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Introduction

Boyko, O. 0., & Brygadyrenko, V. V. (2025). Sustainability of pasture ecosystems: The use of plant-based mixtures in the
fight against helminths. Biosystems Diversity, 33(2), €2532. doi:10.15421/012532

In developing countries, cattle grazing is associated with damage from contaminated manure as one of the hazardous
types of organic waste. This, in turn, threatens the sustainability of various livestock sectors and causes significant economic
losses. Such countries need to develop new sustainable strategies for integrated control of animal helminthiasis. Parasitic
nematodes can significantly reduce the productivity and viability of agriculturally important mammals and are very common
in human populations where sanitary standards are not met. In recent years, there has been a significant trend of parasite
resistance to chemically synthesized veterinary treatment, including broad-spectrum anthelmintics. The chemicals used with
anthelmintic properties pollute pasture ecosystems. In order to achieve environmentally sustainable development and minim-
ize the impact of these substances on the environment we determined in a laboratory experiment investigating the effects of
eugenol, isoeugenol, thymol and carvacrol, individually and in paired mixtures, on Strongyloides papillosus and Haemon-
chus contortus larvae and Trichiuris vulpis and Toxocara canis eggs. Mortality of S. papillosus larvae exposed to a 0.01%
mixture of isoeugenol and thymol (97.5 = 1.7%), eugenol and thymol (96.6 + 2.6%), and thymol and carvacrol (92.0 + 5.8%)
exceeded 90%. Under the influence of a mixture of 0.01% eugenol and isoeugenol (89.1 + 10.3%)), eugenol and carvacrol
(88.2 + 8.5%), mortality was insignificantly reduced. Haemonchus contortus larvae were significantly more resistant to the
influence of mixtures of 0.01% of the studied substances: maximum mortality was noted for eugenol and isoeugenol (80.0 +
10.6%), eugenol and thymol (86.8 + 9.6%). Under the influence of 0.1% of the studied substances applied separately, mortal-
ity of T vulpis eggs reached its maximum for carvacrol (80.2 + 11.4%), was significantly lower for thymol (55.3 + 7.5%)
and remained at the level of the control group (without influence of either of the substances) for eugenol and isoeugenol.
Average mortality of 7. vulpis eggs exceeded 90% when exposed to 1.0% thymol, eugenol, and isoeugenol. At this dosage,
carvacrol inflicted the lowest mortality of the four substances studied for 7. vulpis eggs. Under the influence of mixtures of
these substances for 24 hours, larvae subsequently formed in the eggs of Trichiuris vulpis and Toxocara canis in more than
68% of cases. Mortality of eggs of 7. vulpis was highest when exposed to a mixture of isoeugenol and carvacrol. Among the
studied nematode species, the eggs of 7. canis tumed out to be the most resistant to the mixtures of the studied substances:
the mortality of eggs did not exceed 16%. Our research results show that mixtures of even very low concentrations of euge-
nol with thymol can reduce the viability of larvae of nematode species that are important in medicine and veterinary medi-
cine.

Keywords: sustainable agriculture; minimizing environmental impact; mortality of nematodes; Lamiaceae; Myrtaceae;
Strongyloides papillosus; Haemonchus contortus; Trichiuris vulpis; Toxocara canis.

Thanh et al., 2024). It is also a component of plants of the Origanum
genus, including Origanum vulgare L. (Lamiaceae) and many species

The rapid development of the economy and agriculture is accom-
panied by a constant increase in organic waste (manure, wastewater,
solid municipal waste, etc.). These wastes contain many organic sub-
stances, and also contain various types of toxins, pathogens and che-
mically synthesized drugs, including antibiotics and anthelmintics
(Wang et al., 2018). Environmentally friendly alternative measures
for helminth control include genetic resistance of host organisms, vac-
cines and biological control. These measures are promising and im-
portant for the sustainability of pasture ecosystems. However, they re-
quire further search for non-toxic substances with anthelmintic pro-
perties (Donald, 1994; Morgan et al., 2013). Eugenol, isoeugenol,
thymol, and carvacrol are organic substances that are contained in the
essential oils of many plants from the Lamiaceae, Myrtaceae, Apia-
ceae families, including medicinal ones.

Thymol is a component of the essential oils of Thymus vulgaris
L. (Lamiaceae) (Salehi et al., 2018; Kowalczyk et al., 2020), Trachy-
spermum ammi (L.) Sprague (Apiaceae) (Biswal et al., 2021), as well
as essential oils of plants of the genera Ocimum, Origanum, Monarda
(Lamiaceae) and some representatives of the families Verbenaceae,
Scrophulariaceae, Ranunculaceac and Apiaceae (Marchese et al.,
2016; Barbosa et al., 2020). The main component of Plectranthus
amboinicus Lour. (Lamiaceae) is carvacrol (Resende et al., 2022;

of the Thymus genus (Lamiaceae) (Mondal et al., 2020; Rathod et al.,
2021). Isoeugenol and eugenol are components of the oil of Syzygium
aromaticum (L.) Merr. & L. M. Perry (Myrtaceae) (Xie et al., 2015;
Topal, 2019).

Many facts presented in our previous studies (Boyko & Brygady-
renko, 2019a; Boyko et al., 2020) testify to the antiparasitic (including
anthelmintic) properties of plants. Some essential oils with the sub-
stances under study also have nematicidal and protistocidal properties.
(Boyko et al., 2021; Boyko & Brygadyrenko, 2021).

The search for new environmentally safe substances with anthel-
mintic properties will reduce the toxic load on natural ecosystems and
agrocenoses for agricultural waste management and help to achieve
the sustainability of pasture ecosystems (Agrawal et al., 2024). There-
fore, the aim of our study is to evaluate the effects of mixtures of eu-
genol, isoeugenol, thymol, and carvacrol in vitro on the viability of
eggs and larvae of nematodes, which are dangerous parasites of farm
and carnivorous animals, as well as humans.

Materials and methods

Study area. The site of excrement sampling was located in central
Ukraine — Dnipro Region (48.421433° N, 35.051520° E). This part of
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Ukraine is located in the temperate latitudes. The most characteristic
features of its climate are continentality and dryness. The coefficient
of humidity is within 0.55-0.65. The steppe climate is characterized
by significant daily fluctuations of the temperature and uneven precipi-
tation throughout the year. The mean annual air temperature is +9.5 °C.
In July and August the mean temperature is 25.3 and 25.1 °C, in Janu-
ary and February - —1.4 and —3.3 °C. Most precipitation occurs in
May and June (72 and 70 mm). 25-44 mm of precipitation falls in
other months. The least amount of precipitation falls in October and
November (30 and 25 mm). In summer, there are quite frequent sho-
wers, while overall 20% of annual precipitation falls as snow. On ave-
rage, 565.2 mm of precipitation falls in this area per year. The number
of days with precipitation in the region is between 120 and 160
(https://weatherandclimate.com/ukraine/dnipropetrovsk/dnipro,
https://en.wikipedia.org/wiki/Dnipro).

Sampling. Samples of excrement were collected in Dnipro Regi-
on from naturally infected animals (small ruminants, dogs) of the edu-
cational, scientific, production, clinical and diagnostic center of the
Faculty of Veterinary Medicine of the Dnipro State Agrarian and
Economic University.

20 g of each sample was placed in laboratory boxes and transpor-
ted to the parasitological research laboratory of Parasitology and Ve-
terinary Expertise Department of the Faculty of Veterinary Medicine
of the Dnipro State Agrarian and Economic University. The samples
were stored in a refrigerator at a temperature of +4 °C before the start
of the research.

Experimental design. There were two stages of the experiment.
At the first stage of the experiment, the effect of mixtures of previous-
ly studied nematicidal propetties of substances (thymol, carvacrol, eu-
genol, isoeugenol) on nematode larvae was studied (Boyko & Bryga-
dyrenko, 2023). The second stage of the experiment was devoted to

the effect of these substances and their mixtures on the survival of ne-
matode eggs, which were most resistant to environmental factors
(Boyko & Brygadyrenko, 2020).

Biological material for research. Larvae (Boyko & Brygadyren-
ko, 2018) and eggs of animal nematodes (Boyko & Brygadyrenko,
2017) were used as biological models for research (Fig. 1): first and
second age larvae (L) of Strongyloides papillosus (Wedl, 1856)
Ransom, 1911 (Rhabditida, Strongyloididae) and third age larvae (Ls)
of Haemonchus contortus (Rudolphi, 1803) Cobb, 1898 (Rhabditida,
Trichostrongylidae) (parasites of ruminants), as well as immature
eggs of camivorous parasites — Trichuris vulpis (Froelich, 1789)
Smith, 1908 (Trichinellida, Trichuridae) and Toxocara canis (Wern-
er, 1782) Stiles, 1905 (Rhabditida, Ascarididae).

The feces were examined for the presence of nematode eggs us-
ing the generally accepted McMaster method (Zajac, 2011).

The larvae of the nematodes S. papillosus and H. contortus were
identified by morphological features (Van Wyk et al, 2004; Van
Wyk & Mayhew, 2013). The body size, shape of the tail end, and
internal structure were taken into account, namely: H. contortus has
16 triangular intestinal cells located in two rows and the intestine of
S. papillosus has the form of two dark strands. The presence of an
esophagus with bulb-like formations in the esophagus (one or two)
was also taken into account in the L, _, S. papillosus.

Trichuris vulpis eggs were identified by size (70-90 x 32—
41 um), shape (lemon-shaped), colour (brown), shell shape (thick
with smooth surface), presence of transparent polar plugs and absence
of formed larvae (Thienpont et al., 2003; Zajac, 2011).

Toxocara canis eggs were also identified by size (75 x 85—
90 um), shape (nearly spherical, sometimes oval), colour (dark-brown),
shell shape (thick, pitted). Eggs of this nematode species also do not
have larvae (Thienpont et al., 2003; Zajac, 2011).

Fig. 1. Strongyloides papillosus (a) and Haemonchus contortus (b) larvae: the head end of the body with elements
of the esophagus and intestine, the white pointer indicates the expansion of the esophagus in rhabditiform larvae,
the black one — to the intestinal cells; Toxocara canis eggs: immature (c) and mature, with a formed larva (d);
Trichiuris vulpis eggs: immature (e) and mature, with a formed larva (f); length of black bar — 50 pm
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Cultivation of nematode larvae. Cultivation of ruminant nemato-
de larvae S. papillosus and H. contortus was carried out according to
their life cycle in the environment for 3 and 10 days, respectively
(Zajac, 2011). For this purpose, feces from small ruminants were pla-
ced in 10 mL test tubes at a temperature of 22 °C and moistened eve-
1y 24 hours with 1 mL of room temperature water (18-22 °C). A TC-
20 medical dry-air thermostat (Micromed, Kharkov, Ukraine, 2023)
was used to maintain a constant temperature. The test tubes with feces
were covered with cotton balls to reduce moisture evaporation. Ne-
matode larvae (Fig. 1a, 1b) were identified using the Baermann me-
thod, followed by centrifugation of the sediment with larvae. The lar-

Table 1

val culture was centrifuged for 2 minutes at 1500 rpm using a Micro-
med CM-3M centrifuge (Micromed, Kharkov, Ukraine, 2022).

Preparation of solutions. For the experiment, solutions of thymol,
carvacrol, eugenol, isoeugenol (Table 1) in concentrations of 1% and
0.1% were preliminarily used (Boyko & Brygadyrenko, 2022). In or-
der to determine the synergistic effect of the studied substances, the
following mixtures were used: eugenol (0.01%) + carvacrol (0.01%),
eugenol (0.01%) + thymol (0.01%), thymol (0.01%) + carvacrol
(0.01%), isoeugenol (0.01%) + carvacrol (0.01%), isoeugenol (0.01%)
+ eugenol (0.01%), isoeugenol (0.01%) + thymol (0.01%).

Use of 4 organic substances utilized for determining level of survival of nematodes in the laboratory experiment

Name, CAS number,
formula

Plants whose essential oil contains this substance and their use

Information on the toxicity of the substance
delivered orally to rats and mice LDs,

Thymol (CAS 89-83-8)

CHg

Thymol is found in some essential oils, such as thyme ,extracted from the leaves and
seeds of Thymus vulgaris (Lamiaceae) in amounts of 20-50%. It is also found in

Rat LDsy: oral 980 mg/kg. Mouse LDs: oral
640 mg/kg. Guinea pig LDs: oral 880 mg/kg.

Acanthospermum australe (Asteraceae), Humulus lupulus (Cannabaceae) and other
oH plants. It is used as a stabilizer in pharmaceuticals. It has antiseptic, antibacterial and

antifungal effects.

HyC CHgy

Carvacrol (CAS 499-75-2)
CHg
OH

Carvacrol is present in the essential oils of oregano, thyme, savory, Monarda and wild Rat LDs: oral 810 mg/kg. Mouse LDs: intra-
bergamot. Essential oils of thyme and Monarda contain from 5% to 75% carvacrol,
and savory oil —up to 45%. In addition, it is found in Callistemon citrinus (Myrta-

venous 80 mg/kg.

ceae), Perilla frutescens (Lamiaceae) and other plants. It has bactericidal and insecti-

cidal properties.

HyC~ CHs

Eugenol (CAS 97-53-0)

HSCOD/V/
HO

mus, Sassafras and some others.

Eugenol is the main component of the following essential oils: clove (up to 85%),
eugenol basil (70-80%), Coluria (70-80%), as well as citronella, ylang-ylang, cala-

Rat LDsy: oral 1930 mg/kg. Mouse LDs: oral
3 mg/kg; Intraperitoneal 500 mg/kg. Guinea pig
LDs: oral 2130 mg/kg.

Isoeugenol (CAS 97-54-1)

Coluria contains trans-isoeugenol.

Isoeugenol is found in clove essential oil, as well as in the oil of eugenol basil and
Coluria. Clove oil contains mainly cis-isoeugenol, while the oil of eugenol basil and

Rat LDs: oral 1560 mg/kg. Mouse LDs: intra-
peritoneal 328 mg/kg. Guinea pig LDs: oral

1410 mg/kg.

Larval survival test. A suspension of larvae (0.1 mL) was placed
in 1.5 mL test tubes. 1 mL of the studied mixtures was then added in
fivefold repetition. The test tubes were placed in a thermostat at a
temperature of 22 °C with an exposure of 24 hours. After this, 1 mL
of the supernatant was collected with a pipette, and the sediment
(0.1 mL) was placed on a glass slide and the numbers of live (mobile
larvae) and dead (immobile larvae with destroyed intestinal cells)
individuals was counted.

Egg survival test. Nematode eggs were detected by washing with
a normal saline followed by centrifugation for 2 minutes at 1500 rpm.
A Micromed CM-3M centrifuge (Micromed, Kharkov, Ukraine,
2022) was also used for this purpose.

The sediment with eggs (volume 0.1 mL) was placed in test tubes
(1.5 mL) and filled with solutions of the studied substances (1% and
0.1% for T vulpis), as well as their mixtures (0.01% for 7. canis and
T. vulpis) in fivefold repetition. The exposure was 24 hours. After this
time, the nematode eggs were washed with a standard saline and fil-
led with water at room temperature (1822 °C) followed by cultivati-
on of eggs (with the formation of larvae) in a thermostat. The tempe-
rature in the thermostat was 28 °C. The duration of egg cultivation
was 21 days for 7. canis eggs and 60 days for 7. vulpis eggs. Eggs
with formed larvae were counted as alive, without larvae — as dead.

Statistical analysis. The statistical analysis of the results was per-
formed through a set of Statistica 12 (StatSoft Inc., USA). In the text,
the data are presented as average value (x) + standard deviation (SD).
The small square in the figures denotes the median, the lower and up-
per boundaries of the rectangle correspond to the first and third quarti-
les, the lower and upper parts of the vertical line — to the minimum
and maximum values, circles — outliers; different letters above the
samples correspond to reliable differences (P < 0.05) between the
samples according to the results of the Tukey test.

Results

The mortality of S. papillosus larvae (Fig. 2) under the influence
of a mixture of 0.01% of the studied substances exceeded 90% for

isoeugenol and thymol (97.5 £+ 1.7%), eugenol and thymol (96.6 +
2.6%), thymol and carvacrol (92.0 £ 5.8%). It did not differ signifi-
cantly, but the average mortality nevertheless became lower than
90%, under the influence of eugenol and isoeugenol (89.1 + 10.3%),
eugenol and carvacrol (88.2 + 8.5%). The minimum mortality of
S. papillosus larvae was recorded for a mixture of 0.01% isoeugenol
and carvacrol (74.5 £ 5.0%). Mortality in the control variant of the ex-
periment (without the effect of organic substances) in S. papillosus
larvae differed insignificantly (11.8 £ 8.7%) from the mortality of
H. contortus larvae (6.3 + 6.9%) (Fig. 2 and 3).

Haemonchus contortus larvae were significantly more resistant to
the effect of 0.01% mixtures of the studied substances (Fig. 3). The
mixtures of isoeugenol and thymol (7.0 + 6.8%), isoeugenol and car-
vacrol (6.5 £ 5.8%) did not exceed the value for the control variant of
the experiment (6.3 & 6.9%). Mortality of H. contortus larvae increa-
sed for the mixture of eugenol and carvacrol (36.2 + 6.8%), thymol
and carvacrol (59.4 £ 8.8%). The highest mortality of H. contortus
larvae was observed for eugenol and isoeugenol (80.0 = 10.6%), eu-
genol and thymol (86.8 = 9.6%)).

When studying the effects of thymol, carvacrol, eugenol, isoeuge-
nol, the mortality of nematode eggs (7. vulpis) in the control variant
of the experiment (without the effect of experimental organic substan-
ces) was 21.4 + 6.1% (Fig. 4). The maximum mortality rates under
the influence of 0.1% of the studied substances were recorded for car-
vacrol (80.2 + 11.4%), significantly lower — for thymol (55.3 £+ 7.5%)),
and remained at the level of the control group (without the effect of
any substances) for eugenol (31.6 + 8.8%) and isoeugenol (25.6 +
8.0%). The average mortality of 7. vulpis eggs exceeded 90% when
exposed to 1.0% thymol (98.6 + 1.3%), eugenol (93.0 + 6.6%), and
isoeugenol (92.6 + 7.4%). The minimum mortality (86.8 + 7.2%) for
T. vulpis eggs exposed to the four studied substances was shown for
carvacrol (Fig. 4).

At the last stage of the experiment, when studying the degree of
influence of the mixtures of thymol, carvacrol, eugenol, isoeugenol on
the viability of nematode eggs, eggs of two species of carnivorous ne-
matodes (T vulpis and T canis) were used. They have a high survival
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level in the environment due to their thick shell. The maximum mor-
tality of 7. vulpis eggs was observed when exposed to a mixture of
isoeugenol and carvacrol. However, this rate did not exceed 31%
(30.2 £ 11.3%). The eggs of this nematode species were even more
resistant to the effects of other mixtures: isoeugenol and thymol
(19.4 % 6.3%), eugenol and thymol (19.5 + 8.5%). Less than 15%
mortality in the eggs of this nematode species was recorded when
exposed to mixtures of eugenol and carvacrol, thymol and carvacrol,
and isoeugenol and eugenol (Fig. 5). The eggs of 7. canis turned out
to be the most resistant to the effects of the mixtures (Fig. 6). The
mortality of the eggs of this nematode species did not exceed 16%.
The maximum mortality rate was recorded when exposed to a mixtu-
re of eugenol and carvacrol (15.2 + 5.9%), as well as isoeugenol and
thymol (14.8 £ 7.7%)).

Discussion

Parasitic diseases of animals are one of the biggest health prob-
lems in extensive livestock farming, where chemically synthesized

antiparasitic agents are routinely used, which enter the environment
along with organic waste and have toxic effects. Achieving sustaina-
ble pasture ecosystems requires a comprehensive strategy that inclu-
des farm monitoring with assessment of ecological, parasitological and
other indicators, as well as alternative medicine (Pisseri et al., 2013;
Rehman & Abidi, 2022). Our results indicate a significant anthelmin-
tic effect of such natural substances as thymol, carvacrol, eugenol,
isoeugenol. The studied components of plant essential oils are food
additives that can be used in animal husbandry to prevent infectious
diseases (Souza et al., 2022; Thiele-Bruhn et al., 2024). All these
components have pronounced antibacterial properties against various
pathogenic microorganisms (Alagawany et al., 2020; Posgay et al.,
2022). The antibacterial effect of isoeugenol against Pseudomonas
aeruginosa is also indicated by the studies of Galvao et al. (2022).

Carvacrol and its compounds have a strong antimicrobial effect
on many strains of bacteria and fungi that can be dangerous to hu-
mans (Maczka et al., 2023). According to Segvi¢ Klarié et al. (2007),
thymol also has antifungal properties. These data are also confirmed
by other researchers (Bennis et al., 2004; Polanska et al., 2021).
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Thymol and carvacrol are also used to combat parasitic arthro- sults of their research indicate that carvacrol is a fairly effective larvi-
pods such as Varroa destructor Anderson & Trueman, 2000 (Meso- cide against Aedes albopictus (Skuse, 1894) (Diptera, Culicidae).
stigmata, Varroidae) (Brasesco et al., 2017). The insecticidal properties Eugenol and isoeugenol also have insecticidal properties (Huang
of carvacrol are also described by Giatropoulos et al. (2022). The re- etal., 2002).
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According to the results of our previous studies, even minor con-
centrations (0.1-1.0%) of most of these substances can lead to the
death of more than 90% of nematode larvae, dangerous parasites of
the gastrointestinal tract of ruminants. At the same time, their mixtu-
res are even more active against nematode larvae. 0.01% mixture of
these substances also has pronounced anthelmintic properties. When
nematode larvae were exposed separately to 0.01% solutions of each
substance, the death of only a small proportion of specimens (less
than 50%) was previously observed within 24 hours. Exposure to
mixtures of thymol, carvacrol, eugenol, isoeugenol at the same con-
centration led to the death of more than 70% of S. papillosus. H. con-
tortus larvae are more resistant to various environmental factors, in-
cluding organic and inorganic substances, as described previously
(Boyko & Brygadyrenko, 2019b). But mixtures such as eugenol and
isoeugenol, as well as eugenol and thymol, led to the death of more
than 80% of the larvae of this species of nematode.

The most resistant among the eggs of nematodes in the environ-
ment are those that have a very dense and thick shell (Thienpont et al.,
2003). These are the eggs of nematodes of the Ascarididae family,
including parasites of carnivores of the genus Toxocara Stiles & Has-
sall, 1905 (Zajac, 2011; Boyko et al., 2024). Representatives of the
Trichuridae family, including representatives of the genus Trichuris
Roederer, 1761 (Yevstafieva et al., 2019), are also resistant to various
environmental factors.

Conclusions

The sustainability of pasture ecosystems is achieved by a compre-
hensive strategy that includes alternative methods of controlling hel-
minthic diseases. The use of mixtures of plant substances such as thy-
mol, carvacrol, eugenol and isoeugenol has shown a pronounced ne-
gative effect on the development and viability of eggs and larvae of
animal helminths. The studied substances and their mixtures had a
lesser effect on eggs than on nematode larvae. Although 1% concen-
tration of these substances had a significant effect on the formation of
larvae in eggs, their mixtures in less concentrated solutions did not
give a significant result. Eugenol, isoeugenol, thymol, and carvacrol
have pronounced anthelmintic properties against nematode larvae of
the species Strongyloides papillosus and Haemonchus contortus, as
well as against Trichiuris vulpis and Toxocara canis eggs. At the
same time, an effective synergistic effect on the survival of larvae of
the studied nematode species was recorded for mixtures of eugenol
and carvacrol, eugenol and thymol, thymol and carvacrol, isoeugenol
and carvacrol, isoeugenol and eugenol, isoeugenol and thymol at an
insignificant concentration of 0.01%. The most pronounced anthel-
mintic properties against nematode larvae were recorded for isoeuge-
nol and thymol (97.5 + 1.7%), eugenol and thymol (96.6 +2.6%), and
thymol and carvacrol (92.0 + 5.8%). No effect of 0.01% solutions of
the mixtures on the viability of 7. vulpis and T. canis eggs was obser-
ved. More than 68% of eggs after 24-hour treatment with the mix-
tures formed viable larvae.
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