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Abstract

The paper presents scientific information about the problems in the search for therapeutic potential
in coniferous plants widely used in folk medicine. Samples of coniferous plants growing in the mountain
forests of the Western Altai in the eastern part of Kazakhstan were selected for the experiment: Baltic
pine (Pinus sylvestris L.), European spruce (Picea abies L.), Siberian fir (Abies sibirica), Siberian
pine (Pinus sibirica DuTour), and common juniper (Juniperus communis L.). During the study, the
phytochemical composition of the components of P. sylvestris L. essential oils was determined by
the indicators of sesquiterpenic fraction (69.76%), terpenoids (20.0%), and monoterpenes (5.51%).
Using modern methods of studying biological activity (antimicrobial, antifungal, and anthelmintic),
the authors established the presence of biological activity in the extracts of selected coniferous plants.
In all coniferous plants, bactericidal activity was manifested in water decoctions, where biological
preparations of Siberian fir and Baltic pine were more active. The oil extracts showed less bactericidal
activity. Among them, extracts of Siberian pine and juniper were inactive, and the extract of European
spruce was more active in its native form and 1:2 dilution. Among plants with a complete absence of
bactericidal activity against the Candida parapsilosis opportunistic yeast, Siberian fir should be named.
In other coniferous plants (European spruce, Baltic pine, juniper), bactericidal activity was detected
only in oil solutions in a dilution of 1:2, and oil extract of Siberian pine in a dilution of 1:8 had a
suppressive effect. Water/alcohol tincture of Siberian fir was found to have high fungicidal activity
against Aspergillusniger, which continued to influence the growth of the micromycete at a dilution
of 1:64 during the observation period. The presence of antiparasitic properties was observed in some
plant extracts of coniferous forest plants. The best results were noted in alcohol tinctures of Baltic pine,
juniper, and Siberian pine.

Key words: coniferous plants; biologically active substances; phytochemical composition;
antimicrobial properties; antiparasitic effect; bactericidal activity; therapeutic potential.

Basic position and Introduction
Medicinal plants have long been used as a
source of traditional medicinal remedies in almost

Phytochemicals are substances produced
mainly by plants that have different biological

all known civilizations [1]. Nature provides a
significant supply of new phytochemicals, which
are called natural products, and the development
of medicines from them is a difficult task for
attracting new potential customers [2].

effects. In the pharmaceutical industry, plants are
the main source of various active ingredients. They
exhibit pharmacological effects that can be used
for the treatment of bacterial and fungal infections,
as well as chronic degenerative diseases such as
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diabetes and cancer [3].

The traditional and pharmaceutical use of
extracts of various coniferous trees against diabetes,
neurological disorders, inflammation, and cancer
has been described. Phytochemical components
present in coniferous tree extracts are non-toxic at
the therapeutic level, and polyphenolic compounds
have significant biological activity. Stilbens,
terpenes, alkaloids, lignins, and flavonoids,
such as quercetin, rutin, resveratrol, pyrolytic
carbon (PYC) compounds, and enzogenol, have
sedative, antidiabetic, antitumor and anesthetic
effects. In addition, phytochemicals present in
coniferous tree extracts help regulate glucose and
lipid metabolism, insulin secretion by stimulating
B-cells, the NF-kB signaling pathway, inhibition
of gluconeogenic enzymes, the protective effect of
reactive oxygen species (ROS), as well as targeting
and modulating cytokines that affect neuronal cells
and reduce oxidative stress [4].

Aqueous extracts obtained from plant shoots
collected in 2019 at the arboretum in Zelenka
(Poland), including individual samples of Picea
abies L., Larix deciduas Mill, Pinus sylvestris L.,
Pseudotsuga menziesii, and Juniperus communis

Materials and methods

The object was the shoots of the following
coniferous plants growing in the mountain
forests of the Western Altai in the eastern part
of Kazakhstan: Baltic pine (P. sylvestris L.),
European spruce (P. abies L.), Siberian fir (4bies
sibirica), Siberian pine (Pinus sibirica DuTour),
juniper (J. communis L.). Branches of plants with
healthy needles were selected.

The sampling of coniferous plants was carried
out in the herbaceous pine forest (hP) located on
the territory of the Ridder forestry, the Central
Forestry (block 26, plot 17), the grass and fern fir
forest (gfF) on the territory of the Fir part of the
Butakovsky forestry (block 38 block, plot 40) and
small clumps of Siberian pine were found locally
in the areas of fir and aspen forests. The juniper
samples were taken on the territory of the Ivanovo
ridge, near the city of Ridder.

Pine needles were selected for analysis of the
phytochemical composition of coniferous plants,
given that in folk medicine, various pine organs
are in great demand. Samples of all conifers for
laboratory experiments were taken at a height of
1.7-1.8 m at the level of the respiratory organs of
an adult tree from four sides (north, south, east,

L., are arich source of phenols such as caffeic acid,
ferulic acid, chlorogenic acid, 4-hydroxybenzoic
acid, and many others. The obtained extracts
showed antioxidant and antimicrobial properties
in vitro [5].

Thus, the phytochemicals of coniferous trees
with a biologically active effect can be used as an
alternative to synthetic medicines. They can be
reliably used in the future since they can be useful
in the development of new therapeutic agents for
the treatment of relevant pathologies [4].

In Kazakhstan, coniferous forests grow in
the mountains of the Kazakh part of Altai, the
Dzungarian Alatau, the eastern spurs of the Tien
Shan, and the plains of the forest-steppe zone of
Northern Kazakhstan [6, 7]. Residents of forested
areas widely use the vegetative organs of woody
plants (especially pine trees) for therapeutic and
preventive purposes and therefore, the study of
their biological effects is relevant.

The study aimed to evaluate the phytochemical
composition of coniferous trees and study their
antimicrobial properties and antiparasitic effects
to establish their therapeutic potential.

and west). The selected samples of plant needles
were mixed to obtain an average sample and dried
at room temperature for one week. To isolate
the essential oil, the method of steam distillation
(hydrodistillation method) was used. Chromato-
mass spectrometric method was used to determine
the component composition of essential oils. The
analysis of pine needles essential oil was carried
out on an Agilent 7890A gas chromatograph
with an Agilent 5975C mass-selective detector in
the laboratory of the Physico-chemical research
methods engineering profile of the Chemical
Faculty at the E.A.Buketov Karaganda State
University [8].

Experimental studies on the analysis of
the  biological (antimicrobial, antifungal,
antihelminthic) activity of extracts were carried
out in the Agricultural Biotechnology Research
Platform (NIP CKhB) of the S. Seifullin Kazakh
Agrotechnical University (KATU) in 2020-2022.

The assessment of the biological activity
of coniferous plant extracts was evaluated
sequentially in several stages. Oil and water
infusions, alcohol tinctures, and water decoctions
were prepared from the biomass of coniferous
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plants at a rate of 1:10. Infusions and tinctures
were infused for 2 weeks in a dark place, and
decoctions were prepared immediately before
use. Sterilization filtration of the preparations was
carried out using filters with a pore diameter of
0.45 nm. The extracts were stored at a temperature
of 4-6°C for no more than 24 hours [9].

The analysis of the antimicrobial and antifungal
activity of plant raw materials was carried out by
the method of serial dilutions in agar and disk
diffusion method. Determination of minimum
suppressive concentrations (MSC) and minimum
bactericidal concentrations (MBC) of aqueous
plant extracts was carried out by sequential micro-
dilutions in Mueller-Hinton broth [10-14].

To determine the bactericidal MSC, the
extracts were tested against Escherichia coli,
and for the antifungal MSC, the extracts were
tested against opportunistic strains, opportunistic
mycosis pathogens, Candida parapsilosis yeast
strain 398.2 and Aspergillus niger mold.

Antihelminthic properties were tested on

Results

annelids (Lumbricus terrestris ringworms), which
were used as a test object.

The MSC was determined visually by the
absence of visible growth of microorganisms.
Standard data were used to interpret the results of
determining the sensitivity of microorganisms to
antimicrobial agents [15].

To establish the presence of a helminthicidal
effect, a proprietary method of accounting for the
results was developed. Attention was paid to the
naturalness of the behavior of worms, the desire to
approach the wells or move away from them, the
death of worms within a certain period, the presence
and intensity of the smell of decomposition in
case of death, and the presence and intensity of
hemolysis. For the presence of each of the signs
and its intensity, crosses were placed according to
the principle: +++: a very pronounced sign, ++: a
pronounced sign, +: a weakly pronounced sign. In
the absence of results, it was marked with a minus.
Then the total number of "+" was calculated and
points were put down [7].

Table 1 shows the indicators of the organoleptic properties of the essential oils obtained from Baltic
pine needles. Figure 1 shows the composition of essential oils obtained from the same plant.

Table 1 — Indicators of organoleptic properties of Baltic pine needle essential oils

No. Indicators Characteristics
1 Color light yellow color
2 Smell pleasant pine odor

3 | Physical condition

oily consistency

4 | Weight of essential 0il/100 g of needles

0.31+0.04

The distribution of essential oil components in the examined samples is shown in the diagram.
The average values of the established indicators of the essential oil components showed a high content
of sesquiterpenic fraction (69.76%), an average content of terpenoids (20.0%), and a low content of
monoterpenes (5.51% of the total content of the identified compounds). The total content (%) of the
identified components of the essential oil of the Baltic pine was 95.27%.

E

3

1 — sesquiterpenic; 2 — terpenoids; 3 — monoterpenes

Figure 1- The composition of essential oils obtained from the sample
P. sylvestris L.
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To detect the bactericidal MSC, the extracts were tested against £. coli, and for the antifungal MSC,
they were tested against opportunistic strains, pathogens of opportunistic mycoses, C. parapsilosis yeast
strain 398.2 and 4. niger mold fungi. MSC accounting was performed visually by the absence of visible
growth of microorganisms (Tables 2-4).

Table 2 — Bactericidal MSC of coniferous plant extracts against E. coli (degree of dilution)

Type of raw materials Oil extracts Water-alcohol Water extracts Water
extracts decoctions

Pinus sibirica DuTour - - - 1:32
Picea abies L. 1:2 - 1:64 1:64
Pinus sylvestris L. 1:32 - - 1:128
Abies sibirica 1:512 - - 1:256
Juniperus communis - 1:128 1:32 1:2
Control - - - -

As canbe seen from Table 2, several extracts of coniferous plants have no bactericidal or bacteriostatic
activity at all, and most of them exhibit weakly expressed activity against E. coli. In all coniferous plants,
bactericidal activity was manifested in water decoctions, with the biological preparations of Siberian fir
and Baltic pine demonstrating more activity.

The oil extracts showed less bactericidal activity. Among them, extracts of Siberian pine and juniper
were inactive, and the extract of European spruce was more active in its native form and 1:2 dilution.

Unexpectedly, water/alcohol tinctures of coniferous plants turned out to be inactive. Bactericidal
activity was detected only in the juniper water/alcohol extract (Figure 2).

10
9
B
7
B
5
a4
3
2
1 4
0 4 T T 1
Pinus sibirica Picea abiesL. PinussylvestrisL.  Abies sibirica Juniperus Control
DuTour communis L.
HOilextracts W Water-alcohol extracts B Water extracts B Water decoctions

Figure 2 — MSC of coniferous plant extracts against E. coli bacteria (logarithm of dilution)

Table 3 — MSC of coniferous plant extracts against C.parapsilosis opportunistic yeast

Type of raw materials Oil extracts Water-alcohol Water extracts Water
extracts decoctions
Pinus sibirica DuTour 1:8 - - -
Picea abies L. 1:2 - - -
Pinus sylvestris L. 1:2 - - -
Abies sibirica - - - -
Juniperus communis 1:2 - - -

Control
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As can be seen from Table 3, the absence
of fungicidal or fungistatic activity against
opportunistic yeast is recorded in a large number
of plant extracts, except for oil extracts. Water
decoctions and infusions, as well as tinctures of all
analyzed coniferous plants, were inactive against
C.parapsilosis.

Among plants with a complete absence of

bactericidal activity against the C. parapsilosis
opportunistic yeast, Siberian fir should be named.
In other coniferous plants (European spruce,
Baltic pine, and juniper), bactericidal activity was
detected only in oil solutions in a 1:2 dilution.
Only the oil extract of Siberian pine in a dilution
of 1:8 had a suppressive effect (Figure 3).

35

3
25 -
2 4
15
-
DJS_ I I
0 - . .

Pinus sibirica Picea abiesL.

DuTour

Pinus sylvestrisL. Abies sibirica

T
Juniperus Control

communisL.

Figure 3 — MSC of oil extracts of coniferous plants against C. parapsilosis opportunistic yeast
(logarithm of dilution)

Table 4 — MSC of coniferous plant extracts against the causative agent of opportunistic mold

mycoses A.niger

Type of raw materials Oil extracts

Water-alcohol

Water
decoctions

Water extracts
extracts

1:4

Pinus sibirica DuTour e

1:128

Picea abies L. -

1:4

Pinus sylvestris L. e

Abies sibirica -

1:64 - -

. (f/e)

Juniperus communis L. -

Control -

Note: f/c is fungicidal, /s is fungistatic

As can be seen from Table 4, a greater number
of extracts of coniferous plants are characterized
by the absence of fungicidal or fungistatic activity
against the A. niger opportunistic mold fungi.
Among the studied wild coniferous plants of the
forest, the complete absence of fungicidal activity
against opportunistic molds was recorded in two
plants: European spruce and common juniper.
For two oil extracts, the presence of fungistatic
properties was observed only in native extracts
(Siberian dwarf pine and Baltic pine). Aqueous
extracts of all conifers did not inhibit the growth
of micromycetes. Unexpectedly, the growth of
A. niger was actively suppressed on the first

day by an aqueous decoction of Siberian pine in
dilution up to 1:128. This indicates a high level of
suppression of mycelium growth by this decoction
and the suppression of spore formation by the
corresponding phytoncides.

The only preparation with high fungicidal
activity against 4.niger was a water/alcohol tincture
of Siberian fir, which continued to influence the
growth of the micromycete at a dilution of 1:64
during the observation period.

The disk diffusion method determined the
MBC of biological preparations with the presence
of antimicrobial or antifungal activity against three
strains of microorganisms selected by us (Table 5).
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Table 5 — MBC and minimal fungicidal concentrations of wild coniferous plant water decoctions

Ne Name of vegetable raw | Diameter of the growth retardation zone, mm medium min/max
materials E. coli C. papapsilosis Asp. niger
8 Pinus sibirica DuTour 12,0 - 8.0
11,0-13,0 7,0-9,0
11 | Picea abies L. 8.5 10.0 -
8,0-9,0 9,0-11,0
13 | Pinus sylvestris L. 10,5 - 13.0
10,0-11,0 11-15
14 | Abies sibirica 10,0 - 30.0
9,0-11,0 28,0-32,0
28 | Juniperus communis 7.0 - -
6,0-8,0
Control - - -

As can be seen from Table 5, when MBC is
exposed to the growth of E. coli and micromycetes,
the diameter of the growth delay zone of
microorganisms in most cases has limits from 7
to 15 mm, which indicates a weak sensitivity of
microorganisms to antimicrobial and antifungal
components of coniferous plant extracts. The
obtained results allow us to state the presence of
bacteriostatic properties in the aqueous extracts
of wild coniferous plants included in the study.
Such a general conclusion can be drawn from
all the studied water decoctions, i.e. almost all
of them have bacteriostatic properties against E.
coli. Analysis of water decoctions of coniferous
plants against opportunistic yeast C. parapsilosis

showed the presence of a fungistatic effect only
in the decoction of spruce. The remaining water
decoctions not only did not have a fungicidal effect
but also contributed to the active growth of yeast
around the discs.

The detection of fungicidal properties of
aquatic decoctions of coniferous forest plants
against opportunistic mold fungi 4. niger showed
that the micromycete was quite sensitive to
several decoctions (Baltic pine, Siberian pine) (the
diameter of the lysis zone ranging from 8 to 15
mm), and in the presence of decoction of Siberian
fir, the growth of 4. niger almost completely
stopped (Figure 4).

Control

Juniperus communis

Abies sibirica

Pinus sylvestns L.

Picea abiez L

Pinus sibirica DuTowr [

0 5 10

WAsp niger

B C. papapsilosis

15 20 25 30 35

HE. caoli

Figure 4 — The sensitivity of microflora to water decoctions of coniferous plants



HERALD OF SCIENCE OF S. SEIFULLIN KAZAKH AGROTECHNICAL RESEARCH UNIVERSITY: VETERINARY SCIENCES Ne 1 (001) 2023

As can be seen from Figure 3, only extracts
from European spruce showed fungistatic activity
against the C. parapsilosis opportunistic yeast.
Water extracts of Siberian fir have pronounced
fungicidal activity against the A. niger
opportunistic mold fungi. Concerning the E. coli
strain, all aqueous extracts showed a noticeable
fungistatic effect.

The results obtained indicate the presence
of wvarious biological effects, in particular,
antimicrobial and fungicidal activity, in coniferous
plant extracts, which makes it possible to conclude

that they can be used for the manufacture of
preparations with a therapeutic effect against
pathogens of infectious diseases. The study of
antiparasitic activity by a modified technique
involved the use of a test culture of earthworms.
To determine the presence of a helminthicidal
effect, helminths were transferred from Petri
dishes to ready-made nutrient media with wells
pre-filled with extracts. The behavior of worms on
a solid nutrient medium was monitored every 3-6-
12 hours for 3 days (Figure 5).

Figure 5 — The process of observing the behavior of worms in the study of antiparasitic properties
of coniferous forest plant extracts

The results of the study of antiparasitic properties in plant extracts of coniferous plants in conditional

scores are presented in Table 6.

Table 6 — Summary data on the presence of antihelminthic properties inwild forest plant extracts

No | Name of vegetable raw Presence and intensity of antiparasitic properties (score)
materials oil water-alcohol water
1 | Pinus sibirica DuTour 0,5 6,0 1,5
2 | Picea abies L. 3,0 5,0 2.5
3 | Pinus sylvestris L. 3,0 7,0 0
4 | Abies sibirica 4,0 4,0 0
5 | Juniperus communis L. 0 7,0 5,0
Control 0 1,0 0

As can be seen from the data obtained on the
analysis of antiparasitic properties of coniferous
forest plant extracts, the best results are obtained
from alcohol tinctures of Baltic pine, juniper,
and Siberian pine. Among the aqueous solutions,
we noted some effects on the worms in juniper

Discussion

The resources of woody plants are divided into
trunks (wood), branches, woody greens, and cones,
where the needles are the most important part of
medicinal purposes due to the accumulation of
essential oils in them. Essential oils are a complex
mixture of hydrocarbons and their derivatives

extracts and weaker effects from FEuropean
spruce and Siberian pine. Among the oil extracts,
extracts of Siberian fir can be distinguished. The
following preparations did not affect the behavior
of L.terrestris: aqueous extracts of Baltic pine and
Siberian fir and oil extract of juniper.

that exhibit significant biological efficiency
[16, 17]. For each region, information about the
species diversity of resource plant species for the
development of various industries is important.
The resource potential of medicinal plants is the
basis for the functioning of the pharmaceutical

10
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industry. Essential oil species play an essential role
in the production of many medicines because they
have long been known as antispasmodic, diuretic,
cholelitic, stimulating, and hepatoprotective
medications [18, 19]. Thus, for example, the main
phenolic components of J. communis extract
are rutin, apigenin, isoscutellarein, hypolaetin,
and protocatechuic acid. During an experiment
on cancer cells of various origins, it was noted
that J. communis extract consisting of a unique
combination of phenolic compounds affected
cancer cells wusing specific mechanisms of
apoptosis [20].

According to experts, the collection of the
Main Botanical Garden of the Institute of Botany
and Phyto-introduction in Kazakhstan includes
1,115 taxa of medicinal plants of the world flora
(1,071 species, 412 genera, 93 families). Among
them, representatives of foreign flora equal 621
taxa (55.7%), Kazakh plants are represented
by 452 taxa, and introduced flora (having a
secondary area on the territory of Kazakhstan)
is represented by 43 taxa. The vast majority of
taxa in the collection are represented by annual
or perennial grasses (annuals: 173 taxa, biennials:
55, herbaceous perennials: 712, herbaceous lianas:
20: total: 960 taxa). Hardy shrub forms account for
less than 14% (155 taxa): semi-shrubs and small
shrubsfor 57, woody lianas for6, shrubs for 75, and
trees for 17 taxa [21].

The types of coniferous plants we selected are
widespread in Kazakhstan and some of them are
widely used among the population for therapeutic
and preventive purposes in the form of water-based,
alcohol-based, oil-based tinctures, decoctions,
resins, balms, gels, etc. A potential candidate for
these purposes is a coniferous tree extract (CTE)
with an antibacterial effect [22]. According to our
data, the essential oils of the Baltic pine contain
the entire spectrum of important phytochemical
components, including monoterpenes, terpenoids,
and sesquiterpenes.

The analysis of the

biological activity

Conclusion

of phytochemical components of coniferous
plants taken in the study showed that several
preparations had an antimicrobial effect, others
had antifungal properties, and some either did not
show antagonistic properties at all or exhibited
a stimulating effect and improved the growth of
microorganisms.

Thus, we identified the bactericidal activity
of water decoctions obtained from all coniferous
plants. Moreover, the highest antimicrobial
activity against E. coli was registered in water
decoctions of Siberian fir and Baltic pine, and
its absence was noted in oil extracts. Among the
water/alcohol extracts, bactericidal activity was
detected only in the juniper preparation. The MSC
of juniper water/alcohol extract against the £. coli
bacterium was manifested in a dilution of 1:128.

The absence of fungicidal or fungistatic
activity against opportunistic yeast was recorded
in water decoctions and infusions, as well as in
water/alcohol extracts of all analyzed coniferous
plants. Only oil extracts of plants that had a
short-term fungistatic effect were active against
C.parapsilosis. Our results are consistent with the
data of other authors who claimed high resistance
of C. parapsilosis yeast against fungicidal
preparations [23, 24]. Among the plants with a
complete absence of bactericidal activity against
C. parapsilosis opportunistic yeast,Siberian fir
should be named.

When studying the MSC of CPE against
A.niger opportunistic mold fungi, it was found
that none of the water and oil extracts showed
fungistatic and fungicidal properties.

The analysis of antiparasitic properties in
coniferous forest plant extracts showed the
presence of the influence of the preparations on the
behavior and vital activity of L.terrestris. The best
results were obtained from the alcohol tinctures of
Baltic pine, juniper, and Siberian pine; aqueous
solutions of extracts of juniper, European spruce,
and Siberian pine; and oil extracts of Siberian fir.

The results obtained indicate the presence of various biological effects in coniferous plant extracts,
in particular, antimicrobial and fungicidal properties, which allows us to conclude that they can be used
for the manufacture of preparations with a therapeutic effect against pathogens of infectious diseases.
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Tyiiin

Maxkanana IoCTYpili MEIWIMHA/la KeHIHEH KOJIAHBUIATBIH KBUTKAH JKAIBIPAKTBl ©CIMIIKTEPIiH
eMJIIK QJIeyeTiH i37eyAeri mpobiemanap Typalbl FRUIBIMH aKmapaTr OepiireH. DKCIEPUMEHT YIIiH
KazakcTaHHBIH IIBIFBIC ayMarbIHAAFbl baThic ANTalfbplH Tayibsl OpMaHAApBIHAA OCETIH KBIIKAH
JKATIBIPAKTHl OCIMIIKTEP/IiH YATiIepl TaHAanabl: Kaparaid (Pinus sylvestris L.), komimri meipma (Picea
abies L.), ci6ip meipruacst (Abies sibirica), cibip Gankaparaitsl (Pinus sibirica DuTour), komimri apua
(Juniperus communis L.). 3epTrey 0apoicsiana Pinus sylvestris L. a¢hup MaimapbIHIH KOMITOHEHTTEPiHIH
(UTOXUMUSIIBIK Kypambl CeCKBUTEpIEeHAIK (pakuus (69,76%), tepnenounrap (20,0%), MOHOTEpIIECH-
nep (5,51%) OoiibiHIa aHBIKTANIBL. BHONTOTHAIBIK OelICeHIUTKTI (MUKpOOKa Kapchl, CaHBIpayKYJIaKKa
KapChl, aHTUTEIbMUHTHKAIIBIK) 3epTTEYIiH 3aMaHayH oIICTepiH KOJJaHa OTHIPHIN, 0i3 TaHIaraH
KBUIKAH JKaIbIPaKThl OCIMIIKTEP/AiH CHIFBIHIBIIAPBIHBIH OWOIOTHSIIBIK OCICeHAUTITIHIH OOMyhIH
3epTTelliK. bapiblk KpITKaH KambIpaKThl ©CIMIIKTEepAe OaKTEpUIUATIK OeNCEHAUTIK Cci0ip IIbIpIIachl
MEH KaparaiaplH OHMOJIOTHSIIBIK 3aTTaphl OelceHmipeK OOoJFaH Cy KalHaTmamapblHAa KepiHmi. Mait
CBIFBIHIBUIAPEI OAKTEPUITUATIK OEICEeHIUTIKTI oJci3 JAeHrewinme kepceTti. OmapaplH imiHAe cifip
Oanmkaparaiibl MEH KOJIMTI apiia CHIFBIHABUIAPEI OEJCEHI eMec, aj KOIMTi MIBIPIIA CHIFBIHIBICHI
©3iHIH TaOuru TypiHAe OenceHmipek Oommbl koHe 1:2 cyiputeurFad. apTTeI-MAaTOTeH I AIIBITKEI
Candida papapsilosiske Kapchl OaKTEpHIMATIK OEICEHIUTITT MYJIAEM JXOK OCIMIIKTEp/iH apachiHIa
Cci0ip IIBIPIITACHIH aTal OTKEeH OH. backa KbIITKaH KanbIpakThl ociMIIKTep/e (IIbIpIa, Kaparai, apiia)
OaKTepUITUATIK OCTCEHIITIK TeK 1:2 cyHBpUITYAaFb! Maif epiTiHAIEpiH e aHBIKTANABI, |:8 CYHBIITYIars!
ci0ip OarmkaparallbIHBIH Mall CHIFBIHABICHI OachiM ocep eTTi. Cibip MIBIPIIACKIHBIH CY-CIIHUPT TYHOACH
A.HUTEpTe Kapchl )Korapbl (PYHTUITUATIK OSJICEHIUTIKKE ne OOIBIN MIBIKTHI, 01 OaKplIay Ke3eHinae 1:64
CYWBUITY Ke3iH/Ie MUKPOMHUIIETTEPAIH OCYyiHEe ocep €Tyl JKaluFracThIpIbl. KpUIKaH KambIpaKThl OpMaH
OCIMIIIKTEPiHIH KeHOip ©CIMIIK CHIFBIH/IBUIAPBIH/IA TTAPA3UTKE KAPChl KACHETTEePIiH OOyl aHBIKTAIIIHI.
EH JxaKchl HOTIKE KOMIMT1 KaparalablH, KOJIMTi apIlaHblH KoHE ci0ip OankaparalbIHBIH aJIKOTOJh
TyHOANTapBIHIA TAOBUIIIBL.

Kinar ce3nep: KpUIKaH JKalbIpaKThl OCIMAIKTED; OMOJOTHSIIBIK OeliceH/i 3aTTap; (PUTOXUMHUSIIBIK
KYpaMbl; MUKpOOKa Kapchl KaCHETTEpi; aHTUIAPAZUTTIK dcep; OaKTEPUIUATIK OEICSH UK, eMIiK T0-
TEHIIHAI.

AHHOTALUA

B craree npencrasnena HaydHas HHGOpPMALUSA O MPoOIeMax MPH MOKUCKE TEPANIEBTHYECKOTO I10-
TEHLIMAJIa CPEId XBOWHBIX PACTECHHUH, IIMPOKO MCIOJIb3YEMBIX B HAPOJHON Meauuuue. s sxcnepu-
MEHTa 0TOOpaHbl MPOOBI XBOMHBIX PaCTEHUH, IPOM3PACTAIOLINX B TOPHBIX Jiecax 3arnagHoro Anras B
BocTOYHOH yacTn KazaxcTaHa: cocHbI OOBIKHOBEeHHOU (Pinus sylvestris L.), e 0ObIKHOBEHHOM (Picea
abies L.), muxtsl cubupckoit (Abies sibirica), xeapa cubupekoro (Pinus sibirica DuTour), MoxoKe-
BeJIbHUKA cuOMupckoro. B xone nccnenoBannii 6611 onpeneneH GUTOXUMHUECKUH COCTaB KOMIIOHEHTOB
a¢upHBIX Macen Pinus sylvestris L. 1o mokasarensiM cecKkBUTeprieHOBOH (paxuuu (69,76%), Tepneno-
nnoB (20,0%), monotepnenos (5,51%). Mcnonb3yst coBpeMeHHBIE METOABI N3yUeHHUs ONOJIOrMYECKOM
AKTHUBHOCTHU (aHTUMHMKPOOHOH, IPOTUBOIPHOKOBOMN, aHTUT€IIbMUHTHOM), HAMH YCTaHOBJICHO HAJIM4NE
OHMOIOrMYECKO aKTUBHOCTH IKCTPAKTOB OTOOPAHHBIX XBOWHBIX PACTCHUN. Y BCEX XBOWHBIX PACTECHHM
OaKkTepuLUIHAs AKTUBHOCTH MPOSIBIISAJIACE Y BOIHBIX OTBApOB, I/i¢ 00Jiee aKTUBHBIMH ObLIN OHOIIperna-
paTbl MUXTHl CHOMPCKON U COCHBI OOBIKHOBEHHOM. MaciisiHble 3KCTPAKThI MPOSBUIN OAKTECPULIMIHYIO
aKTUBHOCTH ciabee. Cpean HUX HE aKTUBHBIMH ObUTH SKCTPAKTHI KeJpa CHOMPCKOT0 M MOXCKEBEIIbHUKA
OOBIKHOBEHHOT'O, & SKCTPAKT €I OOBIKHOBEHHOM ObIT aKTUBHEE B HATUBHOM BHJE M pa3BeleHuu 1:2.
Cpeau pacTeHUi ¢ MOJHBIM OTCYTCTBHEM OaKTEPUIMIHON aKTUBHOCTU MPOTHB YCIOBHO-IIATOTEHHBIX
nposxoxelt Candida papapsilosis cnenyet Ha3BaTh MUXTY CHOMPCKYIO. Y OCTaJbHBIX XBOWHBIX PACTCHUI
(emb, cocHa, MOXOKEBEJIBHUK) OaKTEpULIMAHAS AKTHBHOCTD BBISIBIIEHA TOJIBKO Yy MAacIISTHBIX PACTBOPOB B
pasBeneHun 1:2, MaCISHBIN 3KCTPAKT KeJipa CHOMPCKOTO B pa3BeAeHNN 1:8 OKa3bIBajl MOIABIISIONIAN
3¢ dext. C BbICOKON (QyHTMIMIHON aKTMBHOCTBIO B OTHOIIEHHH A.niger okaszajaach BOAHO-CIMPTOBAs
HACTOMKa MUXThl CHOMPCKOM, KOTOpast MPOAOJIKala OKa3bIBaTh BIMSIHUE HA POCT MUKPOMHIIETA B Pa3-
BeZeHUH 1:64 B TeueHue nepuoja HaOmoaeHus. Hamuume aHTUmapasUTapHBIX CBOWCTB BBISBICHO Y
HEKOTOPBIX PACTUTEJIBHBIX SKCTPAKTOB XBOMHBIX pacTeHUi Jeca. Jlydmmmuy pe3yabraTaMy OTIHYAINCh
CIMPTOBBIC HACTOWKU COCHBI OOBIKHOBEHHOM, MOXKEBEIbHIKA OOBIKHOBEHHOT'O U KeJlpa CHOMPCKOTO.
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Abstract

Oxytetracycline is widely used in veterinary medicine for the treatment of animals, as well as
growth promoters. They can have adverse effects on human health through animal products if the rules
for the use of antibiotics are not followed. The World Health Organization has established maximum
residue limits of antibiotics in milk and meat, which require accurate, rapid and inexpensive methods
to determine. Immunochromatographic assay (ICA) is ideal for this purpose due to its speed of
analysis, high sensitivity and ease of use. This paper describes the results of study on the obtaining an
oxytetracycline (OTC) conjugate with bovine serum albumin (BSA) and/or ovalbumin (OVA). OTC
has been chemically purified from the antibiotic hydrochloride salt (OTC HC), which is widely used in
animal husbandry and is more affordable than its chemically pure analogue. Spectrophotometric analysis
of the prepared conjugates and immunization of laboratory animals showed the suitability of OTC,
chemically purified from OTC HC, for crosslinking into BSA and/or OVA molecules and obtaining
hapten-specific antibodies. The results obtained could be used for the manufacture of ICA components
- labeled OTC-specific antibodies and test line antigen.

Key words: oxytetracycline; bovine serum albumin; ovalbumin; conjugate; antibiotic; high
performance liquid chromatography; spectrophotometry.

Basic position and Introduction

Oxytetracycline (OTC) is one of the first «Oxytetracycline hydrochloride for injections»
tetracycline antibiotics described in the late (BioPharmGarant LLC, Russia), Oksirala 20%
1940s. This drug is characterized by a wide (Agio Pharmaceuticals Ltd., India), Ashoksi 10%
spectrum of action against gram-negative and (Ashish Life Science Pvt Ltd, India) are registered
gram-positive microorganisms [1]. Tetracyclines, in the State Register of Veterinary Drugs and
including chlortetracycline, oxytetracycline, and Feed Additives [4]. Residues of tetracyclines get
doxytetracycline are widely used in veterinary into animal products in cases of non-compliance
medicine due to their low cost compared to other ~with the instructions for the use of antibiotics or
antibiotics [2]. They are also used to stimulate the time of exposure of animals before slaughter
the growth of fattening cattle and poultry [3]. or milk production [4]. The constant consumption
For example, in Kazakhstan, such antibiotics as of such products is fraught with serious health
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consequences and could lead to allergic reactions
and dysbacteriosis, and -may also cause nausea,
vomiting, anaphylactic shock, and even death
[5]. Violation of the use of antibiotics can lead
to the emergence of antibiotic resistance genes in
microorganisms, the transmission of such strains
from animals to humans. [6]. In order to avoid
harmful effects on human health, many countries
have set maximum residue limits (MRL) of
antibiotics in milk and meat. The World Health
Organization (WHO) has established that the
content of tetracyclines in food should be no more
than 0.01 mg/kg [7]. Currently, there are several
methods for determining antibiotic residues, each
with its own advantages and disadvantages. For
example, microbiological -tests are available
for use in poorly equipped laboratories, but
are characterized by low sensitivity and
specificity [8,9]. Instrumental methods such as
gas chromatography, high performance liquid
chromatography (HPLC), chromatography—mass
spectrometry is sensitive and highly specific,
but require expensive equipment and trained
personnel. In addition, they take a lot of time and
are not suitable for routine analysis [10]. Recently,
enzyme-linked immunosorbent assay (ELISA)
has become increasingly popular for screening
food products for contamination with antibacterial
drugs. European Union (EU) Directive 2002/657
recommends this test for the determination of

Materials and methods

Laboratory animals. The Soviet chinchilla
rabbits (3 heads, males, 6 months old, body weight
3300-3500 g) and outbred mice (3 heads, males,
2 months old, body weight 20-25g). Experiments
with animals were approved by the Animal Ethics
Committee, Faculty of Veterinary and Animal
Husbandry Technology, S. Seifullin Kazakh
Agrotechnical University, and were carried out
in accordance with the Rules for the maintenance
and care of laboratory rodents and rabbits
(Interstate standard, GOST 33216-2014), as well
as International Guiding Principles for Biomedical
Research Involving Animals.

Reagents used to prepare antibiotic-protein
conjugates. OTC HC for veterinary medicine
(CJSC RPE Agrofarm, Russia), bovine serum
albumin (BSA) (Jackson Immuno Research, USA)
and/or ovalbumin (OVA) (Sigma-Aldrich, USA).

Chemical purification of the antibiotic. Three
g of OTC HC was poured into a 0.5 L three-
necked flask equipped with an addition funnel, a
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veterinary drug residues in livestock products in
theEU. However, this test is not used in practice,
since the equipment of domestic laboratories
for veterinary and sanitary examination in food
markets leaves much to be desired. Therefore,
for practice, simple-to-perform, but sufficiently
sensitive and specific tests are needed to
determine the presence or absence of antibiotics
in animal products in a few minutes. These tests
include immunological methods based on the
principle of thin layer chromatography, namely,
immunochromatographic analysis (ICA) [11].
Antibiotics, including OTCs are haptens, and
therefore competitive ICA is a suitable method
for determining a contaminant in food products.
The affordability of ICA tests for the detection
of antibiotics is determined by the cost of its
individual components, including the hapten
conjugate with protein carriers. The use of
chemically pure antibiotics in the preparation
of the conjugate leads to a significant increase
in the cost of analysis. In this regard, antibiotics
for animals available on the veterinary medicine
market are of particular interest.

The aim of our study was the use of veterinary
oxytetracycline hydrochloride (OCT HC) for the
preparation of the antibiotic conjugate with bovine
serum albumin (BSA) and/or ovalbumin (OVA)
as well as specific antibodies, which are the main
ICA reagents.

gas outlet tube, and a ground glass stopper. The
antibiotic was dissolved in 50 ml of bidistilled
water (pH=7.01) at a temperature of 30-35°C.
Then, 100 ml of 7% sodium bicarbonate solution
was added dropwise over 1 hour. Carbon dioxide
released during the reaction of hydrochloric acid
with sodium bicarbonate entered the calcium
hydroxide solution. The mixture was stirred for
8 hours at room temperature at low speed of the
magnetic rotor. After separation, the antibiotic
was filtered on a Schott funnel. Subsequently, the
filtrate was washed with distilled water and dried
under vacuum.

Determination  of purity and quantitative
content of purified OTC using HPLC.
Tetrahydrofuran, methanol, acetonitrile in ratios
of 50:150:800 was used as the mobile phase -
eluent, respectively. 20 mg of OTC substance
was dissolved in 25 ml of 0.01 M hydrochloric
acid. Endcapped octadecylsilyl silica gel for
chromatography with a pore diameter of 5 um
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was used as a sorbent for the chromatographic
column. The following parameters were used:
chromatographic column temperature, 50°C;
eluent solvent pumping rate, 1.3 ml/min; amount
of sample used, 10 pl. The result of the analysis
was recorded at an optical density of 254 nm.

Conjugation of OTC with protein carriers was
carried out using the methods described by T.
Wongtangprasert et al. (2014) [12], Nail L. et al.
(2014) [13], and Birader K. et al. (2021) [14].

Optical spectrophotometry was used to
identify the hapten-protein conjugate. Briefly,
100 pl of test substance solution was poured into
a clean cuvette. Then, it was placed in a holder,
and a reference spectrum was recorded with the
radiation source (dark spectrum) turned on and off.
Then, the spectrum of light that passed through
the sample was recorded in 10 repetitions in
accordance with the manufacturer's instructions
attached to the device. The absorption of light
by the studied samples at each wavelength was
calculated in the Spectra Suite program using the
standard formula and obtained in the form of a
graph-spectrum.

Studying the immunogenicity of the OTC-
protein conjugate. On day 0 of immunization, mice
were intraperitoneally injected with OTC-BSA at
a dose of 25 pg in 0.1 ml of complete Freund's
adjuvant (CFA). On the 7th, 15th, 22nd and 32nd
days of immunization, the same dose of antigen
was administered in incomplete Freund's adjuvant
(IFA). Antiserum was separated from blood taken
from the tail vein on the 38th day of immunization
and stored at -20°C until use.

Immunization of rabbits was carried out by
4-fold subcutaneous injection of OTC-BSA into
the back area at a dose of 500 pg in 1.0 ml of
adjuvant at several points with an interval of 10
days. On the Oth day of injection CFA was used,
and on subsequent days IFA was used. Ear vein

Results

blood samples were taken 5 days after the last
immunization. The separated immune sera were
stored at -20°C until use.

Indirect ELISA (i-ELISA). The wells of a
96-well immunoassay plate (Suzhou CellPro
Biotechnology Co., Suzhou, China) sensitized
with OTC-OVA (1 pg/ml) in bicarbonate
buffer, pH 9.6. The plate was incubated at +4°C
overnight. The plate was washed 3 times with
300 pl of Tween-20 phosphate-buffered saline
per well to remove unbound antigen. Then, two-
fold dilutions of mouse and/or rabbit serum were
prepared in 8 wells, starting from a dilution of
1:100 (0.1 ml), and incubated at +37°C for 60+5
minutes. Blood serum samples of animals taken
before immunization were used as a control. After
incubation, the plate was washed as described
above to remove non-specifically bound antibodies,
and anti-mouse (Jackson ImmunoResearch Inc.,
Pennsylvania, USA) and/or anti-rabbit (Jackson
ImmunoResearch Inc., Pennsylvania, USA)
conjugates were added to the wells in a volume
of 0.1 ml and incubated at +37°C for 1 hour.
The washing procedure was repeated to remove
unbound reaction products. 0.1 ml of a stabilized
solution of 3,3',5,5'-tetramethylbenzidine
hydrochloride with hydrogen peroxide (CJSC
"NVO Immunotech", Moscow, Russia) was added
to the wells and the plate was incubated for 10-
15 minutes at room temperature. The reaction was
stopped by adding a solution of 0.5 M sulfuric
acid to the plate wells. The results of the ELISA
were taken into account using a spectrophotometer
(Hangzhou Allsheng Instruments Co., Hangzhou,
China) with a vertical light flux at a wavelength
of 450 nm. The reaction was considered positive
if the optical density (OD) of the immune serum
exceeded the OD value of the control serum at a
dilution of 1:200 by at least two times.

The yield of chemically purified antibiotic from OTC HC for veterinary medicine (CJSC RPE
Agrofarm, Russia) was more than 90%. The results of the study of the purity and quantitative content of

the antibiotic using HPLC are shown in Fig.1.
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As can be seen from Figure 1, the HPLC
chromatogram of purified OTC contains several
non-volume peaks identified as residual impurities
and/or oxidation products in air during separation.
At the same time, the content of the target
component in the obtained substance was 96%
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Figure 1 — HPLC chromatogram of purified OTC

in terms of dry matter using the ChemStation
software.

The identification of the obtained compound
was carried out using IR spectroscopy by
determining the main signals of functional groups
in pressed tablets of potassium bromide (Fig. 2).

161818

Figure 2 - IR spectrum of OTC

Analysis of Figure 2 shows that the spectrum
of purified OTC contains signals at 3300-3600
cm-1, which are characteristic of hydroxyl groups
(OH- groups) and are contained in the molecule
of the test substance in the amount of two units.
Stretching vibrations of 3200 cm-1 and 1238
cm-1 correspond to the phenolic fragment of the
molecule, 1666 cm-1 - to the C=0 carbonyl group
associated with the cycle and 1619 cm-1, which
indicates the presence of an amino group (NH2-
group). Signals from 2999 to 2827 indicate the
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presence of aliphatic bonds in the molecule.

Chemically purified OTC as well as veterinary
medicine OTC HC have been used to prepare
antibiotic conjugates with BSA and/or OVA.
Methods by L. Nail et al. (2014) and K. Birader
et al. (2021) used for this purpose did not give the
desired results due to the denaturation of proteins
with the formation of a precipitate (Fig.3-a). An
antibiotic-carrier conjugate was obtained by T.
Wongtangprasert et al. (2014) only when purified
OTC was used (Fig. 3-b).
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Figure 3 - Appearance of OTC-BSA conjugates:
a - OTC HC for veterinary medicine; b - chemically purified OTC

Spectrophotometric analysis was used to establish the crosslinking of the purified OTC into the
carrier molecules (BSA, OVA). For this purpose, OTC, carrier proteins and the prepared conjugate were
studied using UV optical photometry in the wavelength range of 200-1100 nm (Fig. 4, 5, 6).
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Figure 4 - UV spectrum of purified OTC

Figure 4 shows that the UV spectra of the chemically purified antibiotic contain one peak at a

wavelength of 278 nm.
Spectrophotometric analysis of carrier proteins showed the presence of one peak in both the UV

spectrum of BSA and OVA at 277 nm and 271 nm, respectively (Fig. 5).
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Figure 5 - UV spectra of proteins: a - BSA, b— OVA

Spectrograms of antibiotic conjugates with carrier proteins are shown in Fig.6.
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Figure 6 - UV spectra of conjugates: a - OTC-BSA, b - OTC-OVA

In the spectra of optical photometry, there are
continuous signals with characteristic peaks of the
initial substance, which testify the homogeneity of
the final products obtained (Fig. 6). In the spectral
regions, the presence of signals characteristic of
the substrates of protein polymers is demonstrated,
while the presence of the initial compounds of an
antibiotic nature is not noticed, which is due to

the complete absorption of low molecular weight
compounds by macromolecules. The obtained UV
spectra prove the suitability of OTC, purified from
the hydrochloride salt of the antibiotic, for the
preparation of a conjugate with BSA and/or OVA.

Figure 7 shows the results of studying the
immunogenicity of OTC crosslinked into carrier
protein molecules in mice and rabbits.

22



HERALD OF SCIENCE OF S. SEIFULLIN KAZAKH AGROTECHNICAL RESEARCH UNIVERSITY: VETERINARY SCIENCES Ne 1 (001) 2023

1:400

1:200

iy

1:100 E— E
=08
wNe2 % Ne3 mNel mNe2 mNe3 mNed wmMNeS = Ne6
- rabbits - mice

Figure 7 - Titers of anti-OTC antibodies by i-ELISA

Studies of antisera samples showed that BSA- coupled OTC was recognized by the immune system
of laboratory animals as a separate epitope of the integral antigen and stimulated B-lymphocytes to
synthesize antibiotic-specific antibodies. This is evidenced by the titers of antibodies against OTC by
i-ELISA in samples of both mouse and rabbit antisera. It follows from the diagram that antibodies
specific to the antibiotic were detected within the range of blood serum dilutions from 1:1600 to 1:3200,
which is evidence of the immunogenicity of the antibiotic purified from its hydrochloride salt.

Discussion

The veterinary practice of the country needs
simple, but sufficiently sensitive and specific
tests to determine the presence of antibiotics in
food products in a few minutes, which is very
important for the reliable protection of public
health. Such tests can be developed on the basis of
competitive ICA, the main reagents of which are
antibodies specific to various antibiotics and their
conjugates with high molecular weight carriers.
The difficulty in creating ICA tests for determining
the MRL of antibiotics lies in the preparation
of stable conjugates of hapten with carriers and
the production of highly specific antibodies,
since antibiotics, including OTC, are small
substances with a molecular weight in the range
of 460434 Da [15]. In addition, imported ICA
tests available on the market of veterinary drugs
remain expensive for small producers of meat and
milk in Kazakhstan, which produce more than
90% of milk and about 70% of meat in slaughter
weight. One of the main components of ICA is an
antibiotic-carrier conjugate, which is used in the
diagnosticum design not only as a test line reagent,
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but also as an immunogen for obtaining specific
antibodies. The use of chemically pure antibiotics
for these purposes makes a significant contribution
to the rise in the cost of the test system. In this
study we propose a method for purifying OTC
from its hydrochloride salt, which is widely used
in veterinary practice and is affordable. Purified
OTC conjugated with OVA served as an antigen
in i-ELISA, while an antibiotic cross-linked into
a BSA molecule was used as an immunogen.
The results of spectrophotometric analysis
showed the formation of a whole molecule
consisting of a chemically purified antibiotic and
OVA and/or BSA. The last conjugate showed
its immunogenicity for the body of laboratory
animals, which made it possible to obtain mouse
and rabbit antisera with titers against the antibiotic
hapten in the range of 1:1600 - 1:3200.

Thus, the developed method for obtaining
chemically pure OTC from its commercial
hydrochloride salt could reduce the cost of ICA
tests designed to detect antibiotic residues in food.
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Conclusion

- A method for obtaining chemically pure OTC from OTC HC for veterinary use has been developed,
and OTC-BSA and/or OTC-OVA conjugates have been prepared;

- The homogeneity of the conjugates has been proven by HPLC and spectrophotometric analysis;

- OTC-BSA, as an immunogenic preparation, may be used to obtain oxytetracycline-specific
antibodies;

- The obtained results will be used in our further study in order to design a domestic competitive I[CA
test for the detection of OTC in livestock products.

Information on finansing

The study was carried out as part of the implementation of the scientific and technical program
BR10764944: "Development of methods for analytical control and monitoring of food safety" for 2021-
2023 funded by the Ministry of Agriculture, Republic of Kazakhstan.
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AHHOTALUA

OKCUTETPAIKIMH ITUPOKO UCTIONB3YETCsl B BETEPUHAPUH IS JICUEHUS KUBOTHBIX, a TAK)KE B Ka-
YeCcTBE CTUMYJISATOPOB pocTa. [Ipu HecoOIrofeHny IPaBHUII UCTIONH30BAHNS aHTHOMOTHKOB, OHH MOTYT
OKa3bIBaTh HEOJATONMPHUATHBIEC TTOCIEACTBUS Ha 370POBbE JIOACH MPHU YHIOTPEOICHNH TPOJYKTOB JKHU-
BOTHOBOJICTBA. BcemupHas opraHmu3arust 3[paBOOXpPaHEeHNs YCTaHOBUJIA MTPEIENbHO-IOITYCTHMBIE KOH-
LEHTPAIlN AaHTHOMOTHUKOB B MOJIOKE U MICE IS OTIPEAENICHIsI KOTOPBIX TPEOYIOTCS TOYHBIE, OBICTPHIE
¥ HeZoporue Meronbl. s 3Toil 1enu uaeanbHO MOAXOJUT MMMYHOXpoMaTorpaduvecKuii aHaiu3
(MUXA), bmaromapsi CKOpOCTH aHaJIN3a, BEICOKOH TyBCTBUTEIFHOCTH U TIPOCTOTE B MpUMeHeHn!. B Ha-
CTOAIIEeH pabOTe OMHUCAHBI PE3YIBTATHI UCCIIEIOBAHUN 110 TIOMYYEHHIO KOHBIOTaTa OKCHTETPANKIINHA
(OTL) ¢ 6pr9puM ceiBOpoTOUHBIM anTbOyMuHOM (BCA) n/mmmu oBansOymuHOM (OBA). OTL] 6611 XNMU-
YEeCKH OYMINeH W3 Tuapoxiopuaaoit comn antuoOnorrnka (OTL[ I'X), KOTOpBIH MHUPOKO HCIIONIB3YyETCs
B )KMBOTHOBOJICTBE U TIO IIeHE Oojiee JOCTYIIEH, YeM ero XMMHUYEeCKH YUCTHIi aHanor. CrekrpodoTo-
METPUYECKUI aHAIIN3 TPUTOTOBIIEHHBIX KOHBIOTATOB M MMMYHHU3AINS UMHU Ja00paTOPHBIX KUBOTHBIX
nokaszanu npurogHocts OTL, xumuuecku ountenHoro u3z OTL I'X, nns ciumBku B Mosiekyiasl BCA
n/vmn OBA u noiy4eHns ranTeH-crelupruIHbIX anTuTel. [lomydeHHple pe3ynbTaThl MOTYT OBITh HC-
TTOJTH30BAHBI IPH U3TOTOBIIEHUN KOMITOHEHTOB M XA - MeueHbIXx OTL-crienmnuuHBIX aHTUTEN U aHTH-
reHa TECTOBOM JIMHHH.

KuaroueBrble cj10Ba: OKCUTETPAIIMKIINH; ObIYUI CHIBOPOTOYHBIN anbOyMUH; 0BaIbOyMIH; KOHBIO-
raT; aHTHOMOTHK; BEICOKO3((EeKTHBHAS KHIKOCTHAS XpoMaTorpadus; CIIeKTpohOoTOMETPHS.

Tyitin

OKCUTETPAIMKIINH BETepHUHAPHUSAA MaJABl EMCY YIIIiH, COHJIaii-aK 6Ccy CTUMYIISITOPIaphl peTiHIe
KeHiHEH KoJIIaHbIIa 16l Erep Man mapyamsuisIFbIHa aHTHOMOTUKTEPII KOJIJTAaHY epeskerepi cakTanmMaca,
oJlap TaraM eHIMepi apKbUTbI afaMIap IbIH ACHCAYIBIFbIHA KEPi 9CEPiH THTI3yl MYMKiH. JlyHHeXKY31ITiK
JIEHCAYNBIK CaKTay YHBIMBI CYT II€H €TTe aHTHOMOTHKTEPMAiH INEKTi pyKcaT eTiIreH-MeIIepiepin
Oenriniei, a oapabl aHBIKTAY YIIiH IS, )KBUIIAM XKoHE ap3aH oicTep KaxeT. OChl MaKcaTTa HOTHKE
KBIIAM/IBIFBIHA, JKOFAPBI CE3IMTANBIFBIHA JKOHE KOJIAHYABIH KaparalbIMIbUIBIFbIHA OalTaHBICTHI
nMmyHOXpomarorpadusuielk Tangay (MUXT) ere xomaitmer omic. by skymbIcTa OKCHUTETPAMKINHHIH
(OTL) 6yxa capeicysl anboymuHiMeH (BCA) sxkone/Hemece oBansOymuaMeH (OBA) koHbIOTaTHIH TaiibIH-
nay OoifbIHIIA 3epTTey HoTmkemnepi Oasuaanrad. OTL] man mapyalrbuUTbIFbIH/IA KEHIHEH KOJIIaHbIIaThIH
JKOHE OHBIH XMMUSUIBIK Ta3a aHAJOThIHA KaparaHaa KOJ KETiMIi OOJBIN TaObUIaTHIH aHTUOMOTHKTIH
ruapoxiopuati Ty3eiHaH (OTL I'X) XUMHSUTBIK oficTieH Ta3apThuTFaH. JlalbiHIamFrad KOHBIOTaTTapabl
CHEKTPO(OTOMETPHUSIIBIK 3EPTTEY KOHE OJIAPMEH 3epTXaHAJBIK JKaHyapiapabl nMMmyHu3amusuiay OTL]
I'X-nen xumusinbik Tazapteurad OTL-Hig BCA xone/nemece OBA monekynanapsIMeH KOChLUIA allybl-
Ha JKOHE TallTeHTe TOH aHTUACHEJEp i Ty3€ alyblHa KapaMAbUIBIFBIH KOPCETTi. AIBIHFAH HOTIKEIED
NXT xoMImoHeHTTEpiH, aTan aiTcak tect xyheciniH OTL[-mMeH TaHOamanraH apHalbl aHTHACHEIEPiH
JKOHE CHIHBIK CHI3BIFBIHBIH aHTUTCHIH OHIIPY/e MaigalaHbLTybl MyMKIiH.

Kiar ce3nep: oxcurerpanukivH; OyKa capbiCybl anbOyMHHI; OBaIbOyMHH; KOHBIOTAT; aHTHOHO-
THK; OHIMIIIJIIT] )KOFaphl CYHBIK XpoMaTorpadus; CIeKTpopOoTOMETpHS.
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Abstract

With the increase in production and processing industries, as well as the extraction of minerals in the
territory of the Republic of Kazakhstan, it leads to pollution of the environment, ecology, wildlife and
water resources of our country. All production capacities in agriculture and animal husbandry require
water resources.

As part of the research work, diagnostics were carried out on the content of salts of heavy metals
and radioactive substances in the water bodies of the West Kazakhstan region, where they originate with
transboundary rivers and an oil and gas field (KPO) is being produced. To carry out our research work,
samples of fish products were taken from 15 reservoirs and 3 objects of domestic trade for laboratory
testing for the content of salts of heavy metals (Pb, Cd) and radionuclides (Sr-90, Cs-134). Radioactive
substances accumulate in the bones and muscles of fish, and subsequently enter the human body through
ingestion. The risk of developing adverse effects on human health depends on the radiation dose. If the
radiation dose is low, or if exposure occurs over a long period of time, the risk is much lower as the
human body repairs damaged cells and molecules. Lead and cadmium harm the human nervous system
and its mental development, it can cause kidney damage and lead to bone disease. It is necessary to
constantly monitor the content of salts of heavy metals and radionuclides in fish and livestock products,
since safe products are a guarantee of public health.

Key words: Heavy metal salts; radionuclides; fish products; reservoirs; WKR.

Basic position and Introduction

In the last century, as a result of technological common are mercury, lead, cadmium, arsenic,
progress, the balance of heavy metals in the copper and others. As a result, they interact with
environment was disturbed, and there was a global the plants and fauna of water bodies with the
pollution of nature with heavy metals. The most effluents of industrial plants entering water bodies.
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As a result of such interactions, heavy metals can
accumulate in aquatic organisms, leading to death
or disruption of life, and through trophic chains,
including humans, can lead to various diseases [1].

The study of the elemental composition of
aquatic organisms allows us to solve a number of
ecological, physiological, veterinary and practical
problems. This factor is responsible for the
appearance of a significant number of works on
the content of trace elements of heavy metals in
commercial aquatic organisms in the last decade.
Fish are capable of accumulating heavy metals in
the aquatic ecosystem, even if their amount does not
exceed the established limit. Pathological changes
at the molecular, organism, and population levels
can occur under the influence of toxic substances
in fish. Since fish is a staple food, human health is
at great risk [2].

Environmental pollution is a very pressing
issue. The Republic of Kazakhstan is one of the
states where many petrochemical complexes, ore
deposits contribute to pollution of salts of heavy
metals and radionuclides into the environment.
Due to the increase in production capacity,
urbanization of the population and the development
of agriculture and fisheries, the study of water
resources is an important issue. During the study
of the dynamics of toxicological and radiological
contamination of fish muscle tissue (predators and
benthophages) from fish farms and commercial
water bodies of West Kazakhstan region. Food fish
products must be made from aquatic biological
resources extracted (caught) from safe areas of
extraction (catching) in accordance with the data of
planned monitoring of safety of aquatic biological

Materials and methods

resources, carried out by the authorized bodies
of the member states, and aquaculture objects,
originating from farms (enterprises) that are safe
in veterinary respect.

The aquatic environment contaminated with
heavy metals has a negative impact on hydrobionts,
leads to an increase in ecological consequences and
poses a threat not only to living organisms living
in water, but also to human health. In the summer
season on the background of high functional
activity of the digestive system, the sensitivity of
fish carbohydrases to the action of heavy metals
increases [11]. The relevance of this approach is
confirmed by the works carried out by scientific
teams in many countries of the world [3].

For an objective assessment of the industrial
impact on the pollution of hydrobionts with
toxicants, it is necessary to consider the ionic-
salt composition of the water of the water body
under study. With increasing salinity, hardness,
alkalinity of water toxicity of metals decreases,
which increases the tolerance and resistance of
aquatic organisms to high concentrations of metals
[4].

The presence of significant fluctuations in
hydrochemical indicators (salinity, hardness,
alkalinity) leads to a wvariety of correlation
relationships between biotic and abiotic factors. A
certain dependence in the accumulation capacity
of fish on the type of food in the Zhaik-Caspian
basin in terms of lead accumulation is dominated
by predators, to a greater extent catfish - 33 %,
to a lesser extent pikeperch - 27 %. Lead in the
muscles of benthophages is contained in similar
concentrations, amounting to 20% [5,6].

On contamination of fish with salts of heavy metals and radionuclides in the reservoirs Derkul,
Solyanka, Embulatovka, Chizha, Barbastau hollow. Muratsay, Berezovka, Chagan, Bagyrlay, Ashysay,
Shyngyrlau, Shiderti, Kaldygayly on Aydyn Island and Livkino fish nursery.

P
P -

Figur_e 1 - Sampling Process for Laboratory Research
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Sampling was carried out at the facilities of
the domestic trade markets Ayazhan, El-Yrysy
and Mirlan in the city of Uralsk. Processing
of macrozoobenthos samples were carried out
according to the standard methodological manual
[6].

Toxicological and radiological studies were
conducted in accordance with GOST 17319-
2019 in the branch of RGP on PCV Republican
Veterinary Laboratory of West Kazakhstan region.
A total of 84 fish samples were examined, such as
crucian carp, perch, roach, bream, ide, rudd, silver

Results
Residual amounts of salts of heavy metals were

bream, podust, pike, tench, carp, zander.

Micronutrients (Lead and Cadmium) in fish
muscle were determined on an atomic absorption
spectrometer according to the methodological
guidelines [7].

Statistical processing of data to identify the
main trends and biotic parameters was carried out
using Excel and Statistica [8].

Maximum permissible levels (MPL) of
toxicants in fish were evaluated according to
current sanitary standards [9].

studied on fish samples from 15 West Kazakhstan

Region reservoirs. The results of the studies are given in Figures 2 and 3. Note: the number of fish is

given in parentheses.

Derkul river (3)
Solyanka river (7)

Em bulatovka river (4)
Chizha-1 river (2}

—— 0]
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Figure 2 - Content of toxic elements and radionuclides in fish from WKR reservoirs

It follows from Figure 2 that heavy metals lead
and cadmium in muscle samples of fish living in
the fish nursery of «Livkino» LLP contained 0.25
mg/kg and 0.245 mg/kg Hg, Cd, Cu and Zn are
considered the most dangerous in ecotoxicological
respect elements [ 13] Kaldygaity river - 0.148 mg/
kg and 0.04 mg/kg; Shyngyrlau river - 0.02 mg/
kg and 0.002 mg/kg; Bagyrlay river - 0.1 mg/kg
and 0.0375 mg/kg respectively. In invertebrate
animals, the TM ions can also come by dermal
absorption [12].

The content of caesium 137 and strontium
90 radionuclides in fish from the fish nursery of
«Livkino» LLP was within 2.015 (£14.0) Bqg/kg
and 1.88 (£14.85) Bq/kg; Kaldygaiti river - 4.61
(£8.31) Bg/kg and 10.62 (£29.11) Bqg/kg; Shiderti
river -1.33 (£5.9) Bq/kg and 2.6 (£11.83) Bq/kg;
Shyngyrlau river - 1.83 (£6.7) Bq/kg and 0.92

(£11.56) Bg/kg; Dv. Muratsay - 0.48 (+2.0) Bq/
kg and 4.03 (£18.42) Bq/kg; Barbastau river -
5.36 (£8.86) Bg/kg and 3.6 (+15.2) Bg/kg; Chizha
river - 2.02 (£15.2) Bq/kg; Shingirlau river - 1.83
(£6.7) Bg/kg and 0.92 (£11.56 Bg/kg). Chizha-1
- 2.02 (£9.57) Bg/kg and 1.71(x15.85) Bq/kg;
Embulatovka river - 6.37 (£15.6) Bq/kg and 1.95
(£35.8); Solyanka river - 1.9 (+6.42) Bq/kg and
2.7(£19.15) Bqg/kg; Derkul river 1.81 (£5.7) Bq/
kg and 4.65 (+17.61) Bq/kg, respectively [19,20].
Cesium 137 and strontium 90 were detected - only
in the inhabitants of Bagyrlay river (2,52 (£9,17)
Bg/kg) and Berezovka river (2,4 (+7,8) Bqg/kg).
Thus, in WKO average degree of contamination
of fish and fish products with residual amounts
of radionuclides does not exceed MAC (caesium
137 - 2,48 Bg/kg; strontium 90 - 3,08 Bq/kg). In
all sample’s heavy metals, namely arsenic and
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mercury, were not detected.

Lead belongs to hazard class I, its peculiarities
of'stay and migration in natural waters are explained
by the fact that it reacts relatively easily with water
impurities to form less soluble compounds. Its
concentration in water is low and does not exceed
10 pg/L aquatic plants can also retain lead well.
Lead accumulates insignificantly in organs and
tissues, so it is relatively harmless for humans in
this link of the trophic chain. According to many
Russian scientists, methylated lead compounds
in fish of unpolluted water bodies are relatively
rare. In regions with industrial emissions, the
accumulation of tetramethyl lead in fish tissues is
efficient and rapid, so acute and chronic exposure

0 g4

Dried vobla (3) |y &

"Mirlan"

Markat

to lead occurs at pollution levels of 0.1-0.5 ug/L.
Hydrobionts are capable of accumulating TM to
concentrations tens and even thousands of times
greater than their content in the environment
[14,15,16].

Cadmium is one of the toxic heavy metals; it
is less toxic to plants than mercury. It is dangerous
to living organisms because it can replace zinc in
enzymes with metals in their active centers, which
leads to drastic disruption of enzymatic processes.
This metal accumulates in the tissues of the internal
organs of aquatic plants and fish [17,18].

The acute cadmium toxicity limit for
freshwater fish ranges from 0.09 to 105 pg/L.
Note: The number of fish is given in parentheses.
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Figure 3 - Content of toxic elements and radionuclides in fish and fish products from retail outlets

The data of Fig. 3 indicate that the content of heavy metals and radionuclides in the examined
samples of fish and fish products does not exceed the MPC. Thus, according to GOST 32161-2013
"Food products. Method for Determination of Cesium Cs-137" and GOST 32163-2013 "Food products.
Method for Determination of Strontium Sr-90" cesium 137 and strontium 90 must not exceed 130.00

Bg/kg. and 100.00 Bg/kg, respectively.

Discussion

The monitoring of heavy metal contamination
is one of the main tasks in ensuring the safety of
food of animal origin. Heavy metals such as Pb,
Cd and Hg, and the radionuclides Sr and Cs are
toxic elements with the highest accumulation
factor, but whose presence in food is strongly
influenced by environmental conditions. Exposure
to metallic pollutants is particularly important in
the consumption of fish, whose integration into the
habitat and the biomagnification process may pose
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a health risk to the consumer. In the present study,
it was found that the limiting value set for Sr was in
the studied river Kaldagaiti (>10.62bq/kg) Derkul
(>4.65bg/kg) and Cs in water samples Barbastau
and Embulatovka (>6.37bqg/kg, >5.36bqg/kg). Cd
and Pb concentrations in all analysed samples were
within the permissible limits (0.148-0.2mg/kg) in
Bagirlay, Shyngirlau rivers, however, it should be
noted that in case of Cd and its compounds, the
quality standards depend on water hardness [19].
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However, it should be noted that the maximum
allowable concentrations (MAC) of Pb, Cd and Hg
were not exceeded in any of the rivers studied. The
Pb and Cd content in the water samples from these
surveyed lakes was in line with the results of the
survey, as shown by the review of available sources.
Analysis of bottom sediments showed a significant
quantitative differentiation of the investigated
metals between the individual water bodies and a
significantly higher content of metals in sediments
compared to concentrations in water. The results
of'this study are in agreement with observations by
other authors that heavy metal pollutants entering
surface waters are predominantly deposited in
bottom sediments. This mechanism is influenced
by the structure of the sediment, which, unlike the
water column, is stable and immobile, preventing
rapid resuspension and biochemical dissolution of
metal bonds back into the water column.

Assessment of the degree of contamination
of bottom sediments with heavy metals on
the basis of geochemical criteria according to
Boyakovskaya classification allows to refer
sediments to class I, which includes sediments
considered to be uncontaminated. It should be
noted that the content of all investigated metals in
bottom sediments of this lake did not exceed the
geochemical background determined for Pb, Cd
and Hg. showed that the content of heavy metals
in fish tissues largely depends on the balance

Conclusion

between absorption rate and elimination rate. And
it depends on environmental conditions and the
duration of life of fish. In young fish, characterized
by higher metabolic activity and food intake
rate, metal impurities can accumulate in tissues
and organs to a greater extent than in older fish.
Fish as a food product must comply with the
requirements established in the legislation On the
Technical Regulation of the Eurasian Economic
Union On the Safety of Fish and Fish Products
for Foodstuffs, i.e. the permissible content of
Pb, Cd and Hg. Comparison of Pb, Cd and Hg
content in the muscles of the studied fish species
with the content of these metals in the muscles of
different commercial fish species showed that the
content of the mentioned metals in the muscles of
the three studied fish species was low. Health risk
assessment associated with the content of Hg, Pb,
and radionuclides Sr and Cs in the muscles of the
three studied fish species sampled from the rivers
was conducted in the laboratory "Republican
Veterinary Laboratory" of the Committee for
Veterinary Control and Supervision of the Ministry
of Agriculture of the Republic of Kazakhstan and
the test report results give us the results of the
study. That in all investigated fish the investigated
heavy metals, i.e. Pb, Cd and radionuclides Sr,Cs
, did not pose a threat to the health of consumers
consuming such fish species [20].

Summarizing the data obtained, we can state that the content of heavy metals and radionuclides
in some specimens of fish and fish products WKR exceeds MPC (GOST 31903-2012), which is a
consequence of industrial waste entering the water bodies.

Fish tissues can accumulate toxic substances, since they are the main species of hydrobionts and act

as one of the last links in the food chain.

The contents of heavy metals (lead, cadmium, arsenic, and mercury) and radionuclides (cesium 137
and strontium 90) in fish and fish products consumed by WKR residents were within acceptable limits.

Information on finansing

The work was conducted within the research project under the program BR10764944: "Development
of methods of analytical control and monitoring of food safety" for the years 2021-2023.
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Tyiiin

Onyipic TeH OHJCY OHEepKICiOiHIH YIFalobIMeH, coHjpad-ak Kaszakcran PecryOmukachIHBIH
ayMarblHJa Naigansl Ka30aiapAblH OHAIpUTyIMEH eliMi3lliH KOpLIaraH OPTaChIHBIH, YKOJIOTHSCHIHBIH,
KaHyapyap AYHHECI MEH Cy peCypCTapbIHBIH JIaCTaHyblHA OKENIll COFaabl. AYbUI LIapyallbUIbIFbI
MEH MaJl IapyambUIbIFBIHAAFEl 0apiIblK OHIIPICTIK KyaTTap Cy pecypcTapblH KaxeT ereai. Fbuibimu-
3epTTey KYMBICTapbIHbIH 1eHOepinae bareic KazakcTan oONBICHIHBIH TpaHCIIEKApalbIK ©3CHACPACH
Oacray anathliH >koHe MyHaii-ra3 keH opHbl (KI1O) enaipisieTin cy aliAbIHIapBIHAAFB] ayBIp METaAap
MEH pPaJuOaKTHBTI 3aTTapIblH TY3AAapbIHBIH Kypambl OOMBIHIIA AMAarHOCTUKA >KYPTi3inai. 3eprrey
JKYMBICBIMBI3JIBI JKy3€Te achlpy YiIiH ayblp Metanaap (Pb, Cd) Ty3papbIHbIH xKoHE paAHOHYKIUATEPIiH
(S1-90, Cs-134) kypambIH 3epTXaHaIBIK TEKCEPy YIIiH 15 cy KoiiMackl MeH 3 11K caya 00ObeKTiIepiHeH
0aJbIK OHIMAEPIHIH ChlHAMaJapbl alblHABL. PagnoakTWBTI 3aTTap OalbIKTAapAblH CYHEKTepi MeH
OYJILIBIKETTEPiH/C KUHAJIBIN, KSHIHHEH aJaM ar3achlHa JKYTY apKbUIbl Tyceli. Alam JeHCayJbIFbIHA
KaFrbIMCBI3 9cep €Ty KayIli coyJjelieHy Jo3achblHa OaiianblcThl. Erep coyreneHy no3achl TOMEH 00I-
ca HeMece acep €Ty y3aK yakbIT Oolibl 0oJjica, agaM ar3achl 3aKbIMJAAIFaH >Kacyllanap MEH MOJEKY-
JanapAbl KajlblHa KeJNTIPETIHAIKTEH, Kayil aiaekaiaa a3 6onangsl. KopracklH MeH KaaMUi agaMHBIH
KYHKe KyHeciHe XKoHEe OHBIH IICUXMKAJIBIK JaMyblHa 3USHBIH THTi3€A1, 0J1 OYHPEeKTi 3aKbIMAaI, CYHEeK
aypysiHa okeneni. Kayinci3 eHiMaep XasblK JeHCAYJIBIFBIHBIH KEMili OONFaHbIKTaH, O0ajbIK MeH Majl
LIapyallbUIBIFBl OHIMIEPIHAC ayblp METaIAap MEH PaAUOHYKIUATEPIIH TY3AapbIHBIH MOJIICPiH YHEMI
0aKbUIay KaXeT.

KinT ce3aep: aybip MeTait Ty31aphl; paJioHYKIHATep; OanbiK eHiMaepi; cy Koimanapsl; BKO.

AHHOTAIUA

C yBenmueHHEeM MPOU3BOJICTBEHHBIX M IepepabaThIBAIOMINX MPOU3BOACTB, a TaKkKe A00bIYa IMO-
JIC3HBIX UCKONIAaeMBIX Ha TeppuTopuu PecyOnuku Kazaxcran mpuBOANT K 3arps3HEHHUIO OKPYIKaIOIIeH
Cpeabl DKOJIOTHH, )KUBOTHOTO MUPA U BOAHBIX PECYpPCOB Hallel cTpaHbl. Bo Bcex Mpon3BOACTBEHHBIX
MOIIHOCTSX B CEIbCKOM XO35HCTBE U KUBOTHOBOJCTBE HEOOXOAMMO BOJHBIE pecypchbl. B paMkax Ha-
YUHO-HMCCIIEJ0BATENLCKON padOThI MPOBEICHA AUATHOCTHKA IO COJCPKAHUIO COJICH TSKEIIBIX METAIIOB
U paJMOaKTHBHBIX BELIECTB B BojoeMax 3amanaHo-KazaxcraHckoi obnacTu, rae oHU OepyT Havdayo ¢
TPaHCTPaHUYHBIMU PEKaMH M BefeTcsi go0bua HedrerazoBoro mecropoxaeHus (KPO). st Bbimon-
HEHMS HAyYHO-HCCIIEA0BATEIbCKON paboThl ObUIM 0TOOPaHBI IPOOLI PHIO M PHIOHON NPOIYKIKHU U3 15
BOJIOEMOB U 3-X 00bEKTaX BHYTPEHHEH TOPTOBIH ISl 1a0OPaTOPHOTO UCCIICAOBAHUS Ha COJEpKAHUE
coseit Tsokenbix MetaiioB (Pb, Cd) u paguonyknunos (Sr-90, Cs-134). PagunoakTHBHBIE BellecTBa Ha-
KaIUTMBAIOTCSI B KOCTAX M MBIIILAX PBIO, W MOCIENI0BATEIBHO MOMAJal0T B OPraHU3M YeJOBeKa NpHU
ynoTtpebiaeHny B nuily. Puck pa3BuTHs HeOIaronpusaTHBIX MOCIEACTBUI AJIS 310pOBbS YEIOBEKA 3a-
BHCHT OT J103bI oOuryuenus. Eciin 1o3a 00mydeHunst HU3Kasi WiK € 00Jy4YeHne HMEET MECTO B TEUCHUE
JUINTEIILHOTO NIEPHOJIa BPEMEHH, PUCK 3HAYUTEIILHO HIKE, TOCKOJIbKY OPraHU3M YeJIOBeKa BOCCTAHAB-
JIMBAET MMOBPEKJICHHBIC KIICTKU U MOJIEKYJIbl. CBHHEL M KaJIMUM HAHOCHUT BpeJ HEPBHON CUCTEME Yello-
BEKa 1 €ro yMCTBEHHOMY Pa3BUTHIO MOXKET BbI3BaTh HapylleHHE paOOThI OYEK U IPUBECTH K OOJIC3HAM
koctel. HeoOXouM NmOCTOSIHHBIN KOHTPOJIb HaJl COACPKAHUSAM COJICH TSDKEJIBIX METaJUIOB U Pajno-
HYKJIUJIOB B IIPOAYKIHMH PbIOOBOACTBA, TaK Kak Oe3omacHas MpOLyKIHs 3aJI0T 30POBbs HACEICHHS.

KiroueBble ca0Ba: COJMM TSHKEIBIX METAUIOB; PaJMOHYKIUABI, PHIOHAS MPOIYKIHS; BOJIOECMBI;
3KO.
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Abstract

The frequent spread of intestinal worms among carnivorous animals is found in a number of diseases
that are dangerous to the human body. Intestinal worming infection rates are high among stray cats and
dogs as well as domesticated animals.

In the research work, studies were conducted to differentiate intestinal worming in cats brought in
from micro-districts of Uralsk, West Kazakhstan region. The results of the studies determined the extent
of intestinal worming among cats, their species composition, seasonal dynamics of infections and the
level of the age of the disease.

The city of Uralsk revealed a widespread of cat helminth infections. (IE-36.1%). By intestinal
helminth infestation, the primary foxocariasis Toxocara mystax) is 19,7%, and by spread foxocariasis
(Toxascaris leonina) is 12,4%.

The degree of the extensiveness of infestation, depending on the time of the year, was determined; it
was found that in summer and autumn, the infestation reaches a high degree of extensiveness.

It was found that intestinal worm infestation in cats is associated with age. Toxocariasis is more
common in 6-month-old cats. And with age, the incidence of this worming disease decreases significantly.
In cats over five years old, this worming disease is sporadic.

Key words: the prevalence of invasive disease; cats; animal helminths; carnivores; helminthiasis;
infestation; toxocariasis.

Basic position and introduction

It is known that endoparasites of domestic infections, are dangerous and widespread, and
animals are widespread throughout the world. In  some of their species are not well studied [1].
our country, they are also ubiquitous. The only Diseases caused by helminth infections
reason for the spread of infestation is considered become very serious and dangerous; they occur in
to be the constant uncontrolled growth of dogs and marginal animals and adult animals.
cats. Every 2nd, cat daily excretes several hundred

These circumstances indicate that it is to several thousand helminth eggs into the
necessary to pay attention to causing significant environment, many of which enter the premises
damage to animals and preventing people from together with clothes and shoes. Therefore,

contracting infectious diseases. helminth infections are widespread even in animals
Today, cats exist in every family and are more that have not left the house [2-6].
closely related to humans than dogs. Endoparasites Studying the species composition of

found in cats, including intestinal helminth feline helminths, the spread of helminths, the
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extensiveness of infestations, and age and
seasonal dynamics is necessary for checking
the epizootiology of helminthiases of domestic
animals (carnivores) and the epidemiology of
parasitic diseases.

This will be the reason for correctly and
effectively applying preventive and therapeutic
measures against infestation. Therefore, studying
the features of the spread of diseases spread by
helminth infections common among cats and the
organization of efforts to combat them is an urgent
current problem [7-12].

Regarding roundworm infections, Toxocara
canis is the most common ascariasis in dogs. It is
highly pathogenic, and the consequences of the
infection often have the character of complications.
During larval migration, various tissues (liver,
lung, heart, kidney) may show granulomatous
lesions. The pulmonary phase can be fatal in
puppies if the dog is heavily infected before birth,
and death occurs within a week after birth. This is
the most serious impact of Tochosaga infection.
After the worms have progressed to the adult stage
in the small intestine, the most important clinical

Materials and methods

Following the purpose of the research work,
it was found to study the characteristics of the
spread of the main intestinal helminthiasis of cats
in the West Kazakhstan region, the city of Urals,
and to organize their prevention and treatment.
Cats infected with random helminths, caught
from various small areas in the city of Ural, West
Kazakhstan region, were taken as the object of the
study. The blood and excrement of cats in which
helminths were detected were included as research
materials.

The research work was carried out in the period
of 2020-2022 at the "Zhardem-Vet" educational-
scientific production centre of West Kazakhstan
Agricultural and Technical University, named
after Zhangir Khan. During the research, 310
faeces and 80 blood samples from cats of different
breeds, sexes and ages were studied. Two hundred

Results

symptoms are abdominal bloating characterized
by mild diarrhoea. Adult worms often escape
and become infected by faeces or vomit. Other
roundworms do not migrate Toxascaris leonina
in dogs and, less frequently, in cats, so the

pathological significance is not particularly
pronounced [13-16].
Two species, Taenia taeniacformis and

Dipylidium caninum are common in cats.

In many cases, clinical signs go undetected.
The infection will be associated with diarrhoea
and stunted development, but gastrointestinal
parasitism of roundworms can often be significant.
Humans can accidentally become infected with
Ancylostoma caninum zoonosis, Ancylostoma
braziliense and Uncinaria stenocephala, which
can cause self-limiting dermatological lesions in
the form of migrating skin larvae. In addition,
Ancylostoma ceylanicum, which usually causes
ankylostomas in cats, also affects humans [17].

An analysis of studies by scientists has shown
that roundworms in dogs and cats rank first in
the frequency of occurrence compared to other
intestinal helminth infections [18-20].

fifty-six cats of other species, sexes and ages,
randomly infected with intestinal helminths,
caught at different times from different districts of
the city of Urals, were studied.

For the study, freshly separated stool samples
were taken from domestic animals; during the
collection of stool samples, anamnesis data were
collected, as well as gender, age, type and time of
the study were determined.

The Fiilleborn flotation method was used
in order to determine the presence of eggs of
Toxocara mystax, Toxascaris leonina, Uncinaria
stenocephala, and Dipilidium caninum in
coprological research.

The eggs of the helminths mentioned above
were counted using the Tracha method in the
VIGIS counting chamber.

The results of the distribution of the main intestinal worms of cats in the West Kazakhstan region,

Ural city, gave the following data (Fig.1).
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Figure 1 - Distribution of main intestinal worms of cats in the city of Ural, West Kazakhstan region

As a result of the analysis of the conducted
studies, the average extensiveness of infestation in
helminthiasis of cats was found to be 36.1%, while
the high prevalence of intestinal helminths was
19.7% caused by Toxocara mystax. Toxasquirosis
(the causative agent of Toxascaris leonina) took
2nd place in terms of the majority - 12.4%.
After that, uncinariasis (the causative agent of
Ucinaria stenocephala) was 1.8%, and dipilidios

is  (the causative agent of Dipilidium caninum)
was 1%.

There were also cases of mixed infestation of
Toxocara mystax and Uncinaria stenocephala -
1.3% (Fig 1).

The seasonal dynamics of infection of cats
with the main types of helminths were as follows.

As a result of the study throughout the year,
the degree of cat infestation was different (Fig 2).
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Figure 2 - Seasonal dynamics of infection of cats with the main types of helminths

The dependence of the extent of infestation
on the season was determined, and the size of
infestation was 50.5% and 43.9% in summer and
autumn and reached a high level, while the extent
of infestation decreased to 23.5% in winter.

In the spring months, it is observed that the
degree of infection of cats with helminths increases
to a small extent.

The upper limit of infection of cats with
toxocariasis helminths is 23.8% in summer and
20.4% in autumn. And it was found that the extent
of invasion is significantly lower. If it is 15.7% in
winter, it rises to 18.9% in spring.

The lowest infection rate of toxocariasis in
cats was observed in the winter months - 8.8%.
And if the spread of infestation increased to 10.5%
throughout the year, it reached the upper limit -
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15.8% in the summer months and 14.3% in the
autumn.

Infection with uncinariasis in cats was 3.9% in
summer, while the extent of infestation decreased
by 2% in autumn.

Uncinariosis was not registered in winter, and
the rate of infection in spring was 1%.

In cats, the rate of infection with dipilidiosis
was 1.9% in summer, 1% in autumn, and 0.9% in
winter.

Mixed infestation with toxocariasis and
uncinariasis was recorded at 2.9% in summer and
2% in autumn.

Seasonal dynamics of infection rate in cats are
clearly natural.

It is believed that the condition of a great
extent of invasion in summer and autumn is due
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to the appearance of helminth eggs and favourable
environmental conditions for the infection of cats.
The dynamics of infection in cats by age
provided the following data (Table 1).
Age characteristics of animals have a
significant effect on the degree of infection with

Table 1 - Infectivity of animals by age

intestinal worms.

According to these data, the animals in the
study were divided into age groups: 1 - 6 months,
7 - 12 months, 1 - 3 years, 3 - 5 years and over five
years.

Age characteristic Number of examined Number of infected *1E %
animals animals

1-6 months 76 35 46,0
7-12 months 50 22 44,0
1-3 years 47 16 34,0
3-5 years 41 11 26,8
5 years and older 42 8 19,0
Everything 256 92 35,9

*extent of infestation

35 out of 76 head mares were infected between
1 and 6 months of age (IE - 46.0%)

And 50 cats between the ages of 7-12 months
were examined, and 22 (IE - 44.0%) of them were
infected.

In the course of the study, 16 animals out of
47 were infected between 1 and 3 years of age,
accounting for 34.0%.

Out of 41 examined animals aged 3-5 years,
the number of infected animals was 11 (26.8% IE).

And 42 animals over five years of age were
examined, and the number of infected ones was 8
(IE - 19.0%).

Based on the results of the research, it was
determined that the infection of cats with intestinal
worms depends on their age. Some types of
intestinal worms affect the generation of animals.
For example, toxocariasis is common in 6-month-
old cats. And due to the increase in age, infection
with this worm disease decreases significantly;
this worm disease occurs very rarely in cats over

Discussion

In the city of Uralsk, a wide spread of
helminthiasis, the most common in cats, was
revealed, with the calculation of their invasive
extensiveness, the percentage structure of which
is reflected in our scientific study of IE —36.1% of
helminths occurring in cats.

The degrees of helminth infection in cats
imported to different micro districts in the West
Kazakhstan region, Uralsk, were revealed.
Including in the village of Zashagan, the Central
market "Mirlan", and the Meat-processing areas,
helminths had a high degree of IE.
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five years old.

There is a definite relationship between the age
of the cat and its susceptibility to foxocariasis -
up to 6 months of age, it is rarely registered, and
as the age of the cat increases, an increase in an
infestation is observed.

Infection of uncinariasis and dipylidiasis was
recorded in animals aged one year, and the mixed
infestation was recorded only in young cats under
3 years of age.

There is no significant difference in the degree
of contamination of cats with intestinal worms in
different districts of the Western Urals city.

A slightly higher degree of infection was
observed in the village of Zachagan; the extent
of infestation was 42%. After that, the central
market is in "Mirlan" district (IE - 37.8%),
"Myasokombinat" (IE - 35.3%), Selektsionny (IE
- 34.4%), 6th sub-district (IE - 32.8 %) and in the
territory of Orda and Gagarin streets (IE - 31.5%).

Accordingly, regarding the prevalence of
helminthiasis, Toxocara mystax ranks first,
accounting for 19.7%, and the causative agent
Toxascaris leonina ranks second, accounting for
12.4%. And Uncinaria stenocephala — 1.8% - and
Dipilidium caninum-1%. It was also found that
they occur in mixed invasions: Toxocara mystax
and Uncinaria stenocephala — 1.3%.

Also, the seasonal dynamics of infection of
cats with helminths have been relatively calculated
for the city of Uralsk. While the percentage of
summer and autumn seasonal invasion increases,
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this indicator decreases in the winter and spring
seasons.
Depending on the age, percentage degrees of

Conclusion

Ithas been established that helminthiasis of cats
is widespread in the city of Uralsk. (IE - 36.1%).
Toxocarosis (the causative agent of Toxocara
mystax) is in first place in terms of infection with
intestinal worms - 19.7%. Toxascariosis (the
causative agent of which is Toxascaris leonina)
is in the 2nd place in terms of distribution -
12.4%. Accordingly, uncinariasis (causing agent
Uncinaria stenocephala) — 1.8% and dipilidiosis
(causing agent Dipilidium caninum — 1%) are
found in the following places. At the same time,
a mixed infestation of Toxocara mystax and
Uncinaria stenocephala was detected - 1.3%.

It was found that there is no significant
difference in the degree of contamination of cats
caught for intestinal worms in different areas of the
city. According to the degree of contamination, the
extent of infestation in the territory of Zachagan

invasion expansion was detected in cats aged 1-6
months to 3-5 years.

district is 42%. Central Market «Mirlany» (IE -
37.8%), «Myasokombinaty district (IE - 35.3%),
«Selektsionny» district (IE - 34.4%), in the 6th sub-
district (IE - 32.8%) and Orda and was registered
in the territory of Gagarin street (IE - 31.5%).

It has been determined that the seasonal
dynamics of infection in cats depending on the
time of year. In summer and autumn, the amount
of infestation increased by 43.9-50.5%, and in
winter-spring, it significantly decreased by 23.5-
26.3%.

It was found that the high degree of
contamination is more common in 1-6-month-old
cows, making up 46.0%. And in cats from 7 to 12
months, the extent of the infestation is 44.0%; from
1 to 3 years - 34.0%; from 3 to 5 years - 26.8%. In
cats older than five years, the infection rate was
19.0%.
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AHHOTALUA

UYacroe pacnpocTpaHeHHE KHIIEYHBIX TEIbMUHTOB CPEIU TUIOTOSTHBIX )KHBOTHBIX OOHAPYKHBAET-
csl B psaxy 3a00JIeBaHUM, MIPEJICTABISIONINX OMACHOCTh JUIsl OpraHu3Ma uenoBeka. Cpenu 0e310MHBIX
CO6aK 1 KOLICK, a TAKXKXC NJOMAUIHUX JKUBOTHBIX, COACPIKAIIUXCS B IOMAIIHUX YCJIOBHUAX, ITOKA3aTCIN
3apaKCHU KUIICYHBIMHA I'€JIbMUHTAMU IMOKAa3bIBAIOT BBICOKME PE3YJIbTATHI.

B may4Hoit paboTe ObLTH MPOBEACHBI UCCIACAOBAHUS C TEIbI0 MU PepeHInany KUIIICYHBIX Teihb-
MUHTOB y KOIIIEK, 3aBE€3€HHBIX M3 MUKPOPAHOHOB ropona Ypanbcka 3ananHo-Kasaxcrancko odmacrw,
B pe3yJbTaTax MCCIEIOBAHUN OIpe/eieHa CTEeIIeHb PACIPOCTPAHEHUS KUIIIEUHBIX TeIIbBMUHTOB CPETU
KOIIIeK M UX BHJIOBOW COCTaB, CE30HHAs JIMHAMUKA 3apayKCHHUI U YPOBEHb BO3PACTHOTO 3apajkeHUSI.

[To ropony YpanbCk BBISBICHO IIMPOKOE PaclpoCTpaHEHUE IeIbMUHTO30B Korrek. (M9-36,1%).
ITo 3apa’keHHMIO KUIICYHBIMU TeILMHUHTAMHU TIEPBUYHBIN TOKCOKapo3 (BO30ymuTens 1Toxocara mystax)
cocrasiser 19,7%, a mo pacmpocTpaHeHHIO TOKcackapros (Bo30yautens Toxascaris leonina) — 12,4%.

Omnpenenena cTerneHb YKCTEHCHBHOCTH WHBA3WW B 3aBHCHMOCTH OT BPEMEHH T'0J1a, YCTAHOBJICHO,
YTO B JICTHEE W OCCHHEE BPEMsI MHBA3MUs JJOCTHTAET BRICOKOW CTETIEHU 3KCTEHCHBHOCTH.

Bru10 00HApYKEHO, UTO 3apaskeHUE KOIICK KUIIEYHBIMH IJIMCTAMU CBS3aHO ¢ Bo3pacToM. Tokcoka-
PO3 Haile BcTpeyaeTcsi y 6-MecsiYHbIX KOIIIEK. A ¢ BO3pacToM 3a00J1eBaeMOCTh JaHHBIM T€IIbMUHTHBIM
3a00JIeBaHUEeM 3HAYUTEIBHO CHUKAETCS, Y KOIIEK CTapiie 5 JeT 3To 3a00JieBaHNe BCTPEYaeTcs O4eHb
penKo.

KuaroueBrble cjioBa: pacpoCcTpaHEHHOCTh HHBA3UBHBIX 3200JI€BaHUN; KOIIKH; TEIbMUHTHI KHBOT-
HBIX; TUTOTOSTHBIC )KUBOTHBIC; IeJIBMUHTO3; HHBA3Hs; TOKCOKApPO3.

Tyiiin

ETropexTi kaHyapiap apachlHa iIeK KYPTTAPBIHBIH KU1 Tapalybl aaM ar3achl YIIiH Kayil TyIbl-
paTbIH aypyJsap KaTapblHaH TaOblIyAa. Meci3 KajraH UT-MBICBIKTap, COHBIMEH KaTap Yi araaidblHAa
yCTajaTelH Y KaHyapyiapbl apachlHAa Ja IMIeK KYPTTapbIMEH 3aJlalJaHy KepPCEeTKIIUTepi >KOraphl
HOTH)KEHI KepceTy/ie.
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3eprrey xymbichiHaa bareic Kazakcran oOusbickl, Opasl KalachlHBIH LIaFbIH ayJaHAApbIHAH ay-
JIaHBIN OKEJIHIeH MBICBIKTapAbl IMIeK KYpPT aypynapbiH anddepeHIuanusiiay MakcaTblHAa 3epTTey-
Jiep KYPri3ifiim, 3epTTey HOTHXKeNepiH/Ae MBICHIKTap apachlHAa ilIeK KYPTTAPbIHBIH Tapaly Jdpexeci,
OJIApABIH TYPIIK Kypambl, 3apapiaHyIblH MayChIM/IbIK TUHAMUKACHI XKOHE Kac epeKIleNiKTepine Oan-
JAHBICTHI 3aJAJIIaHy IEHT el alflKbIHIaI b

Opan Kanackl OONBIHIIA MBICBIKTAPbIH I€JIBMUHTO3/1aPbl KEHIHEH TapajFaHbl aHBIKTAJIBII OTHIP.
(12 —36,1%). Imex kypTTap™MeH 3apapiiaHybl OOMbIHIIA OACTAIIKbI KE3€KTE TOKCOKAPO3 (KO3IBIPFBILIBI
Toxocara mystax) — 19,7%-1p1 Kypaca, an Tapaiybl O0HbIHIIA TOKCACKapH03 (KO3ABIPFBILIBI Toxascaris
leonina) — 12,4% xepceTin OTHIp.

MHBa3USHBIN SKCTEHCHUBTUTITIHIH KBEUI ME3TiaiHe OalIaHBICTEUIBIFGI alKBIHIAIBII, KA3FhI JKOHE
KY3T1 YaKbITTapAa WHBA3HS SKCTEHCUBTUIIT] JKOFApPbI IOpEKeTe ACHiH KEeTEeTIHAITT aHBIKTaJIbI.

MBICBIKTapbIH iIEK KYPTTApbIMEH 3apapiiaHybl XKacblHA OaiaHbICTBl €KEeHI aHBIKTaJIbl. TOKCO-
Kapo3 6 alJIbIK MBICBIKTApa XMl Ke3aeceai. AJl KaChIHbIH YIFaloblHAa OaMIaHBICTBI aTallFaH KYpT ay-
pPYBIMEH 3apapiaHy alTapJIbIKTail TOMEHACHI1, 5 acTaH XKOFapbl MBICBIKTapAa OyJl KYpT aypybl eTe
CHpEK JKaFJaiia Ke31ecim OThIp.

KiaT ce3nep: MHBa3WsIBIK aypyJapblH Tapaybl; MBICBIKTAp; YKaHyapiapJblH TeJIbMUHTTEPI; €T
KOPEKTLIep; reJIbMUHTO3; HHBA3Msl; TOKCOKapO3.
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Abstract

This article presents the results of studies on helminthological diseases of carp species living in the
rivers Nura, Tengiz, Birtaban, Shalkar, Uyaly, Sholak, Alkasor of the Korgalzhyn region. 226 studied
fish samples were subjected to comparative monitoring using helminthological methods.

When examining the fish of the reservoirs of the Korgalzhyn district of the Akmola region, 41.1%
of the fish were found unfit for organoleptic indicators.

As aresult of laboratory studies, fish samples taken from the Sholak, Alkasor and Uyaly rivers were
recognized as unsuitable, while the indicators of the studied fish from the Nura river and lakes Shalkar,

Tengiz, Birtaban were within the normal range.

According to the study, 6.4% of diplostomiasis in Lake Shalkar and 28.6% of opisthorchiasis in
Lake Alkasor are affected by helminthiases. 16.6% postdiplostomiasis in the lakes Shalkar and Birtaban,
10.5% opisthorchiasis in the Nura River. In Lake Sholak, ligulase was 9.1%.

Key words: Fresh water fish; monitoring; opisthorchosis; helminths; epidemiological situation;

zoonosis; Korgalzhyn district.

Basic position and Introduction

Fish meat can be a reservoir of many
invasive diseases that threaten humans, such as
diphyllobotryosis, opisthorchosis, clonorchosis,
and metagonimia. Liverworms of the family
Opisthorchiidae are considered causative agents of
serious diseases all over the world. Opisthorchids
Opisthorchis felineus, O. viverrini, Clonorchis
sinensis, and Metorchis bilis infect the liver of
mammals, including humans [1]. Therefore, great
attention is paid to the quality of the fish, as well
as compliance with regulatory legal documents.
Trematodes carried by fish are an important cause
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of diseases in Kazakhstan. The number of cases
of opisthorchiasis (infection with parasites of the
opisthorchiidae family) in humans reached 2521
reported cases (17 cases per 100,000 population)
in 2002 and gradually decreased to 1225 cases in
2011 (7.4 cases per 100,000 population) [2].
Opisthorchiasis is a dangerous parasitic disease
of humans and fish-eating mammals, caused by the
trematode Opisthorchis felineus (Plathelminthes,
Trematoda), also known as the feline or liver
worm. Infection with this parasite occurs
when eating fish infected with parasites of the
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Cyprinidae family (order Cyprinidae). Therefore,
when eating slightly salted or undercooked (fried
or boiled) fish, the risk of human infection with
this pathogenic parasite is very high [3].

The  fight  against  zooanthroponotic
helminthiases, which are widespread in the
Republic of Kazakhstan, is one of the state tasks in
the field of health and veterinary medicine. On the
territory of Kazakhstan, there are natural foci of
many dangerous parasitic diseases, which requires
the veterinary service to take effective measures to
combat, and prevent the spread of these diseases to
other regions of Kazakhstan [4].

Since parasites show great potential for
adapting to environmental changes, it is important
to understand that one approach to detecting
parasites is not enough. With the development
of aquaculture, the amount of fish consumed for
human nutrition increases, and therefore the risk of
human infection with invasive diseases, especially
opisthorchiasis, ligulosis, diphyllobothriasis, etc.,
increases [5].

In addition, it is known that fish in the early
stages of development are most sensitive to the
effects of toxic environmental factors, and prone
to mass death from infections and invasions when

Material and methods

Fish sampling was carried out on the rivers
Nura, Teniz, Birtaban, Shalkar, Uyaly, Sholak,
and Alkasor of the Korgalzhyn region. A total
of 226 specimens of fish were examined for
helminthological diseases (carp, perch, silver carp,
pike perch, carp, pike, and tortas).

The research work was carried out in the in
May-July NGO "Fishery", in the city of Nur-Sultan,
the Kazakh Agricultural Technical University
named after Saken Seifullin, the Faculty of
Veterinary Medicine and Livestock Technology,
the Department of Hunting and Fisheries and
the laboratory of the Department "Veterinary
Sanitation" and the "National Reference Center
veterinary medicine" in Nur-Sultan.

The study of diseases such as ligulosis and
opisthorchiasis was carried out by cutting and
dissecting the obtained material, in which the
presence of tongues and other helminths in the
abdominal cavity of fish was studied, studied by
placing them in compression glass [12].
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exposed to pollutants [6, 7].

Infection of fish with helminths is typical
in spring and summer. Usually, the disease is
registered among fry and juvenile fish in spawning
ponds. Adult fish are less intensively infected [8].

Nematode parasites of the family Anisakidae
infect late hosts, piscivorous birds and mammals,
through secondary intermediate hosts such as first
intermediate hosts, copepods and fish. However,
in people who consume raw or undercooked
fish, it can lead to a nematode infection called
anisakidosis [9].

The most common are trematodes, cestodosis,
and nematodes caused by various parasitic worms.
These parasites are found in fish in natural water
bodies, as well as in ponds and spawning grounds.
The most common microorganisms in fish and fish
products [10].

The most dangerous helminthiasis among
trematodes is opisthorchiasis. Opisthorchiasis is
a biogelmintic caused by Opisthorchis felineus, a
trematode belonging to the Opisthorchidae family.
Infection of humans, cats, dogs, foxes, Arctic
foxes, pigs occurs when eating fish of the carp
family infected with opisthorchiasis larvae [11].

The following laboratory research methods
were used:

- to detect eggs of nematodes and cestodes -
using the Fulleborn method [13], the Kotelnikov-
Khrenov method [14], and other flotation methods
in various modifications;

- detection of trematode eggs - by sedimentation
with sequential washing.

To quantify the degree of damage to fish by
parasites, we used such indicators as the intensity
and extensiveness of infection, as well as the index
of abundance of parasites.

Laboratory research: Bacterioscopy.
Determination of the concentration of hydrogen
ions (pH) . Qualitative reaction to hydrogen sulfide.
Determination of the content of aminoammonium
nitrogen. Reaction with copper sulfate in broth,
reaction with peroxidase. Reaction to gaseous
ammonia (according to Eber) . Determination of
ammonia with Nessler's reagent[15].
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Results
Table 1 - Organoleptic indicators of fish
Reservoir Indicators
Mucus Scales Eye Mouth Gills Consistency
River Nura Abundant, Smooth, Convex, Closed The color Tight; fish does not
n=34 transparent, | shiny, hard clean, is bright | bend; meat is difficult to
odorless to get transparent red, the separate from bones
cornea mucus is
viscous and
transparent
Lake Teniz | Transparent, | Shiny, hard | Protrudin, Closed Bright The fish bends slightly,
n=21 odorless to extract clean red, clear | the meat barely separates
mucus from the bones
Lake Fluffy, natural Shiny, Protrudin, Semi - Bright Meat is difficult to
Birtaban fishy smell snugly transparent open red, cream separate from bones
n=36 fitting to transparent
the body
Lake Abundant, Smooth, Convex, Closed The color Elastic, the fish bends
Shalkar transparent, | shiny, hard clean, is bright | slightly, the meat barely
n=42 odorless to get transparent red, the | separates from the bones
cornea mucus is
viscous and
transparent
River Cloudy, gray | Easily torn Down, Half - open | Bright red, | The fish bends slightly,
Uyaly color transparent creamy, | the meat barely separates
n=32 cloudy from the bones
Lake Transparent, | Shiny, hard | Convex, Closed The color Tight; fish does not
Alkasor odorless to extract clean is bright | bend; meat is difficult to
n=7 red, the separate from bones
mucus is
transparent
Lake Slightly Shiny, Clean, Half - open | The color Elastic, the fish bends
Sholak | cloudy, natural | stretches slightly is dark red, | slightly, the meat barely
n=54 fishy smell easily lowered, the mucus | separates from the bones
transparent is viscous,
cornea indistinct

As can be seen from Table 1, the indicators of fish taken from the rivers Nura and Shalkar, Teniz
and Birtaban lakes were fresh. Mechanically intact, gills are red, eyes are transparent, intact, and the
smell is characteristic of live fish. The scales are shiny, close to the skin, the skin is spotless and close
to the muscles. The fins are rigid, the abdominal cavity is not swollen, and the internal organs are easily
separated.

The organoleptic characteristics of fish from the Sholak and Alkasor lakes and the Uyaly river were
questionable. Fish from Lake Shortan had cloudy mucus, scales were easily removed. The gills were
dark red in color, the mucus was viscous and cloudy, and the gill covers were not tightly closed.

Table 2 - Physical and chemical indicators of fish

Reservoir Indicators
Bacterioscopy pH Eber Hydrogen Peroxidase
ammonia sulfide reaction
reaction reaction
River Nura | The smear is poorly 6,8+0,02 negative negative Filtered blue is
n=34 colored, absent in deep colored green
layers, on the surface of up
to 10 microbial bodies
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Lake Teniz | There are no microbial 6,6+0,05 negative negative Filtered blue is
n=21 bodies in the deep layers, colored green
up to 15 in the surface
Lake There are no deep layers, 6,6+0,08 negative negative Filtered blue is
Birtaban and up to 12 microbial colored green
n=36 bodies in the surface
Lake Shalkar | The smear is poorly 6,7+0,04 negative negative Filtered blue is
n=42 colored, absent in deep colored green
layers, on the surface of up
to 10 microbial bodies
River Uyaly | Up to 20 m/d in deep layers, | 6,8+0,04 Weak positive The filter
n=32 up to 35 microbial bodies in positive remained
the surface layer unchanged;
the reaction is
negative
Lake Alkasor | Up to 25 m/d in deep layers, | 6,9+0,09 Weak positive The filter
n=7 up to 40 microbial bodies in positive remained
the surface layer unchanged;
the reaction is
negative
Lake The smear is well colored, | 7,1+0,05 Weak positive The filter
Sholak in deep layers up to 9 positive remained
n=54 microbial bodies, on the unchanged;
surface up to 20 microbial the reaction is
bodies negative

As can be seen from Table 2, biochemical
parameters of fish examined from Nura river and
Shalkar, Teniz and Birtaban lakes were within the
normal range. Thus, smears were poorly stained,
no microbial bodies were found in deep layers,
up to 15 microbial bodies in surface layers, pH
was normal, peroxidase reaction was positive,
ammonia and hydrogen sulfide were negative.

At bacterioscopy of smears from marks in

samples of fish from lakes Sholak, Alkasor and
river Uyaly smears were well stained, up to 25
microbial bodies in deep layers, up to 40 microbial
bodies in surface layers, pH index was doubtful,
reaction on peroxidase was negative, filtered
blue-green color was not stained. The reaction of
ammonia was weakly positive-forming a quickly
disappearing cloud, in hydrogen sulfide-positive, a
small brown spot appeared on the paper (Table 2).

Table 3 - Infection of fish with helminthiases in reservoirs of the Korgalzhyn region

Reservoir Type of fish Number of fish Type of parasite | Extensi | Intensity,
Researched | Invasive veness, k3.
%
Carp (Carassius) 7 Not - - -
Nura River detected
Walleye (Sander 8 Not - - -
lucioperca) detected
Taban (Abramis brama) 19 2 Metacercariae 10,5 1-2
of the family
Opistorchidae
Torta (Rutilus rutilus) 10 Not - - -
Sea Lake detected
Pike (Esox lucius) 11 Not - - -
detected
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Silver carp (Carassius 6 Not - - -
Birtaban gibelio) detected
Lake Pike perch (Sander 24 4 Posthodiplostomum | 16,6 1-2
lucioperca) cuticola
Perch (Percafluviatilis) 6 Not - - -
detected
Torta (Rutilus rutilus) 5 Not - - -
Lake detected
Shalkar | perch (Percaflu viatilis) 31 2 Diplostomum 6,4 1-2
spathaceum
Pike (Esox lucius) 6 Not -
detected
Uyaly river Carassius gibelio 32 4 Posthodiplostomum 12,5 1-2
(Carassius gibelio) cuticola
Lake Torta (Rutilus rutilus) 7 2 Metacercariae 28,6 1-2
Alkasor of the family
Opistorchidae
Perch (Percafluviatilis) 7 Not -
detected
Lake Carassius gibelio 16 2 Posthodiplostomum | 12,5 1-2
Sholak (Carassius gibelio) cuticola
Pike (Esox lucius) 9 Not -
detected
Cyprinus 22 2 Ligutidae 9,1 1-2

Fish in Shalkar Lake and Sholak Lake are
infected with helminths, and the extensiveness
of Posthodiplostomum cuticola is 12.5, and the
intensity is 1-2. Single eggs of Posthodiplostomum
cuticola with the extensiveness of 12.5, intensity
1-2 (figure—1). The mechanism of transmission
and life cycle of the helminth Posthodiplostomum

cuticola is not fully understood. Helminth eggs
must mature in freshwater before they are ingested
by fish, and the eggs have been shown to be
larval-free, in which case the fish can become
an accidental intermediate host without further
infection of the definitive hosts (fish-eating birds).

Figure 1 - Fish infected with Posthodiplostomum cuticola

When studying perch in Lake Shalkar, cercariae
diplostomum cercariae were found in the eye with
an extensiveness of 8.3% and an intensity of 28-
32 points. 10.5% are infected with metacercariae
of trematodes of the family Opistorchidae of the
flounder of the Nura River with an infection rate of
1-2 specimens. Diplostomes are common diseases
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of pond fish in Kazakhstan. Most natural reservoirs
are main centers of diplostomic invasion. The main
carriers of pathogens of diplostomiasis are fish-
eating birds (gulls, terns, mergansers), bringing an
invasive source into fishery ponds. In our studies,
the percentage of infection was negligible, 8.3%,
but the intensity of invasion was high.
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According to the research  results,
metacercariae of trematodes of the diplostomum
family were more common in the eyes of fish,
Posthodiplostomum cuticola in the skin and
subcutaneous tissue, and plerocercariae of the
Ligutidae family — in the abdominal cavity.

In order to study compliance with safety
requirements for human health in terms of
parasitism, the selection and volume of fish are
carried out in accordance with the following

Discussions

Organoleptic indicators of all fish samples
studied were at a normal level. During the study of
samples, invasive diseases were identified in fish
of lakes of Korgalzhyn district, i.e. opisthorchiasis
and diphyllobotriosis.

It is known that these types of invasive diseases
are dangerous for the human body. Therefore, fish
caught in these lakes will definitely cause diseases
in humans if they enter the human body without
passing a veterinary sanitary examination. Given
the fact that in some cases the population catches
fish directly from these lakes and uses carp as food,
the fish of these lakes is unambiguously dangerous
to the health of the population. It turned out that
fish affected by invasive diseases have low sensory
and biochemical indicators.

Conclusion

Microscopic examination of surface smears
revealed only cocci and bacilli; no microbes were
found in the deeper layers of the smears. The pH
of all samples was constant from 6.61 + 0.001 to
6.78 + 0.001. When peroxidase was detected, the
gill filtrate turned blue-green and brown, which
indicates the good quality of the studied samples.
When determining ammonia with Nessler's
reagent, the extracts obtained from the samples

requirements:

» Guidelines 3.2.1756-03 “Prevention of
parasitic diseases. Epidemiological control of
parasitic diseases”.

» State standard 7631-2008 “Fish, fish
products and products from them. Method for
determining organoleptic and physical indicators.

» State standard 31339-2006 “Fish, fish
products and products from them. Acceptance
Rules and Sampling Methods"

Taking into account these points, it is
necessary to carry out a strict veterinary and
sanitary examination of fish taken from lakes
in these regions. It is necessary to conduct
propaganda work on the fact that it is dangerous
for the population to use food sequence without
processing unexplored fish.

The scales are shiny, the eyes are soft, the
mucus is clean, with a characteristic smell. The
gill covers are located close to each other, and the
color of the gills is from red to dark red, in some
specimens there are remnants of silt and debris
under the gill covers. The internal organs are not
damaged, they are clearly visible, and the abdomen
does not swell. Physical and chemical parameters
were within normal limits.

acquired a greenish-yellow color and remained
transparent.

According to research data, 6.4% of
diplostomiasis in Lake Shalkar and 28.6% of
opisthorchiasis in Lake Alkasor are affected by
helminthiases. In lakes Shalkar and Birtaban,
postdiplostomiasis ~ accounts  for  16.6%,
opisthorchiasis - 10.5% in the Nura River. In Lake
Sholak, ligulase was 9.1%.
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AHHOTAUA

B nanHO# cTaThe MpelcTaBIeHBI Pe3yNbTaThl HCCICAOBAHUN MO TEIbMUHTOJIIOTHYECKUM 3a007ie-
BaHMSM KapIIOBBIX BUIOB, oOuTaromux B pekax Hypa, Tenrus, bupraban, lankap, Ysuel, Llonak,
Anxacop KopramkeiHckoro paiiona. CpaBHUTEIIEHOMY MOHUTOPHHTY C HCIIOB30BAHUEM T€ITbMUHTO-
JIOTHYECKUX METOJIOB MOABEPIIIN 226 UCCIIEIOBAHHBIX P00 PHIO.

[Tpu ocmotpe prid BogoeMoB KopramkeiHcKoro paitoHa AKMOJIMHCKOH 00JacTH IO OpraHoJIeNTH-
yeckuM TokazatelisiM 41,1% pbiO ObUTH TPU3HAHBI HETOIHBIMH.

[Ipo6st prIOBI, 0TOOpaHHBIE U3 03ep lllomak, Ankacop u pexku YsuIbl, B pe3yibTare 1a00paTOpHBIX
WCCIIeIOBAHUN TTPU3HAHBI HETOJIHBIMU, B TO BPEMsI KaK MOKa3aTelld U3y4YeHHOU PhIObI U3 peku Hypsl u
o3ep llankap, Tenrus, bupradan HaXoAUIUCH B IIpeieiax HOPMBI.

ITo maHHBIM HWCCIIEOBAHUS, TEIBMUHTO3aMU TopaxeHo 6,4% murmioctomo30B B o3epe Illamkap
n 28,6% omuctopxo30oB B o3epe Ankacop. 16,6% moctaummoctomo3 B o3epax lllamkap n bupraban,
10,5% ommcropxo3 B peke Hypa. B o3epe lllonak nurynasza coctasuna 9,1%.

KaroueBsble cjioBa: IpecHOBOHAS PhI0a; MOHUTOPHUHT; OMIMCTOPXO03; TEeIIBMUHTBI; SITUIEMUOJIOTH-
yeckasi cutyauusi; 300H03; KopramkbeIHCKUN palioH.

Tyiiin

By makanana KopramkbiH aynansiHa Kapactel Hypa, Tenis, bipraban, [ankap, ¥subl, Hlonaxk,
AJKacop 03eH-KOJAEePIH/IEe MCKEHICHTIH TYKbI TEKTEC OaIbIKTapAbIH IeJIbMUHTOJIOTHSUTBIK aypyJiapblHa
JKYPTi3UITeH 3epTTey HOTIKeNepi KenTipinred. XKanmsr 3epTrenred 226 OanblK ChIHaMachbiHa CaTBICThIP-
MaJibl MOHUTOPUHT XKYMBICTAPBI 5KacajIblll, [eIbMUHTOIOTUSIIBIK 9ICTEP KOJIJaHbUIAbI.

AxMona 06mbIckl KopramKelH ayaaHsl Cy Ke3epi OanbIKTapblH ce31MIiK KepceTKimTepl OOoHbIHIIA
3eprrerenie oanbikTapaAbiH 41,1% sxapamchbI3 Jem TaHbLIJIbL.

[lonak, Amkacop KeJIepiHCH jKOHE ¥ sTbl ©3CHIHEH aJbIHFaH OaJBIK ChIHAMAJIaphl 3EPTXaHAJBIK
3epTTey HOTIDKECIHIE >Kapamchl3 Jen TaHbUIbI, anm Hypa eseni sxone Illamkap, Tewis, bipraGan
KOJIJIEpiHEeH 3epPTTeNTeH OaIbIKTapAbIH KOPCETKIIMTEP] KATBIIITHI MIEKTepAe OOIIbI.
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3eprrey OOHBIHIIA OaNBIKTapAbIH TeIbMHHTO3AApFa MaNAbFysl [llankap KenmiHAE TUILIOCTOMO3
DU 6,4%, Anxacop xemninze onuctopxo3 28,6%. 1llankap sxone bipraban KemiHAE MOCTIUILIOCTOMO3
16,6%, Hypa e3eninge onmcropxo3 10,5%. llomak kexinme murymnes3 9,1%-1p1 Kypassl.

Kinr ce3mep: Tyuisl cy OanbiFbl; MOHUTOPHHT; OMUCTOPXO03; TEIBMHUHTTED; ITHIEMHOIOTHSITBIK
JKaraaii; 300H03; KopramkblH ay1aHbl.
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Dear author!

The scientific journal "Bulletin of Science of S. Seifullin Kazakh Agrotechnical Research
University: Veterinary Sciences" seeks to be included in international databases such as Scopus,
Web of Science and AGRIS (International information system for the Agricultural sciences and
technology), etc. In this regard, the editorial board of the journal decided to consider and except
for publication articles prepared in English from 2023.

Establishment

In accordance with the order of the Minister of Education and Science of the Republic of
Kazakhstan No. 170 dated April 30, 2020, the editors of the journal "Bulletin of Science of S.
Seifullin Kazakh Agrotechnical University -Veterinary Sciences" developed a website with an
online system for submitting and reviewing articles.

In this regard, when submitting an article for publication in a journal, it is necessary to
register as an author on the journal's website and upload the article proposed for consideration
on the online platform. Author registration is carried out at the following link: (video instruction
is attached) https://bulletinofscience.kazatu.edu.kz/index.php/veterinary-science

Video instructions  for  registering the author  https://www.youtube.com/
watch?v=UeZIKY4bozg

Requirements for scientific articles for publication in the journal “Bulletin of Science
of S. Seifullin Kazakh Agrotechnical Research University: Veterinary Sciences”

The editors of the journal ask the authors to familiarize themselves with the rules and adhere
to them when preparing papers sent to the journal.

New. The author's material, reflecting the results of scientific research, should contribute to
the development of the field of veterinary sciences, within which this material is prepared.

Logical presentation. The text of the manuscript should be structured in such a way that
readers understand the purpose and objectives, the theory and methodology of the research, the
results obtained by the author, and the author's contribution to the development of a particular
area of scientific knowledge.

Completeness of the manuscript. The author's conclusions should be substantiated and
should not be preliminary or contain generalizations reflecting known results.

Presentation style. The text of the manuscript should be written in an academic scientific
style. All borrowed and little-known terms should be explained. It is recommended to avoid
ambiguous statements and ambiguity in the interpretation of basic concepts.

The order of registration of articles

Articles in the scientific areas of the journal that have not been published anywhere before
being accepted for publication. One author (main) is allowed only one publication in one
journal. The article is submitted in electronic format (in .doc, .docx formats) by downloading it
through the functionality of the journal website (Open Journal System) (instructions for posting
a publication at the following link:

https://youtu.be/mYZnWUSxOL8?1ist=PLeLU20koHcK2QbehUeOfC7Qp6hySH6717
&t=2
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STRUCTURE OF THE ARTICLE

Nomination

Requirement

UDC

On the Top left corner of the sheet

Title of the article

It should be presented in the language in which the article is
written, in bold capital letters, with alignment - in the center.

Information  about
the author - If there
are several authors
of the article, then
the information 1is
repeated for each
author.

The data of the authors (full names) are indicated in full without
abbreviations - aligned in the center.

It is necessary to highlight the main author by printing means
(bold type).

Completely indicate
the academic degree,
title, place of work or
study, city, country

Center alignment, italic.
(Design in the sample at the end of the requirements).

E-mail address
E-mail of all authors
of the publication

Italic placement in the center

An abstract of the
text of the published
material is provided
in 3 (three) languages
with a volume of at
least 100 and no more
than 300 words.

The word "Abstract" in 3 (three) languages must comply with
the format: in Russian - ""Annotation"; in the Kazakh language
- "Tuyin"; in English - "Abstract".

Keywords no more
than 7 words or
phrases separated by
a semicolon

The words "Key words" in the structure of the article in the
Kazakh language must comply with the format - "Kilt sozder",
in English - ""Key words"'.

Structural elements
of the article:

-Basic position and Introduction;

- Materials and methods;

- Results;

- Discussion;

- Conclusion;

- Information about financing (if available);

- List of references according to AUSS 7.1-2003 SSILP;
- References, according to API standards.

Abstract in 2 languages

Funding information
(if available) and/or
acknowledgment

It is necessary to reflect information about the publication of the
article in the framework of the implementation of grant and/or
program-targeted funding of other funding, or words of gratitude
are expressed to colleagues or other persons with the assistance
(support) of which the research was carried out, etc.
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10. [ References: the [ 1) The words "References" in the structure of the article in the
bibliographic list is [ Kazakh language must comply with the format - "Adebietter
compiled twice: tizimi" in English "References".

11. [ Requirement for the | References: the bibliographic list is compiled twice:
list of references A list of references - is drawn up by:

1) All-Union State Standard 7.1-2003 System of standards

on information, librarianship, and publishing. Bibliographic
record. Bibliographic description. General requirements and
rules for drawing up adopted by the Interstate Council for
Standardization, Metrology and Certification (minutes No. 2 of
July 2, 2003 (docs.cntd.ru);

2) American Philological Association, International
Bibliographic Standard (http://www.bibme.org/citation-guide/
APA/book).

The first reference in the text to the literature should have the
number [1], the second - [2], etc. in order. When referring to

a result from a book, its number from the list of references

and (separated by a semicolon) the page number on which this
result is published are indicated. For example: [8; 325]. Links to
unpublished works are not allowed.

*Requirements for the design of the article are given below.

REQUIREMENTS FOR FORMING AND CONTENT OF THE ARTICLE:

The article should contain only original material reflecting the research results of the author/s.

Manuscripts of articles of at least 7 pages (including figures and tables) in English are
accepted for publication.

Articles are accepted with the originality of the text of at least 70% (checking is carried out
using the Anti-plagiarism system).

Articles are accepted until the 20th day of each quarter (February 20, May 20, August 20,
and November 20).

The text should be typed in Microsoft Word, Times New Roman font size 14, single-
spaced. Paragraph indent-1.25.

The text should be printed with the following margins: top and bottom - 2 cm, left and right
- 2 cm. Alignment - in width (with automatic hyphenation).

UDC is affixed in the upper left corner of the sheet.

Below, center alignment - in capital letters the title of the article;

Below, after one interval, center alignment - the full name of the author is written in full
(without abbreviations);

Then on the next line (italic font, center alignment) - academic title, academic degree, name
of the university, place of work (in full), city, and country (abbreviations are not allowed);

on the next line (italics, center alignment) - E-mail for contacts. If there are several authors
of the article, then the information is repeated for each author.

Further below, the text of the annotation is placed in a line. The volume of the abstract is
at least 100 words. In the article, the Abstract is compiled in English, Kazakh, Russian (the
placement of the abstract depends on the original language).
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- the abstract should reflect the following points: relevance, the essence of the scientific
research, a description of the scientific and practical significance of the work, a brief description
of the methods and methodology of the research, the main results and conclusions of the research
work, the value of the study (the contribution of this work to the relevant field of knowledge),
as well as the practical significance of the results of the work.

Next Key words (at least 7 words/phrases), separated by semicolons.

The abstract and keywords in each article are provided in 3 languages.

The main text of the article:

Basic position and Introduction. This section should include a brief literature review and
the relevance of the topic or problem. It is necessary to describe the rationale for choosing a
topic based on the experience of predecessors, as well as the formulation of specific questions
or hypotheses.

Materials and methods. This section must meet the following criteria:

- the methods presented must be reproducible;

- briefly describe the methods used, without going into methodological features;

- a reference to the source is obligatory for standard methods;

- when using a new method, a detailed description is required.

Results. In this section, it is necessary to identify the essence of the article and provide an
analysis of the research results and specific recommendations. The results of the study should
be characterized in sufficient detail so that the reader can trace its stages and assess the validity
of the conclusions made by the author. The results, if necessary, are supported by illustrations
- tables, graphs, and drawings that present the source material or evidence in a structured /
graphical form.

Discussion. Discussion and interpretation of the results, including in the context of previous
studies.

* A brief description of the most significant findings that were identified in the Results
section and their comparison with other studies on illustrative topics,

* Identification of problem areas, lack of some aspects;

* Future research directions.

Conclusion. Generalization of the conclusions of the study (each paragraph should be
devoted to answering the tasks in the Introduction or be an argument for proving the hypotheses
(if any) that were indicated in the Introduction).

Information on funding (if any) and/or gratitude must reflect information about the
publication of the article in the framework of the grant implementation, program-targeted
funding, other funding, or words of gratitude are expressed to colleagues or other persons with
the assistance (support) of which the research was carried out, etc.

References (References). It is important to use international up-to-date sources, at least
50% of the sources from the Web of Science and/or Scopus database for the last 7 years. And
references in the text should correspond to the sources in the bibliography, and avoid self-
citation at the level of the author and the journal.

References: the bibliographic list is compiled twice:

A list of references - is drawn up by:

- AUSS 7.1-2003 SSILP. Bibliographic record. Bibliographic description. General
requirements and rules for drafting adopted by the Interstate Council for Standardization,
Metrology, and Certification (Protocol No. 2 of July 2, 2003 (docs.cntd.ru);

- the international bibliographic API standard (http://www.bibme.org/citation-guide/APl/
book).

The first reference in the text to the literature should have the number [1], the second — [2],
etc. in order. When referring to a result from a book, its number from the list of references and
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(separated by a semicolon) the number of the page on which this result is published is indicated.
For example: [8; 325]. References to unpublished works are not allowed.

The numbering of the list of references is an Arabic numeral without a dot:

For example, according to AUSS 7.1-2003 SSILP:

1 Petushkova, G.I. Costume design [Text]: textbook. for universities / G.I. Petushkova. -
M.: Academy, 2004. -416 p.

2 Borisova, N.V. The Mythopoetics of Unity in philosophical prose M. Prishvina [Text]:
studies. - method, manual / N.V. Borisova. - Yelets: Publishing House of Yelets State University,
2004. - 227 p.

3 Krasnova, T.V. Ancient Russian toponymy of the Yelets land [ Text]: monograph. - Yelets:
Publishing House of Yelets State University, 2004. - 157)

For example, on the standard API

The information is taken from the official website http://www.bibme.org/citation-guide/
API/book, where you can also find links to additional information.

Books

Author A. (year of publication). The name of the work. Publisher City, State: Publisher.

Finney, J. (1970). Over and over again. New York, NY: Simon & Schuster.

Articles in journals (print format)

Author, A. (Publication Year). Article title. Periodical title, Volume (Issue), pp.-pp.

Nevin, A. (1990). The changing teacher education special education. Teacher Education
and Special Education: The Journal of the Teacher Education Division of the Council for
Exceptional Children, 13(3-4), 147-148.

Articles in journals (electronic format)

Author, A. (Publication Year). Article title. Periodical Title, Volume (Issue), pp.-pp. DOL:
XX. XXXXX or Retrieved from journal URL.

Jameson, J. (2013). E-Leadership in higher education: The fifth “age” of educational
technology research. British Journal of Educational Technology, 44(6), 889-915. DOI:10.1111/
bjet.12103

Conference proceedings, comp. work

Editor, A., & Editor, B. (Eds.). (Year). Title of conference: Subtitle of conference, Location,
Date. Place of publication: Name of Publisher.

Schnase, J. L., & Cunnius, E. L. (Eds.). (1995). Proceedings from CSCL '95: The First
International Conference on Computer Support for Collaborative Learning. Mahwah, NJ:
Erlbaum.

Copyrights and patents

http://libraryguides.vu.edu.au/apa-referencing/patents-and-standards)

Bryant, S. J. (1998). European Patent No. EP GB2322334. Munich, Germany: European
Patent Office.

Wynne, B. M. (2003). U.S. Patent No. 6,606,963. Washington, DC: U.S. Patent and
Trademark Office.

Formulas. Simple inline and single-line formulas should be typed in characters without using
special editors (itis allowed to use special characters from the fonts Symbol, GreekMathSymbols,
Math-PS, Math A Mathematica BTT). Complex and multi—line formulas must be typed entirely
in the Microsoft Equation 2.0, 3.0 formula editor. Typing is not allowed — part of the formula
in symbols, and part in the formula editor.
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Tables are placed according to the text. The tables are numbered in the order of references
in the text. The numbering heading of the table is typed in a non-bold font with left alignment
(for example, Table 1). The subject heading (if available) is placed on the same line in a non-
bold font with a left alignment. The reference to the table in the main text is made in a non-
bold font in brackets - for example, (Table 1). If the table has a large volume, it can be placed
on a separate page, and in the case when it has a significant width on a page with landscape
orientation.

Drawings are placed according to the text. The figures are numbered in the order of references
in the text. The numbering heading is typed in a non-bold font with center alignment (for
example, Figure 1). The thematic heading (if available) is placed in the same line immediately
after the numbering heading (for example, Figure 1 - Dependency ...). The reference to the
figure in the main text is made in a non-bold font in brackets - for example, (Figure 1). If the
drawing has a large format, it should be placed on a separate page, and in the case when it has
a significant width — on a page with landscape orientation. Drawings can be scanned from the
original (150 dpi in grayscale) or made using computer graphics. The captions to the drawings
should be made directly under the drawing.
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SAMPLE DESIGN OF THE ARTICLE
UDC (Q0K), (VAK) 577.2:577.29

IDENTIFICATION OF WHEAT GENES THAT CAUSE RESISTANCE
TO PATHOGENIC FUNGI

Ivanov Ivan Ivanovich’
Candidate of Technical Sciences,
Associate Professor,
IS. SeifullinKazakh Agrotechnical Research University
Astana, Kazakhstan
E-mail: tech@mail.ru

Abstract: The author of the article based on the actual research proves that the presence of
wheat resistance genes to pathogenic fungi is a key factor for use in breeding work. The article
presents the results of the identification of wheat genes Sr32, Bt9, and Bt10 responsible for
drought resistance to pathogenic fungi that cause diseases of stem rust, as well as hard smut ...
[at least 100 words].

Key words: resistance genes; stem rust; hard smut; pathogenic microscopic fungi;
electrophoresis; PCR; wheat (7 words or phrases).

The main text of the article should contain the following structural elements:
- Introduction;

- Materials and methods;

- Results;

- Discussion;

- Conclusion;

- Information about financing (if available);

- List of references according to AUSS 7.1-2003 SSILP;

- References, according to API standards.

*Then is followed by annotations in two languages

** Information on each of the authors (scientific title, academic degree, place of work,
office address, phone, e-mail, ORCID).
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