B-acids a-acids B-acids a-acids B-acids
2004 5.8 5.5 9.8 4.4 - -
2005 6.8 7.1 9.0 5.3 - -
2006 6.5 6.5 7.6 6.0 - -
2007 - - - - - -
2008 6.6 6.1 10.2 4.8 - -
2009 7.3 7.2 11.0 5.1 13.5 6.6
2010 7.3 6.4 9.7 5.9 11.2 7.1
2011 8.2 5.8 10.1 5.2 11.0 6.1
2012 7.0 5.2 8.9 5.1 12.1 6.0
2013 6.2 5.1 8.4 4.2 11.2 5.6
2014 5.8 6.1 7.2 5.8 9.7 6.2
2015 5.1 4.4 6.6 3.3 10.5 4.9
2016 7.3 6.4 9.0 5.5 9.7 6.3
Priimér / Average 6.7 6.0 9.0 5.0 11.1 6.1

Statistické rozdéleni hodnot obsahu a-horkych kyselin do obsa-
hovych tfid po 0,5% (obr. 1) ukdzalo nejvétsi zastoupeni chmell
z bezvirdzni sadby ve tfidach 3,0-3,5 a 3,5-4,0 (po 23,7 % vzork()
u standardni sadby to byly tfidy 2,5-3,0 a 3,0-3,5 (26,2% a 29,2 %
vzorkU). Pouze priblizné 10% vSech testovanych chmell mélo ob-
sah a-horkych kyselin pod 2,5% a 20% chmeld mélo obsah nad
4,0%. Vyrovnanost obsahu a-horkych kyselin byla lepSi nez v roce
2015 a nizsi nezli v pfedchozich skliznich.

3.2 DalSi ¢eské odrady

3.2.1 Sladek

Primérny obsah a-hofkych kyselin v testovanych vzorcich ch-
mele odridy Sladek ¢inil 7,29% (6,72% v pUvodnim chmelu).
Pramérny obsah B-hofkych kyselin byl 6,40% (5,90% v plvod-
nim chmelu) (tab. 6). Odrlida Sladek je na VUPS sledovana od roku
2004. Ve sklizni 2007 nebylo hodnoceni odriid Sladek a Premiant
provedeno z divodu malého mnozstvi ziskanych vzork(. Kvalita sk-
lizné 2016 z pohledu obsahu a-hotkych kyselin byla nadpriiméma,
oproti priméru za poslednich 13 let byla 0 0,64 % (9,6 % rel.) vyssi
a 0 2,20% (43,2% rel.) vySSi oproti sklizni 2015. Obsah 3-horkych
kyselin byl vy$si v porovnani s dlouhodobym priimérem o 0,41 %
(6,8% rel.) a 02,05% (47,1 % rel.) vy$si oproti sklizni 2015 (tab. 7).

Pro odriidu Sladek je $lechtiteli, ChmelaFskym institutem v Zatci
(Anonymous 2012) uvadén typicky obsah a-horkych kyselin v roz-
mezi 4,5 az 8,0 % a obsah B-horkych kyselin v rozmezi 4 az 7 %.

Relativni smérodatna odchylka priméru hodnot obsahu a-horkych
byla 4,73%, nejvysSi hodnota byla 9,85%. Statistické rozdéleni
hodnot obsahu a-hofkych kyselin ukazalo nejvice vzorkl ve tfidé
5,0-6,0 (33,3 % vzork(), 6,0-7,0 (20,0% vzork() a 8,0-9,0 (26,7 %
vzorkU) (obr. 2).

Pomér obsahu a-kyselin k obsahu B-kyselin 1,14 lezi v rozmezi
uvadéném Chmelafskym institutem v Zatci (0,70-1,30). Relativni
obsah kohumulonu v celkovych a-kyselinach ve vysi 23,7 % a rela-

content of the B-bitter acids was 6.40% (5.90% in origin) (Table 6).
At the RIBM the Sladek variety has been tested since the year 2004.
Due to an insufficient number of samples the Sladek and Premi-
ant varieties were not examined in 2007. In terms of the content of
a-bitter acids the quality of the 2016 crop was ower the average,
0,64% (9.6% rel) higher compared to the last 13 years average val-
ue and 2.2% (43.2% rel.) higher than the values from the year 2015.

The content of B-bitter acids was in comparison with the long-term
average 0.41% (6.8 % rel.) higher and 2.05 (47.1 % rel.) higher com-
pare to the crop in 2015 (Table 7).

The Hop Research Institute in Zatec (Anonymous 2012) gives
a range from 4.5 to 8.0% as a typical for the a-acid content and
a range from 4.0 to 7.0% as a typical for the B-acid content in the
Sladek variety.

The relative standard deviation for the values of a-bitter acids in
this group of samples was 19.8%. The values ranged from 4.73%
to 9.85%. The statistical distribution of the values of a-acid contents
showed the most of samples in the classes 5.0-6.0 (33.3% rel.), 6.0-
7.0 (20.0% rel.) and 8.0-9.0% (26.7% rel.) (Fig. 2).

The ratio a-/B-bitter acids was 1.14 and it is in the range presented
by the Hop Research Institute in Zatec (0.70 to 1.30). The relative
content of cohumulone in the total a-bitter acids 23.7% rel. and the
relative content of colupulone in the total B-bitter acids 46.9% rel.
were in the ranges given for this variety; for cohumulone values
from 23 to 30% rel. and for colupulone values from 44 to 50% rel.
They were also in agreement with the average from the last 13 years
(25.7% rel. and 48.7% rel.).

The average water content was 7.8%.

3.2.2 Premiant variety

The average content of a-bitter acids in the tested hop samples
of the Premiant variety was 9.02% (8.28% in origin). The average
content of B-bitter acids was 5.54% (5.08% in origin) (7able 8). The
average value for the a-acid content in the 2016 crop was compara-
ble to the average value from the last 13 years and 2.43% (36.94%
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Obr. 2 Frekvenéni rozdéleni obsahu a-horkych kyselin vzorkl chme-
10 odriidy Sladek ve sklizni 2016 / Fig. 2 Distribution of a-bitter acids
content of Sladek hops harvested in 2016

tivni obsah kolupulonu v celkovych B-kyselinach 46,9 % jsou v roz-
mezi uvadéném pro tuto odrlidu (kohumulon 23-30 % rel., kolupulon
44-50% rel.), hodnoty byly v souladu s primérem za 13 let (25,7%
rel. resp. 48,7% rel.).

Obsah vody v priméru ¢inil 7,8 %.

3.2.2 Premiant

Primérny obsah a-hofkych kyselin v testovanych chmelech od-
rady Premiant ¢inil 9,02% (8,28% v ptvodnim chmelu). Primér-
ny obsah B-hofkych kyselin 5,54 % (5,08 % v pavodnim chmelu)
(tab. 8). Primérna hodnota obsahu a-horkych kyselin ve sklizni 2016
byla prakticky shodna s primérem za 13 let 0 2,43 % (36,94 % rel.)
vy$si oproti sklizni 2015. Obsah B-horkych kyselin byl oproti dlouho-
dobému praméru o 0,50 (9,9 % rel.) vy$si a oproti sklizni 2015 vyssi
02,22% (66,9 % rel.) (tab. 7).

Pro odriidu Premiant je Chmelaiskym institutem v Zatci uvadén ty-
picky obsah a-horkych kyselin v rozmezi 7 az 10 %, obsah B-horkych
kyselin 3,5 az 5,5% (Anonymous, 2012).

Kvalita chmelfj Premiant z pohledu obsahu a- hofkych kyselin byla
hodnota obsahu a-horkych kyselin byla 5,73 %, nejvySS| hodnota
byla 10,96 %. Statistické rozdéleni hodnot obsahu a-hotkych kyselin
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Obr. 3 Frekvenéni rozdéleni obsahu a-horkych kyselin vzorkd chme-
10 odrady Premiant ve sklizni 2016 / Fig. 3 Distribution of a-bitter
acids content of Premiant hops harvested in 2016

rel.) higher when compared to values from the year 2015. The con-
tent of B-bitter acids was 0.50% (9.9% rel.) higher compared to long-
term average and 2.22% (66.9% rel.) higher compare to the 2015
crop (Table 7). ~

The Hop Research Institute in Zatec (Anonymous, 2012) gives
arange from 7 to 10% as a typical for the a-acid content and a range
from 3.5 to 5.5% as a typical for the B-acid content in the Premiant
variety.

In terms of the content of a-bitter acids the hop quality of the Premi-
ant variety was homogeneous. The relative standard deviation was
11.6%. The lowest value for a-acid content was 5.73% and the high-
est value was 10.96%. The statistical distribution for the values of
a-acid content showed the most of samples in the classes 8.0-9.0%
and 9.0— 10.0% (both 33,3% rel.) (Fig. 3).

The ratio a-/B-bitter acids was 1.68, this value is in the range pre-
sented by the Hop Research Institute in Zatec (1.70-2.30%). The rel-
ative contents of cohumulone in the total a-bitter acids (20.1%) and
of colupulone in the total B-acid (42.5%) were in the range given for
this variety (cohumulone 18-23% rel. and colupulone 39-44% rel.).

The average water content was 8.3%.

Tab. 8 Obsah hofkych kyselin v odridé Premiant ve sklizni 2016 v Ceské republice / Table 8 Bitter acids content of Premiant variety of year

crop 2016 in the Czech Republic

a-kyseliny/ kohumulon/ a-kys. / acids B-kyseliny/ kolupulon/ viaha/
a-acids cohumulone : B-acids colupulone moisture
% hm./ % w % rel. B-kys./ acids % hm./ % w % rel. % hm./ % w
Primeér / average 9.02 20.1 1.68 5.54 42.5 8.3
Maximum 10.96 23.3 2.85 7.12 46.3 9.2
Minimum 5.73 17.0 1.28 3.51 39.2 7.5
SD 1.05 1.5 0.37 0.92 1.9 0.4
SD (% rel.) 11.59 7.3 22.16 16.58 4.5 5.1
Median 9.09 20.1 1.61 5.49 42.4 8.3

SD — smérodatna odchylka / standard deviation

Tab. 9 Obsah hotkych kyselin v odridé Agnus ve sklizni 2016 v Ceské republice / Table 9 Bitter acids content of Agnus variety of year crop

2016 in the Czech Republic

a-kyseliny/ kohumulon/ a-kys. / acids B-kyseliny/ kolupulon/ viaha/
a-acids cohumulone 3 B-acids colupulone moisture
% hm./ % w % rel. B-kys. / acids % hm./ % w % rel. % hm./ % w
Primeér / average 9.70 38.3 1.54 6.34 60.2 7.9
Maximum 10.35 39.7 1.67 6.78 61.3 8.6
Minimum 8.32 37.6 1.25 5.79 59.0 7.5
SD 0.65 0.7 0.15 0.31 0.9 0.3
SD (% rel.) 6.67 1.9 9.72 4.90 1.5 4.2
Median 10.04 38.1 1.62 6.34 60.5 7.9

SD — smérodatnda odchylka / standard deviation
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ukazalo nejvice vzorkl ve tfidach od 8,0 do 9,0% a od 9,0 do 10,0
(obé po 33,3 % vzorku) (obr. 3).

Pomér obsahu a-kyselin k obsahu B-kyselin 1,68 lezel na spodni
hranici rozmezi uvadéném Chmelafskym institutem (1,70-2,30). Re-
lativni obsah kohumulonu v a-kyselinach ve vysi 20,1% i relativni
obsah kolupulonu v B-kyselinach 42,5% se nachazel v rozmezi pro
odrtdu (kohumulon 18-23 % rel., kolupulon 39-44 % rel.).

Obsah vody v praméru ¢inil 8,3 %.

3.2.3 Agnus

Primérny obsah a-horkych kyselin v testovanych vzorcich ch-
mele odridy Agnus ¢inil 9,70% hm. v susiné (8,92% v pavodnim
chmelu). Primérny obsah B-hofkych kyselin 6,34 % hm. v susiné
(5,83% hm. v pGvodnim chmelu) (tab. 9). Tato hotka odrida byla
ve VUPS hodnocena osmym rokem. Obsah a-horkych kyselin byl
v porovnani s osmiletym primérem niz8i o 1,40% (12,6% rel.)
a v porovnani se sklizni 2015 byl nizsi 0 0,80% (7,6 % rel.), obsah
B-horkych kyselin byl oproti dlouhodobému priméru vyssi o 0,22 %
(8,6 % rel.) a oproti sklizni 2015 vy$si 0 1,43 % (29,1 % rel.) (tab. 7).

Pro odridu Agnus je Chmelafskym institutem v Zatci uvadén ty-
picky obsah a-horkych kyselin v rozmezi 9 az 12% hm. v su8iné&, ob-
sah B-horkych kyselin 4 az 6,5% hm. v susiné (Anonymous, 2012).

Pomér obsahu a-kyselin k obsahu B-kyselin 2,15 lezel v rozmezi
uvadéném CHI Zatec (1,90-2,60). Relativni obsah kohumulonu
v celkovych a-kyselinach ve vysi 29,3% i relativni obsah kolupulo-
nu v celkovych B-kyselinach 52,3% byl na spodni hranici rozmezi
uvadéného pro tuto odridu (kohumulon 29-38% rel., kolupulon
51-59% rel.).

Obsah vody byl v rozmezi 6,3 az 8,5 %, v praméru ¢inil 7,9 %.

3.2.4 Kazbek

Primérny obsah a-hofkych kyselin v testovanych vzorcich ch-
mele odridy Kazbek ¢inil 4,96 % hm. v susiné (4,52% v plvod-
nim chmelu). Primérny obsah B-hofkych kyselin 5,45% hm.
v sus$iné (4,96 % hm. v pivodnim chmelu) (tab. 10). Tato odrida
byla na VUPS hodnocena tietim rokem. Obsah a-hotkych kyselin
byl v porovnani se sklizni 2015 vy858i o 0,37% (8,1 % rel.), obsah
B-hotkych kyselin byl 0 1,10% (26,3 % rel.) vy$si oproti sklizni 2015.

Pro odridu Kazbek je Chmelafskym institutem v Zatci uvadén
typicky obsah a-hotfkych kyselin v rozmezi 5 az 8% hm. v su8iné,
obsah B-horkych kyselin 4 az 6 % hm. v susiné (Anonymous, 2012).

Pomér obsahu a-kyselin k obsahu B-kyselin 0,91 lezel nad doini
hranici rozmezi uvadéného CHI Zatec (0,90-1,50). Relativni obsah
kohumulonu v celkovych a-kyselinach ve vysi 37,2 % i relativni obsah

3.2.3 Agnus variety

The average content of a-bitter acids in tested hop samples of
the Agnus variety was 9.70% (8.92% in origin). The average con-
tent of B-bitter acids was 6.34% (5.83% in origin) (Table 9). This
variety has been evaluated at the RIBM for the eight year. The aver-
age value for the a-acid content in the 2016 crop was 1.40% (12.6 %
rel.) lower in comparison with long term average and 0.80% (7.6%
rel.) lower compared to the year 2015. The content of B-bitter acids
was higher by 0.22% (3.6% rel.) and 1.43 (29.1% rel.) compared to
long term average and the year 2015. The content of B-bitter acids
was comparable to the long term average and 1.43 = (29.1% rel.)
higher than in the year 2014 (Table 7). 3

According to the Hop Research Institute in Zatec (Anonymous,
2012) typical values for the a-acid for the Agnus variety range from
9 to 12% whilst typical values for the B-acid content vary from 4 to
6.5%.

The o-/B-bitter acids ratio was 2.15. This value was in the range
referred (1.90 to 2.60%). The relative contents of cohumulone in the
total a- bitter acids of 29.3% and of colupulone in the total B-bitter ac-
ids of 52.3% were in the range specified for this variety (cohnumulone
29-38% rel., colupulone 51-59% rel.).

The average water content was 7.9%.

3.2.4 Kazbek variety

The average content of a-bitter acids in tested hop samples of the
Kazbek variety was 4.96% (4.52% in origin). The average content
of B-bitter acids was 5.45% (4.96% in origin) (Table 10). This vari-
ety has been evaluated at the RIBM for the third year. The average
value for the a-acid content in the 2016 crop was 0.37% (8.1% rel.)
higher and the content of B-bitter acids 1.10% (26.3% rel.) higher
compared to the year 2015. }

According to the Hop Research Institute in Zatec (Anonymous,
2012) typical values for the a-acid for the Kazbek variety range from
5 to 8% whilst typical values for the -acid content vary from 4 to 6%.

The o-/B-bitter acids ratio was 0.91. This value was in the range
referred (0.90 to 1.50). The relative contents of cohumulone in the
total o- bitter acids of 37.2% and of colupulone in the total -bitter ac-
ids of 61.1% were in the range specified for this variety (cohumulone
35-40% rel., colupulone 57-62% rel.).

The average water content was 9.0%.

3.2.5 Saaz Late variety
The average content of a-bitter acids in tested hop samples of
the Saaz Late variety was 4.76% (4.31% in origin). The a-acid con-

Tab. 10 Obsah hotkych kyselin v odrtidé Kazbek ve sklizni 2016 v Ceské republice / Table 10 Bitter acids content of Kazbek variety of year

crop 2016 in the Czech Republic

a-kyseliny/ kohumulon/ a-kys. / acids B-kyseliny/ kolupulon/ viaha/
a-acids cohumulone : B-acids colupulone moisture
% hm./ % w % rel. B-kys. / acids % hm./ % w % rel. % hm./ % w
Primeér / average 4.96 37.2 0.91 5.45 61.1 9.0
Maximum 5.14 39.4 0.96 5.68 63.5 10.5
Minimum 4.78 32.8 0.86 5.18 54.4 8.1
SD 0.14 2.6 0.03 0.18 3.8 0.9
SD (% rel.) 2.78 7.0 3.28 3.38 6.3 10.1
Median 5.01 38.3 0.91 5.52 63.2 8.5

SD — smérodatna odchylka / standard deviation

Tab. 11 Obsah hotkych kyselin v odriidé Saaz Late ve sklizni 2016 v Ceské republice / Table 11 Bitter acids content of Saaz Late variety of

year crop 2016 in the Czech Republic

a-kyseliny/ kohumulon/ a-kys. / acids B-kyseliny/ kolupulon/ vilaha/
a-acids cohumulone : B-acids colupulone moisture
% hm./ % w % rel. B-kys./ acids % hm./ % w % rel. % hm./ % w
Primeér / average 4.96 37.2 0.91 5.45 61.1 9.0
Maximum 5.14 39.4 0.96 5.68 63.5 10.5
Minimum 4.78 32.8 0.86 5.18 54.4 8.1
SD 0.14 2.6 0.03 0.18 3.8 0.9
SD (% rel.) 2.78 7.0 3.28 3.38 6.3 10.1
Median 5.01 38.3 0.91 5.52 63.2 8.5

SD — smérodatna odchylka / standard deviation
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kolupulonu v celkovych B-kyselinach 61,1 % byl v rozmezi uvadéném
pro tuto odridu (kohumulon 35—-40 % rel., kolupulon 57—-62 % rel.).
Obsah vody byl v prdméru &inil 9,0 %.

3.2.5 Saaz Late

Prdmérny obsah a-hofkych kyselin v testovanych vzorcich
chmele odridy Saaz Late ¢inil 4,76 % hm. v susiné (4,31% v pu-
vodnim chmelu) (tab. 11). Obsah alfa-kyselin byl 0 2,6% (119%
rel.) vySSi nez v roce 2015. Primérny obsah B-hofkych kyselin
5,66 % hm. v susiné (5,13 % hm. v plivodnim chmelu). Obsah be-
ta-kyselin byl 0 1,79 % (46 % rel.) vy$8i nez v roce 2015. Tato odriida
byla na VUPS hodnocena druhym rokem. B

Pro odridu Saaz Late je Chmelafskym institutem v Zatci uvadén
typicky obsah a-hotkych kyselin v rozmezi 3,5 az 6% hm. v susi-
né, obsah B-horkych kyselin 4 az 6,5% hm. v susiné (Anonymous,
2012).

Pomeér obsahu a-kyselin k obsahu B-kyselin 0,83 lezel v rozmezi
uvadéném CHI Zatec (0,8-1,0). Relativni obsah kohumulonu v cel-
kovych a-kyselinach ve vysi 21,0% a relativni obsah kolupulonu
v celkovych B-kyselinach 38,4 % byl v rozmezi uvadéném pro tuto
odridu (kohumulon 20-25 % rel., kolupulon 39-43 % rel.).

Obsah vody byl v rozmezi 9,2 az 9,5 %, v praméru ¢inil 9,4 %.

4 ZAVER

V roce 2016 byly v priilbéhu chmelové sklizné nebo bezpros-
tfedné po jejim ukonéeni odebrany vzorky Cerstvé sklizenych,
usu$enych chmelll a analyzovany na obsah a-horkych kyselin a ob-
sah B-hortkych kyselin véetné jejich analogl. Analyzy byly provedeny
kapalinovou chromatografii podle Analytiky EBC (metoda 7.7). Bylo
zjisténo, ze pramérny obsah a-hotkych kyselin ve vzorcich chmele
nejvyznamnéjs$i odrldy, Zateckého ervenaku, byl 3,35 % hmotnost-
nich v susiné. Hodnota byla 0 0,20 % (5,6 % rel.) nizsi oproti priméru
za poslednich 23 let a 0 1,20% (55,8 % rel.) vy$si oproti sklizni roku
2015.

Obsah a-horkych kyselin ve vzorcich chmele odriidy Sladek
ve sklizni 2016 (7,29 %) byl oproti sklizni 2015 vySSi o 43,2% rel.,
u odridy Premiant ze sklizné 2016 (9,02 %) byl o 36,9 % rel. vyssi
oproti sklizni 2015, u odridy Agnus (9,70%) byl obsah a-horkych
kyselin oproti sklizni 2015 nizsi 0 7,6 % rel. U odrid Kazbek (4,96 %)
a Saaz Late (4,76 %) byl obsah a-horkych kyselin v porovnani se
sklizni 2015 vy3sSi 0 0,37 % (8,1 % rel.) a 0 2,6 % (119 % rel.). Pomér
obsahu a-kyselin k obsahu B-kyselin, relativni obsah kohumulonu
v celkovych a-kyselinach i relativni obsah kolupulonu v celkovych
B-kyselinach byl v souladu s dlouhodobymi priméry pro testované
odridy. Obsah a-horkych kyselin dal$ich ¢eskych odrid ve skliziio-
vé prognoze byl v relativné dobré shodé s vysledky celkového hod-
noceni sklizné, zejména vezmeme-li v ivahu rozdilné metody analy-
zy; Sladek (VUPS/CHI: 6,7/7,4% v plvodnim). Premiant (8,3/9,0 %),
Agnus (8,9/10,3 %), Kazbek (4,5/5,4 %) a Saaz Late (4,3/3,9 %).
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tent was 2.6% (11.9% rel.) higher than in 2015 (Table 11). This vari-
ety has been evaluated at the RIBM for the second year.

According to the Hop Research Institute in Zatec (Anonymous,
2012) typical values for the a-acid for the Saaz Late variety range
from 3.5 to 6.0% whilst typical values for the B-acid content vary from
4.0 t0 6.5%.

The o-/B-bitter acids ratio was 0.83. This value was upper of low
limit of the range referred (0.8 to 1.0%). The relative contents of co-
humulone in the total a-bitter acids of 21.0% and the content of colu-
pulone in the total B-bitter acids of 39.4% was in the range specified
for this variety (cohumulone 20-25% rel., colupulone 39— 43% rel.).

The average water content was 9.4%.

4 CONCLUSIONS

During or immediately after the harvest in the year 2016 sam-
ples of freshly picked and subsequently dried hops were collected.
They were analyzed for the content of a-bitter acids and the con-
tent B-bitter acids including their analogues according to the HPLC-
method 7.7 of Analytica EBC. The results showed that the average
content of a-bitter acids in hops in the most important variety in the
Czech Republic — the Saaz variety was 3.35% w/d.m. This value
was 0.20% (5.6% rel.) lower compared to the average for the last 23
years and 1.20% (55.8% rel.) higher compared to the crop in 2015.

The content of a-bitter acids in hops from Sladek variety in the
year 2016 (7.29%) was higher compared to harvest 2015 by 43.2%
rel. The hops of the Premiant variety from the 2016 crop (9.02%) had
content of a-bitter acids in 36.9% rel. higher than the hops from the
crop in 2015. The hops of the Agnus variety in the year 2016 (9.70%)
had content of a-bitter acids in 7.6% rel. lower compared to the 2015.
The content of a-bitter acids in the Kazbek (4.96%) and Saaz Late
(4.76%) varieties was higher in 8.1% rel. and 119% rel. respectively.

The ratio a/f bitter acids, the relative content of cohumulone in the
total a-bitter acids and the relative content of colupulone in the total
B-bitter acids were also in agreement with the long-term averages
found for the tested varieties.

The a-bitter acids content of other Czech varieties in the har-
vest forecast was in relatively good agreement with the results of
the overall harvest evaluation, especially considering the different
methods of analysis; Sladek (RIBM / HRI: 6.7 / 7.4% in the original).
Premiant (8.3/9.0%), Agnus (8.9 / 10.3%), Kazbek (4.5/5.4%) and
Saaz Late (4.3/3.9%).
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