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Barley varieties submitted for examination 
for registration in the Czech Republic as malting 
ones are tested by the Research Institute of Brew-
ing and Malting (RIBM, Praha, Czech Republic) 
in terms of malt quality. Description of all regis-
tered varieties and their malting values are pub-
lished annually in the Barley Yearbook [1]. Test re-
sults of new varieties are published in cooperation 
of RIBM and Central Institute for Supervising 
and Testing in Agriculture of the Czech Repub-
lic (CISTA, Brno, Czech Republic) [2]. Although 
detailed malt analysis provides information on 
characteristics regarding their applicability in beer 
brewing and on the possibility of reaching a cer-
tain level of quality parameters of beer, there is 
no clear relationship between the quality features 
of malt and the final quality of beer, in particular 
its sensory properties. This is generally accepted 
and, recently, nano-scale brewing tests provided 
clear evidence that barley genotype as well as its 
cultivation site significantly contribute to many 

sensory descriptors. However, the authors of this 
study state that larger volumes of beer are needed 
to evaluate these traits [3].

When comparing the established varieties and 
evaluating the promising varieties, it is therefore 
appropriate to add brewing trials to the malt-
ing tests. The commercial success of the malting 
barley variety depends on its acceptance by the 
breweries in replacing the current varieties with 
a new variety while maintaining the quality stand-
ards of the brewery or for improving the sensory 
characteristics of the beer. Brewing trials of new 
varieties on a pilot scale make it possible to detect 
merits or shortcomings in brewing properties of 
the varieties in advance of operational deployment 
and to compare the new raw material with estab-
lished varieties. This step in the chain breeders – 
malthouses – breweries that provides timely infor-
mation on brewing properties of new varieties can 
save time and resources.

In 2014 (harvest 2013), RIBM launched pi-
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amino nitrogen of malt by spectrophotometry; 
4.11.1 Fermentability, final attenuation of labora-
tory wort from malt; 4.12 Diastatic power of malt; 
4.15 Friability, glassy corns and unmodified grains 
of malt by friabilimeter; 4.16.2 High molecular 
weight β-glucan content of malt: Fluorometric 
method; 8.12.9 Total polyphenols in beer by spec-
trophotometry. 

Further, methodology of MEBAK [4] was 
used, with the methods 3.1.4.2.7 Malt: pH and 
3.1.4.11 Mashing method according to Hartong-
Kretschmer RE 45  °C (relative extract at 45 °C). 
Arabinoxylans were determined by Douglas 
method [6].

Wort and beer analyses were carried out 
according to EBC methodology [5], using the 
following methods: 8.3 Wort extract; 9.35 pH; 
9.6  Colour; 9.7 Final attenuation; 9.2.1 Original 
extract of beer; 8.12.9 Total polyphenols; 9.10 Free 
amino nitrogen; 9.8 Bitterness. 

Foam stability was determined by the MEBAK 
2.18.2 method [7], using NIBEM Foam Stability 
Tester (Haffmans, Venlo, the Netherlands) that 
measures the time during which the foam drops by 
30 mm (expressed as seconds per millimetre). 

Sensory analysis was carried out using the EBC 
method 13.10 Sensory analysis (description analy-
sis) [5] by a RIBM panel of trained assessors. Basic 
descriptors, namely, carbonation, palate fullness, 
bitterness, astringency, sourness and sweetness 
(ascending scale 0–5; imperceptible – very strong) 
were taken into the account. Overall impression, 
the general assessment of the sample, considering 
the appropriateness of the all attributes present, 
including off-flavours, their intensities and the un-
identifiable background flavour, were accessed in 
a descending scale 1–9 (excellent – inappropriate).

The variability of experimental data was rep-
resented by standard deviation. The data were 
processed by two-factor analysis of variance 
(ANOVA) and by the principal component analy-
sis (PCA).

Results and discussion

Malts
Results of the malt analyses showed both dif-

ferences between the varieties in the particular 
parameters and the influence of the harvest year 
(Tab. 1).

The malt extract ranged from 81.9 % (Vendela) 
to 85.3 % (Malz). The fermentability of laboratory 
worts, ranged from Bojos and Francin (79.3 %) 
to Vendela (83.3 %). The 2015 harvest exhibited 
a trend towards a higher attenuation degree 

lot brewing trials with varieties registered in the 
Czech Republic. This article summarizes the re-
sults of pilot malting and brewing trials of twelve 
barley varieties that were tested during at least 
three years, to take into account the effect of the 
harvest year. 

Materials and methods

Malt
Grains of spring malting barley varieties Blaník, 

Bojos, Francin, Kangoo, KWS Irina, Laudis 550, 
Malz, Petrus, Sebastian, Sunshine, Vendela and 
Xanadu were obtained annually (harvests 2013 
to 2016) from experimental stations of CISTA. 
Malts were prepared in a laboratory malting de-
vice (KWM Uničov, Czech Republic) according to 
the methodology of Mitteleuropäische Brautech-
nische Analysenkommission (MEBAK) [4] (1.5.3 
Micromalting) in the following conditions: 72 h 
steeping at 14 °C with CO2 exhaustion, steeping 
periods on 1st day 5 h, on 2nd day 4 h and on 3rd 
day 3 h. Germination time was 72 h at 14 °C. Pre-
drying 12 h at 55 °C, kilning 4 h at 80 °C. 

Brewing trials
Fifty liter batches of brews of 11% pale lager 

beer were brewed in an experimental brewery 
(Pacovské strojírny, Pacov, Czech Republic). 
A  single decoction mashing procedure was 
used. The brews were lautered to the constant 
malt extract in the wort. The lautering rate was 
measured as the average wort flow rate over the 
entire operation, lautering and sparging.

Hopping (hop CO2 extract and Saaz hop 
pellets 1 : 1) was in three doses, 30 % at the begin-
ning, 50 % after 30 min, and 20 % of hops 10 min 
before the end of the 80 min wort boiling. The hot 
break was separated in a whirlpool.

Fermentation was in cylindrical conical tanks 
(CCT) using lager yeasts, strain RIBM95. Fermen-
tation started at 10 °C, the maximum temperature 
was 12 °C ± 0.1 °C. The beer was chilled to 5–6 °C 
and transferred to “lager” CCT. The maturation 
took three weeks at 1–2 °C. The beer was filtered 
through a plate filter, bottled and pasteurized.

Malt and beer analysis
The malts were analysed according to the 

European Brewery Convention (EBC) Analysis 
Committee methodology [5], using the following 
methods: 4.3.1 Total nitrogen of malt: Kjeldahl 
method; 4.5.1 Extract of malt: Congress mash; 
4.7.2 Colour of malt: Visual method; 4.9.1 Solu-
ble nitrogen of malt: Kjeldahl method; 4.10 Free 
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(82.3 %) compared to the other three harvests 
(81.0–81.4 %).

The average diastatic power of all malts was 
362 Windisch-Kolbach units (WK; the amount 
of maltose released from starch by malt enzymes 
under the conditions of the method) and showed 
a  considerable varietal dependence. All malts 
were above the minimum required for Czech la-
gers (220 WK). 

The level of nitrogen compounds in malts 
harvested in 2013 (10.6 %) and 2014 (10.2 %) 
was higher than in 2015 (9.5 %) and 2016 
(9.9 %), while the soluble nitrogen and proteo-
lytic modification increased, the Kolbach index 
in first two years (41.4 % and 42.6 %) was lower 
than in 2015 and 2016 (46.1 % and 47.8 %). The 
level of nitrogen compounds significantly affects 
most other technological properties of malt [8], 
which was reflected in this experiment.

The free amino nitrogen (FAN) concentra-
tion of the wort ranged between 141 mg·l-1 and 
179 mg·l-1. Low FAN concentrations (below 
160 mg·l-1) were determined in Bojos, Malz, 
Petrus, KWS Irina and Sebastian.

Degradation of starch endosperm cell walls 
given by friability (average 89.0 %) was higher 
in 2015 and 2016 harvests and it was variety-
dependent. The prescribed minimum for malts 
for Czech lagers is 75 %. Similar to friability, the 
concentration of β-glucan in the laboratory wort 
(average 183 mg·l-1) was variety-dependent. The 
β-glucan concentration in the wort was depend-
ent on friability (r = –0.741).

The pH values of the laboratory worts were 
in a narrow range of 5.93 to 6.01. The colour was 
in the 2013 and 2015 harvests (2.6 and 2.9 EBC 
units; wort absorbance value at a wavelength of 
430 nm multiplied by 25) lower than in the 2014 
and 2016 harvests (3.2 and 3.1 EBC), Bojos and 
Malz tended to lower values. 

The total polyphenols concentration in worts 
ranged from 55.2 mg·l-1 (Xanadu) to 77.4 mg·l-1 

(Petrus).

Brewing trials
The results of brewing trials are discussed 

in the context of basic quality criteria with re-
gard to the production of Czech (Pilsner) pale 
lager beers. The values should be: colour of 
8–16 EBC, the difference between apparent and 
limit attenuation from 1.0 % to 9.0 %, bitterness 
from 20 to 45 bitter units (BU; represents a con-
centration of iso-alpha bitter acids in beer [5]), 
pH 4.1–4.8 and total polyphenols concentration 
from 130 mg·l-1 to 230 mg·l-1. 
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Wort lautering
The speed of first wort lautering and sparg-

ing represents a monitored technological param-
eter of the malt processability in the brewhouse. 
The average flow rate, throughout the entire 
operation, of Malz, Blaník, Laudis 550, Petrus and 
Sunshine brews was below the set average (Fig. 1), 
significant was the difference between the worst 
(Blaník, Malz) and the best varieties (KWS Irina). 
The lautering rate level for 2013 malts was signifi-
cantly lower than for malts from other three years. 
The malts from 2013 had the lowest proteolytic 
modification. 

Negative effects on lautering are attributed 
to non-starch polysaccharides, β-glucans and 
arabinoxylans, and also to substances of a pro-
tein nature [9–11]. The lautering rate correlated 
with Kolbach index and soluble nitrogen of malt 
(r = 0.333 and r = 0.498, respectively). In this 
study, the lautering rate had no conclusive link to 
non-starch polysaccharides, although some malts 
had a β-glucan concentration well above the limit 
of 200 mg·l-1 [12]. However, the β-glucan concen-
tration varies during the brewing process accord-
ing to malt processing technology, so the corre-
lation between malt and beer is small [13]. The 
low mash-in temperature and decoction mashing 
reduce the β-glucan concentration in the wort 
[14, 15].

Our results indicated a lower lautering rate of 
Blaník (high β-glucan) and Malz, by 20% lower 
than that of the best-flowing Francin and Sebas-
tian varieties.

Physico-chemical profiles
The results of the analysis of sweet worts, 

hopped worts and beers are summarized in 
Tab. 2–4.

Colour
Colour is one of the basic sensory attributes of 

beer. Its value is a part of the the beer’s style and 
of the given beer brand. Colour of malts Bojos, 
Malz and Sebastian was below the average value 
for the entire set of malts (2.94 EBC). The colour 
of the decoction wort corresponded only partially 
to the malt colour (r = 0.617, n = 46). Thus, espe-
cially for Blaník and, to a lesser extent, for Petrus, 
Francin and Sebastian, the colour value of the de-
coction wort was lower than those of malt and low-
er than the average of the whole set (6.07 EBC; 
Fig. 2). Colour substances in sweet and hopped 
wort are formed by thermal action, oxidation of 
polyphenols, Maillard reaction (reaction of ami-
no acids and reducing sugars) and caramelization 
[15]. The reaction rate increases with temperature. 
Due to mash boiling and longer mashing time, 
decoction worts have a higher colour value com-
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pared to infusion worts. The colour value of the 
decoction wort correlated with FAN in the wort (r 
= 0.454, n = 46) and with the soluble nitrogen in 
malt (r = 0.390) at a P = 0.01. 

During wort boiling, the colour value increas-
es due to both the heat load and the reactions of 
hop substances [15]. The average colour value of 
hopped wort was 9.31 EBC. The differences in 
the sweet worts were maintained in the hopped 
wort, the colour values of the sweet and hopped 
worts strongly correlated (r = 0.811). During fer-
mentation and maturation of beer, the colour 
value decreased, changes were proportional to 
the wort colour (wort/beer: r = 0.836) and the 
average beer colour (6.24 EBC) was close to the 
decoction sweet wort colour. The colour values of 
sweet worts correlated with the colour values of 
beers (r = 0.726). The relationship between malt 
and beer (r = 0.445) was significantly weaker. 
The colour prediction of the beer produced by 
decoction mashing based on malt colour is thus 
inaccurate. The colour values of beers ranged 
from 4.8 EBC to 9.6 EBC, the lowest were Blaník 
(4.8 EBC) and Sebastian (5.4  EBC), markedly 
higher was Kangoo (9.6 EBC; Fig. 2, Tab. 5). It 
is obvious that for barley varieties lower in malt 
modification, lower beer colour values can be ex-
pected. 

The colour of beer depends, in addition to 
malt, on the technical and technological conditions 
of its processing in the brewing process. Lower 
heat load and lower oxygen exposure at mashing 
and wort boiling reduce the resulting beer colour. 

pH
The pH value of malt and beer is relevant in 

several respects. The activity of saccharolytic and 
proteolytic enzymes in mashing is significantly 
affected by pH of the malt. Usual pH of laboratory 
wort from Pilsner malt is 5.6–6.0. For starch con-
version, the optimum pH value of mash is 5.3. The 
decrease in pH during fermentation and matura-
tion of beer promotes clarification and natural col-
loidal beer stability. Protein-polyphenol complexes 
have an isoelectric point, and thus the lowest solu-
bility, in the acidic pH range. The pH value of the 
beer itself also participates in organoleptic sensa-
tion. The Czech pale lagers have a slightly higher 
pH than similar foreign beers [16].

The laboratory worts had largely balanced pH 
values. Decoction worts showed a trend towards 
lower values for Blaník, Bojos, Francin, Malz, 
Petrus and Vendela in comparison with other va-
rieties (Fig. 3). The relationship between pH of 
malts and decoction worts or beers was incon-
clusive. Values of sweet worts and hopped worts 
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strongly correlated (r = 0.970), while the rela-
tionship between hopped wort and beer was less 
pronounced (r = 0.606). The colour of the beers 
slightly but conclusively correlated with pH of the 
beers (r = 0.492; P = 0.01). The colour is partly 
composed of oxidized polyphenolic compounds 
[15] with a transition between colourless and 
coloured form being dependent on the ambient 
pH.

Total polyphenols
High total polyphenols are one of the charac-

teristics of Czech lager. The average concentra-
tion of total polyphenols in the malt sample set 
was 67.8 mg·l-1 (Fig. 4). Bojos, Blanik, Laudis 550, 
Francin, Kangoo and Xanadu were below this 
average. Polyphenols in barley grains and malt are 
bound in cell structures along with polysaccharides 
and proteins. They are located in the cell walls of 
both the endosperm, especially in the aleurone 

layer and the malt grain shells, i.e. in the pericarp, 
testa and lemma, which contain mainly flavonoid 
substances the carrier of which is the hordein pro-
tein [17]. Thus, their concentration in the wort de-
pends on the intensity of mashing and the sparging 
of spent grains.

Concentration of total polyphenols in malt 
correlated with proteolytic and cytolytic modifi-
cation, Kolbach index and friability (r = 0.377, 
r = 0.356; P = 0.05). For decoction wort, this rela-
tion was closer (r = 0.532, r = 0.431, P = 0.01). To-
tal polyphenols in laboratory and decoction sweet 
worts correlated (r = 0.519).

The concentration of total polyphenols in-
creased between sweet wort and hopped wort 
by about 25 % (from 188 mg·l-1 to 254 mg·l-1). 
During fermentation and maturation, it dropped 
to the concentration close to that of the sweet 
wort (beer average 182 mg·l-1) as a result of the 
precipitation of the tannin-protein complexes in 
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beer. The relationship between sweet wort and 
hopped wort (r = 0.747) and hopped wort and 
beer (r = 0.735) were strong whereas the relation-
ship between the extremes, malt and beer, was 
weak (r = 0.210). However, polyphenols in malt 
affect their quantity in beer and there was a sig-
nificant difference in the total polyphenol concen-
tration in beer between the groups Blaník, Bojos 
and Laudis 550 (160–165 mg·l-1), and between 
the groups Vendela and Sunshine (195 mg·l-1 and 
215 mg·l-1). The generally accepted fact is that two 
thirds of polyphenols in beer come from malt [18, 
19]. However, their content in hop products varies 
widely (0–60 g·kg-1) [20] and, therefore, the level 
of polyphenols in beer will also depend on the 
hopping.

Foam stability
Foaming ability and foam stability are among 

the key attributes of lager beers. It is generally 
known that proteins and glycoproteins are foam-
ing agents, while bitter hop substances are foam 
stabilizers. Surface tension and hence foam stabil-
ity is reduced by lipids, fatty acids, higher alcohols 
and esters. The stability of the foam is thus a result 
of factors with favourable and negative effects, i.e. 
substances contained in beer [21–25].

The foam stability was in the range of 
8.00–11.00 s·mm-1 (Fig. 5). Hence, all beers under 
study were in the category of well-foaming beers 
(7.33–8.33 s·mm-1) [7]). In varietal averages, all 
beers, except of Vendela, were excellent foaming 
beers (above 8.33 s·mm-1). The results for Vende-
la were significantly lower than those of Francin, 
Sebastian, Sunshine and Xanadu. Foam stability 
correlated inversely with proteolytic modification, 
Kolbach index (r = –0.570). In the harvests of 
2015 and 2016, a number of barleys tended to high 
proteolytically modified malts, which was reflected 
by the foam stability being lower in these years.

Sensory profiles
In this study, the sensory quality of beers was 

evaluated mainly from the perspective of barley 
varieties. The varietal averages given below relat-
ed to the variety’s results over the entire four-har-
vest period under review. The overall sensory im-
pression score in the whole set of 34 beers ranged 
from 3.6 to 5.8 points of a nine-point scale (1 – 
best, 9 – worst; Tab. 5) The average quality in indi-
vidual years was different, the year 2014 differing 
from the following years (2013 – 4.1; 2014 – 5.2; 
2015 – 4.7; 2016 – 4.3 points). Varietal averages 
ranged from 4.3 (Laudis 550) to 5.3 (KWS Irina). 
Bojos, Francin, Laudis 550, Malz and Sunshine 
tended to better results, distinguished being only 

top-rated beers (Laudis 550, Bojos and Francin) 
from the worst-rated KWS Irina.

The overall impression consists of the com-
plex effect and balance of the partial components 
of the aroma and taste, the basic descriptors are 
carbonation, palate fullness, bitterness, sweet-
ness and sourness. Moreover, the overall impres-
sion includes a critical appraisal of off-flavours. 
The carbonation of beers was fairly balanced in 
the varietal averages (Tab. 5). Beer carbonation is 
caused by dissolved carbon dioxide, perceived by 
tactile receptors activated by the presence of bub-
bles in the liquid, and also by pain receptors, react-
ing to the conversion of carbon dioxide to carbon-
ic acid. It can be influenced by pH and colloidal 
substances in beer [26]. Surprisingly, carbonation 
did not correlate with carbon dioxide concentra-
tion, while the relationship with pH was significant 
(r = –0.455).

The palate fullness is a marker of Czech pale 
beers, in particular lagers. Varietal averages did 
not differ and ranged from 2.1 to 2.5 points on 
a  0–5  scale (Tab.  5). Francin, Malz and Petrus 
tended to lower values. The palate fullness corre-
lated with pH (r = 0.505) and sensory bitterness 
of beers (r = 0.380), thus a synergic effect of malt 
and hops was likely. Factors influencing the sen-
sory perception of the palate fullness of beer are 
not fully elucidated. It is generally believed that a 
higher wort extract and a lower attenuation, i.e. a 
higher viscosity and unfermented extract, dextrins, 
sugars and proteins in beer have a beneficial effect 
[18]. A significant role is attributed to proteins 
with a molecular weight greater than 10 kDa [27].

The astringency of beers was low, varietal 
averages ranging from 1.1 (Bojos, Malz, Kangoo) 
to 1.7 (KWS Irina; scale 0–5; Tab. 5, Fig. 6). The 
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Conclusions

The study showed some specific charac
teristics of barley varieties and contributed to the 
knowledge on the relations between the qualita-
tive markers of malt and the chemical and sensory 
profile of lager beer. An important factor is decoc-
tion mashing as prediction of beer colour and total 
polyphenols based on malt analysis is limited. This 
study shows the significant impact of the harvest 
year on the quality of the malt prepared by the 
unified malting process. The analytical profile, sac-
charolytic, proteolytic and cytolytic modification, 
and consequent values of soluble nitrogen, limit 
attenuation, colour and pH, were found to be in-
fluenced by the harvest year. This was also reflect-
ed by the analytical and sensory profile of beer. 
In the 2013 to 2016 harvests, there were different 
weather conditions during vegetation and harvest-
ing [31, 32]. In 2013, despite unfavourable course 
of the cultivation period, spring barley achieved 
favourable protein content and favourable average 
starch content. Harvests 2015 and 2016 were per-
formed under unfavourable weather conditions 
with frequent showers and storms, which caused 
barley grains to contain more nitrogenous sub-
stances [33]. The overall sensory impression of 
beers depended on the harvest year. Even so, sta-
tistical analysis facilitated partial discrimination 
of varieties, in particular the top-rated from the 
worst-rated. In order to reveal the varietal specifi-
city, a long-term evaluation of the varieties in the 
brewing tests is necessary. 

astringency inversely correlated only with the 
difference between apparent and limit attenua-
tion (r = –0.417). Higher concentration of unfer-
mented extract could probably reduce the astrin-
gency, which is attributed to certain polyphenol 
substances from malt [28, 29], hops [19] and the 
alkaloids hordatins derived from malt [30].

The beers sweetness of varieties ranged from 
1.5 (Laudis 550, Petrus) to 2.25 (Sebastian, Su-
shine; scale 0–5). The beers of Laudis 550, Malz 
and Petrus exhibit a lower sweetness compared 
to Sebastian, Sunshine, KWS Irina and Xanadu 
(Tab.  5). The sweetness correlated weakly with 
palate fullness (r = 0.360) and the carbon dioxide 
(r = –0.487), carbonation being able to suppress 
the sweet sensation.

The sourness of beers ranged from 1.6 (Blaník, 
Laudis 550, Sebastian, Sunshine and Xanadu) to 
2.0 points (Vendela; Tab. 5). The perception of 
sour taste, caused mainly by simple organic acids, 
depends largely on the overall habitat of beer.

The results of PCA (Fig. 6) show a partial dis-
tribution of the varieties but, at the same time, the 
impact of the harvest year is noticeable, in particu-
lar the results of 2013 being different from those 
of the next three years and this difference formed 
a considerable part of the variability of the data. 
The results reflected the fact that only extreme 
varieties were distinguished in the overall impres-
sion. 

Fig. 6. Principal component analysis of basic sensory descriptors of beers 
(carbonation, palate-fullness, bitterness, sweetness, sourness).
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