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Abstract. In Ukraine, hops are basically processed into Type 90 pellets, that
are practically indistinguishable in terms of biochemical indicators from hop
cones. Pellets of hop are the single domestic source of hop products that can be
serve as an alternative to imported pellets and extracts that used in the Ukraine
brewing. Comprehensive studies of the evaluation of Type 90 hop pellets of
aromatic and bitter varieties produced in Ukraine and European countries allowed
establishing that they have different biochemical compositions and consequently,
different brewing value. That have been identified differences in the absolute
values of indicators such as the mass fraction of alpha acids, beta acids and their
composition, xanthohumol, essential oil, the ratio of valuable hop compounds:
beta acids to alpha acids and components of the essential oil. It has been
determined that in hop pellets of aromatic varieties, the content of alpha acids
changing from 3.3% in the Klone 18 variety to 5.9% in the Hallertauer Tradition
variety. The content of beta acids, in the investigated pellets, ranges from 3.6%
(Klone 18) to 6.7% in the Slavyanka variety. It is established that the hop pellets
made from Ukrainian varieties Zagrava and Slavyanka have significantly higher
content of beta acid 6.3% and 6.7%, respectively, compared to pellets of foreign
varieties. There is a significant advantage in the resin fraction of beta acids over
the fraction of alpha acids in the pellets of Slavyanka, Klone 18, Zhatetsky and
Zagrava varieties, that they meaning retain a positive coefficient of aromaticity
between the content of beta and alpha acids that ranges from 1.18 to 1.37. The
content of alpha acids ranges from 8.7% in the Polisky variety to 14.1% in the
Magnum variety in the hop pellets of bitter varieties. The content of beta acids in
the same pellets ranges from 4.2% to 5.9%. It has been established that the
composition of alpha and beta acids in the investigated pellets changes depending
on the variety. It has been proven that Ukrainian-produced hop pellets correspond
to their international counterparts in terms of their characteristics. Specifically,
the biochemical and technological indicators of Klone 18 hop pellets correspond
to the characteristics of pellets of the Czech variety Zhatetsky, pellets made from
the bitter variety Alta correspond to the biochemical indicators of German
Magnum pellets but pellets of varieties such as Slavyanka and Zagrava exceed
the world analogies in terms of the composition and quality of bitter substances
and essential oil. Based on the comparative biochemical characteristics of Type
90 hop pellets of Ukrainian and European production, the quality of Ukrainian
hop products has been found to be at a global level. Certified domestic hop
products, specifically Type 90 pellets, can be used do not only by Ukrainian
brewers but also by other manufacturers to create new innovative and
competitive products with various functional purposes.

Key words: hop pellets type 90, quality, biochemical evaluation, bitter
substances, hop essential oil, hop varieties.
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Introduction. Formulation of the problem

The trend of growing beer production in the world
stimulates the demand for products of the hop industry
and necessitates its balanced development for suppling
of requirement the brewing industry [1-3]. Taking into
account that Ukraine received the status of a candidate
for membership in the EU, the domestic hop industry is
at the stage of entering to the system of market of hop
production of the European Union. Today, hops of
Ukrainian varieties, as a result of the natural, climatic
conditions and historical traditions of cultivation are
actively conquering the foreign market [4,5,6].
Successful integration of Ukrainian hop enterprises
into the foreign market is impossible without stable
quality of their products [6]. Beside, in the competition
on the sales market, the winner is not the one who
produces more products, but the one who makes them
better in terms of quality and cheaper in price. The
problem of producing high-quality hop products
becomes a priority for the Ukrainian commodity
producer also due to the availability of Ukrainian
markets of hop for foreign commodity producers. Even
in the current difficult conditions of wartime, there are
new opportunities and reserves for the production and
export of high-quality commercial hops and products
of their processing, using which it is possible to reach a
new stage of development and formation of the hop
industry in the country. This will allow to increase the
inflow of currency resources to the country, that is an
important component of the economic recovery and
reconstruction of our country. Therefore, one of the
main task of the Ukrainian hop industry today is the
production of highly efficient hop processing products
and suppling their stable quality.

Analysis of recent research and publications

Currently, in Ukraine, and throughout the world,
both mini- and medium-sized breweries and also
powerful giant breweries, use various hop processing
products in their technologies: pellets type 90, pellets
enriched by lupulin of type 45, isomerized pellets,
extracts: ethanolic, carbon dioxide, isomerized,
reducing, hop essential oil and emulsions of essential
oils [7,8]. But the most production and widespread have
pellet hops, in particular pellets of type 90, that
practically do not differ in chemical composition from
cones [7,9-11].

The advantage of hop pellets comparison to cone
of hop is significantly reduce the loss of bitter
substances, essential oil and other valuable for brewing
compounds during the storage process [12-14],
increases the efficiency of the utilization of a complex
of bitter substances at the in the beer manufacture,
improves at the hop worting process of dispersion,
extraction and isomerization of alpha acids that
presented in the pellets [15,16] and ability to automate
product dosing when using pellets [17]. Savings of
hops as a result applying of pellets is about 10% [7].
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Besides, the volumetric mass of granulated hops is
much smaller than compressed hops, so transport and
storage costs are reduced [6,18]. Nowadays, production
lines of granulated hops are fully mechanized and
automated.

The researches of domestic and foreign scientists
have been established that beer made from hop pellets
or other hop products of various varieties differs
significantly in the nature of bitterness, taste and
aroma [11,19-21]. This is related to the peculiarity of
the biochemical composition of hop cones of these
varieties, and especially with guantitative content and
qualitative ~ composition  of  bitter  substances,
polyphenolic compounds, and hop essential oil [22,23].
Each variety has its own characteristic set of aromatic
and taste properties [20,24,25,26]. The different ratio
of the components of these hop compounds has
different effects on the taste and aroma of beer [27-29].

The unique bitter substances of hops, represented
by alpha and beta acids, that are not found in other
plants, give beer a characteristic bitter taste [30,31]. In
the complex, hop compounds cause lightening of beer
and formation of foam and also increase biological and
colloidal stability during storage of the drink [30,32].

However, hops give beer not only bitterness and
special taste notes [23,33], but also a specific aroma,
unique spiciness and a fine hop aftertaste [26,31]. This
is due to the variety of aromatic substances of hop
essential oil [21,26,34]. As a result of specific
composition of essential oil, each variety of hop gives
beer individual taste and aromatic properties.
According to the authors [32,35-37], these can be
citrus, floral, fruity notes, spicy, woody, herbal aromas,
depending on the varieties of hop. According to the
mind of most researchers, the investigation of the
content and composition of bitter substances and

essential oil is considered promising in brewing
because it contains valuable information for
brewers [23,35].

Besides recently, the hops applying got

fundamental changes, mainly due to the growing
international preference for beer with a more intense
taste and special aroma, that is supported by the craft
brewing sector, which, in turn, is due to the different
qualitative composition of essential oils of hop
production of different hop varieties [1]. With the
development of the new Craft beer trend [27,38] and
the creation of original varieties, brewers increasingly
use a variety of hop products to create special aroma
profiles in beer [3], stimulating the use of a greater
variety of hop processing products.

As research results show, the selection of hop
pellets of different varieties to produce beer with
excellent and high-quality bitterness and aroma is a
relevant issue for the Brewers Association of
America [15,20], European brewers [2,34,35,39,40]
and Ukrainian beer producers [7,11,41].

In addition, hop cones are a powerful source of
biologically active compounds that have anticancer,
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antimicrobial and other biological activities [42-45].
The hops and hop products have wide pharmacological
properties such as antioxidant, anti-inflammatory and
anti-tumor, that are important in the pharmaceutical
field [1,42,46]. Hop oil and resins are well known for
their sedative and other neuropharmacological
properties, but in addition, these compounds exhibit
antibacterial and antifungal activity [26]. The main
components of the essential oil, such as a-humulene, o-
myrcene, and B-caryophyllene, showed activity against
various strains of gram-positive and gram-negative
bacteria [44,47,48].

Japanese scientists have been established that the
beta-acids of hops delay the growth of the bacterium
Helicobacter pylori, that infected almost half of the
world's population and that is causes gastritis, stomach
and duodenal ulcers. The relationship between the
presence of this bacterium and the occurrence of
stomach cancer has been proven [49]. These compounds
have also antifungal activity. The results of the
investigations about antifungal properties of hop extract
(Humulus lupulus) that was obtained by modern
scientists indicated a significant inhibition of the hyphae
growth of Aspergillus parasiticus, A. niger, Penicillium
carneum, P. polonicum, P. paneum, P. chermesinum and
P. roque [50].

Also, the 2019-2023 pandemic of the Covid-19
coronavirus infection acutely posed new questions to
medical science. German scientists discovered the
potential of hops in the treatment of coronavirus
infection, especially if the disease proceeds in a severe
form and publishing the results of their work in the
specialized publication Frontiers in Plant Science [51].
Researchers note that this plant can help to reduce the
risks of the so-called cytokine storm — a powerful
inadequate immune response of the body. It was found
that hop cones help to reduce the activity of the most
important regulator of cytokines, and this makes it
possible to exclude the influence of a powerful
inflammatory reaction, that provokes an immune attack
on one's own tissues and cells. According to German
experts, hop extract can have an antiviral effect. For
example, humulon is able to suppress the replication of
the virus in cells, and xanthohumol increases the
effectiveness of alpha-interferon. In addition, these
substances enhance the effect of certain antibiotics and
have an anti-inflammatory effect due to inhibition of
cyclooxygenase [51].

In the difficult conditions of the Russian aggression
in Ukraine, the problem of infected wounds and burns of
servicemen, which are one of the important issues for
modern domestic medicine. Many researchers are
investigating the new drugs with antibacterial action,
especially drugs of plant origin, that, along with fairly
high activity, would significantly affect the pathogenic
microflora and at the same time contribute to the
creation of conditions for the normalization of
microbiocenosis. Ukrainian scientists proved the high
antimicrobial activity of carbonated extract of hops, that
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made it possible to develop on their basis an
antimicrobial agent in the form of a gel for the treatment
of acne and an agent in the form of an ointment for the
treatment of wound infection [52,53].

The analysis of data from the world scientific
literature and the results of our own research testify to a
wide range and high levels of biological activity of hop
compounds and substantiates the prospects utilization of
the products its processing not only in brewing, but also
in other areas of human activity.

Therefore, one of the main tasks that has hop
industry of Ukraine today is the production of highly
efficient and competitive hop processing products for
their intended purpose and supplying their stable quality.

The purpose of the investigations was determining
the complex evaluation of hop pellets type 90 of
Ukrainian and European production and establishing, on
the basis of biochemical criteria’s, the stability of their
quality and competitiveness.

To achieve the purpose, the following objectives
were formulating:

- to determine the physico-chemical and
biochemical indicators of the quality of hop pellets type
90 of Ukrainian and European production of aromatic
and bitter varieties;

- to investigate the stability of quality indicators of
the technological evaluation of hop pellets type 90 of
Ukrainian production;

- to establish the competitiveness of domestic hop
production on the basis of biochemical criteria.

Research materials and methods

The research was carried out in 2019-2023 in the
accredited laboratory of the Department of Hop and
Beer Biochemistry and Biotechnology of the Polyssia
Institute of Agriculture of the National Academy of
Agrarian Sciences of Ukraine and the production area of
hop granulation at the LLC "Hop of Ukraine" and the
PE "Halchyn-agro".

Biochemical indicators of the quality of hop pellets
type 90 of Ukrainian production of fine aromatic
varieties: Klone 18, Zlato Polissya, Slavyanka,
Nationalny, aromatic variety — Zagrava and bitter type:
Alta, Polisky and Ksanta were investigated. As well as
hop pellets of European-produced of fine-aromatic
types, that have the greatest demand among Ukrainian
brewers: varieties of Zhatetsky Saaz (Czech Republic),
Tettnanger (Germany), Lublin (Poland), aromatic:
variety of Hallertauer Tradition (Germany) and bitter:
varieties of Mahnum (Germany) and Northern Brewer
(UK). Samples of hop pellets of the respective varieties
were selected from the consignments according to the
method [54]. The weight of the average sample for
identification and biochemical studies was at least 1 kg
of hop pellets. The 7-10 samples from consignments of
pellets of each hop variety were studding.

Modern physico-chemical methods of analysis of
bitter substances, essential oil and polyphenolic
compounds of hops and hop products are utilized, in
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particular: high-performance liquid chromatography,
capillary gas chromatography, spectrophotometry, other
methods investigation that harmonized with the methods
of the European Brewing Convention [54-57]. The
estimation of the reliability of the obtained research
results were utilize mathematical-statistical methods
with using dispersion and correlation-regression
analysis.

The quantity and qualitative researching of
composition of bitter substances of hop granules. The
quantity of alpha-acids (conductometric indicator of
bitterness) was determine by the international method
Analytika EBC 7.5 [54,55]. The method is based on the
conductometric titration of the diethyl ether extract of
bitter substances of hops with a solution of lead acetic
acid and the calculation of the mass fraction of alpha
acids. The content and composition of alpha-acids, beta-
acids and xanthohumol — by the method of high-
performance liquid chromatography according to the
international method of EBC 7.7 [54,55]. Bitter
substances of hops: alpha- acids and beta-acids and their
components, in particular, cohumulone, colupulone and
xanthohumol, by extraction from hop pellets with an
organic solvent — methanol. The ratio between the mass
of hop pellets and the extractant was 1:10. The amount
of alpha-acids and beta-acids and the content of
cohumulone in the composition of alpha-acids 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 a temperature of 35°C. A column with
measuring of 100 x 2.1 mm was used, that was filled by
Pinacle DV CI18 sorbent of 3 um. A solution of
methanol, water and acetonitrile in the ratio 38:24:38
was used as the mobile phase. The xanthohumol
standard with a content of this compound of 99.8% was
used for the quantitative determination of xanthohumol
and for the components of bitter substances (alpha and
beta acids) — the international standard ISF-3 [55].

The quantity and qualitative researching of the
composition of essential oil of hops. The amount of
essential oil was determined by the international method
Analytika EBC 7.10, that base on determining the
content of essential oil in cm® per 100 g of air-dry
substance by obtaining essential oil by hydrodistillation
with subsequent decantation and collecting it in a special
collector [56].

The qualitative composition of the essential oil was
determining according to the international method
Analytika EBC 7.12 [57] by the gas-liquid capillary
chromatography method on the Crystal 2000 M
chromatograph with a FID detector. The method
consists in the fractionation of the essential oil. The
temperature of the thermostat is programmed from 70°C
to 220°C at a rate of 4°C per min with followed by
holding in isothermal regime during 40 min. A sample
of hop essential oil was introducing in an amount from
0.1 ul to 0.4 pl when the chromatograph reaches the
optimal regime. Consumption of chromatographic inert
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gas (argon, nitrogen, helium) is from 20 cm® to 30 cm®,
hydrogen — 30 cm® per min. The temperature of the
chamber for introducing the essential oil sample is
220°C and the temperature of the detector is 250°C.

Chromatography conditions were selected in such a
way as to suppling the distribution of the main
components of the essential oil: myrcene, caryophyllene,
farnesene and humulene.

Results of the research and their discussion

Currently, there are two modern enterprises for
high-quality processing of hops in Ukraine. Both
enterprises are located in the Zhytomyr region that has
the central region of hop production in Ukraine. The
plant for the processing of hops into the granules of the
company LLC "Hop of Ukraine" with a modern
packaging line locates in the Zhytomyr city. The modern
equipment of the company PROBST (Germany) can be
produced every hour of 500-550 kg of high-quality hop
pellets. Another enterprise for the production of hop
pellets locates on the farm “Elita-Hmil" in the
Berdychev district of the Zhytomyr region. It is a
modern complex based on the Czech hop granulation
line MGL 400 that can be produce up to 300 kg of high-
quality hop pellets every hour.

At these enterprises, the production of hop pellets
has been established according to the technology
improved by the scientists of the Polyssia Institute of
Agriculture of the National Academy of Sciences that
provides for the optimization of the mass fraction of
moisture of hop pellets up to 7-8%. This technology
promotes to improve the biochemical parameters of hop
pellets and extend their shelf life.

The quality of hops and finished products is carefully
monitored at each stage. At these enterprises, the HACCP
and ISO 22000 food safety and quality management
system has been implemented that systematizes humerous
sanitary and technological norms and rules of production,
facilitates current control and increases the quality and
safety of the finish products, namely hop pellets type 90
to the level of international standards.

Biochemical characteristics of aromatic hop
pellets of Ukrainian and European production. The
most valuable compounds of hops and products of its
processing are bitter substances. The most important
among bitter substances are alpha-acids, that in the
process of isomerization at the wort hopping transform
into iso-alpha-acids, which are the main compounds of
beer bitterness. About 90% of beer bitterness at the wort
hopping by hops forming as a result of isomerization of
alpha-acids into iso-alpha-acids and was giving beer a
bitter taste [11,12,58-60]. The amount of alpha-acids is
the main price-forming factor in the assessment of hops
and hop products. Therefore, one of the criteria for
biochemical assessment of hop is the quantity and
composition of bitter substances. Biochemical
characteristics of hop pellets type 90 of fine aromatic
and aromatic varieties produced in Ukraine and
European countries are given in Table 1.

Volume 17 Issue 2/2023



Ximis xap4osux npodyxkmis i mamepianie. Hoei sudu cuposuru / Chemistry of food products and materials. New raw materials

Table 1 — Biochemical indicators of the quality of hop pellets of the aromatic type of Ukrainian and
European production for 2019-2023 (average at n=3, P>0.95+ standard deviation)

Mass fraction, % pla Cohumulon Colupulon Total amount of
No Granules of the EB(’Z in the in the essential oil,
' variety a-acid, B-acid, 77 composition | composition | ml/100 g of hop
EBC 7.5 EBC 7.7 ' a-acid, % B-acid, % granules
Granules of the finely aromatic type of hops

p | Klone 18 3.650.74% | 3.6£042 | 119 | 2474046 | 43.5+0.95 0.35+0.02
(Ukraine)

o | 2o Polissya | 4 01032 | 432024 | 112 | 239075 | 415:1.04 0.36+0.03
(Ukraine)
Zhatetsky Saaz

3 (Czech Republic) 3.5+0.53 3.9+0.47 1.22 25.3+0.67 43.3+1.00 0.33+0.02

4 | Tettnanger 3.66042 | 40037 | 113 | 2524057 | 46.9+0.83 0.36+0.04
(Germany)

5 Lublin (Poland) 5.3+0.62 4.6+0.58 0.87 26.8+0.86 48.1+0.63 0.28+0.02

6 Slavyanka (Ukraine) 5.2+0.81 6.7+1.11 1.37 24.1+1.06 42.2+1.38 1.12+0.05

7 Nationalny (Ukraine) 5.3+0.72 5.1+0.88 0.98 22.2+1.00 39.4+0.49 0.72+0.04

Granules of the aromatic type of hops

8 Zagrava (Ukraine) 5.8+0.82 6.3+0.95 1.18 25.0+2.37 46.5+3.15 1.31+0.05

o | Hallertaver Tradition | 50,41 | 481065 | 089 | 263072 | 47.4+1.66 0.80+0.04
(Germany)

Note: *average values of indicator X for 2019-2023 research years + SD standard deviation

Our results of researches of the quantitative
content and qualitative composition of bitter
substances in hop pellets of aromatic varieties are
consistent with the results of other researchers, who
note that alpha-acids and beta-acids are the main
representatives of hop bitter substances [30,31,39,40].

The biochemical investigations of composition of
hop cones and pellets of the best aromatic varieties in
the world: Klone 18 (Ukraine), Zhatetsky Saaz (Czech
Republic), Lublin (Poland), Tettnanger (Germany)
and hop pellets of other varieties that utilized in
breweries of Ukraine showed that in fine-aromatic
and aromatic varieties of hops and pellets made from
them, the amount of alpha acids according to the data
in the Table 1 ranges from 3.6% in Klone 18 to 5.9%
in Hallertauer Tradition. The content of beta-acids in
the investigated pellets ranges from 3.6% (Klone 18)
to 6.7% in the pellets of the Slavyanka variety. It
should be noted that hop pellets made from the
Ukrainian varieties of Zagrava and Slovianka have
significantly higher indicators of beta-acid content
than the pellets of foreign varieties — 6.3 and 6.7%,
respectively. Beta-acids are not bitter to the taste, but
in the process of wort hopping, compounds are
formed that have a pleasant, soft bitterness [59]. One
of the main properties of beta-acids is a high
antiseptic effect, that is important for increasing the
stability of beer during of storage [61].

A characteristic feature of the studied varieties is
that they have a positive aromaticity ratio between the
content of beta-acids and alpha-acids that was greater
than or close to 1. This is one of the decisive signs that
assessing the brewing quality of hops and pellets. In
the pellets of the varieties Zagrava, Klon 18, Zhatetsky
and Slovianka, there was a significant advantage in the
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resins of the part of beta-acids over the part of alpha-
acids, the aromaticity coefficient between the content
of beta-acids and alpha-acids was in the range of 1.18-
1.37.

The composition of alpha-acids and beta-acids in
the studied consignment changed depending on the
variety and, first of all, this concerns the content of
cohumulone in the composition of alpha-acids and
copululone in the composition of beta-acids. Thus, the
part of cohumulone ranges from 22.2% in the cones of
the National variety to 26.8% in the Lublinskyi variety,
and copululone, respectively, in the same varieties —
from 39.4 to 47.1%. It should be noted that there was a
close correlation between these components: if we had
the higher the content of alpha-acids in cohumulone
therefore the higher the proportion of copululone was
in the beta-acids composition [54]. The scientists and
brewer’s specialist from Germany, the Czech Republic,
Slovenia, and the United States of America consider
that the mass fraction of cohumulone in the
composition of alpha acids in fine aromatic varieties
should not be exceed 30% [16,62]. But other scientists,
there is no unequivocal answer to this question [21].

Our results of researches show that all fine-
aromatic and aromatic varieties of Ukrainian selection
have the content of cohumulone is in the range of
22.2-26.8%, colupulone — from 39.4 to 46.5%,
respectively. It is again confirming that Ukrainian
varieties have high-quality composition of bitter
substances.

The investigation of the stability of biochemical
indicators of the quality of hop pellets type 90 of
Ukrainian production. A necessary condition for
obtaining beer of stable quality is the provision of
stable quality indicators of raw materials, including
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hop production. The stability of the quality indicators
of hop pellets produced in Ukraine is presented on the
example of consignments of pellets of the aromatic
high-resin hop variety Zagrava that the most
widespread in Ukraine. The cones and pellets of this
variety have a high specific gravity of beta-acids in the
overall bitterness index. At the content of alpha-acid of
the range 5.0-9.0% [63], the ratio of beta-acids to
alpha-acids is greater than 1. The unique character of
bitterness and taste is due to the low content of
cohumulone in the composition of alpha-acids (21.0-
26.0%), that it classified as an aromatic hop. Zagrava is
a universal variety in brewing, that widely used in the
production of all traditional types of beer. It is
considered a dual hop purpose — it can be used both for
bitterness and aroma [63].

The main biochemical criteria for determining the
technological evaluation of hop are the quantitative
content and qualitative composition of bitter
substances, xanthohumol and essential oil. In the
Tables 2 and 3 presented the quality indicators and
criteria determination of the biochemical evaluation of
hop pellets of 9 consignments of the Zagrava variety.

It can be seen from the results presented in the

Table 2, that the consignments of hop pellets have a
stable moisture and alpha-acid content. The content of
alpha acids in pellets of the Zagrava variety ranges
from 5.4% to 6.2%. The amount of beta-acids ranges
from 6.2% to 7.0%. The part of cohumulone is from
22.8% to 26.3%, the part of colupulon is from 41.9%
to 48.4%, respectively. The indicator of the ratio of the
content of beta-acids to alpha-acids is 1.13-1.24.

Zagrava is one of the aromatic varieties, that has
the largest amount of essential oil among the varieties
of the aromatic group. The content of essential oil
(Table 3) in hop pellets ranges from 1.08 to 1.54
ml/100 g of hop pellets.

The essential oil is represented by monoterpenoid —
myrcene and sesquiterpenoids: caryophyllene, humulene
and farnesene. The balanced composition of the
aromatic oil with a sufficient amount of farnesene (11.9—
15.1%) contributes to the formation of a spicy-floral
aroma with a pronounced herbaceous character and
fruity notes. As we can see from the results presented in
the Tables 2 and 3, the amount and composition of
alpha-acids, beta-acids, xanthohumol and essential oil in
pellets of the Zagrava variety corresponds to the
passport data of the variety [63].

Table 2 — Content and composition of bitter substances and xanthohumol in samples from consignments of hop pellets
type 90 of the Zagrava variety for the year 2022 (average at n=3, P>0.95+SD)

Indicators of the quality of Sample number from consignments of hop pellets
No. hop granules 1 2 3 4 5 6 7 8 9 AverageSD

1. | Mass fraction of moisture, % 8.2* | 8.7 7.8 8.4 8.5 7.8 8.0 8.2 7.7 8.14+0.35

2. | CIB (mass fraction a-acid,
EBC method 7.5). % 58 | 59 | 57 | 55| 56 | 54 | 60 | 62 | 6.1 5.80+0.27

3. | Mass fraction of a-acids, EBC | g¢ | 59 | 55 | 53 | 54 | 52 | 57 | 59 | 60 5.60+0.27
method 7.7, %

4. | Mass fraction of f-acids, EBC | ¢, | 67 | 65 | 65 | 66 | 65 | 67 | 7.0 | 7.0 6.62:0.26
method 7.7, %

5. | Correlation 114 | 116 | 113 | 1.23 | 122 | 1.24 | 117 | 1.18 | 1.16 |  1.18+0.04
f- and / a-acid

6. | Cohumuloninthe 248 | 22.8 | 263 | 247 | 242 | 235 | 25.1 | 262 | 25.3 | 25.21+1.07
composition of a-acid, %

7. | Colupulon in the composition | 3 1 | 419 | 47.4 | 445 | 442 | 440 | 463 | 48.4 | 453 | 45.43+1.20
of B-acid %

8. | Xanthohumol, % 040 | 038 | 0.42 | 0.36 | 0.40 | 0.39 | 0.39 | 040 | 042 | 0.40+0.02

9. | Oxidation index of bitter 032 031|028 |034]031|033[030]|032]034]| 032:002
substances (aging index)

Note: *value is the mean of three replicates

Table 3 — The total amount and composition of essential oil in samples from consignments of hop pellets type 90 of the
Zagrava variety for the year 2022 (average at n=3, P>0.95+SD)

No Indic$t£rs of the (Iquality Sample number from consignments of hop pellets Average
ot hop granules 1 2 | 3| 4 5 6 7 8 9 +SD
1 | Total amount of essential
oil, ml/100 g of hop | 1.18* | 1.08 | 1.24 | 142 | 156 | 1.37 | 154 | 142 | 151 1.4+0.17
granules
2 Essential oil composition,
%, incl.
- myrcene 381 | 344 |36.7| 362 | 399 | 358 | 368 | 35.7 | 373 | 36.7+1.35
- caryophyllene 6.4 59 | 6.2 6.9 7.1 6.5 7.2 6.3 6.1 6.5+0.46
- humulen 1531 | 16.3 | 151 | 17.7 | 16,5 | 16.7 | 16.8 | 165 | 17.3 16.5+0.84
- farnesena 128 | 133|152 | 147 | 119 | 138 | 129 | 131 | 14.6 | 12.940.60
Note: *value is the mean of three replicates
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Thus, in the pellets of the aromatic hop variety
Zagrava, a high-quality composition of bitter
substances is combined with a delicate aroma
characteristic of the best European varieties, such as
Klone 18, Zhatetsky, Lublin, that testify to the high
technological evaluation of the hop pellets of this
variety.

Establishing the competitiveness of domestic hop
products. The analysis of hop pellets produced in
Ukraine and the hop-growing countries of Europe
indicated that Ukrainian fine-aromatic varieties have
high comparative to European ones in terms of
technological evaluation, but also main indicators
surpass them in many respects.

The utilization of modern methods, in particular
high-performance liquid chromatography, made it
possible to investigate quantitative content of bitter
substances and also their qualitative composition. The

presented chromatograms (Fig. 1-2) clearly show the
similarity in the quantitative and qualitative
composition of bitter substances contained in the
pellets of the studied varieties.

Comparative estimation of the biochemical
characteristics of hop pellets of Klone 18 and
Zhatetskyi (Table 4) indicating that these varieties are
characterized by almost the same content of bitter
substances. The amount of beta-acids exceeds the
content of alpha-acids in both varieties that is
maintained a positive aromaticity coefficient. Pellets of
these varieties have 22.1-26.9% of cohumulone in the
composition of alpha acids, that indicates in them the
high manufacturability of bitter substances. Essential
oil in these varieties was up to 1%. The essential oil is
represented by myrcene, caryophyllene, humulene and
farnesene.
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Fig. 2. Chromatogram of the composition of bitter substances in the pellets of the fine-aromatic Zhatetsky Saaz hop variety

XapuoBa Hayka i Texrostorist / Food science and technology

47

Volume 17 Issue 2/2023



Ximis xap4osux npodykmie i mamepiasnie. Hoei eudu cuposuru / Chemistry of food products and materials. New raw materials

Table 4 — Comparative biochemical characteristics of fine-aromatic hop varieties Klone 18 and Zhatetsky
Saaz (2019-2023)

Hop varieties
uality indicators . Zhatetsky*
Q y Klone 18 (Ukraine) (Czech Re}IJ(L)J/bliC)

Bitter substances, % 11.8-17.6 13.0-20.0
Alpha acids, EBC method 7.5, % 2545 2545
Beta acids, EBC method 7.7, % 3.0-5.6 4.0-6.0
Cohumulon in the composition of alpha
acids, EBC method 7.7, E/o P 22.1-26.9 23.0-26.0
Colupulone in the composition of beta-
acids, EBC method 7.7, % 40.0-44.6 39.0-43.0
Total polyphenols, % 5.0-6.7 5.5-7.0
Xanthohumol, EBC method 7.7, % 0.3-05 0.3-05
Total amount of essential oil, mI/100
of dry hops g 03-07 04-08
Essential oil composition, %, incl.

myrcene, % 20.0-37.0 25.0-40.0

caryophyllene, % 8.1-11.9 6.0-9.0

humulene, % 20.2-35.1 15.0-30.0

farnesene, % 14.8-21.2 14.0-20.0

* Source (64. Nesvadba, V., 2012)

Hop granules of bitter varieties, that have greatest
demand among brewers, characterized by a sharp hop
aroma and a high content of alpha acids from 8.9 till
14.1% (Table 5).

The amount of beta-acids is much lower than in
aromatic hops. The coefficient of aromaticity between
the content of beta-acids and alpha-acids for varieties
of this group is 0.42 in the pellets the Magnum variety
to 0.74 in the Ksanta variety, that is less than one.
Granules of the bitter Polisky variety are similar to the
well-known English variety of Northern Brewer in the
amount and composition of bitter substances, essential
oil, polyphenols and xanthohumol. The high-resin Alta
variety has criteria similar to the well-known German
variety of Magnum, which products are in demand
among Ukrainian brewers, but has significantly less

bitter substances.

Comprehensive biochemical investigations about
of the technological evaluation of hop pellets of
different selection varieties promoted to establish that
the pellets varieties of aromatic and bitter groups have
different biochemical composition, and hence different
brewing value, that is agreement with the results of
other researchers [19-21,25,26].

As a result of a comparative biochemical
assessment, the competitiveness of hop pellets type 90
of Ukrainian production with hop pellets type 90
produced in European countries was established. It has
been proven that Ukrainian hop products correspond to
the world level in terms of their characteristics and
quality.

Table 5 — Biochemical indicators of the quality of hop pellets type 90 bitter varieties of Ukrainian and
European production for 2019-2023 (average at n=3, P>0.95+SD)

Total
Mass fraction. % Bla Cohumulonin | Colupulonin | amount of
Pellets of the hop > the the essential
No. - EBC -, .. -
variety a-acid B-acid 77 composition composition | oil, ml/100
EBC 7‘5 EBC 7’7 ' of (l‘acid, % of ﬁ'acid, % g Of hOp
pellets
Granules of bitter type of hops
1 | Polisky (Ukraine) 8.9+0.22 4.5+0.32 0.50 28.3+0.82 48.8+0.97 1.11+0.04
2 ?‘lj’g)hem Brewer 9.3+0.78 46£087 | 051 28.8+1.12 49.741.05 | 1.12+0.03
3 Alta (Ukraine) 9.6+1.11 4.8+1.07 0.53 25.6+1.61 45.9+1.32 1.20+0.05
4 | Mahnum 14.1+1.28 594132 | 042 26.242.12 46.842.17 | 1.33+0.05
(Germany)
5 Ksanta (Ukraine) 9.1+1.23 5.0£0.29 0.74 29.2+0.70 52.442.33 0.87+0.03
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Conclusion

Comprehensive studies of assessment of hop
pellets type 90 of aromatic and bitter varieties
produced in Ukraine and European countries promoted
to establish that they have different biochemical
composition, and hence different brewing value.
Differences in the absolute value of such indicators as
the mass fraction of alpha-acids, beta-acids and their
composition, xanthohumol, essential oil, the ratio of
valuable hop compounds: a-acids to p-acids and also
essential oil components were established. It was
determined that the content of alpha acids in hop
pellets of aromatic varieties changes from 3.3% in the
Klone 18 to 5.9% in the Hallertauer Tradition. The
content of beta-acids in the investigated pellets ranges
from 3.6% (Klone 18) to 6.7% in the Slavyanka
variety. It should be noted that hop pellets made from
the Ukrainian varieties of Zagrava and Slavyanka have
significantly higher content of beta-acid than the
pellets of foreign varieties — 6.3 and 6.7%,
respectively. In the pellets of Slavyanka, Klone 18,
Zhatetsky and Zagrava varieties, there is a significant
advantage in the resins of the beta-acid fraction over
the alpha-acid therefore they retain a positive
aromaticity coefficient between the content of beta and
alpha acids (1.18-1.37). The content of alpha acids in
hop pellets of bitter varieties ranges from 8.7% in the
Polisky variety to 14.1% in the Magnum. The content
of beta-acids in the same pellets ranges from 4.2 to
5.9%. It was established that the composition of alpha-
acids and beta-acids in the studied pellets changes
depending on the variety.

The results of complex studies of the biochemical
indicators of the quality of hop pellets type 90 of

Ukrainian production promoted to establish their high
technological estimation and the conformity of the
quality of Ukrainian hop products to the world level. It
was established as a result of the comparison of the
biochemical characteristics of hop pellets type 90
produced in Ukraine and European countries, that
Ukrainian hop products correspond to world analogues,
namely: hop pellets of the Klone 18 and Zlato Polissya
varieties correspond to the characteristics of the pellets
of Czech variety Zhatetsky in terms of biochemical and
technological indicators, pellets of the bitter variety
Alta, according to biochemical parameters, correspond
to the pellets of the Germany variety Magnum, and the
pellets of such varieties as Slavyanka and Zagrava, in
terms of the composition and quality of bitter
substances and essential oil, significantly exceed world
analogues and are unique.

The quantitative content and qualitative
composition of bitter substances, essential oil,
polyphenolic compounds and xanthohumol in the hop
pellets of Ukrainian production is stable and
corresponds to the passport data of the hop variety
from which the pellets were made.

The optimal combination of aromatic and bitter
substances in cones of hops of Ukrainian selection and
the high level of technology and equipment’s for
granulation provide the pellets with excellent brewing
qualities. Certified domestic hop production, namely
type 90 pellets, can be utilizing by brewing enterprises
of Ukraine for the production of beer, and also by other
manufacturers to create new innovative competitive
products of various functional purposes and it is the
prospective for exporting aim.
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lBizmin 010XiMiT XMEJTIO 1 MrBa Ta 010TEXHOJIOTIT

Incrutyt cinbcpkoro rocmonapetsa [lomicest HAAH Vkpainn, moce Kuisebke, 131, m. XKuromup, Ykpaina, 10007
*Kadepa TexHOIOT1i 36epiraHHs, epepoGKH Ta CTAHAAPTH3ALI] MPOAYKL{i POCTHHHHIITBA

im. mpod. b.B. Jlecuka

HauionanbHuii yHiBepcuTeT 6iopecypciB 1 MpUPOAOKOPHCTYBAaHHS YKpaiHU

ByI. ['epoiB Ob6oponu, 13, m. Kuis, Ykpaina, 03041

*JTaGoparopist IPOTHMIKPOBHIX 3ac06iB

«JlepxaBHa YcraHoBa «[HcTHTyT MikpoOiosorii Ta imyHoorii iM. I.I.Meunukosa HamioHansHoT akagemii Meand-HuIX
Hayk Ykpainwy, Bya. [Tymikinceka, 14-16, Xapkis, Ykpaina, 61057

AHoTauisi. B Ykpaini XMijb, B OCHOBHOMY, IIepepoOIIsitOTh y rpaHynd THIl 90, fKi MPaKTUYHO HE BigPI3HSAIOTHCA 32
010XIMIYHUMH TIOKa3HMKAMHU BiJ LIMIIKOBOTO XMmemnmto. i YkpaiHu TpaHynum XMEN0 — L€ €IWHHHA BITYM3HSAHUH pecypc
XMEJIENpOAyKIii, SIKHl MOXE CTaTH albTEPHATHBOIO IMIIOPTOBAHHUM TpaHyJaM Ta EKCTPAKTaM, IO BUKOPHUCTOBYIOTHCS Y
nuBoBapiHHi. [IpoBemeHI KOMIUIEKCHI MOCTIDKEHHS OIHKH TpaHyl xMmenro Tun 90 apoMaTWYHUX Ta TipKUX COPTIB,
BUpOOJICHNX B YKpaiHi Ta KpaiHaXx €BpOIM, AN MOXIHMBICTh BCTAHOBHTH, IIJ0 BOHHM MAIOTh Pi3HWH OiOXIMIYHUH CKian, a
3BiJICH 1 pi3HYy NHMBOBapHY LIHHICTE. BCTaHOBICHO BIIMIHHOCTI 3a aOCONIOTHMM 3HAUSHHSIM TaKHX MOKa3HMKIB, SIK MacoBa
9acTKa anb(a-KUCIoT, O6eTa-KUCIOT Ta IX CKJIaJA, KCAaHTOryMmouy, edipHOI oiii, CIiBBIIHOIIEHHSIM y HHX LIHHUX CIIOJIYK
XMEJIO: 3-KUCIIOT JI0 O-KHCJIOT, 8 TAKOXK KOMITIOHEHTIB eipHO1 oxii. BusHaueHo, mo B rpaHysiax XMeIi apOMaTHYHUX COPTIB
yMicT anba-Kuciot koiauBaerses Bif 3,3% y copri Kion 18 o 5,9% B rpanynax copry Hallertauer Tradition. Ymict Gera-
KHCJIOT B JOCII/DKYBAaHHMX TpaHyiax cTaHOBHUTH Bif 3,6% (Kion 18) mo 6,7% y rpanynax copty Cior’siHka. HeoOximHO
BIIMITUTH, IO TPAHYJIH XMENIO, BUTOTOBJICHI 3 COPTIB YKpaiHCBbKOi cemekuii 3arpaBa Ta CIliOB’sHKa MalOTh 3HAYHO BHIII,
MOPIBHSHO 3 TPaHyJIaMU 3aKOPJOHHUX COPTIB, MOKA3HUKU BMICTY OeTa-KucioT — 6,3 Ta 6,7% BiamoBigHO. Y rpaHyaax cOpTiB
Crnos'sHka, Kion 18, JXKareupkuii Ta 3arpaBa € 3HayHa IepeBara B CMOJIaxX YacTKH OeTa-KHCIOT HaJ YacTKOIO alb(ha-KHUCIOT,
TOOTO, y HUX 30€epiraeThcs MO3UTUBHUN KOS(IiEHT apOMAaTUYHOCTI MK YMiCTOM OeTa-KUCIIOT Ta alb(a-KUCIIOT, 0 CKIaIae
1,18-1,37. V rpanynax XMeir TipKHX COPTIB yMicT anbga-KUCIOT KoimBaeTbes Bin 8,7% y coprti IMomicekuit nmo 14,1%
rpaHyiax copty MarayM. YwmicT 06eTa-KHCIOT B LIUX K€ TpaHylax CTaHOBHTH BiJ 4,2% mo 5,9%. BcraHoBneno, 1mo ckian
anb(a-KuCnoT Ta 0eTa-KUCIOT y AOCHIIDKYBAHUX TPpaHyJIaX 3MIHIOEThCS 3aJIEKHO BiJ copTy. JIoBeneHo, 10 IPaHyIH XMEIIO
YKpaiHCHKOTO BUPOOHHUIITBA 33 CBOIMH XapaKTEPUCTHKAMH Bi/IIIOBIJal0Th CBITOBHM aHAJIOTaM, a caMe: IPaHyJIH XMEJI0 COPTiB
Knon 18 3a OioXiMiYHNMH Ta TEXHOJOTIYHHNMH ITIOKa3HHKAMH BiANOBIAAIOTh XapaKTEPHCTHII TPaHyd YECHKOTO COPTY
JKateupkuil, TpaHynH, BHUTOTOBIICHI, 3 TipKOro COpTy AnbTa 3a OIOXIMIYHHNMH ITOKa3HHKaMH BiAIOBIAAIOTh TpaHylIaM
HIMEUIFKOTO cOpTy Marnym, a TpaHylu TakuxX copTiB, ak ClioB’sHKa Ta 3arpaBa 3a CKJIQJOM Ta SKICTIO TIPKHX PEYOBHH Ta
e¢ipHOi oJii 3HAYHO MEPEBUIIYIOTH CBITOBI aHaJord. Ha ocHOBI MOPIBHIHHOT 0i0XIMIYHOT XapaKTEepUCTUKU TPaHYJT XMEJIO0
tun 90 yKpaiHCHKOTO Ta €BPOINEHCHKOTO BUPOOHWIITBA, BCTAHOBJICHO BIANOBIAHICTH SIKOCTI YKPaiHCBKMX XMEJEHMPOIYKTiB
cBiToBoMy piBHIO. CepTH(dikoBaHa BITUM3HIHA XMENIETPOIYKILis, a came rpanyau tun 90, Moxxe OyTH BUKOPHCTaHA HE JIMIIIE
MUBOBAPHUMH MIiANPUEMCTBAMU YKpalHM JUIl BUTOTOBJICHHS IHBA, & TAKOX IHIIMMH BHPOOHHKAMH JUISl CTBOPEHHS HOBOI
iHHOBAIIIHOT KOHKYPEHTOCIIPOMO>KHOT MPOIYKIIiT Pi3HOr0 (QyHKIIOHATEHOTO NPU3HAYEHHSI.

Kiouosi cioBa: rpanynu xMemo tun 90, skicTs, 6ioXiMidHa OIiHKA, TipKi peUYOBHHU, eipHA OIS XMENI0, COPTH
XMEJIO.
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