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Drugs based on plants of the Asteraceae family are broadly used against microorganisms that are pathogenic to people and animals.
However, their potentials in this aspect have not been fully researched. In our in vitro experiment, we tested alcohol tinctures of 12 species of
plants of the Asteraceae family against 10 species of bacteria, one species of fungi, and the larval stages of three species of nematodes —
parasites of ruminants (L, Muellerius capillaris, Ly 3 Strongyloides papillosus, Ls Haemonchus contortus). The growth inhibition zone larger
than 8 mm was observed after using ethanol extracts of the aboveground parts of several plants against the colonies of various microorga-
nisms: Solidago canadensis showed activity against five species — Klebsiella pneumoniae, Proteus mirabilis, Shigella flexneri, Clostridium
perfiingens, and Candida albicans; Cyclachaena xanthiifolia was effective against five species — Escherichia coli, P. mirabilis, Enterococ-
cus faecalis, C. perfiingens, and C. albicans); Jurinea arachnoidea inhibited four species — K. pneumoniae, P. mirabilis, Pseudomonas
aeruginosa, and Bacillus subtilis); Scorzoneroides autumnalis acted against four species — P. mirabilis, Sh. flexneri, C. perfringens, and
C. albicans; Helichrysum arenarium demonstrated activity against four species — P. mirabilis, Sh. flexneri, E. faecalis, and Listeria monocy-
togenes; and extracts from the fruits of Echinops ritro were active against four species — K. pneumoniae, P. mirabilis, Staphylococcus au-
reus, and B. subtilis, while extracts from the flowers of Echinops ritro were effective against four microorganisms — K. pneumoniae, P.
mirabilis, Sh. flexneri, and P. aeruginosa. However, we observed no expressed nematocidal action of ethanol extracts of the studied species
of plants. After 24 h exposures to 0.1% solutions of those extracts, over 95% of the nematode larvae of ruminants were found to be vital.
Nonetheless, as a result of the study, those plants were recognized the most promising for further in vivo research of antibacterial activity.
During the search for antibacterial and antifungal activities, the following plants were found to be the less promising: the aboveground parts
of Artemisia austriaca, Lactuca serrviola, Ambrosia artemisiifolia, Solidago virgaurea, roots of Artemisia vulgaris, Echinops ritro, Lactuca
serriola, Solidago canadensis, Ambrosia artemisiifolia, Scorzoneroides autumnalis, and leaves of Echinops ritro.

Keywords: growth inhibition zone; bacterial colonies; multi-resistant strain; parasitic nematode.

Introduction

Medicinal plants are valuable sources of pharmaceuticals all around
the globe. Plant raw material remains a valuable resource for combating
serious diseases worldwide. Over recent years, the number of infectious
diseases and antibiotic resistance has significantly increased, becoming a
dire therapeutic problem. Extracts from medicinal plants exert various bio-
logical effects, such as antimicrobial, anti-inflammatory, antioxidant, and
anti-parasitic (Boyko et al., 2020; Boyko & Brygadyrenko, 2021). Com-
pounds obtained from medicinal plants are effective against bacteria, fun-
gi, and viruses. They can inhibit the development of protozoans through
mechanisms other than those of the antimicrobial drugs currently in use.
This may have a substantial clinical effect during treatment of resistant
bacterial strains (Isgor & Geven, 2018; Khamraeva & Bussmann, 2023).

With the increasing globalization of the food economy, there is a gro-
wing need to extend the shelf life and enhance the safety of food products
to access global markets. Traditionally, this has been achieved by adding
synthetic antimicrobial and antioxidant compounds, which is now posing
a contradiction to the rising consumer demand for “fresh” products with
minimal processing (Albayrak & Hamzaoglu, 2010). Therefore, produ-
cers are currenly considering natural approaches to fight deterioration and
enhance food quality. A cheap and stable source of plant compounds can

provide manufacturers with cheap natural agents that can help exending
the shelf life. Using plant-based altematives to synthetic antioxidants in
treated food products is becoming increasingly important in the food in-
dustry.

The Asteraceae family, comprising over 1,600 genera with over
23,000 species that are widespread in different climates and regions aro-
und the globe, is the largest family of flowering plants (Bohm & Stuessy,
2001). The diversity and variety of this family highlights the significant
importance of some well-known species that have been used since ancient
times as a source of food or spices, as well as for medicinal purposes
(Chiavari-Frederico & Wietzikoski Lovato, 2020). Several classes of
compounds from Asteraceae species have been studied and tested for bio-
logical activity, and have been reported to show medicinal potential (Sil-
vério & Sousa, 2013; Zazharskyi & Brygadyrenko, 2020a). Of those
compounds, a special attention is paid to polyphenols, especially flavono-
ids, which make plants valuable in the pharmaceutical, cosmetic, and food
industries. This is because of their valuable medical properties, such as an-
tioxidant, anti-inflammatory, antifungal, and antibacterial effects. Despite
the global spread of Asteraceae plants and their potential as sources of an-
timicrobial and antioxidant agents, the bioactivity of a number of species
in this family has not been studied. Therefore, in this article we present our
continued research on antibacterial drugs in plant extracts in the context of
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the spread of polyresistant bacterial strains, which are hard to treat (Zaz-
harskyi & Brygadyrenko, 2020a). We have already found antiparasitic
and antimicrobial effects in extracts based on some Asteraceae plants
(Boyko & Brygadyrenko, 2016a; Zazharskyi & Brygadyrenko, 2020b).
However, our previous studies of aqueous extracts of plants of this family
in similar concentrations found no pronounced nematocidal properties
against invasive nematode larvae, in particular Strongyloides papillosus
and Haemonchus contortus (Boyko & Brygadyrenko, 2016b, 2019).

The objective of this study was to evaluate the antibacterial and nema-
tocidal actions of 12 alcohol extracts against 11 species of microorganisms
and three nematode larvae that typically parasitize ruminants. Until now,
those species of plants were poorly studied for antimicrobial activity, and
they can have a great potential in modern human and veterinary medi-
cines.

Material and methods

The leaves and shoots of 12 species of plants were collected in the ter-
ritory of the Botanical Garden of Oles Honchar Dnipo National University
(Boyko & Brygadyrenko, 2019), dried at room temperature, fragmented,
weighed, and kept in 70% ethyl alcohol for 10 days, and then filtered.
We took 10 grams of dry fragmented plants per 100 g of 70% ethyl alco-
hol. Then, to assess the antibacterial properties, 0.1 mL of those filtered al-
cohol extracts was transferred onto paper disks of 6 mm diameter.
The disks were dried in sterile conditions at the temperature of 10 °C in a
microbiological safety cabinet HR1200-ITA2-D (China).

Table 2

Table 1
Taxonomic composition of 11 species of microorganisms we studied
z?zlslf;]; Family Species, strains
Escherichia coli 055 ATCC 8739
. Kiebsiella pneumoniae ATCC 13883
Pscudo- Enterobacteriaceae — p, 0 ¢ mf;abiliv ATCC 14153
monadota Shigella flexneri GISK 232054
Pseudomonadaceae  Pseudomonas aeruginosa ATCC 15442
Enterococcaceae Enterococcus faecalis ATCC 29212
Listeriaceae Listeria monocytogenes ATCC 19112
Bacillota Staphylococcaceae  Staphylococcus aureus ATCC 25923
Bacillaceae Bacillus subtilis ATCC 6633
Clostridiaceae Clostridium perfiingens ATCC 13124

Ascomycota  Saccharomycetaceae Candida albicans ATCC 2091

The antibacterial activities of plant tinctures were assessed using the
disk diffusion method in agar. From the daily cultures of ethanol strains of
microorganisms, we prepared weighed amounts according to the standard
of opacity of bacterial suspension, equaling 0.5 units of density according
to McFarland (McF) 1.5 x 10® CFU (colony-forming units), which we de-
termined using a densitometer (Densimeter II, Table 1). The obtained wei-
ghed amount was transferred into Muller-Hinton agar (Himedia, India,
2023), with subsequent cultivation in a TCO-80/1 Thermostat (the New
Technologies and Marketing Factory of Medical Equipment Ukraine,
2015) for 24 h at the temperature of 37 °C. On top of the inoculations, we
put disks (n = 8) saturated with the corresponding ethanol tinctures of the
12 species of plants (Table 2).

Parts of the 12 species of plants we used to prepare ethanol extracts and the data on antibacterial activities of Asteraceae plants

Species Used part of plant Most important literature sources about medical properties of plant
Artemisia vulgaris L. galls Liu & Kikvidze (2020)
root Khezrilu Bandli & Mohammadkhani (2017), Khamraeva & Bussmann (2023)
Artemisia austriaca Jacq. shoots and leaves, root Rafiri & Dikane (2024)
Jurinea arachnoidea Bunge shoots and leaves Szukala & von Raab-Straube (2019)
root Mirtadzadini & Naderi (2022)
Echinopsritro L. leaves Li & Huang (2019)
fruits Balabanova & Gevrenova (2023)
flower Isgor & Geven (2018)
root Sapci & Vural (2018), Meirong (2024)
Lactuca serriola L. shoots and leaves Chadha & Florentine (2021)
root Kim & Lee (2022), Shukurlu & Vitalini (2023)
Solidago canadensis L. shoots and leaves Zhang & Wan (2017), Kato-Noguchi & Kato (2022)
root Gong (2019)
Ambrosia artemisiifolia L. shoots and leaves Comtois & Boucher (2018), Han & Lv (2021), Zhong-Shi (2023)
root Bozi¢ (2018), Savi¢ (2021)
Solidago virgaurea L. shoots and leaves Kotodziej (2008), Fursenco & Ancuceanu (2020)
root Tamas & Mogosan (2021)
Scorzoneroides autumnalis L. shoots and leaves Ingimundardéttir & Andersson (2024)
root Cruz-Mazo & Narbona (2009)
Helichrysum arenarium (L.) Moench shoots and leaves Plievljakusi¢ & Savikin (2018), Kramberger et al. (2021), Judzentiene & Garjonyte (2022)

shoots and leaves
shoots and leaves

Cyclachaena xanthiifolia (Nutt.) Fresen.
Achillea millefolium L.

Kurdyukova (2019), Nikoli¢ & Masin (2024), Turalin & Childibayeva (2024)
Sara¢ & Demirbag (2021), Ayrom & Suleymanova (2022), Zongiir (2023)

As a positive control we used disks with 10 pg of ampicillin trihyd-
rate (Himedia Laboratories Pvt. Limited, Mumbai, Maharashtra, India), a
semi-synthetic broad-spectrum antibiotic (Valle et al., 2015). Twenty four
hours later, the growth of the cultures was measured using a zone scale for
reading the sizes of growth inhibition zones in microorganisms (Antibiotic
Zone Scale-C, model PW297, India) and the software TpsDig2 (F. James
Rohlf; USA, 2016). The data in the tables are presented as x £+ SD (mean
+ standart deviation).

To assess the nematocidal properties of the plants, from 10% ethano-
lic extracts (100 g of 70% ethanol/10 g of plant), we prepared their 0.1%
solutions (0/1 mL 10% extract/10 mL of H,O).

The feces were collected from cattle that had been naturally infected
with the nematodes Muellerius capillaris (Mueller, 1889), Strongyloides
papillosus (Wedl, 1856), and Haemonchus contortus (Rudolphi, 1803)
Cobb, 1898). The larvae S. papillosus and H. contortus were cultivated for
10 days at the temperature of 18-22 °C. The Baermann test was used to
separate the nematode larvae from feces (Zajac, 2011). The nematodes
were identified according to the morphological features (Van Wyk et al.,
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2004, 2013). The larvae obtained using the Baermann test were centifuged
in water at 1,500 rpm for 4 min.

Then, 0.1 mL of sediment containing larvae was treated with 1 mL of
each ethanolic extract solution in 1.5 mL centrifuge test tubes with 24 h
exposure in five repetitions at 22 °C. After this period, we counted live and
dead larvae (immobile, with signs of damage to the integrity of the intes-
tine).

Results

The alcohol extracts of the plants we used inhibited the growth of the
individual strains of microorganisms from the families Enterobacteriaceae,
Pseudomonadaceae, Enterococcaceae, Listeriaceae, Staphylococcaceae,
Bacillaceae, Clostridiaceae, and Saccharomycetaceaec (Tables 3-5).
Against E. coli, inhibiting effects were exerted by A. wvulgaris and the
aboveground part of C. xanthiifolia (15.2 and 12.6 mm, hereinafter, the
average radius of growth inhibition zone is given in mm). Somewhat lo-
wer efficiency than A. vulgaris and C. xanthiifolia, but high antibacterial

Regul. Mech. Biosyst., 2024, 15(3)



properties, was exerted by the aboveground parts of A. artemisiifolia
(104), S. virgaurea (10.5), and A. millefolium (10.5). The isolates of
E. coli were resistant to the alcohol extracts from A. austriaca, J. arach-
noidea, E. ritro, L. serriola, S. canadensis, S. autumnalis, and H. arena-
rium. Ampicillin in the control was observed to be ineffective against
E. coli (Table 3).

Against the epizootic strain K. preumoniae, a high antibacterial activi-
ty and competition with ampicillin were exhibited by the ethanol extracts
from the galls and roots of A. vulgaris (11.3 and 13.5), aboveground parts
of J. arachnoidea (10.6) and S. canadensis (14.6), flowers of E. ritro
(16.5), and root of S. virgaurea (12.6). Moderate inhibition of growth of
the colonies of K. pneumoniae was displayed by the extracts from the
fiuits of E. ritro (8.5) and aboveground part of L. serriola (5.2). At the
same time, we should note the complete absence of reaction of this strain
(resistance and absence of inhibition of growth of bacterial colonies) to
ethyl extracts from the aboveground parts of A. austriaca, H. arenarium,
C. xanthiifolia, A. millefolium, leaves and roots of E. ritro, roots of
L. serriola, S. canadensis, and aboveground parts and roots of A. artemi-
siffolia and S. autumnalis. At the same time, ampicillin in the control

Table 3

group was ineffective against K. pneumoniae. High sensitivity of P. mira-
bilis was observed to 9 alcohol extracts: the aboveground parts of 4. aus-
triaca (14.7), J. arachnoidea (10.6), L. serriola (15.1), S. canadensis
(104), S. autumnalis (10.2), H. arenarium (20.6), C. xanthiifolia (12.6),
A. millefolium (12.3), root of J. arachnoidea (10.3), and fruits and flowers
of E. ritro (13.4; 17.4). The bacterium showed moderate sensitivity to two
species of plants: the root of E. ritro (8.3) and aboveground part of
A. artemisiffolia (5.3). The polyresistant strain P. mirabilis was not sensi-
tive to the extracts from the galls and roots of 4. vulgaris, leaves of
E. ritro, roots of L. serriola, S. canadensis, A. artemisiifolia, S. autumnalis,
and aboveground parts and roots of S. virgaurea. Also, alcohol extracts
from plants displayed high antibacterial action towards Sh. flexneri, partic-
ularly the roots of J. arachnoidea (10.3), flowers and roots of E. ritro
(10.5, 10.2), and aboveground parts of S. canadensis (12.5), S. autumnalis
(10.3), and H. arenarium (11.6). The strain Sh. flexneri was resistant to the
extracts from the galls and root of 4. vulgaris, aboveground parts of
A. austriaca, S. virgaurea, A. millefolium, leaves and flowers of E. ritro,
and roots of L. serriola, S. canadensis, A. artemisiifolia, S. virgaurea, and
S. autumnalis.

Antibacterial effect of ethanol extracts of plants on Escherichia coli, Klebsiella pneumoniae, Proteus mirabilis, and Shigella flexneri (x £ SD, n=8)

Species E. coli K. pneumoniae P. mirabilis Sh. flexneri
test control test control test control test control

Artemisia vulgaris L., galls 1523+171%  1.56+£038 11.34+1.62* 1.12+£025 0+0 21374332 0+0 1621+£1.58
—root 0+0 122+026 1347+1.33* 0+0 0+0 2123227 0£0 1843 +1.57
Artemisia austriaca Jacq.
— shoots and leaves 0+0 127+024 0+0 0+0 1474+£1.62% 21324221 0+0 1638+2.14
Jurinea arachnoidea Bunge,
— shoots and leaves 244+024 143+037 1062+1.57*  1.54+045 1063+1.77* 21314235 129+0.13  17.30+2.63
—root 0+0 0+0 238+021 1.60+£042  1026+141* 21.62+234 1033+128* 16.15+2.11
Echinops ritro L., leaves 0+0 221+033 0+0 0+0 0+0 2140+2.26 0+0 16224225
— fruits 0+0 1.59+018  853+145%  126+031 1335+152*% 21.17+3.11 0+0 1736+2.14
—flower 0+0 0£0 1651£1.79%  1.71+048 17.74+£143* 2029+2.18 1052+1.76% 1630+2.27
—root 0+0 2.17+025 0+0 0+0 828+141* 21444274 1015+1.52*% 1831+2.16
Lactuca serriola L., shoots and leaves 0+0 146+032 526+062 122+017 1510+126*% 2153+341  2.65+031 1593+1.73
—root 0+0 0+0 0£0 0+0 0+0 21.11+£243 0£0 16.51+1.68
Solidago canadensis L.,
— shoots and leaves 0+0 224+033 1455+£1.73* 1.18+013  1042+134* 2026+£229 1253+1.17% 1836+2.52
—root 0+0 128+0.21 0+0 1.13+025 0£0 21.50+£233 0+0 18.41+£2.50
Ambrosia artemisiifolia L.,
— shoots and leaves 1043+147%  1.59+£022 0+0 1.57+044 529+037 21224217  226+037  1653+2.17
—root 0+0 127+024 0+0 1.25+0.14 0+0 2091+2.11 0+0 1643 +2.64
Solidago virgaurea L., shoots and leaves  10.56£1.20%  2.14+031 240+021 0+0 0+0 21.52+2.19 0+0 1733+251
—root 0+0 215+£028 1264+131*  121+036 0+0 20.66 +2.40 0£0 18.11+1.93
Scorzoneroides autumnalis L.,
— shoots and leaves 0+0 1.61+0.12 0+0 0+0 1023£1.51*%  2123+2.18 1031+£1,74* 1866+221
—root 0+0 0+0 0£0 1.19+0.11 0+0 2137+281 00 1832+2.94
Helichrysum arenarium (L.) Moench,
—shoots and leaves 222+036 2.12+026 0+0 1.10+£029 2055+1.79* 21.62+214 1158+1.73* 1692+246
Cyclachaena xanthiifolia (Nutt.) Fresen.,
— shoots and leaves 1261+1.74*  143+£027 0+0 166+013 1264+135% 2088+213 225+037 16.74+238
Achillea millefolium L., shoots and leaves 1045+ 1.79%  1.54+0.13 0£0 1.17£022  1226+1.73* 21.55+291 0+0 1641+1.73

Note: * —disks with 10.0 pg of ampicillin were used for all bacteria as positive control.

Table 4
Antibacterial effects of ethanol extracts of plants on Pseudomonas aeruginosa, Enterococcus faecalis, and Listeria monocytogenes (x £ SD,n=8)
Species P. aeruginosa E. faecalis L. monocytogenes
test control test control test control

Artemisia vulgaris L., galls 1036+1.52* 1.83+0.44 0+0 1.33+0.39 0+0 40.51+3.66
—root 221+023 1424027 00 1.28+0.27 00 40.18+3.73
Artemisia austriaca Jacq., shoots and leaves 5.24+0.75 1.17+£0.21 0=+0 0£0 226+032 4032+3.85
Jurinea arachnoidea Bunge, shoots and leaves 10.78 £ 1.46* 145+032 0+0 0+0 0£0 40.66+4.41
—root 8.63+£142 1.74+046 0+0 0+0 0+0 4021+433
Echinops ritro L. leaves 223+044 1.33+0.34 0+0 142+031 0£0 3044 +3.62
—fiuits 0+0 1.68+0.37 0+0 0+0 235+043 3129+3.83
— flower 1252 +1.71* 1.53+0.28 0+0 1.29+0.29 2.52+028 30.72+3.54
—root 0+0 1.71+043 0+0 0+0 0£0 30.51+3.77
Lactuca serriola L. shoots and leaves 10.81+1.63* 1.55+021 2284024 0+0 0£0 31.55+3.26
—Tro0t 0=+0 146+0.24 1042 +1.36* 140+0.24 0+0 3233+£3.11
Solidago canadensis L., shoots and leaves 0+0 1.71+0.28 0+0 0£0 0£0 30.28+3.43
—root 0+0 1.54+0.22 0+0 1.35+0,22 0+0 30.12+3.34
Ambrosia artemisiifolia L., shoots and leaves 0+0 1.65+0.36 6.21+0.37 146+0.32 0+0 40.16+3.32
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Species P. aeruginosa E. faecalis L. monocytogenes
test control test control test control
—root 0+0 1.33+£021 0+0 0+0 0+0 40.18+3.73
Solidago virgaurea L., shoots and leaves 0+0 147+033 10.77£1.25* 124+023 0+0 31.83+327
—root 0+0 1.54+0.26 8.64+132 1.31+026 0+0 3025+342
Scorzoneroides autumnalis L., shoots and leaves 0+0 148+027 0+0 0+0 0+0 32.14+3.55
—100t 0+0 1.52+025 0+0 120+024 0+0 31224331
Helichrysum arenarium (L) Moench, shoots and leaves 0+0 135+032 11.70+1.44 1.33+025 10.74+1.31 40.13 +£4.66
Cyclachaena xanthiifolia (Nutt.) Fresen., shoots and leaves 225+037 1.56+021 1263 +1.51 1.38+031 0+0 39.29+4.51
Achillea millefolium L., shoots and leaves 0+0 143+0.36 0+0 0+0 0+0 3944+4.75
Note: see Table 3.
Table 5
Antibacterial effects of ethanol extracts of plants on Staphylococcus aureus, Bacillus subtilis, Clostridium perfiingens, and Candida albicans (x = SD, n=38)
Specics S. aureus B. subtilis C. perfiingens C. albicans

test control test control test control test control
Artemisia vulgaris L., galls 0+0 3822446 0+0 1.31+027 0+0 1536+ 1.62 0+0 1532+1.68
—root 0+0 3837+425 828+123 133021 0+0 1542+191 0+0 15254243
Artemisia austriaca Jacq.,
—shoots and leaves 0+0 3796+433  1062+1.74*  135+034 0+0 1547+1.64 0+0 1646+ 1.51
Jurinea arachnoidea Bunge,
—shoots and leaves 0+0 3790+4.18 1246+1.63*  142+038 0+0 1553 +148 0+0 1540+227
—root 0+0 382+431 0+0 1.34+023 236+0.81 1562177  236+0381 1523 +2.11
Echinops ritro L. leaves 0+0 37.50+4.34 0+0 1,47+037 0+0 1481+2.14 0+0 1498+1.73
—fiuits 1662+135 3793+445 1251+£138* 121+034 0+0 15.14+2.56 0+0 1531+194
—flower 0+0 37384422 0+0 135+£022 0+0 1552+1.88 0+0 15664223
— 100t 0+0 3821+4.36 0+0 143+026 0+0 1439+1.72 0+0 15,12+2.61
Lactuca serriola L., shoots and leaves 0+0 38344431 0+0 1.36+033 532+097 1523 +231 535+093 1544+£232
— 100t 0+0 3796+4.12 0+0 1.24+0.20 0+0 15.16+1.83 0+0 15,83 +2.61
Solidago canadensis L.,
—shoots and leaves 0+0 37.53+437 0+0 1.31+£025 1648+143 1441+176  1643+147 1550+1.73
—root 0+0 37.88+4.54 0+0 1.37+021 0+0 1522+1.13 0+0 14,62+2.163
Ambrosia artemisiifolia L.,
—shoots and leaves 0+0 3825+3.63 0+0 128+022 0+0 15474233 0+0 14344225
—root 0+0 3847+£432 943+125% 133+0.34 0+0 14.66+1.52 0+0 15,534+2.13
Solidago virgaurea L., shoots and leaves 0+0 37.66+421 0+0 1.35+038 1.57+033 15.54+1.26 0+0 1423+1.78
—100t 0+0 38.13+3.96 0+0 129+033 8.66+ 131 1539+1.71 0+0 15,64+£2.263
Scorzoneroides autumnalis L.,
—shoots and leaves 0+0 38424428 0+0 142+£036  1065+152  1403+225 1068+154  1561+237
— 100t 0+0 38.31+3.35 0+0 145+029 0+0 1511+1.84 1.53+031 14,18 +2.52
Helichrysum arenarium (L,) Moench,
—shoots and leaves 2774031  37.54+4.11 5.63+0.38 1.37+£035 0+0 1543+1.72 0+0 1443 +2.68
Cyclachaena xanthiifolia (Nutt.) Fresen.,
— shoots and leaves 0+0 38474323 522+046 144+023 1261£157  15.12+144  1263+157 15144247
Achillea millefolium L.,
—shoots and leaves 833+126 38.13+£422  549+024 143+035 0+0 15.54+236 148+£022  1522+245

Note: see Table 3.

We found complete absence of sensitivity to ampillicin in two polyre-
sistant strains of microorganisms of the families Pseudomonadaceae and
Enterococcaceae — P. aeruginosa and E. faecalis (Table 4). At the same
time, the alcohol extracts of the galls of 4. vulgaris (10.4), aboveground
parts of J. arachnoidea (10.8) and L. serriola (10.8), and flowers of
E. ritro (12.5) effectively inhibited growth of the bacteria of P. aerugino-
sa, which had moderate sensitivity to the aboveground part of A. austriaca
(5.2) and root of J. arachnoidea (8.6). Four extracts — from the root of
L. serriola (10.4), aboveground part of S. virgaurea (10.8), H. arenarium
(11.7), and C. xanthiifolia (12.6) — had a strong inhibitory effect on growth
of the colonies of E. faecalis. We should note that the polyresistant strain
E. faecalis was moderately sensitive to the alcohol extracts from the abo-
veground part of 4. artemisiifolia (6.2) and root of S. virgaurea (8.6).

A strong inhibitory effect on the colonies of L. monocytogenes was
produced only by the alcohol extract from the aboveground part of
H. arenarium (10.7), which can suggest high resistance of this strain.

High antibacterial activity (Table 5) against S. aureus was confirmed for
ethanolic extract of the fiuits of £. ritro (16.6). Also, those bacteria showed
moderate sensitivity to the aboveground part of A. millefolivm (8.3).

During our studies, we determined that some plants inhibited growth
of the colonies of B. subtilis: alcohol extracts of the aboveground parts of
A. austriaca (10.6), J. arachnoidea (12.5), and fruits of E. ritro (12.5).
The bacteria had moderate sensitivity to the alcohol extracts from the
aboveground parts of H. arenarium (5.6), C. xanthiifolia (5.2), A. millefo-
lium (5.5), and roots of A. vulgaris (8.3) and A. artemisiifolia (9.4).
The studied B. subtilis strain showed tolerance to the action of ampicillin.

Strong inhibitory effects on C. perfringens were produced by the extracts
from the aboveground parts of S. canadensis (16.5), S. autumnalis (10.7),
and C. xanthiifolia (12.6). The strain was observed to have moderate
sensitivity to the aboveground part of L. serriola (5.3) and the root of S.
virgaurea (8.7). At the same time, we should note the complete absence of
reaction of this strain to the ethyl extracts of A. vulgaris, A. austriaca,
E. ritro, A. artemisiifolia, H. arenarium, and A. millefolium.

We found three alcohol extracts with maximal antifungal effects (the
inhibition zone larger than 10 mm, Table 5) on C. albicans — the above-
ground parts of S. canadensis (16.4), S. autumnalis (10.7), and C. xanthii-
folia (12.6). Also, this polyresistant strain had moderate sensitivitiy to the
aboveground part of L. serriola (5.4) and was not sensitive to the extracts
from the galls and root of A. vulgaris, aboveground parts of A. austriaca,
J. arachnoidea, H. arenarium, roots of E. ritro, L. serriola, S. canadensis,
A. artemisiifolia, S. virgaurea, and leaves, fiuits, and flowers of E. ritro.

The study of solutions of ethanol extracts from plants of the Astera-
ceae family found no notable nematocidal properties towards the nema-
tode larvae of ruminants, in particular, M. capillaris, S. papillosus,
H. contortus in the concentration of 0.1%. According to the results, over
95% of the larvae were recorded as vital.

Discussion
The compounds produced by plants as secondary metabolites were

found to be biologically active against microorganisms that are pathogenic
to humans and agricultural animals. Some of the plants we tested can be
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the basis for development of novel pharmaceutical drugs (Zazharskyi &
Zazharska, 2024).

Singh & Ebibeni (2012) conducted a comparative assessment of anti-
microbial activities of essential oils of 4. vulgaris, extracted from fresh and
dried herbs, and found insignificant statistical difference (P < 0.40).
The authors determined that the oxidase-positive strains of Pseudomonas
(60.0%), Aeromonas (53.6%), spore-forming bacilli (71.6%), Pasteurella
(83.3%), and Micrococcus (66.7%) were more sensitive (P < 0.001) than
the oxidase-negative bacteria (8.3%). Gas chromatography/mass spectro-
metryanalysis of essential oils revealed that eucalyptol is most dominant
compound in the leaves of A. vulgaris, and exerted antifungal activity
towards S. oryzae and F. oxysporum and antibacterial effect against
S. aureus (Singh & Rajashekar, 2023).

High sensitivity to the extracts from A. vulgaris and Artemisia abro-
tanum L. (solvent — 90% ethanol) was seen in Candida tropicalis — a clini-
cal strain with high sensitivity to antifungal antibiotics and synthetic anti-
mycotics. However, the mentioned extracts inhibited the germination of
spores of the strain of Aspergillus niger. The antifungal activity of
A. abrotanum is associated with the presence of davanone sesquiterpenoid
(Fiamegos & Tegos, 2011). Hrytsyk & Grytsyk (2021) studied the syn-
ergism of the antimicrobial action of extracts from plants of the Artemisia
genus and erythromycin and concluded about the likely presence of inhi-
bitors of efflux pump of macrolipids of Staphylococcus aureus in extracts
from A. vulgaris.

Han & Shao (2023) report that the essential oil of A. vulgaris demon-
strated a strong antimicrobial activity against Escherichia coli and mode-
rate activities against Aspergillus niger, Verticillium dahliaei, and Bacillus
subtilis. The alcohol extracts from the leaves of A. absinthium of second
year of vegetation produced the maximal inhibition zones in the Klebsiella
carbapenem-resistent enterobacteriaceae (CRE) and a culture of Escheri-
chia coli (Marian & Muste, 2023).

Plants of the Echinops genus are widespread all around the globe, and
are typically used in medicine to mitigate symptoms of respiratory disea-
ses, such as pain, inflammation, fever, sore throat, and cough (Hymete &
Erko, 2005). Previous studies of chemical compositions of some Echinops
plants found the presence of glycoside benzothiophene, flavone, alkaloids,
polyacetylene thiophenes, and carbohydrates (Falah & Alizadeh Behba-
hani (2021). Echinops setifer has displayed an immune-modulating action,
suggesting a high antimicrobial potential for control of infectious diseases.
Thus, scientists recommend using it to control infectious diseases, such as
COVID-19. Extract from Echinops gracilis O. Hoffm. demonstrated anti-
bacterial and antioxidant properties against Escherichia coli, Pseudomo-
nas aeruginosa, and Klebsiella pneumonia, the minimum inhibition con-
centrations (MIC) measuring 31.2, 15.6, and 31.2 pg/mL, respectively
(Weyepe Lah & Dongo, 2021). Gaizirene & Gabriel (2023) reported that
essential oils from E. giganteus killed the bacteria of Staphylococcus
aureus and Salmonella enteritidis.

Abdul-Jalil (2020) observed the efficacy of alcohol extracts from the
leaves and roots of L. serriola against S. aureus and S. saprophyticus, and
Unver & Gurhan (2024) reported that essential oil of L. serriola displayed
a strong inhibiting effect on the growth of the bacteria and fungi of the
Candida genus, the MIC values ranging 0.47 to 1.87 pL/mL. Those ef-
fects were attributed to flavonoids and terpenoids present in the plant.

We studied the antimycotic action of different types of extracts from
the aboveground and underground parts of S. canadensis. They exerted
antibacterial activity against Listeria monocytogenes and Staphylococcus
aureus, the phytopathogenic fungi Monilinia fructicola, Botrytis cinerea,
Aspergillus niger, and Penicillium expansum, and also some phytopatho-
genic bacteria Bacillus megaterium and Clavibacter michiganensis, Xan-
thomonas campestris, Pseudomonas fluorescens, and P. syringae pv.
phaseolicola (Elshafie & De Feo, 2019; Anzlovar & Dolenc Koce, 2020).

Janackovi¢ & Marin (2022) observed strong antimicrobial action of
essential oil from the aboveground part of 4. artemiisifolia against two
strains of Xanthomonas campestris and reference and natural isolates of
Ervinia amylovora, the causative agents of black rot. Gram-positive bacte-
ria were found to be more sensitive to the antimicrobial properties of es-
sential oil compared to Gram-negative bacteria (Hamidovi¢ & Lalevic,
2023). The results of the study by those authors revealed that the oil from
A. artemisiifolia displayed antimicrobial action towards growth of the co-

lonies of Salmonella spp. and Bacillus subtilis, but had an insignificant
effect on growth of the colonies of Escherichia coli.

Aqueous alcohol extracts from the aboveground part of Solidago gra-
minifolia exerted promising antioxidant and antimicrobial potentials, with
powerful antibacterial activity against Staphylococcus aureus and strong
antifungal effects against Candida albicans and C. parapsilosis (Toiu &
Oniga, 2019). While having potent antimycotic and antioxidant properties,
a study of essential oils of Solidago virgaurea L. found antibactericidal
activity against Gram-positive microorganisms. Likewise, the authors
considered the studied plants suitable for the production of bio-degradable
packaging in the food industry (Mali¢anin & Danilovi¢, 2024).

Babota & Paltinean (2018) discovered that alcohol extracts from the
flowers of Helichrysum arenarium (L.) Moench. and Antennaria dioica
(L)) Gaertn. are valuable sources of chlorogenic acid and flavonoids.
The ethanol extract from the aboveground part of H. arenarium exhibited
antimicrobial activity of varying degrees (the growth inhibition zone was
8.8204 mm wide) against S. aureus, B. megaterium, C. glabrata,
C. albicans, and Trichophyton sp. (Eren & Giiven, 2023).

El-Kalamouni & Talou (2017) reported that B. cereus was the most
sensitive bacterium to the oil extract of 4. millefolium in the utilized con-
centrations (5 and 10 pg/mL). The smallest growth inhibition zones were
produced for the cultures of S. yyphimurium and S. agona, whereas
S. epidermidis, S. enteritides, and E. coli were resistant to all the concentra-
tions of the preparation. The extracts from A. millefolium demonstrated an-
tifingal activity and inhibiting effects against the development of Rhizo-
pus stolonifer (65.7%), Verticillium dahliae (56.3%), Colletotrichum
gloeosporioides (60.9%), Botrytis cinerea (50.8%) and Aspergillus niger
(40.7%).

The nematocidal activities of plants of the Asteraceae family have
been described in the scientific literature to a lesser degree. However, there
are data regarding noticeable nematocidal properties of plants of the genus
Artemisia. Nikitin et al. (2023) studied the nematocidal activity of ethanol
extracts from five different species of Artemisia L. towards the free-living
soil nematode Caenorhabditis elegans. The authors have confirmed that
the death of nematodes was observed within the concentration range of
31.3-1,000.0 pg/mL.

Liu et al. (2019) assessed the nematocidal properties of ethyl acetate,
ethanol, and aqueous extracts from different organs (flowers, leaves,
stems, and roots) of common wormwood A. absinthium to support the
potential agricultural applications of this plant, including its use as an in-
dustrial crop. According to results of their studies, the highest concentra-
tion of total thiophene and nematocidal activity were recorded in the ethyl
acetate extract from the roots of this plant. Our studies of the effects of
ethanolic extracts from Arfemisia plants also indicated absence of notable
nematocidal properties against nematode larvae parasitizing ruminants.
Perhaps, the difference in the results obtained by different authors is asso-
ciated with the the object of study and its development stage, as well as
concentrations of the extracts. Therefore, according to our studies, the
0.1% concentration of ethanolic extract was ineffective. Our previous stu-
dies revealed low nematocidal activity of aqueous extract of plants of this
genus against the invasive larvae of S. papillosus. However, the concentra-
tion of this extract equaled 3% (Boyko & Brygadyrenko, 2016).

Thus, according to our results, the ethanolic extracts inhibited the
growth of colonies of many species of microorganisms of the families
Enterobacteriaceae, Enterococcaceae, Listeriaceae, Staphylococcaceae,
Bacillaceae, and Clostridiaceae, and also fungi of the family Saccharomy-
cetacea. It is somewhat concerning that the strains of E. coli, K. pneumo-
niae, P. aeruginosa, E. faecalis, and B. subtilis which we studied were
resistant to ampicillin (the growth inhibition zone equaled 0.0-2.0 mm).

Conclusion

For the first time, a study was carried out on the complex inhibiting
actions of 12 species of plants of the Asteraceae family towards 10 strains
of bacteria, one strain of fungi, and larvae of three species of nematodes.
The alcoholic extracts from the aboveground parts of 4. austriaca,
L. serriola, A. artemisiifolia, S. virgaurea, roots of A. vulgaris, E. ritro,
L. serriola, S. canadensis, A. artemisiifolia, S. autumnalis, and leaves of
E. ritro had no noticeable effects on the multiresistant strains of E. coli,
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P. mirabilis, S. marcescens, L. ivanovi, P. aeruginosa, L. monocytogenes,
S. aureus, C. perfringens, and C. albicans. We observed intensive inhibi-
tory effects of ethanol-based extracts against various multiresitant strains
of bacteria or fungi, in particular, the aboveground parts of S. canadensis,
C. xanthiifolia: S. canadensis, C. xanthijfolia were effective against 5;
J. arachnoidea, S. autumnalis, H. arenarium exhibited activity against 4;
fruits of E. ritro exerted inhibiting effects on 4; flowers of E. ritro were
active against 4; galls of A. vulgaris demonstrated activity towards 3; the
aboveground part of 4. millefolium was effective against 3, and roots of
J. arachnoidea and S. virgaurea inhibited 3 of the 11 studied strains of
bacteria or fungi.

We observed no noticeable nematocidal effects of ethanol extracts of
the studied species of plants against ruminant parasites such as M. capilla-
7is, S. papillosus, and H. contortus. After 24 hour exposure to 0.1% solu-
tions of those extracts, 95% of the nematode larvae remained vital. We be-
live it is possible to recommend ethanol extracts from S. canadensis,
C. xanthiifolia, J. arachnoidea, and H. arenarium or individual compo-
unds present in those plants for further research of combating polyresistant
strains of the abovementioned microorganisms.
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