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Abstract

The specification of varietal profiles of secondary metabolites of hops in beer is rather important for hop growing and
beer brewing. Chemical and sensory profiles of beers hopped with the varieties of Saaz Special and the traditional
Saaz semiearly red bine hops (Saaz) were compared in three-year pilot brews (200 L). Single kettle hopped beers and
single kettle + dry hopped beers were prepared. The overall sensory impression of the Saaz Special beers was com-
parable to Saaz hops. The profile of essential oils and hop aromas/flavours in the beer was partially different, but the
hop aroma did not receive a worse rating than Saaz. The Saaz Special dry hopped beers were clearly distinguished
from Saaz in triangle tests, but no preference was given to either variety. Based on the achieved results, the Saaz Spe-
cial variety was listed among varieties recommended for the production of the beer with the Protected Geographical
Indication of Czech Beer thanks to the achieved results.
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1 Introduction

The breeding of a new hop variety takes from 10 to 20
years. Newly bred varieties are targeted for various uses,
whether it is their high alpha acid content useful for ba-
sic hopping and beer bitterness, or the typical hop aroma
profile and recently also new unusual aromas, i.e. ‘flavour
hop’ varieties. Traditional aromatic hop varieties retain
their place on the market. However, consumer preferenc-
es are changing and the need for innovation and develop-
ment of new beer brands are the reason for breeding and
use of new varieties with interesting aromas and bitter-
ness profiles. In addition, a certain proportion of recom-
mended hop varieties, whose chemical composition of
resins and essential oils is defined (Commission, 2008),
is prescribed for the production of beer with the Protect-
ed Geographical Indication of Czech Beer.

The brewing value of hops depends mainly on the
content and composition of bitter acids and essential

oils. Hop resins, i.e. bitter acids, give beer its bitterness,
while hop derived volatile substances and essential oils
provide aroma and flavour (Almaguer et al.,, 2014).

Most of the bitterness in beer is caused by a-acids
and their isomerised products, iso-a-acids (Jaskula et
al,, 2010; Oladokun et al., 2015). Also humulinones, ox-
idation products of a-acids (Algazzali et al., 2016), and
hulupones, oxidation products of f3-acids, are the reason
for the bitter taste (Dusek et al, 2014; Algazzali et al.,
2016; Krofta et al., 2019). These oxidation products con-
tribute significantly to the bitterness of beer only during
dry hopping (Algazzali et al., 2016). Some polyphenols
have bitter or bitter modifying properties (Oladokun et
al,, 2015; McLaughlin et al., 2008).

Bitterness is one of the key attributes of the sensory
quality of beer. The sensory bitterness of beer includes
various aspects of the bitter sensation, i.e. the intensity,
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the quality (pleasantness), but the rate of bitterness de-
clines after swallowing. The perception of organoleptic
bitterness is very individual and depends on the beer ma-
trix (He et al., 2014).

The specific aroma that hops impart to beer depends
on the hopping technology used during the brewing pro-
cess. The composition of hop essential oils is rather di-
verse - with over 450 identified volatile substances (Inui
et al,, 2013). Overall, the aroma associated with hops is
caused more by the synergistic mixture of the individual
components than the effect of a single compound.

The components of hop essential oils are generally di-
vided into three chemical groups: hydrocarbons, oxygen
compounds and sulphur compounds. These groups may
represent 60-80%, 20-40% and less than 1% of the total
essential oils in hops respectively. Hydrocarbon terpenes
are the main constituents of essential oils, the most com-
mon of which are mono-terpene f3-myrcene and sesqui-
terpenes f3-caryophyllene, a-humulene, R-farnesene and
selinenes. Oxidized compounds include alcohols, ketones
and esters. The group of terpene alcohols, such as linalo-
ol, geraniol, terpineol and farnesol, is very important for
the sensorial profile of beer.

Most of the components of hop essential oils undergo
significant changes during wort boiling and thus there are
large losses of these substances. Only a few polar terpe-
noid compounds, such as linalool, geraniol, and humulene
epoxides, can survive this process to some extent. These
are the compounds that impart the hop flavour to the fi-
nal beer (Fritsch and Schieberle, 2003; Kaltner
and Mitter, 2009; Praet et al,, 2016). During wort
boiling, thermal and oxidative transformation
of essential oils takes place. Then, during the
main fermentation, the components of essential
oils are transformed by yeast (Praet et al., 2012;
Takoi et al.,, 2017) and the sorption of some es-
sential oils, especially f3-myrcene to yeast cells
takes place (Haslbeck et al., 2017). In dry hop-
ping, the essential oil components are extracted
into a mildly alcoholic solution of young beer.
Following that they get partially sorbed or al-
tered by the present yeast (Kaltner and Mitter,
2009; Forster and Gahr, 2013).

Sensory sensations of essential oils in beer
are usually described as floral, citrusy, fruity,
spicy or herbal aromas. Terpene alcohols, such
as linalool and geraniol, are important components of the
floral character of hop essential oils and beer. The con-
tribution of hop essential oils is particularly pronounced
in dry hops. The typical hop taste and aroma of kettle
hopped beers are mainly formed by oxidized sesquiterpe-
nes (Praet et al.,, 2016). It is known that the aroma of raw
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hops is often not comparable to the hop aroma in the final
beer (Praet et al,, 2012; Hanke et al,, 2015). The impact on
the sensory properties of beer can be predicted only from
a detailed analysis of hops and just with some degree of
probability. However, brewing tests are irreplaceable and
they are gaining in importance especially when we wish to
maintain the traditional sensory profile of beer.

The Saaz Special variety was obtained through selec-
tion from hybrid progeny of the Saaz semi early red bine
variety and other breeding material. It is a medium to late
variety of a fine aromatic type suitable for all hop grow-
ing areas; the variety was registered in 2012. The plant
habitus is cylindrical to clublike with long side shoots and
a high to very high number of cones in the upper third
of the plant. The cones are narrowly ovate with slightly
open bracts. Within the range of varieties of fine aromat-
ic type, the yield of dry hops is high (Figure 1). It meets
the requirements for processing in the form of pressed
hop cones and pellets thanks to the medium content of
alpha bitter acids in the range between 4.5-8.0% wt. and
due to a very favourable ratio of a- and 3- bitter acids.
The average content of cohumulone is 22.3% rel. and it is
40.6% rel. for colupulone. The total content of hop essen-
tial oils ranges between 0.8 and 1.9 ml/100 g with a high
proportion of f3-farnesene, which is typical for the Saaz
semi early red bine variety. The variety has been bred in
order to preserve the typical chemotaxonomic character-
istics of Saaz hops while achieving a higher hop yield and
alpha bitter acid content.

Figure 1 Saaz Special : A - hop plant; B - sectional view of hop cone

This article presents the results of three-year trials with the
Saaz Special variety (bred by V. E. HUMULUS, Ltd.) in pilot
brewing experiments. They were performed to describe
the chemical and sensory profile of beers hopped with va-
rieties potentially suitable for beer production with the PGI
Czech Beer; both in kettle and dry hopped brews.
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2 Material and methods

Brewing trials

The brewing tests of the Saaz Special variety took place
in a three-year cycle on a pilot scale (2 hL) in the exper-
imental brewery of the Research Institute of Brewing
and Malting (RIBM). T90 pellets were used and dosed at
conventional wort boiling, as well as dry hopping in lager
tanks. The tested variety was compared with Saaz semi
early red bine hops in single hopped brews.

Kettle hopped beers: The beer was produced in accord-
ance with the rules of the PGI Czech Beer (Commission,
2008). The mashing of all malt brews of 12% pale lager
was performed with a two-mash decoction procedure.
Hop pellets T90 were added in three portions: 30% at
the beginning, 50% after 30 minutes and 20% pellets
15 minutes before the end of the 90 minute atmos-
pheric boil. The brews were hopped to the level of the
planned bitterness of the beer of about 30 IBU. After re-
moving the break in the whirlpool, cooling to a fermen-
tation temperature of 10 °C and aeration to a dissolved
oxygen content of 8 + 0.5 mg/L, the wort was fermented
with the yeast strain No. RIBM-95. The main fermenta-
tion took place in cylindro-conical tanks (CKT) where
the maximum temperature was 12 + 0.1 °C. The

3 Results and discussion

Hops: The a-bitter acid content in the hop samples se-
lected for brewing tests was on average twice as high
for Saaz Special than for Saaz. The proportion of cohu-
mulone in a-acids (22.3% rel.) and the proportion of
colupulone in f3-acids (40.6% rel.) is typical for fine ar-
omatic varieties. The a-/f3-acid ratio lower than 1 is the
hallmark of the Saaz variety. The value in the Saaz Spe-
cial tested samples was equal to 1, but this ratio fluctu-
ates considerably for all varieties both from year to year
and also within one harvest. The profile of essential oils
in Saaz Special shows certain differences compared to
traditional Saaz. The content of linalool, -caryophyl-
lene, B-caryophyllene epoxide, a-humulene, methylger-
anate and cis-geraniol was higher in Saaz Special. On
the contrary, the content of B-myrcene was lower in
the tested hops belonging to this variety. However, the
tested variety had a significant content of -farnesene
which is a specific marker of Saaz. The content of to-
tal polyphenols in Saaz Special was approximately 20%
lower compared to Saaz (Table 1). The concentration
of total polyphenols in Czech beer is given by the PGI
(130-230 mg/L), therefore their content in hops is also
monitored.

Table 1 Content of bitter substances, polyphenols and essential oils in the

green beer was transferred to lager tanks and tested hops
the maturation time was 21 days at the temper-
ature of 1-2 °C. The beers were filtered through Component Unit Saaz Saaz Special
a plate filter and bottled on a machine filler. a-acids % w 28 5.6
B-acids % w 3.5 5.6
Dry hopped beers: Seven days before the end of alpha/beta ratio 0.80 103
the maturation, 50 1 of beer were removed from
. . total polyphenols % w 4.7 3.8
the brews described above. Dry hopping was
. . i TP/alpha ratio 1.71 0.67
carried out by a static procedure with a dose of
0
3 g of hop pellets per 1 litre and with the variety xanthohumol %W 0.37 0.50
identical to the variety in the kettle hopping. hop oils mg/kg
a- and B-pinene 12 12
Analyses myrcene mg/kg 973 249
Analyses of hop pellets and beers were per- limonene mg/kg 6 10
formed according to the EBC Analytics (Ana- linalool mg/kg 16 37
lytica EBC, 2010). Anthocyanogens were de- B-caryophyllene mg/kg 137 247
termined according to the MEBAK Analytics 4-terpineol me/kg 3 5
(MEBAK, 2011). The essential oils in hops and B-farnesene me/kg 323 466
beer were determined by the method developed a-humulene ma/ke 652 1069
t RIBM (Mikyska et al, 2018). Th
a . (Mi yS. ae .a ) € SerIS(.)ry methylgeranate mg/kg 9 21
analysis of beer, including a detailed evaluation
L a-terpineol mg/kg 20 51
of hop aromas, was performed by a descriptive : -
method developed at RIBM and the triangle test cis-geraniol me/ke 12 22
of difference. Sensory assessments were con- B-caryophyllene epoxide me/ke 41 102
ducted by a trained panel of RIBM evaluators. farnesol mg/kg 24 38
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Kettle hopped beers: The values of the basic
chemical analysis of beers document the equilib-
rium of brews (Table 2). The influence of the test-

Table 2 Results of chemical analysis of kettle and kettle + dry hopped beers

Kettle Kettle+Dry

ed variety on foaming, colour and other basic pa- . Saaz Saaz
Parameter Unit Saaz Special Saaz Special
rameters of beers was not found. The analytical pecla pecia
bitterness of beers was in the range of 34-37 IBU. original extract %w 11.8 120 119 120
The concentration of total polyphenols in Saaz attenuation apparent % 767 767 75.1 752
Special was 25% lower compared to Saaz. pH 4.44 4.50 4.52 4.48
The spectrum of the evaluated essential colour EBC 133 12.5 12.7 12.7
oils in the beer represented 34 chemical indi- bitterness IBU 34 37 36 36
viduals and included monoterpene hydrocar- iso-a-acids me/L 36.0 36.2 343 301
bons (a-pinene, R-pinene, myrcene, limonene), c-acids me/L 12 15 17 1.9
sesquiterpene hydrocarbons (3-caryophyllene, total polyphenols mg/L 239 176 258 198
3-farnesene, a-humulene), monoterpene alco-
anthocyanogens mg/L 50.5 30.5 48.5 36.5

hols (linalool, 4-terpineol, a-terpineol, cis-ge-

raniol), oxidized sesquiterpenes (f3-caryophyl-
lene epoxide, farnesol), other hydrocarbons
and esters. Essential oils in hops represent
a wide range of substances where terpene hydrocar-
bons and alcohols dominate. A large part of these essen-
tial oils leaks or is chemically altered in the wort boiling
process (Praet et al, 2016). Transformations and chang-
es in concentration continue during fermentation by the
biochemical action of the yeast and/or by the sorption

Kettle - Single kettle hopped beer;
Kettle+Dry - Single kettle and dry hopped beer

on the surface of the yeast cells - typically B-myrcene
(Takoi et al.,, 2017).

The profile of essential oils in kettle hopped beers
was very similar in both varieties; slightly higher con-
centrations of [-myrcene, linalool, B-caryophyllene,
a-terpineol, cis-geraniol and farnesol were measured
in the beers hopped with the Saaz variety (Figure 2).
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Figure 2 Concentration of essential oils in kettle hopped beer (ug/L)
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The bitterness of beers was evaluated comprehen-
sively (Mikyska and Cejka, 2010) The levels of eval-
uated descriptors such as the bitter perception after
drinking, culmination of bitterness, lingering and char-
acter of bitterness of Saaz Special and Saaz hops were
very balanced and differences between them were not
significant. The same applies to the evaluation of the
pleasantness of the hoppy aroma and hoppy flavour
(Table 3). The ‘balance’, by which we mean the agree-
ment between fullness, bitterness, sweetness,
astringency and sourness, was equal for all the
beers. The average overall sensory impression
of the beers from both varieties was evaluated
as equal.

The similarity of both varieties is evident in

the profile of aroma intensity. This profile is as-
sociated with hops in beer generally (Figure 3).
There were slightly higher values of hoppy, cit-
rusy and herbal aromas in the beers hopped
with Saaz, which corresponds to a higher con-
centrations of some essential oils in these beers
(Figure 2). The triangle tests distinguished the
beers hopped with Saaz Special from the beers
hopped with Saaz in two out of three batches
but without a clear preference of either variety
(Table 4).

Dry hopped beers: The values of the basic chemical
analysis of the beers document the equilibrium of the
brews (Table 2). The dry hopped beers of both varie-
ties had the total level of polyphenols and a-acids ap-
proximately 10% higher than the kettle hopped beers.
This is related to the cold extraction of these substanc-
es from hops (Forster and Gahr, 2013; Mikyska et al,,
2018). Compared to the kettle hopped beers, a marked
increase in the main components of terpenic essential

Kettle
— G007 e Saaz Special
Hoppy
3.0
25
Grassy Citrusy
Spicy Floral
Resinous Herbal

Fruity

Figure 3 Hop aromas profile in kettle hopped beer

Descriptors on the scale of 0-5

Table 3  Results of descriptive sensorial analysis of kettle and kettle + dry hopped beers

Saaz Saaz Special Saaz Saaz Special

R sD R sD R sD R sD
Carbonation 2.7 0.2 24 0.1 25 0.4 25 0.4
Palate - fullness 2.8 0.3 29 0.1 2.8 0.1 29 0.1
Bitterness 21 0.0 21 0.3 2.3 0.1 23 0.2
Bitterness-culmination 3.6 0.4 34 0.0 34 0.1 3.5 0.1
Bitterness-lingering 2.4 0.2 23 0.1 2.2 0.1 2.4 0.1
Bitterness-character 3.0 0.4 25 0.1 2.7 0.1 2.6 0.2
Astringency 14 0.3 1.4 0.0 14 0.0 1.2 0.2
Sweet 1.5 0.1 1.5 0.1 14 0.1 1.5 0.1
Sour 1.6 0.0 1.5 0.1 14 0.0 1.6 0.2
Fruity/estery 14 0.0 1.2 0.2 14 0.1 1.5 0.0
Hoppy 1.8 0.1 1.7 0.1 22 0.0 2.7 0.2
Hop aroma - pleasantness 4.1 0.5 3.9 0.5 34 0.6 3.0 0.5
Hop flavour - pleasantness 3.8 0.4 3.6 0.5 3.1 0.3 3.1 0.7
Balance 21 0.0 21 0.2 2.2 0.1 21 0.3
Overall impression 3.8 0.2 3.7 0.3 3.8 0.4 34 0.5

Kettle - Single kettle hopped beer; Kettle+Dry - Single kettle and dry hopped beer

Descriptors on the scale 0-5; Overall impression 1-9 (descending scale)
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oils (B-myrcene, limonene, linalool, a-terpineol, 4-ter- Some differences between varieties are evident in the
pineol, cis-geraniol, B-caryophyllene epoxide) was ob- intensity profile of hop derived aromas in the dry hopped
served. The profile of essential oils in the beer was very beers (Figure 5). A higher intensity of hoppy, resin and

similar for both varieties (Figure 4).

Sensory bitterness, values of bitter perception
after drinking, culmination of bitter perception, Kettle+dry
lingering and character of bitterness of the dry =Saaz ====Saaz Special
hopped beers from Saaz Special and the Saaz va- 50 oppy

riety were rather similar and the differences be-

Grassy Citrusy

tween them were not significant. The same applies
to the evaluation of the pleasantness of the hop
derived aroma and flavour where the intensity of
the hop aroma was higher for the beers hopped
with Saaz Special (Table 3). The dry hopped beers Spicy
of both varieties had a better score of hop aromas
compared to the kettle hopped beers. The balance,
i.e. the agreement between the fullness, bitterness,
sweetness, astringency and sourness, was equal in Resinous Herbal

Floral

all the beers. The overall sensory impression score

for Saaz Special was on average 0.4 points better Fruity

than for those of Saaz; the difference was not sta- . .

o o Figure 5 Hop aromas profile in kettle+dry hopped beer

tistically significant. .
Descriptors on the scale of 0-5

Figure 4 Concentration of essential oils in kettle+dry hopped beer (ug /L)

Kettle+Dry
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citrusy aromas was found in the beers hopped with Saaz
Special. The individual perceived sensory aromas asso-
ciated with hop essential oils are a complex perception
in which several individuals from the spectrum of essen-
tial oils participate. The impact which the concentration
together with the ratio of essential oils have on
the sensory character of beer is a complex issue
that is still subject of research (Kishimoto et al.,

5 Acknowledgement

The study was supported by the Ministry of Agriculture
of the Czech Republic within the institutional support
MZE-R01918.

Table 4 Results of triangle tests of kettle and kettle + dry hopped beers

2006; Dresel et al., 2015; Mikyska et al. 2018). Right re- Saazis Different
The triangle tests distinguished Saaz Special Year sponse Better Worse P=0.05
from the Saaz varieties in all the three pairs of
o Kettle hoped beer
brews. The results were similar for the kettle
. 2019 7/9 3 3 YES
hopped beers where a preference of one variety
was not clearly defined (Table 4). 2018 49 ! ! NO
2017 8/12 5 3 YES
Ketle+dry hoped beer
4 Conclusion 2019 7/9 3 3 YES
2018 6/9 4 YES
Secondary metabolites of hops, bitter acids, 2017 8/12 3 4 YES

essential oils and also hop polyphenols are
transformed during brewing production and

they contribute to the sensory properties of beer. Sen-
sory properties of beer can be predicted from a detailed
chemical and sensory analysis of hops only to a limited
extent. Therefore it is necessary to evaluate the sensory
potential of a certain variety in brewing tests.

The three-year pilot scale testing showed that the
overall sensory impression of the beers kettle hopped
with Saaz Special was comparable to the reference vari-
ety of traditional Saaz. Differences were found between
the profiles of hop aroma in the beer from both varie-
ties, but the aroma of Saaz Special was no less pleasant
than the aroma of Saaz. Sensory triangles clearly distin-
guished Saaz Special from Saaz in two out of the three
pairs of brews. The evaluators in the sensory panel did
not distinctly prefer either of the varieties.

The potential of Saaz Special for dry hopping was also
proven as the beers were rated slightly better compared
to the Saaz dry hopped beers. The triangle tests clearly
distinguished the two varieties, but neither variety was
preferred by the evaluators.

From the chemotaxonomic point of view the fine ar-
omatic variety of Saaz Special meets the requirements
of the PGI Czech Beer for markers of bitter substances
and essential oils. The sensory profile of the beers, which
were kettle hopped with this hop, was not significantly
different from the traditional Saaz. Therefore it was rec-
ommended by the Research Institute of Brewing and
Malting for the production of Czech beer and included in
the register of the recommended varieties maintained by
the control body;, i.e. the Czech Agriculture and Food In-
spection Authority.
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