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Introduction. The aim of the study was to study the bitter
substances of hops to establish the dependence of the bitterness of
the wort and the quality of beer hops on the quantitative and
qualitative composition of alpha-acids hop homologues, in
particular, on the content of cohumulone in alpha-acids.

Materials and methods. Aromatic and bitter hops with
different content of cohumulone in the composition of alpha-acids
and beer made from it were studied. High-performance liquid
chromatography was used to determine the amount and composition
of hop bitter substances and products of their transformation in the
brewing process as well as spectrophotometric methods of quality
control of the bitterness of hopped wort and finished beer.

Results and discussion. It is noted that alpha-acids of the
studied varieties contain a wide range of cohumulone content: from
19.6% in hops of Alta variety to 43.8% in hops of Ruslan variety.
Establishing the relationship between the quantity and quality of
bitter substances of hops and the bitterness and quality of hopped
wort and beer show that with increasing mass fraction of
cohumulone in the composition of alpha-acids of aromatic hops by
1% with a ratio of beta-acids to alpha-acids of 1.11-1.34 the value
of bitterness of the wort hopped by them increases from 0.69% for
Gaidamats’kyi variety to 1.05% for Slovyanka variety. In bitter
hops, the ratio of beta-acids to alpha-acids is much lower and is
0.51-0.74. Analysis of the relationship between the growth of
cohumulone and the change in the bitterness of the wort hopped
with bitter varieties shows that with increasing the share of
cohumulone in the alpha-acids of bitter hops by 1% the bitterness
of hop wort increases from 0.19% for Ruslan to 0.38% for the
variety Promin’. Between the bitterness of the wort and the amount
of cohumulone with hops when using both bitter and aromatic
varieties, there is a strong relationship as evidenced by the
correlation coefficient which is for bitter varieties r = 0.90+0.10, for
aromatic r = 0.98 £ 0.20. In the formation of the bitterness of the
wort, hopped with aromatic varieties from the ratio of beta-acids to
alpha-acids is more than one, the role of beta-acid compounds is
much higher compared to bitter varieties.

Conclusions. When used for hop wort of bitter type hops with
different composition of alpha-acids, their use is more effective in
varieties with a high content of cohumulone.

—— Ukrainian Food Journal. 2020. Volume 9. Issue 2

425



—— Food Technology ——
Introduction

Previous research [1, 3—7] show that high-quality beer with a characteristic bitter taste
and aroma can be obtained only with the use of hops and products of its processing of certain
breeding varieties. This is due to the peculiarities of their biochemical composition, and
above all, with the quantitative content and qualitative composition of bitter substances,
polyphenolic compounds and essential oil of hops aromatic and bitter varieties [2, 8-10].
Different ratio of components of these compounds affects taste and aromatic properties of
beer [11, 15].

Bitter substances, polyphenols and aromatic essential oils of hops take part in the
formation of taste and aromatic properties of beer [1-3, 8-15]. The specific qualities of beer
are most affected by isomers of the original bitter substances of hops, which are contained in
cones in small quantities, and are formed during the boiling of wort with hops [1-3, 7]. Iso-
alpha-acids are quantitatively the most important fraction of hops in beer. They give a typical
bitter taste, and depending on the desired bitterness and type of beer, their concentration
ranges from 10 to 100 mg/l [16]. Iso-alpha-acids are more soluble in beer wort and more
bitter than alpha-acids and form 90-95% of the total bitterness of beer [1, 7]. In addition to
the isomerization reaction, iso-alpha-acids undergo both oxidative and non-oxidative
transformations. As a result, both the intensity and the quality of the bitterness of beer are
negatively affected [16]. Trans-iso-alpha-acids in beer are significantly less stable than their
counterparts. At the same time, a sharp, lingering bitter taste develops and an aroma defect
is formed, which occurs during the aging of beer [16]. The formation of volatile substances
from iso-alpha-acids after beer aging is explained by the process of cyclization of trans-iso-
alpha-acids into tri- and tetracyclic decomposition products. These non-volatile breakdown
products of trans-iso-alpha-acids have only recently been identified [16].

According to the results of research, in the formation of the bitterness of beer [1, 3, 7,
16] in the hop the main importance are alpha-acids, which consist of humulone, cohumulone,
adhumulone, prehumulone and posthumulone. Insoluble alpha-acids are converted at high
temperatures by hopping the wort into soluble iso-alpha-acids (isohumulone, isocohumulone,
isoadhumulone), giving the beer a bitter taste [3, 8, 16]. Moreover, depending on the length
of the side chains of the acyl residue in the second carbon atom of the hexadiene ring changes
the solubility of alpha-acid homologues, and the rule is the longer the side chain, the lower
the solubility. Therefore the solubility of cohnumulone is much higher than that of humulone
and adhumulone [1, 3, 7, 16]. When studying the bitterness and iso-alpha-acid content of
some brands of Brazilian and North American beer [17] it was found that the isoadhumulone
fraction was a fraction of lower concentration in all samples, and most samples showed a
higher concentration of isohumulone. The range of isohumulone ranged from 3.0 to 17.0
mg/l.

Not all alpha-acids have a positive effect on the quality of bitterness in beer. It is known
[1, 3, 7, 16, 17] that isohumulone, isocohumulone and isoadhumulone have approximately
the same degree of bitterness. However, when the wort is boiled with hops, the isomerization
of alpha-acid homologues proceeds with different formation of isocomponents. Of great
importance is the quantitative ratio of homologues of alpha-acids. Czech hops (Zaaz variety)
are characterized by a high content of humulone and adhumulone (up to 80%), while in
German and American high-resin varieties such as Hercules, Tomahawk is dominated by
cohumulone (up to 50%).

Cohumulone is converted to the isomer better than other components of alpha-acids.
But this faction is attributed a negative role in the formation of the bitterness of beer [18].
However, although in Czech varieties the composition of alpha-acids is dominated by
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humulone, the bitterness of Czech beer is represented mainly by isohumulone. In the
processing of hops varieties with a predominant content of cohumulone, beer contains mainly
isocohumulone, and the quality of bitterness according to M. Kusche and others. much worse
[19-20]. It is possible that the qualitative difference in the composition of the original alpha-
acids is also the reason for the known difference in the quality of beer, which is very
significant. But the question remains whether varieties of hops with a high content of
cohumulone create more bitterness in beer. It follows from the above that the selection of
varieties with the optimal composition of bitter substances for beer with excellent and high
quality bitterness is a topical issue for brewers of the American Association [18], European
brewers [19] and Ukrainian beer producers [21].

As can be seen from the analysis of literature sources the composition of bitter
substances of hops of European and American varieties and the influence of their homologues
on the quality of beer bitterness are well studied. Instead, there have been almost no similar
studies with Ukrainian hop varieties. In this regard to ensure stable and high-quality bitterness
of beer it is important to investigate the effect of certain components of alpha-acids of
Ukrainian hops on the qualitative and quantitative indicators of the drink.

The aim of the work was to study the bitter substances of hops, to establish the
dependence of the bitterness of the wort and the quality of beer hops on the quantity and
quality of homologues of alpha-acids of Ukrainian and European varieties, in particular the
content of cohumulone in alpha-acids.

Materials and methods

The cones of pressed hops of Ukrainian and European selection of typical
representatives of the aromatic group of varieties were used for research: Slovyanka,
Nationalnyi, Zaaz, Gaidamats’kyi and bitter: Alta, Magnum, Northern Brewer, Promin’,
Ksanta, Ruslan and beer made from them.

Methods of research of bitter substances of hops. Bitter substances of hops from
cones were extracted with an organic solvent — methanol [22]. The ratio between the mass of
hop cones and the extractant was 1:10. The amount of alpha and beta-acids and the content
of cohumulone in the composition of alpha-acids were determined by the international
method of EMU 7.7 using liquid chromatography HPLC [23]. Chromatography was
performed using a liquid chromatograph Ultimate 3000 with a UV detector at a temperature
of 35 °C [1]. Used a column measuring 100 x 2.1 mm which was filled with sorbent Pinacle
DV C18 3 um [1]. A solution of methanol, water and acetonitrile in the ratio 38:24:38 was
used as the mobile phase [24].

The international standard ICF-3 was used to quantify the components of bitter
substances [23].

Methods for the presentation of wort and beer. Beer from the studied hop samples
was produced at the mini-breweries of the Department of Hop and Beer Biochemistry of the
Polissya Institute of Agriculture of the National Academy of Agrarian Sciences of Ukraine
with a yield of 100 liters, which fully simulates the conditions of real enterprises on a scale
of 1: 100, compact and allows to achieve research goals [2].

Rationing of hops in mini-brewery was performed on the content of alpha-acids in them.
The wort was prepared from 100% barley malt. The hopping was performed at the rate of 60
mg of bitter substances per 1 liter of wort. After complete set the wort was boiled for 30
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minutes. Then in the wort in each variant of the experiment was made hops of the presented
varieties in two steps: 85% at the beginning of hopping, 15% — 15 minutes before the end of
hopping. The total boiling time of hop wort was 90 minutes [21].

The bitterness of the wort formed during its boiling with hops, as a result of extraction
and isomerization of bitter substances of hops, was determined on a spectrophotometer
according to the method of EMU 8.8 (International method of IM) [23]. The method is based
on measuring the optical density of the isooctane extract obtained by extracting bitter
substances from acidified beer wort or beer with isooctane (2,2,4-trimethylpentane), on a
spectrophotometer at a wavelength of 275 nm against isooctane [23]. The value of the rate,
the number of turns in the units of the international scale for the value of the terms of the
EBC were estimated on the basis of the optical index of the weight, as in the international
units of the unit — EBC [23].

The beer quality was evaluated organoleptically at the tasting, hardened tasting
committee of the designated Institute, for the 25-point integrated assessment [21].

Results and discussion

Bitter substances of hops of aromatic and bitter varieties

Complex biochemical studies of hops of different breeding varieties made it possible to
establish that hops of aromatic and bitter varieties have different biochemical composition,
and hence different brewing value.

The most important among bitter substances are alpha-acids, which in the process of
isomerization during hop hopping are converted into iso-alpha-acids, the main compounds
of beer bitterness. When the wort is hopped with freshly harvested hops almost 90% of the
bitterness of beer is formed as a result of isomerization of alpha-acids into iso-alpha-acids,
as a result of which the hexadiene ring of alpha-acids is converted into pentadiene iso-alpha-
acids, giving beer a bitter taste [3, 7, 8, 16]. The amount of alpha-acids is the main pricing
factor in the evaluation of hops and hop products.

The biochemical characteristics of bitter substances of the studied varieties of the bitter
group of hops are given in Table 1. From the data of table 1 it is seen that in the hops of the
studied varieties the content of alpha-acids ranges from 9.5 to 11.2%. Most alpha-acids were
found in Magnum hops — 11.2%.

Table 1
Characteristics of bitter substances of hops of bitter group varieties
Coh_umulone Contents | The ratio of
Contents in th_e_ beta- beta/alpha-
Ne Variety of hop alpha- COMPOSILION | 4 ids 06 acids
acids,% alpha- '
acids,%
1 | Alta (Ukraine) 10.3 19.6 3.8 0.53
2 | Magnum (Germany) 11.2 23.1 5.3 0.51
3 | Northern Brewer 9.5 27.8 3.9 0.52
(Great Britain)
4 | Promin’ (Ukraine) 9.6 29.6 41 0.53
5 | Ksanta (Ukraine) 9.9 34.7 6.0 0.74
6 | Ruslan (Ukraine) 9.7 43.8 5.7 0.73
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The content of beta-acids in the studied varieties is from 3.8% in hops of the Alta variety
to 6.0%, respectively, in the Ksanta variety. Beta-acids are not bitter in taste but in the process
of oxidation, compounds are formed that have a pleasant bitterness. One of their main
properties is a high antiseptic effect which is important to increase the biological stability of
beer during storage [8-15]. The coefficient of aromaticity between the content of beta- and
alpha-acids for this group of varieties is from 0.51 to 0.74 which is less than one.

Not all alpha-acids have a positive effect on the quality of bitterness in beer.
Cohumulone is converted to the isomer better than other components of alpha-acids, so the
solubility of cohumulone is much higher than humulone and adhumulone [1, 3, 7, 16]. But
this faction is attributed a negative role in the formation of the bitterness of beer [18].

The analysis of table 1 shows that the selected varieties of bitter hops have a slight
deviation of alpha-acids and the ratio of beta-acids to alpha-acids is less than one, instead
have a wide range of cohumulone content: from 19.6% in cones of Alta up to 44.1% in the
Ruslan variety, which will allow to investigate its influence on the quality of beer.

Bitter substances of typical representatives of aromatic varieties of hops were also
studied (Table 2).

Table 2
Characteristics of bitter substances of aromatic varieties of hops
Cohumulone .
Contents in the Contents Ratio of
i s beta- beta/alpha-
Ne | Variety of hop alpha- composition : _
i acids,% acids
acids,% alpha-
acids,%
1 | Nationalnyi
(Ukraine) 5.1 20.1 5.7 1.11
2 | Slovyanka
(Ukraine) 5.5 22.1 7.4 1.34
3 | Zaaz
(Czech Republic) 5.3 25.3 6.8 1.28
4 | Gaidamats’kyi
(Ukraine) 4.2 29.6 5.3 1.27

In the samples of hops of the studied varieties, the content of alpha-acids ranges from
4.2 to 5.5% which is much less compared to bitter varieties. A characteristic feature of cone
hops of aromatic varieties, in contrast to bitter, is a high positive coefficient of aromaticity
between the content of beta and alpha-acids, ranging from 1.11 to 1.34. Among the studied
varieties, hop cones of Slovyanka and Zaaz varieties are characterized by the highest
indicator of aromaticity.

From the analysis of table 2 shows that the selected varieties of hops of aromatic type
have a ratio of beta-acids to alpha-acids greater than one. The content of cohumulone in the
composition of alpha-acids ranges from 20.1% in the cones of the Nationalnyi variety to
29.6% in the Gaidamats’kyi variety which will allow to investigate its effect on the quality
of beer.
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Influence of cohumulone bitter and aromatic varieties of hops on the quality of
the wort

Experimental beer samples were made with the studied hop varieties. The amount of
alpha-acids and cohumulone up to 1 liter of wort was calculated.

Since the hop was carried out with bitter hops at the rate of 60 mg of bitter substances per
1 liter of wort, the same amount of alpha-acids is added to the wort — about 60 mg/l but
different amount of cohnumulone: from 11.8 mg/l with Alta hops to 26.3 mg/l with the Ruslan
variety. In this case, the value of the bitterness of the hopped wort also varies from 33.2 units
EBC (variety Alta) up to 41.3 units EBC when using Ksanta hops which is shown in Figure
1.

B Cohumulone, mg /|

B Bitterness of the wort, un.EBC
Olntroduced alpha-acids, mg / |

Figure 1. The amount of bitter substances introduced into the wort and identified in it when
using bitter hops

From the analysis (Figure 1) we see that with hops of the Ksanta variety in the wort is
introduced 76.3% more cohumulone with alpha-acids compared to hops of the Alta variety
which has the lowest content of cohnumulone in the composition of alpha acids. At the same
time the value of the bitterness of the hopped wort increased by 24.3% compared to the use
of the Alta variety. That is with an increase in the mass fraction of cohumulone in the alpha-
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acids of Ksanta hops by 1% the value of the bitterness of the hopped wort increases by 0.32%.
When the wort is hopped with Ruslan hops with a much higher content of cohnumulone in the
composition of alpha-acids, the value of the bitterness of the wort practically does not change.
But if in Ruslan hops the amount of cohumulone in the composition of alpha-acids was
123.4% more compared to Alta hops, the value of the bitterness of the wort hopped by this
hop increased only by 23.7% compared to Alta. With an increase in the mass fraction of
cohumulone in the composition of alpha-acids of the Ruslan variety by 1% the value of the
bitterness of the hopped wort increases by only 0.19%. After analyzing the relationship
between the growth of cohumulone in the composition of alpha-acids and the change in the
value of the bitterness of the hops watered by these varieties, it follows that with increasing
the share of cohumulone in the composition of alpha-acids of bitter hops by 1% the bitterness
of hop wort increases from 0.19 for the Ruslan variety up to 0.38% for the Promin’ variety.
For other studied varieties of bitter type this figure is in the range of 0.27-0.32. The obtained
research data explain why when normalizing hops according to the content of alpha-acids
with different content of cohumulone they do not always get stably normalized bitterness of
beer because with increasing the share of cohumulone in alpha-acids increases the bitterness
of the wort which is consistent with other scientists [16, 19-20].

In Figure 2 shows the correlation field between the bitterness of the wort (axis y) and
the amount of cohumulone (axis x) introduced when using bitter hops, the regression equation
and the coefficient of determination R? constructed a trend line which is also shown in this
figure.

y=1,3785x - 34,293 .
25 A R2=0,8108

20 ¢

Bitterness of the wort, un.EBC

5 T T T T T 1
30 32 34 36 38 40 42
Cohumulone. mg/ 1

Figure 2. Coreliness of deposits between the must of wort and the amount of wort introduced by
cohumulon with hops of rich varieties

The occurrence of the wort and the wort must have been added to the cohumulone
with the hops in the case of vicarious vigorous varieties of currencies that are correlated:
y = 1.3785x — 34.293. Among the signs of speeding straight ahead. The coefficient of
correlation (r = 0.90 + 0.10) shows that there is less wort and more wort introduced to the
cohumulone with hops in case of strong vigorous varieties. Some determinants R? = 0.8108
per case, 81.08% of the amount of wort added is due to the amount of wort added to the hop
and the 18.82% was found to be unavailable.
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Studies have shown that when used for hop wort bitter type hops with different alpha-
acid composition more effective use in varieties with high content of cohumulone which is
consistent with the results of studies by other scientists [16, 19-20].

Influence of cohumulone of aromatic varieties of hops on wort quality

The correlation between the content of cohumulone in the composition of alpha-acids

of aromatic varieties and the bitterness of hop wort was investigated in the manufacture of
beer samples with aromatic samples of hops.

In the obtained samples of wort, the amount of beta-acids and cohumulone up to 1 liter

of wort and the value of the bitterness of the wort were determined which is shown in Figure
3.

80 1/‘

70 A

60 -

50 A

40 A

30 A

20 -

10 -

0

Nationalnyi

Slovyanka 7aaz

Gaidamats’kyi

@ Cohumulone, mg /|
B Bitterness of the wort, un.EBC
OIntroduced alpha-acids, mg / |

Figure 3. The amount of bitter substances introduced into the wort and determined in it when
using aromatic varieties of hops

When the same amount of alpha-acids (about 60 mg/l) is added to the wort different
amounts of cohumulone are added to the wort: from 12.1 mg/l with hops of the Nationalnyi
variety to 17.8 mg/l with the Gaidamats’kyi variety. The magnitude of the bitterness of the
hopped wort also varies from 24.0 units EBC up to 31.8 units EBC. But if in the hops of the
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Gaidamats’kyi variety the amount of cohumulone in the composition of alpha-acids was
47.2% more compared to the hops of the Nationalnyi variety which has the lowest content of
cohumulone, the value of bitterness of the hop wort hop increased by 32.5% compared to the
Nationalnyi, i.e. with an increase in the mass fraction of cohumulone in the alpha-acids of
hops of the Gaidamats’kyi variety by 1%, the value of the bitterness of the hopped wort
increases by 0.69%. When using hops of the Slavyanka variety 13.3 mg/l of cohumulone is
added to the wort with alpha-acids which is 9.9% more than the hops of the Nationalnyi
variety and the value of the bitterness of the hop wort increased by 10.4% compared to
Nationalnyi. For hops of this variety with an increase in the mass fraction of cohumulone in
the composition of alpha-acids by 1% the value of the bitterness of the wort hopped by it
increases by 1.05%.

In Figure 4 shows the correlation field between the bitterness of the wort and the amount
of cohumulone introduced using hops of aromatic varieties.

20 A

—_
co
1

y=0.711x- 5,297 A
R*=0.961

— — —
2 o (=)
| | |

Bitterness of the wort, un.EBC
=)
1

oo

22 24 26 28 30 32 34

r2
o

Cohumulone. mg /1

Figure 4. Correlation between the bitterness of the wort and the amount of conumulone with
hops of aromatic varieties

Given the use of aromatic hops, this dependence is expressed by the correlation
equation: y =0,711x —5,297. There is a direct connection between the signs. There is a strong
correlation between two factors: the bitterness of the wort (axis y) and the amount of
cohumulone (axis x) added to hops of aromatic varieties, as evidenced by the correlation
coefficient (r = 0.98 + 0.20). The total variation in the bitterness of the wort (96.10%) is due
to changes in the amount of cohumulone and the remaining 3.90% is other factors that were
not taken into account in this case.

We found that with an increase in the mass fraction of cohumulone in the composition
of alpha-acids of aromatic hops by 1% at a ratio of beta-acids to alpha-acids of 1.11-1.34, the
value of the bitterness of the wort hopped by them increases from 0.69% for hops
Gaidamats’kyi variety up to 1.05% for hops of the Slovyanka variety while for bitter hops in
which the ratio of beta-acids to alpha-acids is 0.51-0.74, this figure was much lower and
amounted to only 0.19-0.38%. Thus it was found that in the formation of the bitterness of
the wort hopped with aromatic varieties of hops from the ratio of beta-acids to alpha-acids is
more than one, the role of beta-acid compounds is much higher compared to bitter varieties.
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Influence of cohumulone of aromatic hops on beer quality

The established dependences remain and at research of ready beer which characteristic
is resulted in Table 3.

Table 3
Content of bitter substances and polyphenolic compounds in beer samples
Variety of hops from which Magnitude of the Total polyphenols,
No beer is made bitterness of beer, mg/dm?®
units EBC

1 Nationalnyi 19.3 172.0
2 Slovyanka 22.6 183.4
3 Zaaz 24.8 180.0
4 Gaidamats’kyi 26.1 218.0

Sensory evaluation of experimental samples of beer and its biochemical characteristics
showed that all samples differed significantly in taste, bitterness and aroma (Table 4).

Table 4
Technological evaluation of the studied varieties of hops
Name of quality indicators
Taste
g 2| & | 8
2 < c
Options % S E = § 5 ki g
2 | 8 s | 2 o b= s IS
g 2 | < S | 5§ S o
= £ o O
= o
O I
Nationalnyi 3 3 5 3.6 4.1 4.3 23.0 | perfectly
Slovyanka 3 3 5 3.9 4.3 4.6 23.8 | perfectly
Zaaz 3 3 5 3.9 4.2 4.6 23.7 | perfectly
Gaidamats’Kkyi 3 3 5 3.5 3.9 3.9 22.3 | perfectly

Slovyanka and Zaaz obtained the best beer in the case of hop worting with finely
aromatic hop varieties. The beer had a pleasant taste, fresh hop of polyphenolic compounds,
which are rich in hop of this aroma and a gentle, residual bitterness. Excellent quality was
also beer using the aromatic variety of hops Nationalnyi. The fourth sample of beer had good
taste, but was inferior in aroma and hop bitterness to other samples. The members of the
commission noted a slightly rough astringent bitterness, characteristic of the excessive
amount variety.

The members of the tasting commission also noted that in the first sample of beer, in
which the lowest amount of cohumulone and beta-acids was added with Nationalnyi hops,
the value of beer bitterness was the lowest. With an increase in the content of cohumulone in
the composition of alpha-acids from 20.1% in hops of the Nationalnyi variety to 29.6% in
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the variety Gaidamats’kyi and with an increase in the amount of cohumulone with these
varieties of hops from 12.1 to 17.8 mg to 1 liter of wort, increases the amount of bitterness
of beer both spectrophotometric and sensory which is consistent with the data of other
scientists [3, 8] who also note that ways to create new varieties of hops are intended to
maintain the level of cohumulone formation not more than 25% of total alpha-acids in
aromatic hops and 35% in bitter hops [3, 8]. Thus different representatives of the bitter
substances of hops have different bitterness both in total intensity and in individual flavors.
Taking into account the maximum qualities of all components of the group of bitter
substances allows you to rationally use the most expensive raw materials, creating new beers.

Lo

Conclusions

The quality and magnitude of the bitterness of beer depends on the varietal
characteristics of hops, i.e., the quantity and quality of homologues of alpha-acids and
beta fractions.

When used for hop wort hop with a slight deviation of the ratio of beta-acids to alpha-
acids and different composition of alpha-acids, their use is more effective in varieties
with a high content of cohumulone.

More intense coarse bitterness in beer is created by cohumulone, so the methods of
creating new varieties of hops are intended to maintain the level of cohumulone
formation of not more than 25% of the total alpha-acids content in aromatic hops and
35% in bitter hops.

Establishing the relationship between the quantity and quality of bitter substances of
hops and the bitterness and quality of hopped wort and beer which show that with
increasing mass fraction of cohumulone in the composition of alpha-acids of aromatic
hops by 1% at a ratio of beta-acids to alpha-acids 1.11-1.34, the value of the bitterness
of the wort hopped by them increases from 0.69% for hops of the Gaidamats’kyi variety
to 1.05% for hops of the Slavyanka variety, while for bitter hops in which the ratio of
beta-acids to alpha-acids 0.51-0.74, this figure was much lower and was only 0.19-
0.38%.

The role of beta-acid compounds in the formation of the bitterness of the wort, hopped
with aromatic varieties of hops with a ratio of beta-acids to alpha-acids greater than one
is much higher compared to bitter varieties.
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