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The nematodoses are considered the most numerous group of cosmopolitan diseases among animal and human parasitoses.
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The representatives of the genus 7richuris attract special attention as pathogens of nematodoses. Their high fecundity, resistance to
the influence of environmental factors and the ability to disperse create a serious ecological hazard and the risk of new outbreaks of
infestation. The aim of the research was to establish the ovicidal efficiency of modem disinfectants on the embryogenesis of eggs
of Trichuris skrjabini nematodes isolated from sheep. In laboratory conditions, two preparations were tested, DZPT-2 (mixture of
glutaraldehyde, sodium dodecyl sulfate, essential oil) and Dixclor (mixture of sodium bisulfate, sodium chlorite, sodium percarbo-
nate) at different concentrations and times of exposure. We established that DZPT-2 disinfectant showed a high level of ovicidal
efficiency (97.5-100%) against 7. skrjabini eggs at 4.5% concentration during exposure for 6-12 h and 5.0% concentration during
exposure for 3-12 h. Dixclor showed a high level of ovicidal efficiency (100%) against Trichuris eggs at a concentration of 0.24%
for exposures of 12 and 24 hours. Decreasing the concentration of disinfectants reduced the level of their ovicidal efficiency and led
to the development of a greater number of viable eggs of 7. skrjabini. Degenerative changes in the test cultures of 7. skrjabini eggs
caused by the tested disinfectants were characterized by the appearance and accumulation of air bubbles under the egg shell, the
cessation of embryonic development at the bean-like embryo stage, loosening and resorption of the embryo inside the eggs, thin-
ning and destruction of their shell, deformation of the eggs, and swelling of the egg plugs. Such destructive changes in eggs in
experimental test cultures were also confirmed by the indicators of their morphometric parameters. Under the influence of DZPT-2
and Dixclor on the 54th day of cultivation, the length of the eggs was lower by 3.9%, and their width was greater by 4.8-5.1%
compared to similar indicators in the control test culture. The obtained results allow one to recommend the tested disinfectants in
defined and effective concentrations and exposures for effective control and prevention of trichurosis on livestock farms.

E-mail: reshetilooi@ukr.net

Introduction

Socio-economic and climatic changes, urbanization, reformation of
the agricultural sector and many other factors cause an increase in anthro-
pogenic load on biocenoses and contribute to the spread of parasitic dise-
ases, especially nematodoses of the gastrointestinal tract of animals and
humans (Gao et al., 2017; Cole & Viney, 2018; Ferando et al., 2021).
Among the pathogens, representatives of the genus 7richuris attract spe-
cial attention (Dunn et al., 2002; Klementowicz et al., 2012; Yevstafieva
etal,, 2018; Shears & Grencis, 2022). Large scale complexes and farms
for the production of livestock products are gradually being replaced by
small private enterprises and livestock breeding in private farms. In such
conditions, the sanitary conditions of keeping animals are often violated,
the deadlines for preventive and therapeutic anti-parasitic measures are not
observed (Tarig, 2015; Mekonnen, 2021). Thus, some species of parasites
acquire epidemic and epizootic significance on certain territories, more
stable populations of parasites appear, especially in the exogenous stages
of their development. At the same time, their habitat becomes increasingly
contaminated with the propagative stages of helminths in numbers that
significantly exceed the natural background (Mejer & Roepstorff, 2006;
Blaszkowska et al., 2013; Bojar & Ktape¢, 2018; Lindgren et al., 2019).
Hence, a significant number of works are devoted to the study of the effect
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of various disinfectants on nematode eggs, since that is the stage at which
pathogens persist in the environment, and is one of the links in the epizoo-
tic chain. In particular, a significant ovicidal efficiency of formalin, povi-
done iodide and TH4 against Ascaridia columbae eggs was established:
the development of 80%, 85% and 98% of Ascaris eggs was inhibited
during 12 and 15 days and exposures of 10, 20, 30 and 60 minutes. At the
same time, the disinfectant Virkon-S did not have sufficient ovicidal effi-
ciency during the experiment (Bessat & Dewair, 2019). The effectiveness
of the disinfectant product based on Neopredisan™135-1 (NP) chlorocre-
sol on embryogenesis of 7. canis was established in vitro. The agent in
concentrations of 0.25%, 0.50%, 1%, 2% or 4% demonstrated a signifi-
cant ovicidal effect regardless of exposure (30, 60, 90 or 120 min). More-
over, the efficiency increased depending on the concentration and expo-
sure, with the maximum indicators of ovicidal effect (95.8%) at a
concentration of 4% and an exposure of 120 min (Zhang et al., 2020).
The researchers also showed a high ovicidal efficiency of ethanol against
the embryogenesis of 7. canis after a 24-day incubation period of Toxoca-
ra eggs. Meanwhile, sodium hypochlorite caused degeneration in 50% of
eggs, and using a commercial mixture of benzalkonium chloride and
formaldehyde, 25% of 7. canis eggs developed to L, (Morrondo et al.,
2006). There are reports of high ovicidal activity of 50% hydrogen per-
oxide and 3% dihydroxybenzene solution against non-invasive 7. canis
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eggs (Shalaby et al., 2011). The high ovicidal activity of 70% ethanol has
also been observed. This agent caused degeneration of all 7. canis eggs
within several days and thus inhibited the development of larvae during
their embryogenesis in laboratory conditions. The authors also note that
sodium hypochlorite removed the outer layer of eggs, but they contained
mnvasive larvae for two weeks, and benzalkonium chloride and formalde-
hyde-based disinfectants did not affect 7. canis embryogenesis (Verocai
etal., 2010). Other researchers, when determining the ovicidal effect of
ethanol, methanol, and chlorhexidine at exposures of 0.5, 1, 5, 10, 30, and
60 min on the development of A. suum eggs, established their low effi-
ciency. They also found that 3% cresol, 0.2% and 0.02% sodium hypo-
chlorite delayed, but did not inactivate the embryogenesis of the studied
eggs after three weeks of incubation, regardless of exposure. A test of the
ovicidal efficiency of 10% povidone-iodine showed that exposure of
5 min inactivated most eggs, but did not reach 100% efficiency, even with
exposure of 60 min (Oh etal., 2016).

There are reports of the ovicidal effectiveness of the chlorine-based
disinfectants Brovadez-plus, Bi-dez and Dezsan against a non-invasive
test culture of nematode eggs of the species Aonchotheca bovis. Dezsan
was the most effective (91.14-100%) in 1-2% concentration, exposure
10-60 min. Bi-dez showed a high level of efficiency (92.4-100.0%) in
concentrations of 1.5% (exposure for 30 and 60 min) and 2% (exposure
for 1060 min). Brovadez-plus showed high efficiency (100%) in 2%
concentration for exposures from 10 to 60 min (Melnychuk & Yuskiv,
2018).

Recently, researchers have been determining the disinfestation effec-
tiveness of environmentally safe, natural agents against exogenous nema-
tode stages in order to preserve the biocenosis and prevent environmental
pollution with aggressive, chemical agents (Gortari et al., 2007; Maia
Filho et al., 2013; Boyko & Brygadyrenko, 2017, 2019a, 2019b, 2021a,
2021b, 2022).

In connection with the fact that the ecological foundations of the pre-
vention of parasitic pollution in the conditions of an anthropogenically
altered environment are aimed at achieving a favourable state of biological
safety of the habitat for humans and animals, timely detection of the
source of invasion and the remediation of environmental objects are rele-
vant. Therefore, the aim of the work was to establish the ovicidal efficien-
cy of modem disinfectants on the embryogenesis of eggs of Trichuris
skrjabini nematodes isolated from sheep.

Materials and methods

The work was conducted in the conditions of the Laboratory of Para-
sitology and Veterinary and Sanitary Examination of the Poltava State
Agrarian University (Ukraine) in 2022. The research protocol of the cur-
rent study was approved by the Ethics Committee of the Poltava State
Agrarian University (Approval number: 2022/03).

In order to determine the ovicidal efficiency of disinfectants DZPT-2
and Dixclor, test cultures of non-invasive nematode eggs of the species
Trichuris skrjabini isolated from the gonads of female helminths were
used. The collection of helminths was made during the dissection of the
large intestine of sheep obtained from the slaughterhouses of the Poltava
region (Ukraine).

DZPT-2 product contains the active substance glutaraldehyde (25%)
and auxiliary substances: sodium dodecyl sulfate, essential oil. Dixclor
contains active substances: sodium bisulfate (40%), sodium chlorite
(24%), sodium percarbonate (2.5%) and auxiliary substances: sodium
sulfate, magnesium sulfate, sodium chloride, sodium alginate.

In laboratory conditions, a mixture of 7. skrjabini eggs (at least
100 specimens) was prepared in Petri dishes, to each of which disinfec-
tants were introduced: DZPT-2 in concentrations of 3.0%, 3.5%, 4.0%,
4.5%, 5.0% under exposures for 3, 6, and 12 hours and Dixclor in concen-
trations of 0.00005%, 0.00010%, 0.00015%, 0.00020%, 0.24% for 12
and 24 hours. After the appropriate exposures of the test culture of Trichu-
ris eggs, they were washed four times in distilled water. A control test
culture of 7. skrjabini eggs was prepared separately, and distilled water
was added to it. After that, Petri dishes with egg cultures were placed in a
thermostat at a temperature of 25 °C and cultivated for 54 days until mo-
tile larvae appeared in the eggs. Every day, experimental and control egg

cultures were aerated and, if necessary, moistened. The test for each disin-
fectant was repeated three times. On the 54th day, the ovicidal efficiency
(OE, %) of disinfectants was determined according to the method (Vol-
kov & Simonov, 1977).

The morphometric parameters of 7. skrjabini eggs (egg length and
width, n = 20) during cultivation were studied using ImageJ for Win-
dows® software (version 2.00) in interactive mode. Microphotography
was carried out using a Sigeta M3CMOS 14000 14.0 MP digital camera
(China).

Statistical processing of the experimental results was carried out using
Statistica 10 (StatSoft Inc., USA) software. Standard deviation (SD) and
average values (x) were calculated. Significance of difference between
average values was established using one-way analysis of variance and F-
test for 95% confidence level.

Results

The conducted studies established that DZPT-2 showed a high level
of ovicidal efficiency against 7 skrjabini eggs in laboratory conditions at
the concentration 4.5% and exposure for 6 h (OE 97.5%) and 12 h (OE
100%), and at 5.0% and exposure 3—12 h (OE 100%, Table 1).

Table 1
The effect of the disinfectant DZPT-2 on the viability
of Trichuris skrjabini eggs during embryogenesis (x = SD, n=3)

Mode of application Parameters, %

concen-  exposure, formationofmotile  destructive changes  OE, %

tration, % hr larvae in eggs and death of eggs
3 703+1.5 297+1.5 135
30 6 643£35 357+£35 209
12 563+5.1 437+5.1 30.7
3 493+45 50.7+4.5 393
35 6 443+58 557+58 455
12 36.7+5.0 633£50 549
3 323+40 67.7+4.0 602
40 6 20.7+3.5 793+£35 74.6
12 13.7£32 863+32 832
3 103+1.5 89.7+15 873
45 6 20+1.0 98.0+1.0 975
12 - 100.0 100.0
3 - 100.0 100.0
50 6 - 100.0 100.0
12 - 100.0 100.0

Control 813+45 18.7+4.5 -

Note: OE —ovicidal efficiency (%).

A satisfactory ovicidal efficiency was established when using DZPT-
2 at 4.0% at exposures of 3—12 h (60.2-83.2%), as well as at 5.5% at
exposure of 3 h (87.3%). The agent in 3.0% and 3.5% concentrations at
exposures of 3—12 h showed an unsatisfactory level of ovicidal efficiency,
the relevant indicators ranged from 13.5% to 54.9%. Under these regimes,
36.7% to 70.3% of eggs continued to develop to the stage of formation of
mobile larvae.

The ovicidal effect of DZPT-2 on the viability of T skrjabini eggs
was characterized by specific morphological changes in nematode eggs as
a stop in development at the bean-like embryo stage (Fig. 1a), accumula-
tion of air bubbles under the egg shell (Fig. 1b), death and resorption of the
embryo, as well as thinning of the shell (Fig. 1c).

Dixclor was also effective in terms of indicators of ovicidal action on
the viability of 7. skrjabini eggs. However, these indicators depended on
the concentration and exposure of the disinfectant (Table 2).

A high level of ovicidal efficiency of the agent (OE 100%) was estab-
lished when it was applied to test cultures of Trichuris eggs at a concentra-
tion of 0.24% for 12 and 24 hours. A satisfactory level of ovicidal effi-
ciency was established when applying Dixclor at 0.0002% for 12-24 h
(60.2-78.7%), as well as at 0.00015% for 24 h (73.4%). The agent in con-
centrations of 0.00005% (exposure 12-24 h), 0.0001% (exposure 12—
24 h) and 0.00015% (exposure 12 h) showed an unsatisfactory level of
ovicidal efficiency, OE ranged from 23.0% to 48.8%. Under these re-
gimes, 41.7% to 62.7% of eggs continued to develop until the stage of
formation of mobile larvae.
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The ovicidal effect of Dixclor on the viability of 7. skrjabini eggs was
characterized by specific morphological changes in nematode eggs in the
form of a stop in development at the bean-like embryo stage and shell
deformation (Fig. 2a), loosening of the embryo (Fig. 2b), accumulation of
air bubbles under the egg shell and swelling of the plugs (Fig. 2c), resorp-
tion of the embryo (Fig. 2d).

\% .
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Fig. 1. Morphological changes in the eggs of 7. skrjabini under
the effect of the disinfectant DZPT-2 on the 54th day of cultivation:
a—arrested development and accumulation of air bubbles under the shell;
b —resorption of the embryo; ¢ — thinning and destruction of the shell,
resorption of the embryo

In the control test culture, on the 54 day of cultivation, 81.3 +4.5% of
the eggs were viable with a mobile larva inside (Fig. 3).

‘When determining the ovicidal effect of disinfectants on the viability
of T. skrjabini eggs during embryogenesis, the morphometric parameters
of eggs were determined using the most effective concentrations and
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exposures of disinfectants. It was established that under the action of 5.0%
DZPT-2 for 12 h on the 54th day of cultivation, the length of the eggs was
lower by 3.9% (72.0 £ 2.0 um, P <0.001), and their width was greater by
5.1% (35.0+ 0.8 pm, P < 0.001) compared to similar indicators of 7richu-
ris eggs of the control test culture (74.9 +2.5 and 33.3 + 1.1 um, Fig. 4).

The harmful effect of 0.24% Dixclor for 24 hours on the 54th day of
cultivation was characterized by changes in the length and width of the
eggs. In particular, the length of the eggs was also lower by 3.9% (72.0 +
2.0 um, P < 0.001), and their width was also greater by 4.8% (34.9 +
0.8 um, P < 0.001) compared to the similar parameters of the eggs of
Trichuris control test culture (Fig. 5).

Table 2
The effect of the disinfectant Dixclor on the viability
of Trichuris skrjabini eggs during embryogenesis (x + SD, n=3)

Mode of application Parameters, %
concentra- exposure,  formationof motile  destructive changes  OE, %
tion, % hr larvae in eggs and death of eggs
12 627+3.1 373+31 230
000003 24 513+21 487421 369
12 51.0+3.0 49.0+3.0 373
0.00010 24 380+2.0 620+20 533
12 417425 583£25 4388
000015 4 217425 783425 734
12 323+40 67.7+4.0 60.2
0.00020 24 173+£21 82.7+2.1 87
12 - 100.0 100.0
024 24 - 100.0 100.0
Control 813+45 18.7+£4.5 -

Note: see Table 1.

In the control test culture, the embryogenesis of 7. skrjabini was ac-
companied by changes in the morphometric indicators of eggs. On the
54th day of cultivation, the length of eggs had increased by 4.2% (74.9 +
2.5 um, P <0.001), and the width of eggs, on the contrary, had decreased
by 4.9% (33.3 + 1.1 um, P <0.001) compared to similar indicators before
cultivation (71.9 £2.4 and 35.0 + 1.4 pum, Fig. 6).

Therefore, disinfectants are the most effective in the following con-
centrations: DZPT-2 (4.5%, exposures of 612 h and 5.0%, exposures of
3-12 h), and Dixclor (0.24%, exposures of 12 and 24 h) and can be used
in the treatment and prevention of trichurosis in livestock farms.

Discussion

According to scientific data, nematodes of the gastrointestinal tract of
sheep cause common invasive diseases in many countries of the world.
Among the representatives of the nematode fauna in ruminants, helminths
of the genus Trichuris are often recorded. In sheep, Trichuris are represen-
ted by the species 7. skrjabini, T. ovis and T. globulosa (de Souza et al.,
2013; Melnychuk et al., 2020; Bhattacharjee et al., 2021). This prevalence
is due to the high stability of Trichuris at the exogenous stages of their
development in the external environment (Ghiglietti et al., 1995; Yevsta-
fieva et al., 2018). It is also known that the eggs of 4. suwm and T. suis are
much more resistant to environmental factors than the free-living invasive
larvae of strongyloidiasis of the digestive organs (Roepstorff & Murrell,
1997).

Disinfestation plays an important role in the comprehensive provision
of veterinary welfare for parasitic diseases, especially geohelminthiasis, in
livestock farms. This is due to the fact that infested animals release parasite
eggs with their feces, which contaminate the environment with propaga-
tive stages. This leads to their long-term storage in the environment and is
one of the links in the epizootic chain of invasion (Sinniah, 1982; Bojar &
Ktapec, 2018; Lindgren et al.,, 2019).

Scientists recommend different protocols for disinfestation using va-
rious disinfectants that have different ovicidal efficacy against certain
causative agents of animal and human nematodoses (Oh et al., 2016;
Bessat & Dewair, 2019; Zhang et al., 2020). Therefore, we evaluated the
effects of DZPT-2 (a mixture of glutaraldehyde, sodium dodecyl sulfate,
essential oil) and Dixclor (a mixture of sodium bisulfate, sodium chlorite,
sodium percarbonate) at different concentrations and exposures on the
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viability of 7. skrjabini eggs during embryogenesis in laboratory condi-
tions.

According to the instructions, DZPT-2 is a solution for disinfection.
The active ingredient is glutaraldehyde, sodium dodecyl sulfate is a sur-
face-active substance of an anionic nature, which gives the preparation
cleansing properties, and essential oil gives the preparation deodorizing
properties. The solution is safe to use, it foams, has deodorizing properties,

is easily washed off with water, has a harmful effect on mycobacteria and
microscopic fungi. The other tested solution, Dixclor is presented in the
form of tablets that easily dissolve in water, forming chlorine dioxide,
which does not release active chlorine, and its main active substance is
oxygen. That disinfectant is a highly oxidizing product, free of toxic sub-
stances, which does not change the chemical composition of water after
disinfection, there is no withdrawal period.

50 pm

3

50 pm

5.

50 pm

Fig. 2. Morphological changes in the eggs of 7. skrjabini under the effect of the disinfectant Dixclor on the 54th day of cultivation:
a—arrested development at the stage of the bean-like embryo and deformation of the shell; » — loosening of the embryo;
c—accumulation of air bubbles under the shell and swelling of plugs; d —resorption of the embryo

Fig. 3. The formation of motile larvae in 7. skrjabini eggs in the control test culture on the 54 day of cultivation

The conducted studies established a high level of ovicidal efficiency
of DZPT-2 against T skrjabini eggs in concentrations of 4.5% at expo-
sures of 6 and 12 h (97.5% and 100%, respectively) and 5.0% at expo-
sures of 3—12 h (100%). A satisfactory level of ovicidal efficiency was

established when the agent was used in lower concentrations: 4.0% at
exposures of 3—12 hours (60.2-83.2%) and 5.5% at exposures of 3
hours (87.3%). An unsatisfactory level of ovicidal efficiency was found
when the product was exposed to Trichuris eggs at the lowest concen-
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trations of 3.0% and 3.5% during exposures of 3—12 h (13.5-54.9%). In
the case of Dixclor, its ovicidal efficiency against the viability of T.
skrjabini eggs, was high at the 0.24% concentration at exposures of 12
and 24 hours (100%). A satisfactory level of ovicidal efficiency was
established when using the agent in concentrations of 0.0002% at expo-
sures of 1224 hours (60.2-78.7%), 0.00015% at exposures of 24 hours
(73.4%). An unsatisfactory level of ovicidal efficiency was found when
Trichuris eggs were treated with Dixclor in concentrations of 0.00005%
and 0.00010% at exposure of 12-24 h (23.0-53.3), 0.00015% at expo-
sure of 12 h (48.8%).

(e, r r

22l |

% | |

- |

23 L i

2 b |
|

(2 1

0L _ J 4

59- i i

Contral Exparimant

b

The high level of ovicidal efficiency of disinfectants based on gluta-
raldehyde is evidenced by other studies. For example, the efficiency indi-
cators relative to test cultures of Toxocara canis eggs at a concentration of
2.0-4.0% and exposure of 3-24 h ranged from 90.6% to 99.7% (Paliy et
al., 2020). Also, high ovicidal efficiency is noted for Dezsan (91.1-100%),
which includes glutaraldehyde, in 1-2% concentration after exposure for
10-60 min (Melnychuk & Yuskiv, 2018). In other studies, 0.20% and
0.02% sodium hypochlorite delayed, but did not inactivate, embryogene-
sis of A. suum eggs after three weeks of incubation, regardless of expo-
sure. As for 7. canis eggs, sodium hypochlorite caused degeneration in
only 50% of eggs after a 24-day incubation period (Morrondo et al., 2006;
Ohetal., 2016).
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Fig. 4. Metric parameters of 7. skrjabini eggs under the influence of 5.0% DZPT-2 (Experiment) for 12 h on the 54th day of cultivation:
control — 7' skrjabini eggs with distilled water; a — length of eggs, b —width of eggs (um); the small square in the centre corresponds to the median,
the lower and upper borders of the large rectangular correspond to the first and the third quartiles, respectively, vertical line segments,
directed up and down from the rectangular, correspond to minimum and maximum values (n = 20)
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Fig. 5. Metric parameters of 7. skrjabini eggs under the influence of 0.24% Dixclor (Experiment) for 24 h on the 54 day of cultivation:
control — 7. skrjabini eggs with distilled water; @ — length of eggs, b — width of eggs (um); see Fig. 4

Our research revealed morphological destructive changes in the test
cultures of 7. skrjabini under the treatment of the most effective concentra-
tions of DZPT-2 and Dixclor. The changes in nematode eggs were cha-
racterized by the appearance and accumulation of air bubbles under the

74

egg shell, the arrest of embryonic development at the bean-like embryo
stage, the loosening and resorption of the embryo, thinning, deformation
and destruction of the shell, swelling of egg plugs. The changes in the
morphological structure of parasite eggs under the action of disinfectants

Regul. Mech. Biosyst., 2023, 14(1)



have been shown in other studies. Thus, the outer layer of 7. canis eggs
peeled off, and the development of A. suum eggs was delayed as a result
of exposure to chemicals (Verocai et al., 2010; Oh et al., 2016). The de-
structive changes in experimental test cultures of the eggs of T. skrjabini
that we discovered were accompanied by changes in the morphometric
parameters of eggs. In particular, on the 54 day of cultivation, the length of
eggs was lower by 3.9% (P < 0.001), and their width was greater by 4.8—

a0 T T

T3+ .

76 | .

ES i i

A B

b

5.1% (P <0.001) compared to similar indicators in the control test culture.
At the same time, in the control test culture, embryogenesis was accom-
panied by an increase in the length of eggs by 4.2% (P < 0.001) and a
decrease in their width by 4.9% (P < 0.001). The obtained results allow us
to recommend the tested disinfectants in defined and effective concentra-
tions and exposures for effective control and prevention of trichurosis on
livestock farms.

38 T T

1] . i
A

Fig. 6. Metric parameters of 7. skrjabini eggs in control culture on the 54th day of cultivation:
A —Dbefore cultivation, B—on the 54th day of cultivation; « — length of eggs, b — width of eggs (um); see Fig. 4

Conclusion

The ovicidal efficiency of the mixture of glutaraldehyde, sodium do-
decyl sulfate, and essential oil (DZPT-2), as well as the mixture of sodium
bisulfate, sodium chlorite, and sodium percarbonate (Dixclor) on the
viability of Trichuris skrjabini eggs during their embryogenesis was estab-
lished by the experimental studies. A high level (97.5-100%) of ovicidal
efficiency was noted of DZPT-2 in concentrations of 4.5% (exposure 6—
12 h) and 5.0% (exposure 3—12 h), as well as Dixclor in a concentration of
0.24% (exposure 12 and 24 h). With decreasing concentration, the disin-
fectants showed a satisfactory (60.2-87.3%) and unsatisfactory (13.5—
54.9%) level of ovicidal efficiency against 7. skrjabini eggs. The destruc-
tive effect of disinfectants was accompanied by morphological changes in
eggs, which were characterized by a stop in their development, resorption
and deformation of the embryo, accumulation of air under the shell, swel-
ling of egg plugs. Such changes were also confirmed by the metric para-
meters of the length and width of the eggs, which in the process of em-
bryogenesis on the 54th day of the experiment turned out to be signifi-
cantly different from the similar parameters of the eggs in the control test
cultures.

The study was carried out within the framework of the initiative topic of scientific
work “Monitoring, implementation of improved methods of diagnosis, treatment and
prevention of invasive animal diseases” (state registration No. 0121U100644).

The authors state that there is no conflict of interest.
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