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Relevance. Antibiotics are widely used in animal husbandry for both disease
prevention and treatment, as well as to enhance growth of young animals and
improve the productive performance of animals and birds. Between 2010 and 2030,
global antibiotic consumption is expected to increase by 67%. The main driver of this
growth will be the need for their use in intensive large-scale animal husbandry. The
widespread use of antibiotics in veterinary medicine confirms their key role as
indispensable means for maintaining animal health and well-being. They cannot be
completely replaced in the near future due to the lack of affordable and effective
alternatives.

Antibiotic residues can be transmitted to humans through animal products within
the food chain, which creates certain risks to public health. Most significant problem
arising from the uncontrolled use of antibiotics is the development of drug resistance,
which is one of the greatest threats to public health. In this regard, the WHO, as well
as other food safety control bodies, have determined and established maximum
permissible concentrations of antibiotic residues in animal products. Exceeding the
MPC level not only poses a potential risk to consumer health, but also causes
significant problems for fermented milk producers, since the increased antibiotic
content in milk inhibits the activity of starters. In this regard, practical veterinary
science requires rapid and highly sensitive methods for determining residual
antibiotics in milk. There are various methods, but for Kazakhstan, as well as for
other developing countries, lateral flow tests are more acceptable for assessing the
quality of livestock products in terms of antibiotic content, as they are easy to use and
quick to analyze. However, the high cost of foreign diagnostics is a limiting factor in
their use in practice. Thus, to ensure food safety of the country's population,
alternative lateral flow tests are needed, which, while not inferior to foreign
analogues in their characteristics, will be more affordable in terms of price.

The goal and objectives of the study

The goal of the dissertation is to develop a technology for the production of a
domestic lateral flow test for the simultaneous determination of several antibiotics in
milk and meat, the content of which exceeds the MAC.

In accordance with the goal, the following objestives were set:

1. Prepare reagents for the lateral flow test for the simultaneous detection of
STR, CAP and OTC in milk and meat;

2. Design a multiplex competitive lateral flow test for the determination of
antibiotics in livestock products;



3. Work out a protocol for using an indirect label of antibiotic-specific
antibodies to detect several analytes in the test sample;

4. Test the diagnostic value of the developed lateral flow test on milk and meat
samples in comparison with a foreign analogue;

5. Develop scientific and technical documentation for the manufacture, control
and use of the lateral flow test for the rapid assessment of milk and meat for the
content of STR, OTC and CAP.

Research methods

The work was carried out at the Kazakhstan-China Laboratory for Biosafety of
the Non-Profit Joint Stock Company "Saken Seifullin Kazakh Agro Technical
Research University" (KATIU) and the Laboratory of Immunobiochemistry of the
A.N. Bach Institute of Biochemistry, Federal Research Center "Fundamentals of
Biotechnology" of the Russian Academy of Sciences (Moscow, Russian Federation).

The following types of laboratory animals were used in the study:outbred white
mice (n=12, males, 8—10 weeks old, weighing 20-25 g), Balb/c mice (n=12, females,
7-8 weeks old, weighing 20-25 g), Soviet Chinchilla rabbits (n=10, males, 6 months
old, weighing 3100-3300 g), a Saanen goat (1 year old, weighing 38 kg).

Immunological and biochemical research methods were employed during the
dissertation work.

The main provisions submitted for defense.

1. Method of purifying antibiotic from hydrochloride salt;

2. Methods of conjugation of STR, OTC and CAP with protein carriers;

3. Technique for preparation of antibiotic-specific antibodies;

4. Competitive lateral flow test for simultaneous determination of STR, OTC
and CAP in milk and meat;

5. Multiplex lateral test using universal marking reagent for determination of
antibiotic residues in livestock products.

Description of the main results of the study

1. A method for obtaining chemically pure OTC from a veterinary therapeutic
drug - oxytetracycline hydrochloride for injection with a yield of the target
component of up to 96% in terms of dry matter was developed. This method turned
out to be suitable for obtaining chemically pure STR from its sulfate salt used in
veterinary practice. Spectrophotometric properties of purified antibiotics fully
complied with the requirements of regulatory documents for OTC (PM 001160-
040815) and STR (PM. 2.1.0037.15).

2. The most effective methods for conjugation of OTC, STR and CAP with BSA
and/or OVA were determined, based on the use of cross-linking agents —
formaldehyde, carbodiimide and glutaraldehyde, respectively. The yield of
conjugates was 1.8 and 3.14 mg/ml for STR-BSA and STR-OVA; 4.0 and 3.0 mg/ml
for OTC-OVA and OTC-BSA and 2.5 and 1.5 mg/ml for CAP-OV A and CAP-BSA.

3. Conjugates of antibiotics with carrier proteins were characterized by the
stability of intermolecular bonds, which was confirmed by optical spectrophotometry
in the form of continuous signals with characteristic peaks of the original substance.
Each of the antibiotics in the conjugate exhibited immunogenic properties, causing



pronounced antibody formation in white mice and rabbits, as evidenced by high titers
of specific antibodies in blood serum samples (1:1600 - 1:3200).

4. The method proposed by us for obtaining rabbit antisera against STR, OTC
and CAP allows obtaining highly active pAbs in a relatively short time (35 days)
using a smaller amount of immunogens (2,000 pg) compared to known methods.
Hybridoma clones designated as 4A3, 3C8 and 4B5 were obtained and producing IgG
class mAbs against OTC, CAP and STR, respectively.

5. The CG nanoparticles synthesized by the reduction method of chloroauric
acid had average sizes within 19.474+2.53 nm with an absorption peak at a wavelength
of 527 nm during spectrophotometry, which indicates the possibility of their use as
antibody markers.

6. Antibiotic-specific rabbit pAbs, unlike mouse mAbs, after labeling with CG
nanoparticles by the physical adsorption method retained their ability to bind to OTC,
CAP, and STR, and were used to prepare a labeled antibody conjugate.

7. A technology has been developed for obtaining a reagent for the control zone
of the LFT - anti-species antibodies, which are goat IgG antibodies against rabbit
immunoglobulins.

8. The test system developed by LFT, based on the competition of antibiotics
present in the analyte and immobilized in the test zone of the nitrocellulose
membrane for binding to labeled antibodies, detects STR, OTC and CAP in milk and
meat at concentrations exceeding 200 ng/ml, 10 ng/ml and 0.3 ng/ml, respectively,
which allows it to be used for quality control of livestock products for the content of
the indicated antibiotics.

9. The proposed diagnostic kit for detecting residual amounts of STR, OTC and
CAP has a relatively low cost compared to analogues on the veterinary drug market,
which makes it more competitive and accessible to domestic food safety control
laboratories.

10. The possibility of using unlabeled STR-, OTC- and CAP-specific mAbs and
anti-species antibodies - a universal labeling reagent in a one-stage immunoassay for
determining residual amounts of antibiotics in milk was established. The instrumental
detection limits (LOD) of the new version of the immunoassay are 7.3, 0.9 and 2.1
ng/ml for STR, OTC and CAP in cow's milk, and in goat's milk - not less than 1.2,
0.1 and 1.3 ng/ml, respectively.

Substantiation of the novelty and importance of the results obtained

For the first time, the principle of a multiplex lateral flow for the simultaneous
and one-stage determination of residues of STR, CAP and OTC in milk using specific
antibodies and labeled anti-species immunoglobulins - a universal labeling reagent
that can be adapted for detection in animal products and other antibiotics, as well as
anthelmintics of a haptenic nature.

A method has been developed for obtaining chemically pure oxytetracycline
from a therapeutic formulation, which can be used for the purification of other
antibiotics from their salt forms.

The practical value lies in the development of scientific and technical
documentation of FEACC 72.11.13 ICS 11.220:



- Organization standard 230721000-001-2023 “Lateral flow test for detection of
antibiotics in milk and meat”;

- Instructions for the use of the lateral flow test to determine the residual amount
of antibiotics in meat and milk;

- Instructions for the manufacture and control of the lateral flow test for
detection of antibiotics in milk and meat (Appendix A).

The materials of the dissertation are used in the educational process of the NJSC
“Kazakh Agrotechnical Research University named after S. Seifullin” when giving
lectures and conducting laboratory and practical classes for master's and doctoral
students in the educational programs 7M05101 “Veterinary biotechnology” and
8D09101 “Animal veterinary welfare” within the framework of the syllabuses of the
disciplines “Modern problems of biotechnology in veterinary medicine and animal
husbandry” and “Veterinary immunology”, respectively.

Compliance with directions of scientific development or government
programs

The work was carried out within the framework of the project
“Immunochromatographic assay (ICA) for the detection of residual antibiotics in
meat and milk” under budget program 267, subprogram 101 “Program-targeted
funding of scientific research and activities,” within the priority area “Sustainable
development of the agro-industrial complex and safety of agricultural products,” as
part of the scientific and technical program BR10764944: “Development of analytical
control methods and monitoring of food safety” for the period 2021-2023.

Description the doctoral students contribution to each publication.

The analysis of literary data, the conduct of practical research, the analysis of
research results, the writing of all scientific articles, and the preparation of the
dissertation manuscript were carried out with the direct involvement of the author.

The main research results are reflected in 10 (ten) published works, including a
patent for an invention of the Republic of Kazakhstan, a monograph, three articles in
publications recommended by the Committee for Quality Assurance in Science and
Higher Education of the Ministry of Science and Higher Education of the Republic of
Kazakhstan, an article in a journal included in the Scopus and Web of Sciences
databases (Veterinary World, percentile 82) and proceedings of international
scientific conferences.

Results were reported and discussed at the following scientific forums:

- International scientific and practical conference “Seifullin Readings - 18:
“Youth and Science - a Look into the Future” - Astana, Kazakhstan, April 12, 2022;

— International scientific and practical conference: “Science of the XXI century
— the era of transformation” — Astana, Kazakhstan, October 6, 2022;

— International scientific conference: “Quality and safety of food products” —
Astana, Kazakhstan, September 20-22, 2023;

— CLXXXIV International scientific and practical conference “Innovative
approaches in modern science” — Moscow, Russian Federation, 2025.

The prototype of the “Lateral flow test for the detection of streptomycin,
oxytetracycline and chloramphenicol in milk and meat” was exhibited at the XXXIV



international agricultural specialized exhibition “Beloagro-2024", held in Minsk, the
exhibition center of the Chinese-Belarusian Industrial Park “Great Stone” from June
4109, 2024.

The scope and structure of the dissertation. The dissertation is presented on
132 pages of computer text. The dissertation consists of the following sections:
introduction, literature review, materials and methods, results of own research,
discussion of results, conclusion, list of references, and appendices. The dissertation
contains 9 tables and 41 figures. The list of references includes 231 sources.



