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Abstract. With the expansion of the assortment of beer, brewers increasingly use
different hop products of new varieties of hop, that makes it possible to obtain beer
with certain profiles of taste and aroma. The comprehensive assessment of the quality
of hop pellets Type 90 produced in Ukraine and European countries and that are most
demand by Ukrainian beer producers were conducted. It made possible to form a
database of biochemical characteristics of fine aromatic and aromatic varieties based
on the absolute values of such indicators as the mass fraction of alpha-acids and beta-
acids (with including their chemical composition), xanthohumol, essential oil and its
components and the ratio of certain valuable hop compounds. The mass fraction of
alpha-acids in hop pellets of fine aromatic varieties was ranges from 2.7% in the
Hersbrucker variety to 5.3% in the Slavianka variety. A higher indicator of the
content of alpha-acids was found in the pellets of the aromatic varieties Zagrava and
Tradition with a range of variation of the indicator from 4.6 to 7.2% (average values
are 5.9 and 6.0%, respectively). The content of beta-acids in the studied pellets ranges
from 3.6% (Lublin) to 6.6% in the pellets of the Slavianka variety. The among the
studied pellets in the composition of bitter substances the proportion of beta-acids is
equal or exceeds the proportion of alpha-acids. As a result, they save a positive
aromaticity ratio between the content of beta-acids and alpha-acids, that ranges from
0.99 (Lublin) to 1.84 (Hersbrucker). In the samples of hop pellets that was studied
there is significant variability in the essential oil content with average values from
0.49 (Klone 18) to 1.64 ml/100 g in Zagrava hop pellets. The general components of
essential oil of hops are hydrocarbons that are represented by monoterpenoid -
myrcene and sesquiterpenoids: caryophyllene, humulene and farnesene, that
collectively set up from 66.6% to 78.8% of their total amount. Biochemical criteria
for brewery assessment of hop varieties of the aromatic type have been determined
and scientifically substantiated. The main ones are the content and composition of
bitter substances, in particular: alpha-acids and beta-acids with an indicator value in
the range of 4-9%; the ratio between the number of beta- and alpha-acids is about 1;
the mass fraction of cohumulone in the composition of alpha-acids is up to 28%,; the
amount of essential oil per 1 g of alpha-acids is within 0.20-0.25 ml in the presence
of a significant amount of sesquiterpenoids. The amount of farnesene in the
composition of the essential oil was within 10-20%, the content of prenylated
flavonoids, in particular xanthohumol, was at least 0.4%. A new hop variety Perlyna
with characteristics that requirements the specified criteria is presented. Expanding
the assortment of hop products due to the formation of highly productive hop
plantations of new varieties with defined characteristics is an important prerequisite
for ensuring a sufficient level of competitiveness of Ukrainian hop products on the
world market.

Keywords: hop pellets type 90, hop varieties, biochemical criteria, brewery
assessment, bitter substances, hop essential oil.
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Introduction. Formulation of the problem

With the expansion of the range of beer,
especially with the development of the new trend of
Craft beer and the creation of original beer styles,
brewers are increasingly using a different new hop
products made from new varieties of hop, that makes it
possible to obtain beer with certain profiles of taste and
aroma, since modern hop varieties have a wide range
of the bitter substances and other valuable compounds
that are necessary for this purpose.

For brewers, hops are an irreplaceable raw
material that determines the character of beer [1-4]. For
many centuries, hops, as the main component in
brewing beer, give it not only piquant bitterness, but
also a unique aroma [5-7]. This is due to the variety of
bitter substances, essential oils and aromatic
compounds that contained in the cones of different
varieties of hops [3,7,8].

But far from everywhere, even in countries with a
temperate climate that are leaders in hop production:
Germany, the Czech Republic, the North America and
China [8], there are favorable natural and climatic
conditions for hop cultivation, similar to Ukraine [9].
The development of hop production in Ukraine
corresponds to the preservation of centuries-old
national brewing traditions with an emphasis on
valuable varieties of hop with a fine aroma [10-12].
Thanks to this, Ukraine has the opportunity to develop
the sectoral complex of hop, grow the necessary
amount of hop raw material and process it into
appropriate hop products to suppling its own brewing
needs and build export potential [13-15]. An important
background for ensuring a sufficient level of
competitiveness of domestic hop production is the
expansion of its assortment due to the formation of
highly  productive hop plantations of new
varieties [16].

Analysis of recent research and publications

The most important hop compounds for brewing
are bitter substances. Their importance and value
explaining in the fact that these substances are not
found in other plants. They are mainly represented by
alpha- and beta-acids. In addition to giving beer a
characteristic bitter taste, bitter substances in a
complex with other hop compounds contribute to the
clarification of beer, effect on the color and foam

formation, and also increase the biological and
colloidal stability during storage of the amber
drink [2,7].

In addition to bitterness, hops give beer special
taste notes, unique spiciness and a specific hop
aroma [1,4]. This is explained to the assortment of
aromatic substances contained in the essential oil of
hops and synthesized together with bitter substances in
the lupulin glands during the formation and ripening of
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hop cones [8,17]. The diverse composition of hop
essential oil gives beer individual taste qualities and
aromatic properties, including citrus, floral, fruity
notes, spicy, woody, herbal aromas, depending on the
hop variety [3,7,18].

Since bitter substances and essential oil are the
main factors in the taste and aroma of beer, their
amount and composition in different types of hops
contain valuable information for brewers [1,3], and
have main for the improvement of brewing techniques,
especially in the context of the growing popularity of
the Craft beer trend [19,20]. The brewers are
increasingly using various hop varieties with a
qualitatively different composition of bitter substances
and essential oils with aim to create special aroma and
taste profiles in beer [11,19-22]. Today, breeding
programs of leading countries in the field of hops: the
Czech Republic, Germany, the USA, China, Poland
and others are aimed at creating hop varieties with
unique characteristics [5,8,12,23].

Beside, biologically active compounds of hop
cones are known for their antioxidant, anti-
inflammatory, antitumor properties [24-27], that should
attract the attention of the pharmaceutical industry.
Also, the essential oils and resins of hops have sedative
and other neuropharmacological properties, as well as
demonstrate antibacterial and antifungal
activity [28,29], offering a natural alternative to
synthetic insecticides [30-32].

The analysis of data from the world scientific
literature and the results of our own researches indicate
a wide range and high levels of biological activity of
hop compounds and substantiate the prospects of using
hops and its processing products not only in brewing,
but also in other areas of human activity.

That is why the evaluation of hop varieties is
carried out comprehensively, covering various aspects,
including agrotechnological and economic
characteristics during their optimal cultivation and
processing and also chemical and technological
characteristics [5,32-35]. The stability of the
technological and biochemical quantitative and
qualitative characteristics of the variety remains an
actual problem today for the Brewers Association of
America [23,36], European brewers [3-5,8,37] and
Ukrainian beer producers [11,12], as this knowledge
makes it possible to establish suitability of the variety
for successful use in brewing. And also selecting
varieties of hops to obtain beer with high-quality
bitterness and a sought-after aroma. The investigation
of the composition of bitter substances, essential oil
and other biologically active compounds of hops and
the determination of criteria for evaluating aromatic
and bitter varieties of hops is important for the
successful development of brewing of various
directions and other areas of human activity [1,3].

The purpose of the study was to determine and
justify the biochemical criteria for the brewing
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assessment of hop varieties of the aromatic type and
create a new hop variety with defined characteristics.

To achieve the goal, the following tasks were
formulated:

- to determine the physico-chemical and
biochemical indicators of the quality of hop pellets type
90 of fine-aromatic and aromatic varieties of Ukrainian
and European production, that have the most demand in
the technologies of Ukrainian beer producers;

- to create a database of biochemical indicators of
the quality of aromatic hop varieties, the hop production
from them is in the greatest demand among Ukrainian
brewers;

- on the basis of theoretical and experimental
studies, analysis of databases of biochemical indicators
of studied varieties, to determine and justify biochemical
criteria for brewery assessment of aromatic hop
varieties.

Research materials and methods

The research was conducted in 2017-2023 in the
accredited laboratory of hop and beer biochemistry and
biotechnology of the Polyssia Institute of Agriculture of
the National Academy of Agrarian Sciences of Ukraine,
the production conditions of hop granulation at LLC
"Hop of Ukraine", PE "Halchyn-agro™ and breweries of
Ukraine.

Biochemical indicators of the quality of hop pellets
type 90 of fine-aromatic and aromatic varieties of
Ukrainian and foreign production that are greatest
demand among Ukrainian brewers were studied:

— Pellets of hops of fine-aromatic varieties of
Ukrainian selection with a delicate aroma: Klon 18
and Zlato Polissya that are variation of the Zhatec
type of hops with an alpha-acid content range of 3.0—
5.5% and the Slavyanka variety with an alpha-acid
content of 4.5-7.5%.

— Pellets of foreign selection varieties of hops of the
Zatec type with a delicate aroma: Zhatetsky (Czech
Republic), Thettnanger, Shpalt Select, (Germany),
Lublin (Poland) with alpha-acid content from 2.5 to
6.5%.

— Pellets of hops of fine aromatic varieties of foreign
selection with farnesene-free type of essential oil:
Hersbrucker, Sapphire (Germany) that characterized
by a range of alpha-acid content from 1.5 to 4.5%;

— Pellets of hops of aromatic varieties of Ukrainian
selection with a characteristic hop aroma: Nationalny
and Zagrava that have alpha-acid content in the
range of 5.0-9.0%.

— Pellets of hops of an aromatic variety of foreign
selection with a characteristic hop aroma: Halertau
Tradition (Germany) with a range of alpha-acid
content from 4.0 to 7.0%.

— Pellets of hops of a new, fine aromatic variety of
Ukrainian selection with a delicate aroma Perlyna
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that have alpha-acid content in the range of 4.5-
9.0%.

The samples were taken from consignments of
pellets of the respective varieties. The weight of the
average sample for identification and biochemical
studies was at least 1 kg of hop pellets. 7-10 samples
from consignments of pellet of each variety were
studied.

Modern physico-chemical methods of analysis of
bitter substances, essential oil of hops and hop products
were used in the research, in particular: high-
performance liquid chromatography, capillary gas
chromatography, spectrophotometry, other control
methods harmonized with the methods of European
Brewing Convention, as well as mathematical and
statistical methods using dispersion and correlation-
regression analysis to assess the reliability of the
obtained research results.

Methods of researching the quantity and
qualitative composition of bitter substances of hop
pellet. The quantity of alpha-acids is a conductometric
indicator of bitterness, determined according to the
international method Analytika EVS 7.5 [33,38]. This
method is based on the conductometric titration of the
diethyl ether extract of bitter substances of hop by
solution of lead acetic acid with calculation of the mass
fraction of alpha-acids. The content and composition of
alpha-, beta-acids and xanthohumol were determined by
the method of high-performance liquid chromatography
according to the international method of EVS 7.7.
[33,38]. Bitter substances of hop: alpha- and beta-acids
and their components, in particular, cohumulone,
colupulone and xanthohumol, were extracted from hop
pellets by an organic solvent - methanol. The ratio
between the mass of hop pellets and the extractant was
1:10. The amount of alpha- and beta-acids and the
content of cohumulone, copululone and xanthohumol
were determined by the method of high-performance
liquid chromatography. Chromatography was carried out
with using an Ultimate 3000 liquid chromatograph with
a UV detector at temperature of 35 °C. A column
measuring with 100 x 2.1 mm was used that was filled
by Pinacle DV C18 sorbent 3 um. A solution of
methanol, water and acetonitrile in a ratio of 38:24:38
was used as the mobile phase. The content of
xanthohumol determine with used the xanthohumol
standard that have content of this compound of 99.8%,
for the components of bitter substances: alpha- and beta-
acids - the international standard ISF-3 [38].

Methods of research on the quantity and
qualitative composition of essential oil of hops. The
content of essential oil was determined according to the
international method Analytika EVS 7.10 [39] that is
based on the determination of the content of essential oil
in cm? in terms of 100 g of air-dry matter with obtaining
essential oil by hydrodistillation followed by decantation
and collection it is in a special catcher.

The chemical composition of the essential oil was
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analyzed by gas chromatography following the official
method in Analytica-EBC 7.12 [40]. Four selected
components  (myrcene, caryophyllene, farnesene,
humulene) were identified and quantified with using a
Krystal-2000M capillary gas chromatograph equipped
by flame ionization detector. The essential oil extracted
from the hop pellets was separated into separate
compounds by gas chromatography on 50-60 m
columns (Restek Stabilwax® manufactured by the USA)
with using 20-30 cm® of chromatographically inert
nitrogen carrier gas. The temperature program was as
follows: 60°C (exposure for 1 min), 60-190°C
(4°C/min), 190-220°C exposure in isothermal regime
for 40 min). The injector temperature was 220°C, the
injection volume was 0.3-0.4 pul, and the detector
temperature was 250°C. The results were expressed as a
relative % of particular compound in the essential oil.

Results of the research and their discussion

With aim for determine and substantiate the
biochemical criteria for the brewing evaluation of
aromatic hop varieties, we have researched the chemical
and technological indicators of the quality of aromatic
hop varieties of Ukrainian and European selection, the
hop products from them was the most demand during
the years 2017-2023 in the technologies of Ukrainian
beer producers, and created a database of biochemical
indicators of the studied varieties. Type 90 hop pellets
were studied, the chemical composition of them
practically does not differ from hop cones [41].

The most important compounds of hop and its
processing products for brewing are bitter substances.
The most valuable among bitter substances are alpha-
acids that are the main price-forming factor in the
evaluation of hop and hop products [13,42]. At wort
process hopped by hop, alpha-acids are isomerized into
iso-alpha-acids that are the main compounds of beer
bitterness, giving it a characteristic bitter taste [12,43-
45]. As a result of isomerization of these compounds,
almost 90% of beer bitterness forming [44,46]. The
values of the minimum, average and maximum content
of alpha-acids in hop pellets of the studied varieties are
given on the Fig. 1.

As a results of analysis of the data that presented
on the Fig. 1, it can be seen that the minimum amount
of alpha-acids over the years of researching was
determined in the pallets of the Hersbrucker variety,
that was 1.9% (average index 2.7%). A higher index of
alpha-acids content, with average values of the index
from 3.4% to 3.8% among the fine-aromatic varieties,
was determined in the hop pellets of the following
varieties: Clone 18, Zhatetsky, Thettnanger and
Sapphire. According to the passport data of these
varieties [47-50], the content of alpha-acids is in the
range of 2.5-4.5%. Almost the same quantity with a
difference between the limits of the evaluated
characteristic of 3.1-5.5% was also determined in the
pallets of the Zlato Polissya and Lublin varieties with
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average values of the indicator of 4.1-4.3%,
respectively.

Hop pellets of the Shpalt Select, Sloavianka and
National varieties had a wider range of alpha-acids
content from 3.9 in the Shpalt Select to 6.8 in the
National. However, the average indicator of the
evaluated feature was at the level of 5.0-5.3%.

The highest index of alpha-acids content among
aromatic varieties was determined in hop pellets of the
Zagrava variety with a range of variation of the index
from 4.8 to 7.2%, the average value of it was 5.9%.
Almost the same average value of the indicator of the
mass fraction of alpha-acids of 6.0% was determined in
the cones of the Halertau Tradition variety, with
fluctuations of the indicator from 4.6 to 6.9%.

Equally important compounds for brewing are
beta-acids, which, together with alpha-acids, determine
the bitterness of hop and beer. Beta-acids do not taste
bitter, but at wort is hopped, compounds are formed
that have a pleasant, soft bitterness [44]. Beta-acids
have a high antiseptic effect, antibacterial and
antifungal activity [2,29,32], which helps to increase
the stability of beer during its storage [32]. The
obtained data on the minimum, average and maximum
content of beta-acids in hop pellets of the studied
varieties are presented on the Fig. 2.

The minimum amount of beta-acids over the
years of researching, according the data on the Fig. 2,
was determined in pellets of the Lublin variety with the
range of the content of this compound from 2.5 to
4.1%, with an average of 3.6%. It should be noted that
all pellets of Zhatec type varieties had approximately
the same content of beta-acids, with average values of
the indicator from 3.6 to 5.3%, respectively. The
content of beta-acids in the pellets of the Hersbrucker
and Sapphire varieties were 2.6 to 6.7%, with average
values of the indicator of 4.6 and 5.4%, respectively.
The highest amount of beta-acids among the fine
aromatic varieties was determined in the hop pellets of
Slavyanka variety with a variation range of the
indicator from 4.8 to 7.7%, the average value of the
indicator was 6.6%. Almost the same number of them
with a difference between the limits of the evaluated
characteristic of 4.9-6.8% was also determined in the
pellets of the Zagrava variety, with an average value of
the indicator of 6.1%.

On the basis of the obtained data of
biochemical investigations of the amount and
composition of bitter substances in the pellets of hop
of fine aromatic and aromatic varieties, we found that
the pellets made from the varieties of Ukrainian
selection Zagrava and Slavianka have significantly
higher indicators of the content of beta-acids
compared to the pellets of the remainder of the
studied foreign varieties.

Beer with a characteristic bitter taste and a
sought-after aroma can be obtained only under the
condition of using hop and its processing products of
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individual varieties that connected with the
peculiarities of their biochemical composition, and first
of all, with the quantity and qualitative composition of
bitter substances, polyphenols and essential oil,
moreover, the optimal ratio of individual components
of these compounds has a positive effect on the taste

and aromatic properties of beer [11]. Biochemical
indicators of the content and composition of bitter
substances in hop pellets of the aromatic type of
Ukrainian and European production for the years
2017-2023 are presented in the Table 1.
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Fig. 2 — Content of beta-acids in hop pellets of the studied varieties
(average data for 2017-2023 with n=3, P>0.95)

39 Volume 18 Issue 4/2024



Ximis xap4yosux npodykmie i mamepiasnie. Hoei eudu cuposuru / Chemistry of food products and materials. New raw materials

Table 1 — Content and composition of bitter substances in hop pellets of studied varieties for 2017-2023

(average at n=3, P>0.95+SD)

Pellets of the hop Mass fraction, % . Colupulone in
. Cohumulone in
No. variety ) ) B/a, EBC the composition the_ _ Xanthohu-
alpha-acid, beta-acid, 7.7 e composition mol, %
EBC 7.5 EBC 7.7 of a-acids, % | ' acids, %
Pellets of hop varieties of the fine aromatic type
1 Klon 18 3.4+0.74%* 4.1+0.42 1.31+0.67 25.1+2.01 45.3+1.9 0.24+0.051
2 Zlato Polissya 4.1+£0.32 4.6+£0.24 1.21+£0.57 23.2+1.75 43.2+1.81 0.38+0.033
3 Zhatetsky 3.7+0.53 5.3+0.47 1.28+0.45 24.7+1.86 41.8+1.38 0.39+0.034
4 Thettnanger 3.8+0.42 4.24+0.37 1.19+0.31 23.7+£0.98 43.8+1.34 0.26+0.031
5 Shpalt Select 5.0+£0.74 4.1 +£0.43 1.01+0.29 23.9+1.17 43.1£2.06 0.23+0.043
6 Lublin 4.3+0.62 3.6+£0.58 0.99+0.26 26.8+0.86 46.1+£0.63 0.37+0.028
7 Hersbrucker 2.740.41 4.6+0.89 1.84+0.87 21.3£1.98 37.6+£2.22 0.19+0.024
8 Sapphire 3.7+0.45 5.4+0.93 1.69+0.20 15.1+1.62 44.1£1.69 0.38+0.037
9 Slavyanka 5.3+0.81 6.6x1.11 1.29+0.44 23.5+1.26 42.0+1.38 0.41+0.042
10 Nationalny 5.240.82 4.84+0.88 1.09+0.43 21.4+1.15 40.1£1.49 0.37+0.038
Hop pellets of aromatic type

11 Zagrava 5.9+£1.22 6.1£0.95 1.11+£0.38 23.2+1.87 44.442.15 0.43+0.051
12 Hallertauer Tradition 6.0+0.87 3.9+0.78 0.87+0.11 28.1£1.42 47.54£2.52 0.33+0.046

Note: *average values of indicator X for 2017-2023 years £SD

A characteristic feature of the studied varieties is
the positive aromaticity coefficient between the content
of beta- and alpha-acids that is greater than or close to
1. This is one of the criteria for assessing the brewing
quality of hop and pellets. Hop pellets of the varieties
Klon 18, Zlato Polissya, Zhatetskyi, Thettnanger and
Slavianka have a significant advantage in the
composition of bitter substances of the portion of the
beta-acids over the portion of alpha-acids. The
aromaticity coefficient between the content of beta-
and alpha-acids was in the range of 1.19-1.29. An even
higher index of aromaticity, from 1.69 to 1.84, was
determined in the pellets of varieties that have a
farnesene-free type of essential oil Sapphire and
Hersbrucker. For the another pellet samples of this
indicator was in the range from 0.87 to 1.11.

The great importance in the formation of the taste
of the drink and the quality of the bitterness of beer is
not only the amount of bitter substances in hop, but
also the qualitative composition of homologues that are
part of the original alpha- and beta-acids, and, first of
all, this concerns the content of cohumulone in alpha-
acids and colupulone as part of beta-acids.

Cohumulone is converted into an isomer better
than other components of alpha-acids. But this fraction
is attributed a negative role in the formation of beer
bitterness. Scientists noted that brewing of hop
varieties with a predominant content of cohumulone,
the beer mainly contains iso-cohumulone, and the
quality of bitterness according of data [51,52] and
results others investigators been worsening. An
increase in the proportion of cohumulone in hop gives
beer residual bitterness and a rough shade of bitter
taste. And vice versa, then the less cohumulone is
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contained in the composition of alpha-acids, than the
better the quality of the bitterness of the drink.
According to scientists and specialist brewers from
Germany, the Czech Republic, Slovenia, and the
United States of America [51,52], the mass fraction of
cohumulone in the composition of alpha-acids in fine
aromatic varieties should not exceed 30%. Although
according to [17], this question is debatable and there
is no clear answer.

The smallest portion of cohumulone in the
composition of alpha-acids over the years of research
was determined in the pellets of the Sapphire variety
with a range of variation of the indicator from 13.8 to
17.0%, with an average value of the indicator is 5.1%.
In the another varieties, the average value of the
portion of cohumulone ranged from 21.3% and 21.4%
in the pellets of the Hersbrucker and National
varieties to 28.1% in the Tradition variety. In the
pellets of this variety, the largest portion of
colupulone in the composition of beta-acids was
determined — 47.5%. These indicators are one of the
characteristic features of the breeding variety. We
also noted that in all hop pellets of Ukrainian
production of fine aromatic and aromatic varieties,
the content of cohumulone is in the range of 21.4—
25.1%, colupulone — from 40.1 to 45.3%,
respectively, that is, this once again confirms that
Ukrainian varieties have a high-quality composition
of bitter substances.

In addition to bitterness, hop also gives beer a
specific aroma, unique spiciness and a fine hop
flavor [1,4]. This is due to the diversity of the
composition of essential oil and aromatic substances
contained in hop cones that give beer a unique hop
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aroma [8,17]. Although the portion of these substances
in the chemical composition of hop cones is only 0.1-
4.2% [5,11,53], they are decisive in the aroma of both
hop and beer.

Essential oil, as well as bitter substances, are
synthesized and accumulated during the formation and
ripening of cones and are concentrated mainly in the
lupulin glands of hop cones. Moreover, the main
amount of essential oil accumulates at the end of the
synthesis of bitter substances. In the process of
formation and ripening of hop cones, the amount of
essential oil increases, reaching the maximum level in
the stage of physiological ripeness. In Fig. 3 the values
of the minimum, average and maximum content of
essential oil in hop pellets of the studied varieties were
given.

In the hop pellets of the studied samples that have
main importance for brewing, there is a significant
variability in the content of essential oil, with average
values from 0.49 (Clone 18) to 1.64 ml/100 g of hop
pellets Zagrava.

Among the fine aromatic hop varieties of the
Zhatec type, over the years of researching, the
minimum amount of oil was determined in the cones of
the Klon 18 variety that was 0.40-0.64 ml/100 g of dry
hops, on average 0.49 ml/100 g. Almost the same the
amount with a difference between the limits of the
evaluated characteristic of 0.38-0.80 ml/100 g of dry
hop was also determined in hop pellets of the
Thettnanger, Zhatetsky, Lublin, Zlato Polissya,
Hersbrucker and Shpalt Select varieties with average
indicators of 0.56-0. 66 ml/100 g of dry hop.
According to the passport data of these varieties [47-
50], the oil content is in the range of 0.4-1.4 ml/100 g
of dry hop. In the cones of the finely aromatic

25 1
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15 |
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0,0 - : : : : :

Slavyanka hop was determined much more oil
(1.46 ml/100 g).

Among the aromatic varieties (Zagrava and
Tradition), the maximum amount of essential oil was
contained in the hop of the Zagrava variety that had 2.3
ml/100 g, the average value for the studied years was
1.64 ml/100 g of dry hop. Table 2 provides detail
conclusions about total essential oil accumulation and
variation in its composition during 2017-2023.

Most of the components of essential oil of hop are

hydrocarbons and they are represented by
monoterpenoid - myrcene and sesquiterpenoids -
caryophyllene, humulene and farnesene  with

collectively constituting from 66.6% to 78.8% of their
total amount.

Hop pellets in the composition of essential oil
contain myrcene from 22.1% in pellets of the
Thettnanger variety to 33.1% in the Zagrava variety.
Caryophyllene in the studied varieties is in the range
from 8.1 to 12.6% that is typical for European varieties.
All studied samples of hop pellets in the composition of
essential oil have a high content of humulene from
16.4% (Slavyanka) to 37.1% (Tradition) that presence of
which refers them to varieties with a fine aroma. All
varieties of the Zhatec type and the aromatic Zagrava
variety have a high content of farnesene in the
composition of the essential oil, from 15.4 to 19.9%.
However, the largest amount of farnesene in the
composition of the essential oil during 2017-2023 was
the pellets of the Zhatetsky and National varieties with
the corresponding average values of 19.7 and 19.9%.
The hop pellets of the three investigated varieties
(Sapphire, Hersbrucker and Tradition) had less than 1%
of farnesene in the composition of the essential oil.
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Fig. 3. The content of the total amount of essential oil in the hop pellets of the researched varieties
(average data for 2017-2023 with n=3, P>0.95)
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Table 2 — The amount of essential oil and its qualitative composition in pellets of domestic hop
varieties for 2017-2023 (average at n=3, P>0.95+SD)

Amount of % to total content Amount of
essential oil, essential oil,
Hop varieties mi/100 g of mi/100 g of dry

dry hop myrcene caryophyllene humulene farnesene hop to 1 g of

alpha acids

Fine aromatic and aromatic type of hops

Klon 18 0.49*+0.042 26.8+3.8 8.7+1.37 24,5+3.9 174422 0.14+0.033
Zlato Polissya 0.59+0.033 25.9+3.9 9.3+0.92 26.9+4.1 16.7+1.7 0.14+0.021
Zhatetsky 0.58+0.032 28.6+3.6 8.1+1.11 20.9+2.6 19.742.4 0.15+0.027
Thettnanger 0.56+0.014 22.1+3.9 9.2+1.22 26.3+4.9 18.5+1.8 0.15+0.022
Shpalt Select 0.66+0.026 23.4+4.1 8.9+1.38 18.7+2.8 18.84+2.2 0.13+0.031
Lublin 0.59+0.018 26.7+4.7 10.1+1.03 28.3+5.8 11.3+0.9 0.14+0.018
Hersbrucker 0.60+0.027 259+4.3 11.8+£1.27 27.9+3.9 <1 0.22+0.037
Sapphire 0.85+0.030 27.3+4.6 12.2+1.67 25.5+2.9 <1 0.23+0.051
Slavyanka 1.46:+0.045 32.9+53 8.8+1.32 16.4+4.7 17.542.2 0.28+0.057
Nationalny 0.84+0.041 29.2+4.2 9.5+1.11 17.3+2.9 19.9+2.3 0.16+0.033
Zagrava 1.64+0.075 33.1+6.8 8.1+1.79 18.7+4.1 15.442.2 0.28+0.062
Hallertauer Tradition 0.66+0.045 27.1+4.3 12.6+1.27 37.1+£5.9 <1 0.11+0.029

Note: * average values of indicator X for 2017-2023 + SD

The results of researching proved that the chemical
composition of the essential oil of the investigated
samples of hop pellets of 12 varieties of Ukrainian and
European breeding is a varietal feature and can be one of
the biochemical criteria for identification of breeding
varieties of hop. It was confirmed that the content and
composition of the essential oil in the studied hop pellets
correspond to the passport data of the studied
varieties [47-50].

The results of our research on the quantitative
content and qualitative composition of bitter substances
and essential oil in hop pellets of fine aromatic and
aromatic varieties of foreign selection are corresponding
with the results of other researchers who characterize the
hop varieties that we studied [5,48-50].

On the basis of theoretical and experimental
studies, analysis of databases of biochemical indicators
of hop varieties, the hop products of that the most
demand in the technologies of Ukrainian beer producers,
biochemical criteria for brewery assessment of hop
varieties of the aromatic type have been determined.

The minimum criterion for the content of alpha
acids was the maximum value of this compound in the
hop pellets of the Zhatetsky variety, that is the standard
for fine aromatic varieties and have level is 4.3%. The
maximum value of the alpha-acid content in the group of
aromatic varieties was established maximum level of the
content of alpha-acids that must be do not less than
7.5%. The minimum and maximum values of the mass
fraction of beta-acids were taken as the minimum
content of this compound in the pellets of the Zhatetsky
variety — 4.6%, and the maximum content was up to
7.7% (Slavianka variety).

According to  scientists and  specialist
brewers [51,52], the mass fraction of cohumulone in the
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composition of alpha acids should not exceed 30%, that
is confirmed by the results of our research, therefore, the
maximum value of this indicator was established on the
level 28%, that was determined in pellets of the
Tradition variety. The ratio of beta-acids to alpha-acids
is taken to be close to 1. The amount of essential oil
based on 1 g of alpha-acids (data in Table 2) is within
0.20-0.25 ml in the presence of a significant amount of
sesquiterpenoids. The amount of farnesene in the
essential oil is within 10-20%.

On the basis of the developed and scientifically
based biochemical criteria for the brewing evaluation of
hop varieties and hop products, a new type of hop of the
fine aromatic Perlyna type with optimal biochemical and
technological characteristics for brewing was created.

The Perlyna variety was created by the method of
individual selection from a population of regenerating
plants of in vitro callus strains of the Slavianka variety.
Received patent No. 230201 for the hop variety of
ordinary Pearl. (Application: No. 22072001, priority
date: 15.07.2022, date of state registration of intellectual
property rights to plant variety: 09.03.2023.)

The Perlyna variety represents an elite group of
fine aromatic and aromatic hop varieties. It is
characterized by a unique composition of bitter
substances and farnesene type essential oil. It has an
optimal ratio (near 1) between the amount of beta-acids
and alpha-acids (Table 3) and the mass fraction of
cohumulone in the composition of alpha-acids is up to
28%, that observed in the best varieties of the world
collection.

The aroma of Perlyna hop is formed from the
balanced composition of its essential oil (Table 4), the
amount of which was determined up to 2.3 ml per 100 g
of dry hop.
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Table 3 — Characteristics of bitter substances of hop pellets of the Perlyna variety for 2019-2023
(average at n=3, P>0.95)

The type of hop is fine aromatic

Bitter substances:
Total amount of bitter substances, % 22.0-29.0
Content of alpha-acids, % 45-9.2
Content of beta-acids, % 4.0-9.0
The ratio between the amount of beta- and alpha-acids 0.9-1.2
The mass fraction of cohumulone in the composition of alpha-acids, % 21.3-27.2
The mass fraction of colupulone in the composition of beta-acids, % 39.2-48.4
Amount of essential oil mI/100 g of dry hop to 1 g of alpha-acids 0.20-0.28

Table 4 — Biochemical and technological indicators of the essential oil of hop pellets of the Perlyna variety
for 2019-2023 (average for n=3, P>0.95)

The total amount of essential oil, ml per 100 g of dry hop 1.1-2.3
Myrzen, % 28.3-39.7
Caryophyllene, % 3.5-8.7
Humulene, % 10.3-16.0
Farnesene, % 12.7-175

Polyphenols:

Total polyphenols, % 4.0-55
Xanthohumol, % 0.3-0.6
Brewery rating (point) 24.5-25.0

Hop of the Perlyna variety have up to 17%
farnesene in the composition of essential oil, the ratio
of humulene and caryophyllene is more than 3 that
characterize for European hop varieties of the Zhatec
type and contributes to a fresh herbal aroma. That is
forming an amazing bouquet of noble piquant
bitterness in beer. Perlyna hop provide a perfect
balance between the sweet taste of barley malt and
other components that determine the style and type of
beer. It has a rich herbal-floral aroma that dominates
with tones of lime and sweet tones of the tropics, with
a noticeable taste of ripe peach.

Conclusions

There are researches of comprehensive
assessment of the quality of type 90 hop pellets that
were produced in Ukraine and European countries and
the most in demand in the technologies of Ukrainian
beer producers, made it possible to form a database of
biochemical characteristics of fine aromatic and
aromatic varieties based on the absolute values of such
indicators as the mass fraction of alpha acids and beta-
acids and their chemical composition, xanthohumol,
essential oil, as well as its components and the ratio of
certain valuable hop compounds. It was determined
that the mass fraction of alpha-acids in hop pellets of
fine aromatic varieties ranges from 2.7% in the
Hersbrucker variety to 5.3% in the Slavyanka variety
pellets. A higher index of alpha-acid content was
determined in the pellets of aromatic varieties Zagrava
and Tradition with a range of variation of the indicator
from 4.6 to 7.2% with average values of 5.9 and 6.0%,
respectively. The content of beta-acids in the studied
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pellets ranges from 3.6% (Lyublin) to 6.6% in the
pellets of the Slavianka variety. It was noted that
pellets made from hop of Ukrainian varieties Slavianka
and Zagrava have significantly higher, compared to
pellets of foreign selection, the mass fraction of beta-
acids - 6.1 and 6.6%, respectively. In the composition
of the bitter substances of the studied pellets, the
proportion of beta-acids is equal to or exceeds the
proportion of alpha-acids, that is, they retain a positive
aromaticity coefficient between the content of beta-
acids and alpha-acids that consists from 0.99 (Lyublin)
to 1.84 (Hersbrucker). In the studied samples of hop
pellets, there is significant variability in the content of
essential oil with average values from 0.49 (Clone 18)
to 1.64 ml/100 g of hop pellets (Zagrava). Most of the
components of essential oil of hop are hydrocarbons
that are represented by monoterpenoid — myrcene and
sesquiterpenoids:  caryophyllene, humulene and
farnesene, collectively making up from 66.6% to
78.8% of their total amount.

It was based on the analysis of the theoretical and
experimental results of the research database of
chemical-technological evaluation, taste and aromatic
properties of hop and products of hop processing of
Ukrainian and foreign varieties that have the greatest
demand among brewers of Ukraine, the biochemical
criteria of brewery evaluation of hop varieties of the
aromatic type were determined and scientifically
substantiated. The main of them are: the content and
composition of bitter substances, in particular: alpha-
acids and beta-acids with an indicator value in the
range of 4-9%; the ratio between the number of beta
and alpha acids is about 1; the mass fraction of
cohumulone in the composition of alpha-acids is up to
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28%; the amount of essential oil based on 1 g of alpha-
acids is within 0.20-0.25 ml in the presence of a
significant amount of sesquiterpenoids. The amount of
farnesene in the composition of the essential oil is
within 10-20%, the content of prenylated flavonoids,
in particular xanthohumol, is at least 0.4%. A new
variety of Perlyna hop with characteristics that

Thus, the expansion of the range of hop products
due to the formation of highly productive hop
plantations of new varieties with  defined
characteristics is an important prerequisite for ensuring
a sufficient level of competitiveness of Ukrainian hop
products on the world market.

corresponding of the specified criteria is presented.
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Iacruryt cinecpkoro rocnonapersa Iomicesst HAAH VYxkpainu, moce Kuiserke, 131, M. XKutomup, Ykpaina, 10007
*Kadepa TexHOIOT1i 36epiranHs, epepoGKH Ta CTAHAAPTH3AII] MPOAYKLi POCTHHHHIITBA

im. mpod. b.B. Jlecuka

HamionanbHuii yHiBepcuTeT 6iopecypciB 1 IPUPOJOKOPUCTYBAaHHS YKpaiHH

By1. ['epoiB O6oponw, 13, M. Kuis, Ykpaina, 03041

®*HanjonanbHa akajeMis arpapHAX HayK YKpaiHi,

ByJ. Muxaitna OmensiHoBuya-IlaBnenka, 9, M. Kuis, Ykpaina, 01010,

AHOTauisi. [3 po3MUpeHHSM acopTHMEHTYy IWIMBa, BCE 4YacTillle INHBOBAPH BHKOPHCTOBYIOTH PI3HOMAaHITHY
XMEJIETPOAYKIiI0 HOBHX COPTIB XMEJIO, IO Ja€ 3MOTYy OTPHMAaTH NHBO 3 MEBHUMH OPOQUIIMH CMakiB Ta apoOMAaTiB.
[IpoBeneni qOCTiAKEHHS KOMIUIEKCHOT OI[IHKH SKOCTI TpaHys xMemro Tal 90, BupoOieHnx B YKpaiHi Ta kpaiHax €Bponw, sKi €
HaOUThII 3aTpeOyBaHUMH B TEXHOJOTISAX YKpaiHCBKHX BHPOOHHWKIB muBa. Lle mo3Bommio cdopmyBatd 0asy AaHHX
010XIMIYHAX XapaKTEPUCTHK TOHKOAPOMATHYHHX Ta apOMATHYHUX COPTIB 32 aOCONIOTHHMH 3HAUCHHSIMH TAaKHX ITOKAa3HHKIB,
SIK MacoBa 4YacTKa anb(a-KUCIOT Ta OeTa-KUCIOT (B TOMY YHCHI IX XIMIYHMH CKJaj), KCaHTOTyMoiy, edipHoi oumil i 1i
KOMIIOHEHTIB Ta CIIBBIJHOLIEHHSIM OKPEMHX LIHHUX CIIOJYK XMeJro. Bu3HaueHo, o MacoBa 4YacTka aiab(a-KUCIOT B
rpaHyjaX XMeJI0 TOHKOApOMAaTHYHUX COPTIB KOJIMBA€eThCs Bix 2,7% y copTi Xepcopykep 1o 5,3% B copti Cios’siHka. binbr
BHCOKHH NOKa3HUK BMICTY aib(a-KuCIOT OyB y TpaHyJax apOMaTHYHHX COpTiB 3arpaBa Ta TpaauIioH 3 iHTEpBaIOM
BapilOBaHHs MOKa3HHWKa Bix 4,6 mo 7,2% (cepenmHi 3Ha4eHHS CTaHOBIATH 5,9 Ta 6,0% BigmoBimHO). BmicT Gera-kucior B
JIOCIIKYBaHUX TpaHylnaXx CTAHOBHUTH Bif 3,6% (JIroOmiHchkmit) mo 6,6% y rpanymax copty Crnop’sHKa. Y CKIami TipKUX
PEUOBHH cepea AOCTIHKYBAaHHX TPaHyJ dacTKa OeTa-KHCIOT 3HAXOIUTHCS Ha PiBHI ab0 MEpeBHUIIye YacTKy anb(a-KHCIOT.
To0T0, y HUX 30epiraeTbes MO3UTHBHUN KOS(ili€HT apOMAaTHYHOCTI MiXK BMICTOM 0€Ta-KHCJIOT Ta anb(a-KUCIOT, 0 CKIIA/IAE
Bix 0,99 (JIro6mincekuit) mo 1,84 (XepcOpykep). Y IOCHIDKyBaHHMX 3pa3kax IpaHyd XMEJIO CIIOCTepiraeTbcsi 3HaYHA
BapiabenbHICTh BMicTy edipHOi onii 3 cepennimu mokasHukamu Bin 0,49 (Knon 18) mo 1,64 Mi/100 T y rpaHynax XMeiro
3arpaBa. BinbmricTe KOMIOHEHTIB edipHOT 0ii XMEN0 € BYIJIEBOJHSMHM 1 MPEICTaBIeHI MOHOTEPHEHOIIOM — MIPLEHOM Ta
KUTbKOCTI. BU3Ha4eHO Ta HayKOoBO OOTPYHTOBAHO 0i0XIMi4HI KpHTEpii MMBOBAPHOI OLIHKK COPTIB XMEII0 apOMATHUYHOTO THITY.
OCHOBHUMH 3 HHX € BMICT Ta CKJaJ TIPKHX PEYOBHH, 30KpeMa: anb(a-KUCIOT Ta 0eTa-KHUCIOT i3 3HAYCHHSAM TOKa3HUKa B
niama3oHi 4-9%; CIiBBIIHOMEHHS MK KUTBKICTIO OeTa- Ta anbga-KHUcIoT 6IM3bKo 1; MacoBa dacTKa KOTYMYJIOHY y CKIIami
anbda-kucnor He Oinbire 28%; KinbkicTb edipHoi omii 3 po3paxyHKy Ha 1 r ambda-kucior — B Mexax 0,20-0,25 mu 3a
HasBHOCTI 3HAYHOI KIJIBKOCTI ceckBiTepreHoiniB. Kinmbkicth (apHesdeHy B ckmaai edipHoi onii B mMexax 10-20%, BmicT
NPeHITbOBaHUX (HIIaBOHOINIB, 30KpeMa KcaHTorymony He MeHme 0,4%. IlpencraeieHo HoBui copT xmeno I[lepnuna 3
XapaKTepUCTUKaMH, II0 BiAINOBIAAIOTh BH3HAUYCHUM KPHUTEpisM. PO3MIMPEHHS acOPTUMEHTY XMENeNpOIyKIli 3a paxyHOK
(opMyBaHHS BHCOKOIPOAYKTHBHHX HACa/UKCHb XMENI0 HOBHX COpPTIB 3 BH3HAYCHHMM XapaKTEPUCTHKAMU € BaXKJIHBOIO
MepeyMOBOIO 3a0e3MeUeHHs] JOCTaTHHOTO PIBHSA KOHKYPEHTOCHPOMOJKHOCTI YKpaiHChKOI MpPOAYKIii XMenspcTBa Ha
CBITOBOMY PHHKY.

Kiouosi ciaoBa: rpanymu xmemnto tan 90, copTa xMmenro, 0ioXiMidHI KpuTepii, MMBOBapHA OILIHKA, TipKi pEUYOBHHH,
edipHa 0O XMEITIo.
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