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THE BACTERICIDAL EFFECT OF EXTRACTS
FROM Humulus lupulus L. MARYNKA VARIETY
ON SELECTED BACTERIA

BAKTERIOBOJCZE DZIALANIE EKSTRAKTOW
Z. Humulus lupulus L ODMIANY MARYNKA NA WYBRANE BAKTERIE

Abstract: The aim of the research was to obtain extracts of Humulus lupulus L hop cones of the Marynka
variety and to evaluate their antibacterial properties against three strains of gram-negative bacteria
(Escherichia coli ATCC 10536, E. coli IPS and Pseudomonas aeruginosa ATCC 27853) and against two
strains of gram-positive bacteria (Enterococcus hirae ATCC 10541 and Bacillus cereus ATCC 12826).

The research material consisted of dried Marynka variety hop cones, from which extracts in the form
essential oil (EO), infusion and decoction were obtained. EO was obtained in the process of hydrodistillation.
The antibacterial activity of the extracts was evaluated by the plate-cylinder diffusion method against the
tested gram-negative and gram-positive bacteria.

Diverse antibacterial activity of water extracts of H. lupulus L hop cones of the Marynka variety (essential
oil, infusion and decoction) on the tested bacteria was demonstrated, with higher sensitivity of gram-positive
than gram-negative bacteria. The highest resistance to hop extracts was demonstrated by P. aeruginosa ATCC
27853. The best antibacterial properties were demonstrated by the essential oil at a concentration of 2.0 %. In
the group of gram-positive bacteria, E. hirae ATCC 10541 was more sensitive to EO, and E. coli IPS in the
group of gram-negative bacteria. In the case of B. cereus ATCC 12826, the sensitivity to infusions and
decoctions of hop cones requires further investigation, as the obtained large zones of growth inhibition were
unstable.
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Introduction

Research on application of plant extracts in fighting microorganisms has been carried
out for years. Recently, more and more attention has been paid to this subject due to the
increase of antibiotic resistance among microorganisms as well as the growing demand
for “green chemicals” — cleaning agents, preservatives and biopesticides of natural
origin.

Hop, a plant commonly used in brewing not only for its characteristic bitterness and
aroma but also for increasing the shelf life of beer, has become the focus of our
attention. Ungroundbeer beer quickly lost its freshness and as a result became sour and
unfit for consumption, so it can be concluded that in the process of brewing the wort
with hops, compounds with antimicrobial activity (acting as a biological preservative)
were formed. However, not all hop varieties have such an effect. Out of three known
hop species such as Humulus lupulus L., H. japonicus and H. yunnanensis, only extracts
from hop cones of the species H. lupulus L. are characterized by a broad spectrum of
biological activity, whereas the other two species do not have such properties due to the
lack of lupulin glands.

Common hop H. lupulus L. is a perennial, dioecious climbing plant belonging to the
family Cannabaceae and order Rosales, cultivated in all temperate regions of the world
[1, 2]. This species occurs in different varieties e.g. Agnus, Ariana, Callista, Lubelski,
Magnum, Marynka, Saaz and Vital [3-5]. From the point of view of the herbal and
brewing industry, only the inflorescences of female plants, formed by green overlapping
scales forming the hop cone, are of interest.

Scientific reports indicate that H. lupulus L. extracts in vitro can inhibit to varying
degrees the growth of bacteria of the genera: Staphylococcus, Streptococcus, Bacillus,
Listeria, Propionibacterium, Helicobacter, Escherichia, Salmonella, Pseudomonas,
Treponema [3, 5-11]. However, the antimicrobial activity depends not only on the
sensitivity of the bacterial species tested, but is also related to the chemical composition
of hop extracts. Hop cones contain essential oils and bitter - and S-acids, as well as —
in smaller amounts — unique prenylflavonoids, mainly in the form of xanthohumol,
8-prenylnaringenin and ferulic acid [5, 12, 13].

Compounds with specific antimicrobial properties include: prenylflavonoids (xantho-
humol and 6-prenylnaringenin), flavan-3-ols, flavonols, ferulic acid, tannins and - and
fB-acids, sesquiterpenes — a-caryophyllene and S-humulene and monoterpenes —
myrcene, limonene and S-pinene [5, 7, 12]. The chemical composition of Marynka and
Lubelski variety hop cones is presented in Table 1.

The amount of chemical compounds in hop cones may vary due to the weather and
soil conditions of crops, type of hops, drying method, time and storage parameters of
plant material [4, 5], as well as due to extraction methods and pH of the environment in
which the bactericidal activity of the obtained extracts is examinated [15]. H. lupulus
hop, both fresh and dry, of different varieties, is used in the research in the form of
aqueous, alcoholic or aqueous-alcoholic extracts obtained by extraction with
supercritical carbon dioxide or extraction in a Soxhlet apparatus with hexane [5, 7, 10,
16, 17]. For the sake of environmental safety, it is necessary to focus on the extraction
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Table 1

Chemical composition of Humulus lupulus L hop cones of Lubelski and Marynka hop varieties [14]

Hop varieties
Component
Lubelski Marynka
a-acids [%] 4.0 11.1
Cohumulone in a-acids [% w/w] 31.8 25.3
Oil content [% v/w] 1.2 2.3
Myrcene [% v/w] 38.8 37.6
Kariofilen [% v/w] 7.6 8.0
Humulene [% v/w] 38.5 39.7
Linalool [% v/w] 0.58 0.36
a-Terpinol [% v/w] 0.27 0.5
Geraniol [% v/w] 0.19 0.12
Humulol + humulenol-2 [% v/w] 0.7 0.66
Caryophyllene and humulene oxides [% v/w] 2.44 0.98

of active compounds using economically attractive methods, as well as not requiring the
use of organic solvents. Due to, it will be possible to implement preparations obtained
in this way in the food industry, special purpose household chemicals, organic farming
or animal husbandry. The use of aqueous extraction techniques also limits the
potentially harmful effects of organic solvents on the environment and fits perfectly into
the current trend of “clean”, environmentally friendly technologies.

The selection of methods to assess the antibacterial properties of hop cone extracts is
also important. In practice, many methods are used to assess the in vitro biocidal
properties of chemical compounds, both on liquid and solid culture media, and one of
the most popular is the diffusion method [5, 18, 19].

The aim of this study was to obtain aqueous extracts from the Humulus lupulus hops
of the Marynka variety and to evaluate their antibacterial activity against gram-negative
(Pseudomonas aeruginosa ATCC 27853, Escherichia coli ATCC 10536 and Escheri-
chia coli IPS) and gram-positive (Bacillus cereus ATCC 12826 and Enterococcus hirae
ATCC 10541) bacteria.

Research methods and material

The research material consisted of dried Humulus lupulus hops of the Marynka
variety, in vacuum-packed sachets, from the 2019 harvest. The essential oil (EO) as
well as the infusion (HI) and decoction (HD) were obtained from hop cones by the
hydro-distillation process in a Deryng apparatus.

The microbiological material consisted of five bacterial strains — two gram-positive
bacteria (Bacillus cereus ATCC 12826 and Enterococcus hirae ATCC 10541) and three
gram-negative bacteria (Pseudomonas aeruginosa ATCC 27853, Escherichia coli
ATCC 10536 and Escherichia coli IPS, which were isolated from the food processing
equipment.
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The following extracts were obtained from the Humulus lupulus L hop cones of the
Marynka variety:

a. The essential oil (EO) obtained by hydro-distillation in a Deryng apparatus
(Fig. 1). The distillation was carried out three times. Each time about 50 g of hop cones
were placed in a flask and poured over with enough distilled water to cover the plant
material (500 cm®). The flask was assembled with the cap of the Deryng apparatus,
placed in the heating mantle and the cold water circuit of the cooler was switched on.
The entire hydro-distillation process was carried out for 1.5 hours after contents in the
flask started boiling. From 100 g of dried Marynka variety hop cones, 1.20 cm® of oil
was obtained (Fig. 2), which was stored in a chiller at 4 °C.

b. The decoction (HD) was obtained by pouring 200 cm’® of tap water into 10 g of
hop cones and boiling the mixture under cover. Then, under sterile conditions, the hop
cones were separated from the resulting decoction which was allowed to cool.

¢. An infusion (HI) was prepared by pouring 200 cm® of hot (90 °C) tap water onto
10 g of hop cones. The whole mixture was left covered for 15 minutes, then the plant
material was separated from the infusion which was allowed to cool.

) /

Fig. 1. Hydrodistillation on hop cones in the De- Fig. 2. Hop cone essential oil in an Eppendorf tube
ryng apparatus
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Evaluation of the antibacterial properties of the hop cone extracts
by the plate-cylinder diffusion method [5, 18-21]

The evaluation of the antibacterial activity of hop cone essential oil solutions at
concentrations of 0.5; 1.0 and 2.0 %, as well as infusion and decoction in an
undiluted (U) and diluted (in boileg water) form (at ratios of 3:1 and 1:2) on the growth
of the tested bacterial strains, was carried out in Nutrient Lab-Agar™ culture medium
using the plate-cylinder diffusion method. This method is based on the principle of
diffusion of substances in agar and measurement of the inhibition zone of micro-
organism growth around the formed wells after the incubation period. The culture media
were inoculated with 1 cm® of a standardized bacterial suspension with an optical
density of ¢ = 1 at A = 460 nm. The samples were incubated for 48 h at 35 + 2 °C. The
results were reported as the mean value of the growth inhibition diameter [mm * SD]
(SD — standard deviation). The inhibition effect was assumed to be the lack of growth
around the wells, stimulation — stronger growth around the wells, and the neutral
effect — to stop growth at the wells boundary. The control sample (C) was 0.05 %
Tween 80. Each experiment was repeated 4 times.

Results and discussion

Common hop (Humulus lupulus L) extracts contain bioactive compounds, witch
determinates, among others antimicrobial properties of both essential oil and hop cone
infusions [22]. The degree of bacterial growth inhibition depends both on the variety of
hops and on the concentration and chemical composition associated with the methods of
obtaining extracts [5, 12, 13].

In our research, bioactive substances from dry hops of the Marynka variety (Fig. 3)
were obtained in the form of infusions (HI), decoctions (HD) and essential oil (EO) by

Fig. 3. Dry hop cones of the Marynka variety
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hydro-distillation in the Deryng apparatus (Fig. 1). This is a common extraction method
to separate phyto-chemical compounds from plant material, although in recent years the
usefulness of new methods, using microwaves and extraction in supercritical CO,, has
been tested [7, 23]. However, according to Kobus-Cisowska at al. [5], extraction with
water at elevated temperature allows the release of active compounds with biocidal
properties, occurring in hop cones. These are often associated with the presence of
xanthohumol, the main prenylated flavonoid present in hops [24, 25], which may favour
the transport of flavonoids into the cell or facilitate the enzymes blockade by binding to
the active centre and ultimately lead to cell damage [5].

The obtained extracts with a citrus-resin scent, more intense in the case of EO, were
used to evaluate the antibacterial properties against selected gram-positive bacteria
(Bacillus cereus ATCC 12826 and Enterococcus hirae ATCC 10541) and gram-
-negative bacteria (E. coli ATCC 10536, Pseudomonas aeruginosa ATCC 27853 and
E. coli IPS). As shown in this study, the application of the plate-cylinder diffusion
method, also used by other researchers [5, 19-21], made it possible to demonstrate that,
regardless of the species and origin of the tested bacteria, the degree of inhibition of
their growth (except for P. aeruginosa ATCC 27853) depended on the form and
concentration of the extract. The exception was P. aeruginosa ATCC 27853, the growth
of which was not inhibited by any form of the extract, but growth stimulation
(11.82 £ 0.75 mm) was recorded in the presence of undiluted decoction (Table 2). High
resistance of the Pseudomonas aeruginosa species to extracts from hop cones was also
pointed out by Rozalski et al. [26], although Bocquet et al. [11] showed a slight
antibacterial activity of the aqueous-alcoholic extract from hop rhizomes (MIC
value = 1500 pg/ml).

Table 2
Zones of inhibition of bacterial growth [mm]
Gram-positive bacteria Gram-negative bacteria
Bacterial species/
Extract types Bacillus cereus Erfterococcus E. coli ATTC . Pseudomonas
ATCC 12826 hirae ATCC 10536 E. coli IPS aeruginosa
10541 ATCC 27853
Essential oil [%]

C 0 0 0 0 0

0.5 0 0 0 0 0

1 0 0 0 0 0

2 14.67 +1.51 20.33 +1.63 13.83 £0.75 15.17+0.41 0

Infusion [dilution ratio]

C 0 0 0 0

1:2 24.5+0.84 0 0 0

3:1 28 +0.63 0 0 0

6] 29+1.26 0 0 15+£3.16 0
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Table 2 contd.

Gram-positive bacteria Gram-negative bacteria
Bacterial species/
Extract types Bacillus cereus Er‘tterococcus E. coli ATTC . Pseudomonas
ATCC 12826 hirae ATCC 10536 E. coli IPS aeruginosa
10541 ATCC 27853

Decoction [dilution ratio]

C 0 0 0 0 0
1:2 23.67+0.52 0 0 0 0
3:1 26.83+£1.17 0 0 0 0
U 28.83+1.33 12.67 £0.52 13.67+0.52 19.17+1.17 | S*11.82+0.75

+ Standard deviation (SD).
* Stimulation of bacterial growth [mm].

In the group of gram-negative bacteria (with exception of the P. aeruginosa ATCC
27853), EO only at the highest tested concentration (2.0 %) inhibited the growth of the
environmental isolate E. coli IPS to a greater extent than from the ATCC collection, and
the zones of growth inhibition were 15.17 £ 041 mm and 13.83 + 0.75 mm,
respectively (Table 2, Fig. 4). The tested bacteria showed a different reaction only to
undiluted infusion and decoction of hop cones. In this group of bacteria, only the
environmental isolate E. coli IPS showed sensitivity to undiluted infusion, and the zone
of growth inhibition was 15.00 + 3.16 mm. A broader spectrum of bactericidal activity
compared to the infusions was shown by the decoction, but only its undiluted form also

Fig. 4. Growth inhibition zones of E. coli ATCC Fig. 5. Growth inhibition zones of E. hirae ATCC

10536 against the essential oil (EO) of hop 10541 against the essential oil (EO) of hop
cones cv. Marynka; cones cv. Marynka

C — control sample, 0.5 — EO concentration C — control sample, 0.5 — EO concentration
0.5 %, 1 — EO concentration 1.0 %, 2 — EO 0.5 %, 1 — EO concentration 1.0 %, 2 — EO

concentration 2.0 % concentration 2.0 %
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inhibited the growth of E. coli IPS to a greater extent (19.17 + 1.17 mm) than E. coli
ATCC 10536 (13.67 £ 0.5 mm).

However, many researchers include gram-negative E. coli bacteria among the strains
highly resistant to hop extracts and chemical compounds isolated from hop cones [7, 8],
but one of the reasons for the discrepancy in the results may be the so-called strain
sensitivity within the E. coli species, as well as the pH of the environment in which the
antibacterial activity is tested. Extracts containing «- and f-acids showed no anti-
bacterial activity against E. coli at pH = 7.2 £ 0.1 (MIC > 5000 ppm), while at pH
5.0 + 0.1 regulated with citric acid, the MIC values were 1250 ppm for S-acid extract
and 2500 ppm for a-acid extract. In contrast, at an environmental pH also equal to
5.0 £ 0.1, but regulated by lactic acid, MIC values were lower [15].

In the group of gram-positive bacteria, higher susceptibility to the tested extracts
from hop cones was demonstrated by the E. hirae ATCC 1054 coccus, as permanent
zones of growth inhibition were obtained in the presence of 2.0 % EO
(20.33 £ 1.63 mm) (Fig. 5) and undiluted decoction (12.67 £ 0.52 mm). However,
growth inhibition of this bacterium in the presence of infusion was not shown. Thus,
as in the case of gram-negative E. coli, decoction was more effective. No studies
have been found in the literature to determine the effect of hop cone extracts on
E. hirae. However, various types of hop cone extracts were tested against other species
of the genus Enterococcus — the clinical isolate of E. faecalis and E. faecium
ATCC 27270 [5], but the obtained zones of growth inhibition differed from those
determined in our research and in the presence of an aqueous extract of Marynka variety
hop cones the inhibition zones of these isolates were 2.0 £ 0.0 mm and 1.0 £ 0.0 mm,
respectively.

A permanent but smaller zone of growth inhibition was also noted for spore-forming
B. cereus ATCC 12826 in the presence of 2.0 % EO (inhibition zone 14.67 + 1.51 mm).
On the other hand, in the presence of decoction and infusion, irrespective of the
concentration, large inhibition zones were recorded, but after 48 hours their overgrowth
was observed (Table 2, Fig. 6, Fig. 7). This phenomenon was not observed by Roj et al.
[7] but they did not test aqueous extracts from hop cones, but extracts obtained by the
Soxhlet method, by supercritical CO, extraction, by supercritical CO, extraction
isomerised MgO or KOH, and an extract with up to 6.5 % xanthohumol obtained by
supercritical CO, extraction and 96 % xanthohumol. Antibacterial activity tests of the
obtained extracts carried out on strains Listeria monocytogenes, E. coli, Bacillus cereus
environmental isolate, B. cereus isolate from animal skin, Staphylococcus. aureus
MRSA ATCC 43300, Staphylococcus aureus ATCC 29213, Lactobacillus ssp. and
E. coli showed that both B. cereus isolates were sensitive to each of the six hop extracts
and showed the highest sensitivity among all tested bacteria. In addition, the
environmental B. cereus strain exhibited greater resistance than the strain isolated from
animal skin [7].

Summing up, it can be concluded that higher sensitivity to extracts from hop cones
characterized the tested gram-positive bacteria than gram-negative ones (Table 2),
which is also confirmed by other authors [7, 15].
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Fig. 6. Growth inhibition zones of B. cereus ATCC Fig. 7. Growth inhibition zones of B. cereus ATCC

12826 against the hop cones infusion (HI) 12826 against the hop cones decoction (HD)
of hops cv. Marynka of hops cv. Marynka

C — control sample, 50 — HI dilution ratio C — control sample, 50 — HD dilution ratio
1:2, 75 — HI dilution ratio 3:1, U — HI 1:2, 75 — HD dilution ratio 3:1, U — HD
undiluted undiluted

The conducted in vitro studies, allow to indicate that extracts from Marynka variety
hop cones in an appropriate form and concentration can be used as a potential
antibacterial agent, which can help in the fight against the ongoing ,,antibiotic crisis”.

Conclusion

1. Aqueous extracts of Humulus Lupulus L Marynka variety hop cones (essential oil,
infusion and decoction) showed various antibacterial activity, but the tested gram-
-positive bacteria were more sensitive to the extracts than gram-negative ones.

2. The best antibacterial properties were shown by essential oil with a concentration
of 2.0 %, obtained by hydro-distillation process of hop cones. In the group of gram-
-positive bacteria, E. hirae ATCC 10541 was more sensitive to EO, and in the group of
gram-negative bacteria — E. coli 1PS.

3. The highest resistance to hop extracts was shown by P. aeruginosa ATCC 27853.

4. In the case of B. cereus ATCC 12826, the sensitivity to infusions and decoctions
of hop cones requires further investigation, as the obtained large zones of growth
inhibition were unstable.
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