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PROSPECTS FOR USING CAMEL MILK AS AN ALTERNATIVE TO COW AND GOAT
MILK

ANNOTATION

According to data from the official website of the Agency for Strategic Planning and Reforms
of the Republic of Kazakhstan and the National Bureau of Statistics (https://stat.gov.kz/), the humber
of camels for last year and 5 last year increased by 15,662 and 50,241 respectively. However, the
population of camels in Kazakhstan is still relatively low in comparison to cows and goats. The low
level of self-sufficiency in milk and dairy products of the population of Kazakhstan due to camel milk
was calculated (0.3%) based on the volume of camel milk produced in 2022 in the country. In this
research, Kazakh Bactrian, Arvana, and inter-species camels produced samples of camel milk to
investigate organoleptic and physico-chemical indicators of camel milk to compare with cow and goat
milk. Evaluation of the organoleptic properties of samples showed that camel milk is a promising
alternative resource to cow and goat milk in Kazakhstan.

Based on data from physico-chemical indicators of various types of milk was approved that
camel milk has high nutritional value due to a higher concentration of dry matter compared to cow and
goat milk with a difference of 2.3% and 3%, respectively. Camel milk has a higher level of energy
value as contains 85.22 kcal per 100 g product, which is 16.92 kcal more than cow milk and
14.79 kcal more than goat milk. Its density is also higher, with 4 kg/cm3 and 8 kg/cm3 more than cow
and goat milk, respectively. Based on RNSS 55577-2013 and obtained results milk of various types of
farm animals can be considered as a source of protein, as 23.33; 16.56, and 17.72 % of the energy
value is provided by protein in camel, cow, and goat milk, respectively. However, only camel milk is a
product with a high protein content, as it contains more than 20% of the energy value of the product
provided by protein. This advantage of camel milk can be used in the production of specialized food
products, where proteins are given a special role as an essential component of the diets of various
population groups.

Key words: camel husbandry, camel milk, cow milk, goat milk, physical and chemical
properties.
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Introduction. The creation of agro-industrial complexes is of paramount importance to
Kazakhstan's economic diversification and guaranteeing food security. As the country transitions
towards a market economy, it has identified fresh priorities for industrial development. The utilization
of superior livestock products is especially crucial in supplying the populace with food that is both
safe and affordable [1].

For centuries, milk and milk products have been valued for their medicinal and nutritional
benefits, making them a crucial component of human diets. These products possess both bacteriostatic
and bactericidal properties, thanks to the antibiotic substances they contain, which can help combat
harmful microflora in the gut. Most countries rely on cow's and goat's milk as their primary source for
these goods. Similarly, in our country, roughly 95% of milk consumption is derived from these two
sources. This is essential in our quest to provide our citizens with safe, affordable food, particularly as
we focus on developing our agro-industrial complexes to achieve economic diversification and food
security [2,3].

The practice of camel breeding, which includes competitive breeding, is a longstanding tradition
in animal husbandry. Following our country's independence and shift to a market economy, the
production of camel milk and milk products has notably increased. The people of our country have
been fascinated by the many nutritional and healing benefits of camel milk for quite some time. To
this end, researchers at the National Academy of Sciences of the Republic of Kazakhstan, including
M.Kh. Shygaeva, J.K. Tolemisova, and Professor G.N. Dudikova have delved into the healing
properties of camel milk and the microflora of fermented milk products [4,5]. T.Sh. Sharmanov and
his team have also demonstrated the efficacy of camel milk in treating stomach ulcers and hepatitis
[6,7].

Numerous nations utilize camel milk to enhance human health, given its medicinal and dietary
benefits. This milk includes various antimicrobial agents, such as lactoferrin, lysozyme,
immunoglobulin, lactoperoxidase, and bacteriocins. Despite the rising population of camels, the
demand for camel milk remains low due to its elevated market value and organoleptic indicators,
along with its high acidity. Nonetheless, camel milk surpasses cow's and goat's milk in nutritional
value, with decreased fat and lactose levels and elevated levels of potassium, iron, and vitamin C [8,9].

A. Baymukanov [10] has stated that camel meat and milk are highly important and affordable
products in Central Asia. They are mainly obtained from regions where camels are bred, which makes
camel farming a crucial economic activity for farms located in arid and desert regions of the country.
The demand for camel products is constant, both domestically and internationally.

Camel milk has been gaining popularity as an alternative to cow and goat milk. It has a unique
taste and is packed with nutrients, making it an excellent choice for those who are lactose intolerant or
have allergies to cow or goat milk. In addition, camel milk has been found to have a higher protein and
fat content than cow's milk, making it healthier. Overall, the prospects for using camel milk as an
alternative to cow and goat milk are promising, and it is likely to become an increasingly popular
choice in the coming years.

Research materials and methods. Camel, cow, and goat milk were taken as a research object
by the following regulatory and technical documents:

- National Standard of the Republic of Kazakhstan (NSRK) 166-2015«Camel milk for
production. Camel milk according to technical conditions» [11];

- Russian National State Standard (RNSS)31449-2013«Cow's milk raw material. Raw cow's
milk according to Technical conditions» [12];

- RNSS 32259-2013«Goat milk raw material. Goat's milk according to Technical conditions»
[13].

- RNSS 55577-2013 «Functional Food Products Information on Distinctive Characteristics and
Effectiveness»[14].

Organoleptic and physico-chemical indicators. Samples were dried and prepared for analysis
according to RNSS 13928-84 [15]. Determination of color, taste, smell, and consistency of milk was
carried out by organoleptic assessment. Determination of taste and smell was carried out according to
RNSS 28283-2015 [16].

By the national standards of the Republic of Kazakhstan and international standards, the
determination of the physicochemical properties of camel, cow, and goat milk is carried out according
to generally accepted research methods:



* Determination of acidity according to RNSS 3624-92 [17];

* Determining the mass fraction of protein according to RNSS 23327-98 [18];

* Determining the mass fraction of fat according to RNSS 5867-90 [19];

* Determination of density according to RNSS 3625-84 [20];

* Determination of dry substances according to RNSS 3626-73 [21];

* Determination of temperature according to RNSS 26754-85 [22].

The statistical data was sourced from multiple credible outlets, including the Republic of
Kazakhstan's Agency for Strategic Planning and Reforms official website, the National Bureau of
Statistics https://stat.gov.kz/ [23], as well as scientific articles written by experts in this field and
http://www.intelmeal.ru/[24].

Mathematical calculations. The need for milk and dairy products is calculated according to the
following formula:

Pi=N =301 (1)

where, N is population, million/people;
301 - effective milk (dairy products) consumption rate per capita, kg/year.

The level of self-sufficiency in dairy products (R, %) is calculated using the following formula:

_ 100

where, Kk is the amount of milk produced per year, kg;

100 - self-sufficiency ratio, %;

Pi - need for dairy products, kg

The evaluation of the energy value of milk of various types of farm animals is calculated
according to the following coefficients (Table 1):

Table 1- Coefficients of energy value of food macronutrients

Macro-nutrients Energy value, kcal/lg
Proteins 3.9
Fats 8.9
Carbohydrates 3.9

When calculating the energy value of milk from different farm animals, it's important to take
into account a variety of coefficients. These coefficients can vary depending on the type of animal and
their specific milk production. It's essential to accurately evaluate the energy value of milk to ensure
that it's safe and nutritious for consumption.

Research results. According to statistics from the National Bureau, Mangistau, Kyzylorda,
Turkestan, and Atyrau have recorded a significant number of camels, while the urban regions of
Astana, Almaty, and Shymkent have relatively low counts due to their urbanized nature. Nevertheless,
the data indicates a steady increase in the nationwide camel population over the past five years, as
illustrated in Figure 1.
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Figure 1- Growth dynamics of camel population in 2018-2022
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According to data from the official website of the Agency for Strategic Planning and Reforms
of the Republic of Kazakhstan and the National Bureau of Statistics (https:/stat.gov.kz/) [23], the
population of camels in Kazakhstan is relatively low in comparison to cows and goats. Nonetheless,
there was a notable increase of 15.662 in the number of camels last year. This growth rate falls short
of what is necessary for the production of camel milk products within Kazakhstan and export. It is
crucial to raise their numbers, enhance the quality of their products, and increase the production of
meat, milk, and wool, to maintain the important role that camels hold within Kazakhstan's economy.

The assessment of the self-sufficiency of the population of Kazakhstan with basic food products
was carried out by calculating the volume of camel milk produced in 2022. The obtained data are
presented in Table 2.

Table 2— Camel milk self-sufficiency level by regions of Kazakhstan, thousand

. . Demand for milk | Level of self-sufficienc
If:;télzlslc of Kazakhstan and A(‘)'}! ?::ﬁ%orllgs and dairy pr.oducts, in milk and dairy )
’ kg (Pi) products, % (R)

Republic of Kazakhstan 17234.1 5934 269.7 0.3

Akmola region 2.1 236 830.7 0.001

Aktobe region 960.2 278 685.0 0.3

Almaty region 2394.0 451 441.6 0.5

Atyrau region 1728.7 207 916.0 0.8

West Kazakhstan region 7.4 206 788.2 0.004
Zhambyl region 218.2 366 087.0 0.06
Karaganda region 32.9 341 409.5 0.01
Kostanay region 6.7 250 515.3 0.003
Kyzylorda region 4793.4 250 357.6 1.9
Mangistau region 5623.6 228 130.3 2.5
Turkestan region 1462.3 636 133.7 0.2

East Kazakhstan region 4.6 219 910.2 0.002

The Mangistau region of Kazakhstan boasts the highest rate of camel milk processing across all
farm types, while other regions such as Kyzylorda, Almaty, and Atyrau also show promising results.
Unfortunately, camel breeding and milk processing are not being fully utilized in other parts of the
country. Camel milk, which boasts superior quality compared to regular cow's milk, presents an
opportunity to provide a high-quality product to the population. However, self-sufficiency levels for
camel milk and its products in Kazakhstan are quite low, at just 0.3% according to estimates. To
address this issue, promoting camel farming with supportive state regulation is necessary to bolster
agricultural development.

The organoleptic method is a sensory-based approach for evaluating food quality, aesthetic
appeal, and certain ergonomic factors. This technique draws on our senses of sight, hearing, smell,
touch, and taste to assess these qualities. One of its key advantages is its accessibility and speed, as it
doesn't require costly measurement equipment. Additionally, most individuals possess sufficient
sensory capabilities to evaluate appearance, taste, smell, and texture. Table 3 outlines the organoleptic
indicators of raw milk.

Table 3— Organoleptic indicators of camel, cow, and goat milk

Indicators | Camel milk Cow milk Goat milk
Taste and Pure, sweet, _fresh mﬂk—frge The taste is pleasant, Opagque liquid
aftertaste, milky smell, milky- . . .
smell . . sweet without excess impurities
creamy, without foreign smell
Color White to light yellow White to pale cream White to off-white
Consisten | Clear liquid, small amount of
Homogeneous structure
cy flakes
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Camel milk boasts a unique aroma that sets it apart from cow and goat milk. Its pristine white
color contrasts with the yellow tint of cow and goat milk, which is attributed to beta-carotene. While
assessing milk quality for consumers, it may not be imperative to discern every nuance of color, taste,
or scent. Nonetheless, even slight differences in organoleptic quality indicators during expert
evaluation hold great importance (Fig. 2)
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Figure 2— Organoleptic indicators of camel, cow, and goat milk

Upon thorough analysis of the milk samples, it was revealed that camel milk bears a striking
resemblance to cow's milk in terms of sensory properties. Conversely, goat's milk was found to be
undervalued during the taste assessment. Nonetheless, all milk samples were found to meet the
established standards. These findings suggest that camel milk presents a promising option as an
alternative to cow's milk.

Within the regional framework, traditional agriculture has shown great promise as a highly
effective direction for the agro-industrial complex in Kazakhstan's desert and arid regions. In current
times of productive camel husbandry, dairy products are taking the lead in production. Kazakhstan's
camel farming boasts a variety of breeds, such as the Kazakh Bactrian, Arvana, and inter-species
camels [25,26].

To produce exceptional camel milk and dairy products, it is imperative to prioritize the
enhancement of camel husbandry and animal care. The crux of acquiring superior raw materials lies in
the maintenance of optimal living conditions for the animals, as well as adherence to stringent sanitary
and hygienic measures throughout the milking and early processing phases. By upholding these
standards, we can confidently ensure the attainment of the highest caliber results in this industry [27].

To deliver exceptional dairy products that contribute to people's well-being, it is imperative to
incorporate milk with high nutritional value into the final product. This underscores the importance of
meticulously sourcing premium raw materials for milk-based products. Our research delves into a
comprehensive comparative analysis of the physico-chemical properties of milk derived from diverse
animal sources (Tab. 4).

Table 4— Physico-chemical indicators of milk of different types of farm animals [11,12,13]
Normative indicators Research results
for for for

camel cow goat | camel milk | cow milk goat milk
milk milk milk

1 2 3 4 5 6 7
Acidity, no more than, °T 17.5 16-21 20 17.240.05 1740.09 16.540.05

Indicators




1 2 3 4 5 6 7
Mass fraction of protein, no | 5 ¢ 28 30 | 514001 | 2.940.04 | 3.240.02
lessthan, % ' . : AxU. .9+0. .210.
Mass fraction of fat, no
lessthan. % 3.0 2.8 4.0 5.54+0.06 4.340.06 4.5+0.06
Density at 20 °C, no
lessthan, kg/m® 1032 1027 1027 1036+0.3 | 1032+0.3 1028+0.3
Dry matter, no lessthan, % 15 8.2 14.5 15.240.02 | 12.94+0.02 | 12.24+0.02
Mass fraction of lactose, % - - - 4,240.05 4,8+0.05 4.59+0.05
Cryoscopic temperature, i
minus, no higherthan, °C 0.505 | 0.520 0.526 0.502 0.520

Camel milk has a higher concentration of dry matter compared to cow and goat milk with a
difference of 2.3% and 3%, respectively. Moreover, camel milk contains 85.22 kcal per 100 g product,
which is 16.92 kcal more than cow milk and 14.79 kcal more than goat milk. Its density is also higher,
with 4 kg/cm® and 8 kg/cm® more than cow and goat milk, respectively. However, the benefits of
camel milk go beyond its nutritional content. It's also recognized as a remedy for various ailments
such as gastritis, diabetes, asthma, tuberculosis, skin diseases, urinary problems, and hepatitis.
Researchers have found that it contains higher levels of monounsaturated and polyunsaturated fatty
acids, omega-3, and omega-6 acids compared to cow and goat milk. Additionally, camel milk has a
different protein structure, with more a-lactalbumin, lactoferrin, and immunoglobulins, and practically
no B-lactoglobulin, unlike cow and goat milk.

It should be noted thatthe milk of farm animals includes all macronutrients (protein, fat,
lactose). Based on macronutrient composition the evaluation of the energy value of milk of various
types of farm animals was done (Table4). According to RNSS 55577-2013 «Functional Food Products
Information on Distinctive Characteristics and Effectiveness» a food product is a source of protein
only if at least 12% of the energy value of the food product is provided by protein, provided that the
amount of protein per 100 g/cm?® is not less than 5% of the daily requirement in protein.Camel milk is
2.2% more protein-rich than cow milk and 1.2% more fat-rich than goat milk. However, food product
has a high protein content only if at least 20% of the energy value of the food product is provided by
protein.

Table 5-Evaluation of the energy value of milk of various types of farm animals

. Milk of different types of farm animals

Indicators - - -
camel milk cow milk goat milk

Energy value of milk, kcal/100 g 85.22 68.3 70.43

Energy value of milk due to protein, kcal/100 g 19.89 11.31 12.48

Energy value of milk due to protein, % 23.33 16.56 17.72

Based on the information provided in RNSS 55577-2013 and the results of Table5Smilk of
various types of farm animals can be considered asa source of protein, as 23.33; 16.56, and 17.72 % of
the energy value is provided by protein in camel, cow and goat milk, respectively. However, only
camel milk is a product with a high protein content, as it contains more than 20% of the energy value
of the product provided by protein. This advantage of camel milk can be used in the production of
specialized food products, where proteins are given a special role as an essential component of the
diets of various population groups.

Conclusion.Based on information from the National Bureau of Statistics and obtained data of
this research camel milk can be considered as a promising alternative resource to cow and goat milk in
Kazakhstan. In the research was approved that camel milk is preferred raw material to compare with
cow and goat milk in the production of specialized food because of camel milk has high protein
content as 23.33% of the energy value is provided by protein. High nutritional value of camel milk as
well as consumer properties can be attractive for producers of dairy foods in the country to provide
enough level of self-sufficiency in milk products in different regions as well as in Kazakhstan in



totally for the nearlist years. Moreover development of camel husbandry in the country can provide
essential role to optimize Kazakhstan's economy.

Acknowledgments.The research was carried out within the framework of grant financing «Zhas
galym» of the Science Committee of the Ministry of Science and Education of the Republic of
Kazakhstan on the theme AP19175509 «Development of a line of high-protein ice cream based on
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TYHUIH

KP Crparerusiislk kKocmapiay oHe pedopMmanap areHTTiri MEH YITTBIK CTaTHCTHKA
OIOPOCHIHBIH PECMU CaWTBHIHBIH aepekTepi OoiibiHIa (https://stat.gov.kz/), ©TKEH JKbUIbI KOHE COHFBI
5 KpUTmA TYWENepIiH caHbl colikeciHme 15 662 sxome 50 241-re octi. Amaiima, Kazakcranma tyiie
CaHbl CHBIPJIAD MEH EIIKiIepMEH calbICThIpFaHAa aii ne a3. Tyile cyTiH eHAipy KeileMmiHe cyiieHe
oTeIpbIT, 2022 XBUTH eTiMi3ae Tyie cyTi ecebineH KazakcTaH XaJIKBIHBIH CYT JKOHE CYT OHIMIepiMeH
e3iH-631 KaMmTamachi3 ety aeHreii (0,3%) ecenremnmi.

By 3eprreyne Tyile CyTiHIH OpraHOJENTHUKAIBIK JKoHE (PH3MKA-XMUMHSUIBIK KOPCETKIMTEepiH
3epTTEy YIIIH CHBIP JKOHE eIIKi CYTIMEH CaJBICTBIPY YIIIH TYWe CYTiH Ka3ak OaKTpuaH TYKBIMBIHBIH
TyfiecineH anmel. CyTTiH OpTYpili TYpIIEpiHiH (QHU3NKA-XUMHUSIIBIK KOPCETKIITEPIHIH AepeKTepiHe
CYWieHe OTBIPHIN, TYHE CYTIHIH CHBIP MEH eIKi CYTIMEH CalIbICTBIPFaH/a KYPFaK 3aTTap/blH KOFaphI
KOHLIGHTpALMsAChIHA OalaHBICTBl TaFaMIbIK KYHABUIBIFBI JKOFaphl, coiikecinme 2,3% xoHe 3%
alBIpMAIIBUTBIFBI 0ap eKeHAiri pacTtangpl. Tyiie CYTIHIH SHEPreTUKANbIK KYHIBUIBIFBI KOFAPHI,
eiiTkeHi oHBIH KypambiHma 100 r enimre 85,22 xkam Gap, Oyl cublp cyTiHeH 16,92 xkan jkoHE emki
cyrineH 14,79 xkan apteik. OHBIH THIFBI3ABIFE COMKECIHINIE CHBIP MEH €IIKi CYTiHEe KaparaHza
4 xr/cm3 xoHe 8 kr/cM3 xorapel. [[OCT 55577-2013 xoHe anblHFaH HOTIDKENEp HEri3iHe aKybI3IbIH
ke3i 23,33 ecenTeynepre colikec aybUIIAPYaNIbUTBIK KaHyaplIapbIHBIH OPTYPIi TYpJepiHiH CYTi Jer
caHayra Oomnajpl; CoiiKeciHIE TyiHe, CHBIp JKOHE eIIKi CYTIHIH aKybI3Aaphl JHEPTeTHKAIBIK
KYHIBUTBIKTBIH 16,56 xoHe 17,72% xamMTamachi3 erezi. Aunaiina, TeK Tyie CyTi aKybl3fa 0all eHIM
Oombin  TaObUIAZBI, OUTKEHI OHBIH KYpaMmblHAa aKybl3 OepeTiH OHIMHIH JHEepPTreTHKAJbBIK
KyHIBUIBIFBIHBIH 20% - maH acrambl Oap. Tyle cyTiHiH Oyl apTHIKIIBUIBIFBIH apHalbl TaMak
OHIMJIEpIH OHIpYe KOJIaHyFa Oonanbl, MyH/Ia aKybI3Iap SPTYPJIi MOMYISAIHIAPIBIH IHETAChIHBIH
MaHBI3bI Kypamaac Oeriri peTiHie epeKiie peil aTKapabl.

PE3IOME
[lo nanHBIM OpUIMANBHOrO caliTa ATeHTCTBA CTpaTerHuecKoro rianuposanus U pepopm PK u
HarwmonansHaoro 6ropo cratuctuku (https:/stat.gov.kz/), morososse BepOIr0I0B 3@ MPONLIBIA TOM U 32
mocnenHue 5 Jer yBenuauiaock Ha 15 662 u 50 241 cootBercTBeHHO. OHAKO MTOr0JI0BbE BEPOIIOIOB B
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Kazaxcrane nmo-nmpexHeMy OTHOCHTEIEHO HEBEIHMKO MO CPABHEHUIO C KOPOBaMH U Ko3amHu. Mcxomsaus
o0beMa TPOM3BOACTBA BepOMIOKbero Mojoka B 2022 rogy B cTpaHe OBUI pacCYMTaHYPOBEHb
caMo00ECIICUeHHOCTH MOJIOKOM M MOJIOYHOW TpoAykuueil HaceneHusi Kasaxcrana 3a cuer
BepOrokbero mosoka(0,3%).

B JaHHOM  HUCCICOAOBAHUMIJIA HM3Y4YCHHUA  OpPraHOJICIOTUYCCKUX U (I)I/I?,I/IKO'XI/IMI/I‘ICCKI/IX
nokasarteneil BepOIOKBEr0 MOJIOKA JJISi CPaBHEHHS C KOPOBBHM M KO3BMM MOJIOKOM BEpOIIOXKbE
MOJIOKO B3SUITH OT BepOJIIOJMIIBI MOpOJbl Kazaxckuil OakTpwaH. Ha OCHOBaHWM NaHHBIX (H3UKO-
XUMUAYECKUX MOKa3aTelnell pa3InyHbIX BUAOB MOJIOKA MOATBEPIKICHO, YTO BEPOIIIOKBE MOJIOKO UMEET
BBICOKYIO THILIEBYIO IIEHHOCTH 3a CuUeT Oojiee BBICOKOW KOHIIEHTPAalMU CyXOro BEIIeCTBa 110
CPaBHEHHUIO C KOPOBBMM M KO3bUM MOJIOKOM C pasHuiied B 2,3% u 3%, cooTBeTcTBeHHO. BepOmroxkbe
MOJIOKO MMeET 00JIee BHICOKUN YPOBEHb SHEPreTUUECKOM IIEHHOCTH, TaK KaK COJAEPXKUT 85,22 KKal Ha
100 r mpoxykTa, uro Ha 16,92 Kkay 6oJbIle, UeM Y KOPOBLEro MOJIOKa, U Ha 14,79 kkan GombIie, ueM
Y KO3b€ro MoJIoKa. Ero MmiuoTHOCT Takke BIIIe Ha 4 kr/cM® u 8 Kr/cM®, 4eM B KOPOBBEM M KO3bEM
MoJioke, coorBercTBeHHO. Ha ocHoBanum ['OCT 55577-2013 u momydeHHBIX pe3yJlbTaTOB
HNCTOYHUKOM 6eﬂKa MOXXHO CYHHUTAaTb MOJIOKO Pa3jIMYHbIX BUJIOB CEbCKOXO03IMCTBEHHBIX JKHUBOTHBIX,
coracHo pacueram 23,33; 16,56 u 17,72% >HEpPreTMUecKoil IEHHOCTH O0ECIEUnBAIOT OCIKU
BepOIIOKBEr0, KOPOBBETO M KO3bEro MOJIOKA, COOTBETCTBEHHO. OJJHAKO TOJILKO BEPOIIOKBE MOJIOKO
SIBJISIETCS. TIPOJYKTOM C BBICOKHM COJIep)KaHHEM Oenka, Tak Kak B HeM coiepxutcs Oomee 20%
JHEPreTHYECKOH IEHHOCTH MPOJYKTa, 00eCIeunBaeMoil OeNKoM. DTO TPEUMYIIECTBO BEPOIIIOKBLETO
MOJIOKa MOXKET OBITh HCITONIb30BAHO IIPH MPOU3BOJICTBE CIICIIUAIN3UPOBAHHBIX MMUIIEBBIX MPOIYKTOB,
rie OenmkaM OTBOAMTCSI 0co0asi poiib KaK BaKHEHINIEMY KOMITOHEHTY palioHa MUTAHUS Pa3InYHBIX
TPYII HACENCHHS.
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THE INFLUENCE OF BREEDING METHODS ON THE PRESERVATION
AND IMPROVEMENT OF THE HORSES OF THE KUSTANAY BREED

ANNOTATION

The success of horse breeding is directly related to the organization of breeding. The article
presents an analysis on improvement of breeding and sports features of horses of Kustanay breed in
the process of development of breed from the moment of approbation. The aim was to determine the
impact of the existing plant lines on the preservation and improvement of Artisanal horses. The
estimation of stallions-producers on the quality of progeny was carried out and the applicants were
determined as ancestors of new lines. To conduct research at the farm, three groups of young of
different genotypes have been formed: | group of stallion-manufacturer Nauryztoy 9 (line 464 Neon),
Il group of stallion-manufacturer - stallion Preferans 5 (line 494 Forts) and 11l group - control (other
lines). It has been found that the modern stock of horses of Artisanal breeds is characterized by
superiority in the complex of features in the section of factory lines 464 Neon and 494 Forts over the
peers of the control group - both on tribal and sports qualities. In this connection, stallions-makers:
Nauryta 9 (512 Nag - 2146 Torquay 8) and Preferans 5 (525 Pegasus - 2101 Safari) on the assessment
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of the quality of the offspring correspond to the status of improving and can be assigned to lay two
new lines in the bush horse breed.

The research was carried out within the framework of the scientific and technical program BR
10764999 “Development of technologies for effective management of the breeding process and
conservation of the gene pool in horse breeding” 2021-2023 of the Ministry of Agriculture of the
Republic of Kazakhstan.

Key words: breeding, breeding methods, stallion manufacturer, type, exterior, performance,
sports qualities

Introduction. The success of the development of tribal horse breeding and sports horse
breeding is directly related to the organization of skillful purposeful tribal breeding work, which will
ensure the normal sale of products in an economic sense and, equally important, the conduct of
effective breeding, which is significantly more complex in comparison with the breeding of other
types of farm animals, and therefore more attention should be paid to the application of effective
methods for improving horse breeds [1].

In recent years, the need for imported horse breeds has been increasing in Kazakhstan
equestrian sports, and domestic breeds with prospects in this direction are experiencing a reduction in
the number of breeding composition, a decrease in demand and interest in them. One of such valuable
domestic breeds is the Kustanay, which is on the verge of extinction. The issue of increasing the
number of horses is acute, and it must be solved in the shortest possible time, without delay, using the
rich, centuries-old experience of tribal breeding methods and improvement [2].

Due to the historical peculiaritiesof the way of sports horse breeding, the following performance
qualities are taken into account: agility, endurance, strong constitution, ability to quickly restore
strength [3].

For a long time, after approbation in 1951, the Kustanay harness horse was widely used both for
riding and in harness in agriculture, and more attention was paid to its use in equestrian sports. Thanks
to many years of competent selection and tribal breeding work of specialists at the end of the fourth
decade of the XX century at the leading Kustanay stud farm (now "Kazakh Tulpary" LLP), horses of
the Kustanay breed fully satisfied the requirements for professional sports, as they had the correct
exterior, strong constitution, endurance, efficiency, unpretentiousness with a balanced, calm
temperament. The improvement of important features of the Kustanay breed in Soviet times was a
success, but the period of independence of the Republic of Kazakhstan negatively affected the fate of
the modern Kustanay horse. In the last decades of the 21st century, there has been a sharp reduction in
the number of horses, which threatens the extinction of the breed as a breeding stock and the loss of
one of the most valuable gene pool for the domestic horse breeding.

Taking into account the small number of members of the Kustanay breed, it is important to use
every opportunity to preserve, increase the number and popularity of a unique, ancient domesticbreed.
Of course, it cannot be said that nothing is being done to revive the breed. In 2021, for the restoration,
preservation and further improvement of the domestic harness horse breed, a "Road Map" for 2022-
2027 has been developed and approved, which will draw additional attention to the domestic Kustanay
horse breed and will contribute to the popularization of national equestrian sports.

One of the methods for preserving and further improving horses of the Kustanay breed is
selection. A logical continuation of selection is selecting to correct undesirable characteristics of
parents, combine valuable hereditary characteristics and their manifestation in future offspring.
Selection and choice together constitute a breeding system, the practical methods of which shall be
based on the general patterns of development of the optimal linear structure of the breed [4, 5, 6].

From the history of breeding and selection of farm animals, it should be noted that there are
various forms of selection, such as mass and individual, unconscious and methodical, directional and
stabilizing, direct and indirect, tandem, index, at independent levels, by individual characteristics, and
others. Depending on the tribal breeding value of the mated individuals, improving and equalizing
selection is distinguished, from similarities and differences between the mated individuals:
homogeneous and heterogeneous, taking into account kinship — related and unrelated
selection [4, 5, 7].
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Working with the breed of farm animals of different species, it is necessary to purposefully use
selection and choice. Since the basis for the selection of a breeding animal is the essence of the best
parental genotypes. And the result of the genotype of the offspring, as a breeding animal, is revealed to
one degree or another only by the end of its breeding use or even after its disposal. Therefore,
according to many experts - leading breeders in horse breeding, it is possible not to wait for a direct
assessment of the genotype, but to use for these purposes indirect, and hence to varying degrees
probable methods of assessing breeding merits [8, 9, 10, 11].

At the moment, specialists and scientists of "Kazak Tulpary" LLP are actively involved in the
development and implementation of a set of measures aimed at increasing the number of horses,
increasing the intensity of tribal breeding, ensuring that the values of genetic (hereditary) shift of
breeding traits for many generations to come are obtained at an early stage of growth and development
of a horse. At the same time, special attention, as a factor influencing the effect of breeding in horse
breeding, is paid to the combination of directional and stabilizing selection according to a set of traits
due to the genotype: origin, type, measurements, exterior, performance [12].

In accordance with this, the goal was set to determine the impact of the established breeding
lines on the preservation and improvement of the horses of the Kustanay breed. To solve the problem,
the following tasks were set: to analyze the dynamics of breeding and sporting characteristics of
horses of the Kustanay breed in the course of the evolution of the breed and to evaluate breeding
stallions by the quality of offspring; to identify effective forms of selection and choice of the best
breeding stallions as candidates for the formation of lines.

Research materials and methods. Research was carried out in the period of 2021-2023 on the
basis of"Kazakh Tulpary" LLP.

The objects of the study were the horses of the Kustanai breed for the entire period of the
breed's development.

The materials of tribal breeding books for the entire period of improvement of the breed has
been analyzed, including the main measurements: height at the withers, oblique length of the body,
chest girth and pastern girth, as well as data on the working capacity and breeding use of horses of the
Kustanay breed in the context of lines.

The main indicators of the expression of breeding and sporting characteristics were determined
in the modern horse breed in the context of lines based on the results of assessing stud stallions for the
quality of their offspring [13].

The assessment of sporting qualities was carried out on the basis of recommendations for the
breeding and sports training of riding horses [14] and according to the instructions for the bonitation of
tribal horses of breeding lines [15].

To track the results of the evaluation of stud stallions by the quality of offspring, three groups of
young stock of different genotypes were formed: Group | of the stud stallion Nauryztoy 9 (line 464
Neon), group Il of the breeding stallion Preferance 5 (line 494 Fort) and Group Il — control group
(other lines).

The research results were processed by the biometric method according to Merkuryeva E.K.
[16] using the Microsoft Office Excel program.

Results and their discussion. During the period of improvement of the horses of the Kustanay
breed from the moment of approbation in in 1951 of the last century to the present time, there has been
the use of these horses in such directions as breeding, sports and productive use. Throughout the
studied period the requirements for animals, the level of development and equestrian sports, the scale
of its spread changed, which impacted the methods of tribal breeding work in the leading stud farm of
the country. During the selection and choice of horses in the producing stock, more attention was paid
to such parameters as origin; type, measurements, exterior:elegance, size; endurance; performance:
agility, jumping, correct movements at all paces, balance, endurance and good manners.

The most difficult period during the improvement of the Kustanay breed horses should be
considered the last fifteen years: during this time, the number of total livestock of horses, as well as
the participation of horses in equestrian sports, has significantly decreased. The structure of the breed
composition also changed. This is due both to the loss of popularity of the Kustanay breed of horses
among horse owners (due to the appearance of other breeds), and to the change in the number of the
tribal breeding stock.
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In order to determine the dynamics of the use of selection and choice based on a set of traits,
characterizing the breeding and sporting qualities of horses of the Kustanay breed, we analyzed data
for the period of testing and development of the breed at the present stage.

There were five main lines in the Kustanay breed — 30 Burelom, 45 Zaboy, 84 Zevs, 56 Diktor
and 162 Torstnik. The line of 84 Zevs (main type) was the most widespread, 23% of the stock
belonged to it; it was followed by the Zaboy line with an indicator of 15%; representatives of the lines
of 30 Burelom (riding type), 162 Torstnik (main type) and 56 Diktor (riding type) had 7.8 and 9%,
respectively. In 60-70, the Zaboy line became the leading one (33%), in 80-90. there is a change in the
situation — the line 30 Burelomalmost doubles its representation (from 7-11% to 23%), the influence of
the lines 75 Zaboy and 84 Zevs drops sharply (to 5-12%), the lines 56 Diktor and 162 Trostnik
retained the middle positions.

The absence of a permanent leader indicated changes in the direction of breeding work, i.e. a
change in priorities in determining the type of horse desirable for breeding leads to a change in the
leadership of the lines in the breed. During the approbation of the Kustanay breed, the selected
characteristics were horse-drawn qualities (including traction power), which were shown by
representatives of the line 84 Zebs (main type), partially by 75 Zaboy, then after 70’s only frolic
received the prevailing direction. This led to a focus on the top—type line - 30 Burelom. During the
same period, a new line was laid in the breed — 464 Neon, also of the riding type. In the 90s, the
formation of another riding type line was carried out — the 494 Fort line.

In the 2000s, three lines - 56 Diktor, 162 Trostnik and 75 Zaboy practically ceased to exist. Line
30 Burelom became the leading group - 21%. Two genealogical lines formed in the 80s and 90s also
retained their presence. - 486 Triumf and 494 Fort - 8% and 13%, respectively. Line 464 Neon had
absolute numerical and qualitative superiority.

One of the important features in the breeding of horse breeds is the exterior of the horse, which
has a great influence on performance. In the breeding structure of the Kustanay stud farmthroughout
the studied years, there were and are currently a large number of fairly large and correct-
lookingstallions and mares, which were widely used in breeding work to improve the breeding
qualities of Kustanayhorses, representatives of different types, breeding lines and brood families. It
should be noted that since the beginning of the breeding of the Kustanay breed, the assessment of the
exterior and constitutional features of full-aged horses has changed markedly, as shown in the Table 1.

Table 1 — Dynamics of measurements and indices of body built of horses of the Kustanay breed during
the control period

Measurements, cm Indices of body built, %
Heightat | Oblique of
Group of thes%]oul Bogy Ht_eart— Cann_onb Of Of bone | blocki of heart—
horses der Lenath girth onegirth | format girth
g ness
1951(during approbation)
Stallions 159,6 158,8 187 20,0 99,4 12,5 117,7 117,1
Mares 155,4 155,2 185,2 19,5 99,8 12,5 119,3 119,4
2000
Stallions 160,2 159,6 187,4 20,4 99,6 12,7 - -
Mares 157,4 156,1 185 19,5
2022
Stallions 163,3 162,5 188 20,6 99,5 12,6 111,6 121
Mares 160,3 158,8 185,6 20,1 99 12,5 116,8 115,7
Requirements for valuation instructions
Stallions 160 - 186 20,5
Mares 158 - 188 19,5

So, according to Table 1 it follows that in comparison with the requirements of the valuation
instructions (All-Russian Research Institute of Horse Breeding - 1991) [15], measurements of animals
during recording periods exceed the breed standard.
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Kustanay horses, due to their origin and due to the dramatic improvement in growing
technology, training and testing, were distinguished by high endurance and speed. Kustanay horses are
one of the fastest among half-blooded breeds and come second only to theThoroughbred breed [17].

Analyzing the data of Table 2, it follows that the Kustanay breed is considerably superior to its
speed to such breeds as the Budyonny horse [18,19, 20] and Akhal-Teke [21] and at all distances has a
clear advantage over these breeds, with the exception of the Budyonny - at a distance 3200 m (3.29) is
0.01 fractions of a second less for horses of the Kustanay breed (3.30), and at a distance of 1000 m, the
record for Kustanay horses is 0.00.3 less than that of the Akhal-Teke breed (1.04.1 ) and amounted to
1.04.4.

Table 2 — Records of horses of the Kostanay breed in comparison with other horse breeds (speed min.,
sec)

Distance, m
Breed
1000 | 1200 | 1400 [ 1500 | 1600 | 1800 | 2000 | 2400 | 2800 | 3000 | 3200 [ 4000 | 7000
Kustanay 1,0441,1401,27,00 - |1,40,6(1,54,412,07,4|2,34,7[3,06,0 3,19 | 3,30 |4,37,0] 8,188
Budyonny 1,06,0(1,14,4/1,34,2| 1,36 | 1,43 [1,54,82,09,9(2,35,9(3,19,6/ 3,19 | 3,29 |4,40,0| 8,25,5
Akhal-Teke 1,0411,167/1,2858/1,402] - | - | - | - 3006 - | - | - -
gﬂe‘;:joughbred 058,011,114 1,25 | - | 1,37 | 1,49 [2,02,0(2,27,2/2,57,0/3,11,0/3,22,24,22,0| 8,11

Thus, in terms of speed at distances of 1200 m, 1400 m, 1600 m, 1800 m, 2000 m, 2400 m,
2800 m, 4000 m and 7000 m, the Kustanay breed is in second place after the Thoroughbred horse.

These horses went through the entire test cycle - from 2 years to older age and showed the best
results in the speed class. Year after year, the results for the horses' speed at the main distances
improved, and if we add to this the excellent locomotion system, endurance, calm character, noble
lines, then we can claim that we have a world-class breed. That is why a modern Kustanay horse, with
results-oriented systems of rearing, education and training, will not be inferior in working capacity to
horses of other half-bred and roadster breeds, and will surpass them in a number of distances.

Currently, Kazakh Tulpary LLP is working to appoint stud stallions as successors to factory
lines formed in 1980-1990, such lines as: line 464 Neon and line 494 Fort.

In connection with this, we carried out a selection of offspring in the context of lines for
breeding and sports qualities, which is based on the assessment of stud stallions for the quality of the
offspring by ranking the offspring scores by the sum of ranks for type and origin, body conformation,
measurements and working capacity - based on the results of performances in flat racing, and during
the training process - assessment of locomotory qualities.

The technique, accelerated by multifactor analysis, allows for the earliest possible assessment of
young stud stallions not only by phenotype, but also by the level of development of sporting qualities
in the offspring. In search of ways to solve this problem in a number of foreign countries (Germany,
Poland), stallions and mares are tested not according to the results of racetrack tests, but according to
the level of development of sports qualities identified during a short individual training at the age of
1.5-2 years [22, 23].

The ranking principle has significant advantages over the simple distribution of stallions by
occupied places, since at the same time the assessment of a stallion depends on the severity of the trait
in its offspring, and not on the number of assesable successors.

Table 3 presents an assessment of the offspring of the studied stud stallions from the lines: 464
Neon - stallion Nauryztoy 9 and 494 Fort - stallion Preferance 5 in terms of the quality of the
offspring, which was carried out based on the results of valuation the offspring according to several
selected traits, allocated to two groups: Group | includes the traits: assessment of type, torso, limbs,
measurements. Group Il includes an assessment of the severity of sports qualities, each of which was
assessed on a 10-point scale.
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Table 3 — Dynamics of the assessment of the phenotype of the offspring in the context of breeds
according to the first group of assessed traits, score

Torso (body) Limbs (base) Score Stallion

Head Neck Chest Sides | Crupper Front Rear category
Group | Offspring of stallion Nauryztoy 9

9,5¢0,5] 9,504 | 10,0 | 95+15 | 95+2,7 | 95+0,1 | 95+8 | 95 | Improver
Group Il Offspring of stallion Preference 5

9,2+¢1,2] 9,5+3,1 | 9,0+0,3 | 9,2+1,8 | 95+1,3 | 95+05 | 95+8 | 9,0 | Improver

Group Il1Control
8,5+4,2 | 9,0+2,8 | 85+0,5 | 8,0+2,6 | 9,0+05 | 8,0+0,8 | 85+1,7| 80 |  Neutral

Based on the information in Table 3 - I and Il groups of young stallions of Nauryztoy 9 received
9.5 points, and the group of stallions Preferance 5 received 9.0 points. These indicators exceed the
average level for young offsprings of other stallions taken into account in the control group IlI.

Table 4 continues the assessment of the studied offspring in terms of different genotypes by
type and body conformation.

Table 4 — Dynamics of the intermediate assessment of the body conformation of the offspring in the
context of lines according to the group | of assessed traits, score

Score for body conformation
Groups
M£m ) Cv
Group I classical distances (n=5) 7,5+0,13 0,52 6,92
Group Il long distance (n=5) 7,5+0,16 0,52 7,01

From the data in Table 4 it can be seen that the young offsprings of group I trained for classical
distances received an average score for body conformation (7.5+0.13), and for group Il those trained
for long distances (7.3+0.16), no significant difference was found between the compared groups.

Table 5 presents the summary results of the assessment of stud stallions for the quality of their
offspring by type and body conformation.

Table 5 — Results of the final assessment by type and body conformation of the offspring in the
context of lines according to the group | of evaluated traits

Score
No. Name n=14 Body Totalpoints | Rank
Type . Measurements
conformation
1 Nauryztoy 9 6 8 8 9 25 |
2 Preferance 5 8 8 8 9 25 I

Taking into account the obtained data of stud stallions based on the results of assessing the
quality of the offspring by type and body conformation, according to the data in Table 6, it can be
stated that the stud stallions occupy the following levels of excellence: The offspring of Nauryztoy 9
and Preference 5 are in the lead. During the assessment, the stallions received rank | - by category —
improvers, elite class.

Table 6 presents the assessment of stud stallions based on the athletic performance of their
offspring.
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Table 6 — Results of assessment of the sports workingcapacity of the studied stud stallions, score

Indicator
Locomotary characteristics

Group of horses Number of st C
Stallion name umber of steps per -I:FI/IJ'IBILBI/Ié(eI}III/ISI Average

step score trot score rot atlop score

score score

Group | 32+2,5 9,3 17,4+1,8 7,5 4 4,5 6,3
Group Il 30,5+2,4 9,0 18+3,5 6,5 4 4,6 6,0
Requirements for 25-39 | 510 | 1419 | 105 | 5 5 .
instructions

According to the data in Table 6, the offspring of stud stallions from the factory lines - 464
Neon and 494 Fort - meet these requirements for locomotary characteristics according to the
instructions [15].

Conclusion.Throughout the course of the conducted research, it was established that in the
process of assessing a set of traits based on zootechnical documentation, horses of the Kustanay breed
for the entire period of its development were distinguished by the best breeding characteristics, not
inferior to world breeds in terms of breeding and sporting qualities.

The results obtained by evaluating the breeding stallions in terms of the quality of offspring in
the context of the factory lines 464 Neon and 494 Fort are superior over the peers of the control group
- both in breeding and in the evaluation of the modern livestock in the context of the lines in terms of
sporting qualities. In this connection, the breeding stallions: Nauryztoy 9 (512 Nag - 2146 Torki 8) and
Preferance 5 (525 Pegasus — 2101 Safari) are being improvers according to the quality of offspring and
can be used to lay two new lines in the Kustanay breed of horses.

Taking into account the positive dynamics based on research results, two competencies have
been developed:

- to preserve the modern linear structure of the Kustanay breed both in the near and far future, to
use purebred breeding as the main method of breeding in combination with an effective form of
stabilizing selection and homogeneous selection, which will significantly affect the implementation of
the set goal and objectives of this scientific work;

- the horses of the Kustanay breed should again become in demand on the market as sports, as
well as among private horse owners, equestrian schools and clubs, as one of the priority ways of
development, contributing to an increase in livestock and popularization.

Summing up, it should be concluded that raising the problem of preserving and developing the
Kustanay horse breed is timely and extremely necessary in the development strategy of tribal horse
breeding in Kazakhstan, and, therefore, an important part in supporting the entire livestock industry.
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TYHIH

JKbUIKBI  IIApyaIIbUIBIFBIH  TAMBITYABIH OKETICTII CEJeKIMSUIBIK JKOHE achblUl  TYKBIMIIBI
KYMBICTapAbl YWBIMAACTBIPYMEH Tikelled OaimaHbICThl. Makaaja ChIHAaKTaH OTKEH COTTEH Oacrarl
TYKBIMZIBI TaMBITY Tiporiecinne Kocranail TYKbIMIIBI JKBUIKBUIAPABIH achll TYKBIMIIBI JKOHE CIIOPTTHIK
Oenriiepin xkeTingipy OoibIHIIA Tangay ycelHbUIFaH. KocTaHall TYKBIMAIBI KBUIKBUIAPJIBI CAKTay MEH
KETUIAIpyre KanbIITacKaH 3ayBITTBIK JKENJIEpAIH oCepiH aHbIKTay MakcaThl KOMBUIABL. ACBUI
TYKBIM/IBI alFBIpIIap/Abl YpIaKTapbIHbIH canackl OOWBIHIIA OaFanay Kypri3iial )koHe yMiTKepiep jKaHa
XKeminepaiH ara-6abamapsl periHae aHpiKTanapl. llapyambuisikra 3epTTey KYpPrizy YIUiH 9pTYpii
TEHOTUNTI Kac XaHyapiapAblH YII ToObl KypbuUiabl: Haypbeiztoit eHaiperiH aitrbipabiH I ToObI 9
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(neonHsIH 464-xemici), npedepanc alrsipbHbIH I ToOB 5 (DopTThiH 494 — *emici) xoHe Il Tom —
Oakputay (6acka ceI3biKTap). KocTanail TYKbIMIbI JKBUTKBLIAPIBIH Ka3ipri 3amanfbl CaHbl OakpLiay
TOOBIHBIH KypAacTapblHaH — aCbUl TYKBIMJIBI XOHE CIIOPTTHIK KacueTTepi OoiipiHma 464 HeoH MeH 494
OCKIHICTIH 3ayBITTHIK >Keninepi OoiblHINIA Oenrigep KemleHi OOHBIHIIA —apTHIKIIBUIBIFBIMEH
CHIATTaNIaThIHbI aHBIKTANIBL. OchlFaH OaiIaHbICThI, OHAIPYII aliFbIpiap: Haypsizoii 9 (512 Har-2146
Topku 8) xone Ilpedepanc 5 (525 Ilerac — 2101 Cadapu) yprakTapblHBIH canacblH Oaraiay
OOIbIHIIA JKAKCApTYIIBI MapTeOeciHe coiikec Kemei )KoHe KOCTaHal KbUTKbI TYKBIMBIHA €Ki KaHa KOl
cally YIIiH TaFalbIHAATybl MYMKIH.

3eprreynep Kazakcran PecryGnukacsl Aybul mapyambuiblFbl MEHUCTpITIriHIH 2021-2023 x.K.
BR 10764999 «Cenekuusiblk NPOLECTI THIMAI 0OacKapy KOHE JKbUIKbI IAPYalllbUIbIFbIHIAFbI
reHO(OHITHI CaKTay TEXHOJIOTHSUIAPBIH d3ipiiey» FhUIBIMU-TEXHUKAJBIK OargapiaMachl meHOepiHae
KYPTi3iii.

PE3IOME

Ycnex pa3BUTHS KOHHO3AaBOJCTBA HANpPSIMYIO CBSI3aH C OpTraHM3alied CeleKlMOHHO-
IJIeMEeHHON paboTel. B cTarbe mpencraBieH aHajiW3 IO COBEPIIEHCTBOBAHHMIO IUIEMEHHBIX H
CHOPTUBHBIX MpH3HAKOB Jiomaael Kycranaiickoil mopoas! B MpoIecce Pa3BUTHUS MOPOILI ¢ MOMEHTA
anpoOanuu. bbila mocTaBieHa Iellb — ONPENENUTh BIMSHUE CIOXKHBIIUXCS 3aBOJCKUX JIMHUA Ha
COXpaHEHHE W COBEPIICHCTBOBAHMUE JIOMIAICH KycTaHaCcKoi mopodsl. [IpoBeneHa oreHka xepeOIioB-
MIPOM3BOANTENEH TI0 KAYeCTBY TIOTOMCTBA M ONPENENeHBI MPETeHCHTHI, KaK POJOHAYaIbHUKN HOBBIX
nuHUH. /|71 mpoBeneHns uCCcIenoBaHni B X03HCTBE CPOPMHUPOBAHBI TPU TPYIIITHI MOJIOAHAKA PA3HBIX
reHotunos: | rpymma xepedua-nponsBoautens Haypeizrost 9 (muaus 464 Heona), I rpymnma sxepediia-
npousBoauTens — xepedna [Ipedepanc 5 (muuausg 494 dopra) u Il rpynma — KoHTpoONBHAS (TTpoUwne
JUHUM). YCTaHOBJEHO, YTO COBPEMEHHOE IIOTOJIOBhE JIOMIAJed KyCTAaHAHCKOW  IMOpPOJBI
XapaKTepu3yeTcs MPEBOCXOICTBOM 110 KOMIUIEKCY MPU3HAKOS B pa3pese 3aBojACKuX IuHui 464 Heona
n 494 ®oprta Hax CBEPCTHUKAMH KOHTPOJIBHOM TPYMIBI — KaK MO IJIEMEHHBIM, TaK M TI0 CIIOPTUBHBIM
KadecTBaM. B cBsi3um ¢ deM, kepeOupl-pousBoauTenu: Haypezroit 9 (512 Har — 2146 Topku 8) u
IIpedepanc 5 (525 Ilerac — 2101 Cadapu) 1o oreHke KauecTBa MOTOMCTBA COOTBETCTBYIOT CTaTyCy —
yiydimateneil 1 MOoryT OBITh Ha3HAUEHBI IS 3aKJIAJKH JIBYX HOBBIX JIMHUW B KyCTaHAWCKOW IOpOAE
Jomazei.

HccnenoBanus MpOBOJMIINCH B paMKax Hay4dHO-TeXHHWYeckod mporpammel BR 10764999
«Pa3paborka TexHOmorut 3()PEKTHBHOTO YIPABIECHUS CENEKIHOHHBIM IPOIECCOM M COXpPaHEHHS
reHodoHga B KoHeBojcTBe» 2021-2023 r.r. MuHHCTEpCTBa CEITBCKOTO XO3SCTBAa PECITyOINKH
Kazaxcran.
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GENETIC DIVERSITY OF THE KOSTANAY HORSE BREED USING
MICROSATELLITE MARKERS

ANNOTATION

The article presents the results of the analysis of genetic diversity of the Kostanay breed of 17
loci of DNA microsatellites, including AHT4, AHT5, ASB17, ASB2, ASB23, CA425, HMS1, HMS2,
HMS3, HMS6, HMS7, HTG10, HTG4, HTG6, HTG7, LEX3, VHL20. Hair bulbs of 30 heads of
horses of Kostanay breed (Kostanay city, Zarechny settlement) were used as biological material for
research.

The aim of the work was to characterise the genetic diversity of horses of the Kostanay breed by
microsatellite STR-loci.

Genotyping of animals was carried out by PCR, separation and detection of amplification
products was carried out by capillary electrophoresis on an 8-capillary 3500 Genetic Analyzer
(Applied Biosystems, USA). The results were interpreted in GeneMapper programme, and statistical
processing was performed using Microsoft Excel 2010. The following parameters were calculated:
allele frequencies, polymorphism level (Ae), degree of observed (Ho) and expected (He)
heterozygosity, fixation index (Fis).

As a result of genotyping of the Kostanay breed of horses bred in Zarechny settlement of
Kostanay district on the studied microsatellite loci, data characterising the polymorphism of each of
the markers were obtained. On 17 microsatellite loci of DNA in horses of Kostanay breed 102 alleles
were revealed. The number of alleles per locus varied from 4 to 10. The most informative for the
group under study were loci with the highest number of alleles (ASB17, ASB2), the least informative -
with the minimum (HMS1, HTG7). The highest observed heterozygosity was at the ASB2 locus
(0.900) and the lowest at the HMS2 locus (0.367). The average expected heterozygosity was 0.696,
observed heterozygosity was 0.681, and the mean fixation index had a value equal to 0.018.

Thus, characteristic features of polymorphism on all investigated indexes of the studied
microsatellite loci of DNA of the Kostanay breed of horses were revealed.

Key words: horses, Kostanay breed, microsatellites, locus, DNA.

Introduction. In 1887, for the first time 2 state stables were 20haracter — Torgay and Kostanay
stables, and 3 years later — Orenburg stables. These stud farms purchased stallions-producers of
Kalmyk, Don, purebred riding, Streletskaya breeds. In 1898 a breeding breeding centre was
20haracter, where local Kazakh horses began to breed in purity, selecting the best individuals for
further selection work [1].

The best mares were crossed with stallions of Streletskaya and Don breed lines, and their
offspring were infused with the blood of thoroughbred riding horses. The mixed breeds obtained in
this way met the stated requirements — they had a massive body and strong limbs, and were
20haracterize20 by productive movements.

In 1920 the breeding ground was transformed into “Kostanay horse breeding farm”, where the
breeding work was continued. Kostanay horse breed was registered in 1951 [2]. At present the work
on breeding of the Kostanay breed of horses is continued by “Kazak tulpary” LLP, where the work on
studying the genetic characteristics of the population and the development of a comprehensive
breeding programme continues.

One of the most convenient and widely used markers for DNA-identification in animal genetics
are microsatellites. This is a special class of DNA markers, which are DNA fragments with a large
number of up to one hundred or more tandemly repeating identical “ motives™ [3, 4]. A motif is a short
sequence of several (from two to eight) pairs of nucleotides, usually called a “repeat” [5].

Depending on the repeat length, microsatellites are classified into loci with di-, tri-, tetra-, penta-
, and hexanucleotide repeats [6]. Thus, a microsatellite, or microsatellite locus (STR locus, Short
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Tandem Reapets), is a section of DNA located in a particular chromosome and containing short
tandem repeats [7, 8].

In horses, the analysed STR loci constitute a standard panel of markers recommended by the
International Society of Animal Genetics (ISAG): AHT4, AHTS5, ASB17, ASB2, ASB23, CA425,
HMS1, HMS2, HMS3, HMS6, HMS7, HTG10, HTG4, HTG6, HTG7, LEX3, VHL20.

In the scientific literature, the first description of microsatellite DNA in horses appeared in the
early 1990s [9-13]. To date, more than 24 thousand microsatellite loci have been identified in the
horse genome. Many of these loci have dozens of alleles that differ from each other in the number of
tandem repeats [14-16].

Knowledge of differences in DNA structure is used in the assessment of intrapopulation
diversity and identity of different breeds. A detailed study of the genetic characteristics of the
population and the development of a comprehensive breeding programme are necessary for the
conservation and further increase of the population [17, 18].

The aim of this study is to 21haracterize the genetic diversity of the Kostanay horse breed by
microsatellite STR loci.

Materials and Methods.The researches were carried out on the basis of scientific research
institute of applied biotechnology NLC “A.Baitursynov Kostanay regional university “. The object of
research were horses of Kostanay breed (n=30), bred in “Kazak tulpary” LLP.

For DNA isolation from hair follicles we used a commercial kit “DNA-Extran-2” of “Syntol”
company (Moscow). DNA amplification was carried out by PCR in multilocus format using a
commercial kit “Cordis Horse” of the company “Gordiz” (Moscow) on the amplifier ProFlex PCR
system (Applied Biosystems) according to the manufacturer’s instructions. Amplification products
were separated and detected by capillary electrophoresis in automatic mode on a 3500 Genetic
Analyzer manufactured by Applied Biosystems. Interpretation of the analysis was performed using
GeneMapper software. The final stage of the analysis of amplified fragments is the identification of
alleles and establishment of genetic profiles of the studied DNA samples.

The following parameters were calculated during genetic-population analysis: allele
frequencies, polymorphism level (Ae), degree of observed (Ho) and degree of observed (He)
heterozygosity, fixation index (Fis) [19-21].

Research Results. The modern Kostanay horse breed reveals a high level of intra-breed genetic
variability. In 17 STR-loci studied by us 102 alleles were identified. The number of alleles in each
locus varied from 4 to 10 alleles per locus.

In a study of 30 horses of this breed, the following frequency of allele occurrence was found
(Table 1).

Table 1 — Frequency of occurrence of alleles of microsatellite loci in the studied population of horses
of Kostanay breed.

L ocUs Alleles
B C D F G L H I J K

1 2 3 4 5 6 7 8 9 10 11
AHT4 0,167 | 0,100 | 0,316 | 0,017
AHT5 0,200 | 0,267
ASB17 0,050 | 0,300 0,050 | 0,017 0,017
ASB?2 0,100 0,183
ASB23 0,283 0,233 | 0,117 | 0,100
CA425 0,017 0,133 | 0,100
HMS1 0,083 0,083 | 0,383
HMS2 0,733 | 0,033 | 0,017 0,083
HMS3 0,267
HMS6 0,033 | 0,033
HMS7 0,200 0,234
HTG10 0,017 0,200 0,017
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1 2 3 4 5 6 7 8 9 10 | 1
HTG4 0,017 0,201
HTG6 0,400 0,150
HTG? 0,267
LEX3 0,067 0,233 | 0,100

VHL20 0,033 0,417

Alleles
Locus M N 0 P Q R S T U

AHT4 0,350 | 0,017 | 0,033
AHT5 | 0217 | 0,250 | 0,033 0,033

ASB17 | 0,033 | 0,267 | 0,133 0,050 | 0,083
ASB2 | 0,033 | 0,050 | 0,067 | 0,167 | 0,183 | 0,217

ASB23 0,217 0,050
CA425 | 0,200 | 0,483 | 0,067
HMS1 | 0,451
HMS2 | 0,134
HMS3 | 0,117 | 0,033 | 0,200 | 0,350 0,033
HMS6 | 0,317 | 0,017 | 0,033 | 0,567
HMS7 | 0,133 | 0,333 | 0,100
HTG10 | 0,400 0,232 0117 | 0,017
HTG4 | 0,750 | 0,017 | 0,017
HTG6 | 0,067 0,350 0,033
HTG7 | 0,117 | 0,150 | 0,466
LEX3 | 0,083 | 0,134 | 0,200 | 0,183

VHL20 | 0,133 | 0,317 0,100

As can be seen from Table 1, there are 7 alleles in the locus AHT4. The most widespread was
allele J, so, its frequency was 0.316. The lowest frequency was observed for alleles K and P, they
occurred with the same frequency of 0.017.

In the locus AHTS5 in horses of Kostanay breed 6 alleles were revealed, the highest frequency
was observed for allele K (0,267); in the second place - allele N (0,250); the lowest frequency was
observed for alleles O and Q (0,033).

The ASB17 locus is the most highly polymorphic in the studied group of horses. Thus,
10 alleles were identified in it. The highest frequency is noted for allele N (0.267); the second place is
occupied by allele O (0.133). The lowest frequency is characterized by alleles I (0.017) and K (0.017).

The ASB2 locus contains 8 alleles. The most common allele was the R allele (0.217). Allele
M in horses of Kostanay breed was less widespread, as its frequency was 0,033.

In the ASB23 locus, the L allele (0.283) is the most frequent, with the I allele (0.233) in
second place. In the studied population of horses of Kostanay breed alleles K (0,100) and U (0,050)
are among the rarest.

In locus CA425 in horses of Kostanay breed 6 alleles were revealed, the highest frequency
was observed for allele N (0,483); in the second place - allele | (0,133); the lowest frequency was
observed for allele L (0,017).

The locus HMSL1 is the lowest polymorphic in the studied group of the Kostanay breed of
horses. 4 alleles were detected in it. In descending order of frequency there are alleles: M (0,451),
J (0,383), L (0,083) and 1 (0,083).

Five alleles were identified at the HMS2 locus. Thus, in the group of horses of the Kostanay
breed, allele L (0.733) was found with the highest frequency, followed by allele M (0.134). Allele I is
one of the rarest and its frequency is 0.017.

Six alleles were identified at the HMS3 locus. Allele | has the highest frequency (0.267), while
alleles R and N are among the rarest, with a frequency of 0.033.
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In the HMS6 locus, the following distribution of alleles is observed. In the studied population
of horses of the Kostanay breed, the highest frequency is noted for the allele P (0.567), the lowest - for
the allele N (0.017).

In the locus HMS?7 in horses of Kostanay breed 5 alleles were revealed. The frequencies of
alleles in the group in descending order were: N - 0.333, J - 0.234, L - 0.200, M - 0.133, O - 0.100.

In the studied horse population 7 alleles were detected at the HTG10 locus. The highest
frequency was observed for allele M (0.400); the second place was occupied by allele O (0.232); the
lowest frequency was observed for alleles L, S and K (0.017).

Five alleles were detected in the HTG4 locus. In the group of horses of Kostanay breed with
the highest frequency was allele M (0,750), followed by allele K (0,201). Alleles L, N and O are the
least common, their frequency is the same and is 0.017.

In the HTG6 locus the following distribution of alleles is observed. In the group of horses of
the Kostanay breed the greatest frequency is noted for alleles G (0,400), and O (0,350). Other alleles
have a low frequency (from 0,033 to 0,150).

The HTG7 locus is one of the least polymorphic. Four alleles were identified in it. The O
(0.466) and K (0.267) alleles have the highest frequency. The N (0.150) and M (0.117) alleles are the
least common.

7 alleles were detected in the LEX3 locus. In horses of the Kostanay breed the most
widespread was allele L (0,233). Alleles F (0.067) and M (0.083) were among the less common
alleles.

Five alleles were identified at the VHL20 locus. Thus, in the group of Kostanay horses, allele |
(0.417) was the most frequent, followed by allele N (0.317). The L allele is one of the rarest, and its
frequency is 0.033.

Further we calculated the level of polymorphism, assessed heterozygosity, calculated the values
of Wright fixation index (Table 2).

Than the lower the level of polymorphism, the lower the genetic diversity of the population. In
our research the level of polymorphism varied from 1.657 in HTG4 locus to 6.250 in ASB2 locus. The
average level of polymorphism was 3.758 (Table 2). In the group of Kostanay horses we studied, of
the 17 identified STR loci, eight had allele counts greater than the average level of polymorphism and
nine had allele counts less than the average level (from 1.657 to 3.719).

Heterozygosity is an important parameter in questions of population genetic dynamics.
Heterozygosity serves as a measure of genetic variability of a population and is defined as the average
frequency of heterozygous individuals at certain loci. An increase in homozygosity is accompanied by
a decrease in genetic and phenotypic diversity and leads to an increase in the homogeneity of
populations. In the studied group of the Kostanay breed, the observed and expected heterozygosity for
all loci do not differ. The highest level of expected heterozygosity was at the ASB2 locus (0.840), and
the lowest at the HTG4 locus (0.397). The average observed heterozygosity was 0.681 and expected
heterozygosity was 0.696.

Table 2 — Genetic characterization of polymorphism of Kostanay horses by 17 DNA microsatellites
(n=30)

Level of Degree of heterozygosity o
Locus Number of polymorphism Observed_ Expected_ Fixation
alleles (AE) heterozygosity heterozygosity Index (Fis)
(Ho) (He)

1 2 3 4 5 6
AHT4 7 3,814 0,733 0,738 0,007
AHT5 6 4,489 0,867 0,777 -0,116
ASB17 10 5,128 0,800 0,805 0,006
ASB2 8 6,250 0,900 0,840 -0,071
ASB23 6 4,813 0,867 0,792 -0,094
CA425 6 3,267 0,700 0,694 -0,009
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1 2 3 4 5 6
HMS1 4 2,752 0,500 0,637 0,215
HMS2 5 1,773 0,367 0,436 0,158
HMS3 6 4,009 0,667 0,751 0,111
HMS6 6 2,353 0,667 0,575 -0,160
HMS7 5 4,286 0,800 0,767 -0,043
HTG10 7 3,719 0,667 0,731 0,088
HTG4 5 1,657 0,500 0,397 -0,261
HTG6 5 3,220 0,667 0,689 0,033
HTG7 4 3,077 0,567 0,675 0,160
LEX3 7 5,980 0,600 0,833 0,280
VHL20 5 3,303 0,700 0,697 -0,004

Average 6 3,758 0,681 0,696 0,018

For each locus, we calculated the values of the Wright fixation index. The Wright fixation index
allows us to establish the deviation of heterozygous genotypes from the theoretically expected one.
The index value can have both positive and negative values, in the first case it indicates the lack of
heterozygotes, in the second case - their excess. For the studied Kostanay breed the shortage of
heterozygotes was observed at loci AHT4, ASB17, HMS1, HMS2, HMS3, HTG10, HTG6, HTG7,
LEX3; at the same time the index values were insignificant and were in the range from 0.006 to 0.280.
An excess of heterozygotes was observed for the remaining loci, where the fixation index ranged from
minus 0.004 at the VHL20 locus to minus 0.261 at the HTG4 locus. The mean value of Wright's
fixation index showed 0.018.

Conclusion.

As a result of the study of 30 heads of horses of the Kostanay breed, we investigated and
described 17 STR loci, in which 70 alleles were identified: from 4 to 10 alleles per locus. The
maximum level of polymorphism was characterised by locus ASB2, and the lowest level - by locus
HTGA4. The studied group of the Kostanay breed was characterised by a high level of genetic diversity.
The average level of observed heterozygosity was 0.681, expected heterozygosity - 0.696. In general,
the average index of Fis fixation index (0.018) was determined for the group, which indicates the
stability of the genetic structure of this population.
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TYUIH

Maxkanamga IHK muxpocaremurrepinin 17 mokycer 6ovibrama: AHT4, AHTS, ASB17, ASB2,
ASB23, CA425, HMS1, HMS2, HMS3, HMS6, HMS7, HTG10, HTG4, , HTG7, LEX3, VHL20
KocTanail TYKBIMBIHBIH TE€HETHKAJBIK OPTYPJLUIIriH Taufay HOTIDKENIepi KenTipinreH. 3epTrey VIIiH
OuoorusTeIK MaTepuan perinae Kocranait TyKeIMBIHBIH 30 0ac KBUIKBICHIHBIH (KocTaHail K.) marmt
TajIapbl NaiJalaHbUIIBL.

KympicTeiH MakcaTel MuKpocaTermuTTik STR-mokycrap OoiteiHmma KoctaHail TYKBIMITBI
KBUTKBLUIAP/IBIH TeHETHUKAIBIK SPTYPIIPIriH cUmaTTay OONIBI.

Kanyapmapapiy renotunid aHbiktay [P omiciMen opweIHIANIBI, KYIIEHTYy ©HIMIEpiH 0oy
JKOHE aHBIKTAY KalMJUIAPIIBIK 3JEKTPoQope3 apKbpUIbl 8 KaMMIUIAPIIBI TeHeTHKaIbIK anamn3atop 3500
Genetic Analyzer (Applied Biosystems, AKIII) apkputet sxy3ere aceipbuiasl. Hotmkenep GeneMapper
OarmapiaMachblHBIH KOMETIMEeH TYCIHIIpUIAi, CcTaTHCTUKanblK eHuey Microsoft Excel 2010
Oarmapiamachl apKbUTI  OpbIHIANAbl. Keneci mapamerpiep ecenTenai: aiuienb KHUTIKTEpi,
monmumoppusM gAeHreii (Ae), Oalixamy pgopexxeci (Ho) xoHe Teopuwsimbik ecentenren (He)
reTepo3uroTaisik, pukcanus uaaekci (Fis).

Kocranaii o0xnpicel 3apedHoe aybUIbIHAA OCIPUIETIH JKbUIKbUIAPABIH KOCTAHAH TYKBIMBIH
TEHOTUNTEY HOTHXKECIHAE 3€pTTENeTiH MHKpPOCATEJUIMTTIK JIOKyCcTap YLIH  MapKepiepAiH
OPKaHCBICBIHBIH ~ NMOMMMOP(GU3MIH CUNATTAWTBIH MAliMeTTep aibiHAbl. KocTtaHail TYKbIMABI
KbpUTKbIIapaarel 17 mmkpocarermuttik JIHK mokycraper ymin 102 ammens aHbIKTanabl. bip
JIOKyCTarbl aienbaepAiH caHbl 4-teH 10-ra neiiin esrepai. 3epTTey TOOBI YIUIH €H aKMapaTThl
JIOKycTap ajieNbAepaiH eH Kol caHbl 0ap sokycrap (ASB17, ASB2), en a3 aknapaT GeperiH JIOKycTap
(HMS1, HTGY7). En sxorapsl Gaiikanran rereposurotansik ASB2 nokyceiaaa (0,900), an e TemeHrici
HMS2 nokycerama (0,367) Oommel. KyTineTiH TeTepo3WroTaNbIKTBIH opTtama aeHreidi — 0,696,
OaKpLIaHATHIH reTepo3urotanbik — 0,681, oprama ¢ukcanus naaexci — 0,018.
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Ocputaiitna, KocTanail IKbUIKBI — TYKBIMBIHBIH ~ 3epTTenieTiH  Mukpocartemnuttik  JAHK
JIOKYCTapbIHBIH OapiblK 3epTTENreH KepceTKimTepi OoibiHIIA monuMopdu3Mre ToH Oenrinep
AHBIKTAJIbIL.

PE3IOME

B cratbe mpencraBieHbl pe3ynbTaThl aHANIH3a TEHETHYECKOTO pPa3sHOoOOpas3wsi KOCTaHAHCKON
moponel 17-tu sokycam mukpocareriuToB JIHK, srmouas AHT4, AHTS5, ASB17, ASB2, ASB23,
CA425, HMS1, HMS2, HMS3, HMS6, HMS7, HTG10, HTG4, HTG6, HTG7, LEX3, VHL20.
B kauyecTBe OMOIOrHMYECKOro MaTepuana sl UCCISAOBAHNHI HMCIIONIb30BAIMCH BOJIOCSHBIE JTYKOBHIIBI
30 rosoB somajielt kocraHaiickoi mopossl (r. Kocranai, . 3apedHsiii).

Lenbro pa®oThl OBLIO OXapaKTEPU30BATh TEHETHUECKOE pa3HOOOpa3ue JIomaneil KocTaHaCKOoN
ITOPO/JIbI 110 MUKPOCATEILIUTHBIM S TR-j10Kycam.

I'enoTunupoBaHue KUBOTHBIX MTpoBoausid Merogom 1P, pasnenenue u AeTeKUUIO NPOIYKTOB
aMIUTU(HUKAIIMK  OCYIIECTBISUIA METOJIOM  KaIWLIPHOTO  3JiekTpodope3a Ha  §-KamLISIPHOM
reHernueckom anaimsatope 3500 GeneticAnalyzer (AppliedBiosystems, CIIIA). Mutepmperarus
Pe3yJBTaTOB OCYIIECTRIISIACh B iporpamme GeneMapper, cTaTuCTUYEeCKYr0 00pa0boTKy ITPOBOIUIM C
ucnoib3oBanueM mporpammel «Microsoft Excel 2010». PaccuuthiBanu ciieayromme napaMeTphl:
4acTOThl BCTPEUAEMOCTH ajuleNed, ypoBeHb momumopdHoctu (A4.), crenens HabOiromaemor (HO) u
oxugaemoii (H.) rerepo3uroTHocTd, uHaekc pukcanuu (Fis).

B pesynprare reHOTUIUPOBAaHUS KOCTAHAMCKOMN IMOPOMBI JIOMIaAei, pa3BOIUMBIX B II. 3ape4HOE
Kocranaiickoro paifoHa 0 W3y4aeMbIM MHUKPOCATCIUIMTHBIM JIOKycaM OBLIN TIOMY4YEHBI JaHHBIC,
XapaKTepHU3yIolKe MOJIUMOphU3M Kaxaoro u3 mMapkepos. [1o 17 mukpocareumutHbiM Jokycam JJHK
y Jomaaed KOCTaHAWCKOW mopoasl ObwTo BeIIBICHO 102 amrens. Ywmcmo ammeneli Ha JIOKycC
BapeupoBaio ot 4 1o 10. Hanbonee napOpMaTUBHBIMA JIs1 UCCIENYEMOM TPYIITBI SBUIHCH JIOKYCHI C
HanOonpmuM uuciioM aseneir (ASB17, ASB2), nHanMeHee MHPOPMATHBHBIMH - ¢ MUHHMAIbHBIM
(HMS1, HTG7). HaubGomsimas HabmiogaeMas TeTepO3MroTHOCTh Oblma B Jjokyce ASB2 (0,900),
a HamMmeHbimas — B Jokyce HMS2 (0,367). Cpemnuii ypoBeHb OXHIAEMON T'€TEPO3UTOTHOCTH
cocrapisn 0,696, HaGmomaemoii rereposurotrHoctd — 0,681, cpemuuit wHIEKC (GHUKCAIUHM HMEN
BenuuuHy, paBayro 0,018.

Takum 00pa3oM, BBISBICHBI XapaKTEpHBIE OCOOCHHOCTH IMONMUMOPPHU3MA IO BCEM
HCCIIEIOBAHHBIM TMOKA3aTeIsIM U3YUEHHBIX MUKpOcaTeJUNIUTHBIX JIoKycoB JIHK xocTaHaiickoil mopojisl
Jotaien.
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EXTERIOR AND MORPHOMETRIC INDICATORS OF BRED BREEDS OF HONEY BEES
OF KAZAKHSTAN

ANNOTATION

The article presents the results of a study to determine the breed affiliation, exterior indicators,
bred breeds of honey bees on the territory in the context of regions and zones of the Republic of
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Kazakhstan. The study of wings by morphometric method covered 3000 samples of front, right wings
from 40 beekeeping farms. It has been established that representatives of three subspecies of honey
bees (A. m. carnica, A.m. carpatica, A.m. mellifera) are mainly bred on the territory of Kazakhstan,
honey bees of breeds are distributed in all zones of the country. A. m. carnica and from 86 to 96% of
honey bees in bee colonies belong to the C line, and A.m. carpatica belongs to 53.5 to 97.7% of bee
colonies in apiaries. On the territory of Kazakhstan, 61.6% belongs to A.M. carnica, 29.4% to A.m.
carpatica and 9% to A.m. mellifera and other breeds. As a result of the study to determine the exterior
data, it was found that the bred breeds of honey bees by the length of the proboscis, by the size of
tergites, sternites, wings fully meet the requirements of the standards for bees of the evolutionary line
C, which includes the breeds A.m. carnica and A.m. carpatica, they are Kazakhstan populations of
these subspecies.

Key words: morphometry,exterior, cubital index, dumbbell index, discoidal displacement

Introduction. According to the results of the work carried out on breed testing by scientists
beekeepers of Kazakhstan from 1964 to 1971, three main breeds of honey bees were identified for
zoning in Kazakhstan: A.m. carnica, A.m. carpatica, A.m. mellifera. During the breed testing, gray
mountain Caucasian, Italian, Carpathian, Carniolan honey bee, and European dark breeds, which were
crossbred with local bees, participated [1].

The methodology of identification of morphometric features of honey bees is promising for
population control, breeding of new types, lines [2]. In the modern world, there are two scientific
research schools in the field of beekeeping that evaluate the breed affiliation of bees by morphometric
characteristics: Russian and German, differing in methodological approaches [3]. The essence of the
difference in the studies of the two schools is the use by the European school in calculating the cubital
index by determining the natural value, the ratio of the proximal segment of the main vein of the 3
cubital cell and the discoidal, and the Russian school adopted the opposite ratio with a percentage
conversion. According to other indices, studies are conducted in the same way in two schools [4].

The prevalence of honey bees (Apis mellifera) throughout the globe was described by the
world's leading beekeeping scientists based on the results of their research [5, 6, 7, 8, 9, 10, 11].
Initially, based on morphological analysis, all subspecies of the honey bee were grouped into four
well-differentiated evolutionary branches, or lines that corresponded to the geographical origin of the
subspecies: A - African line (subspecies); M — line "Mellifera" (subspecies of the western
Mediterranean and Northwestern Europe), C — line "Carnica" (subspecies of Southeastern Europe and
Eastern Mediterranean); O - line "Oriental" (subspecies of the Middle East and Western Asia) [5].

According to the modern classification, honey bees are divided into 30 subspecies belonging to
six evolutionary lines. 11 subspecies of bees belong to the evolutionary line common in the African
mainland, 9 subspecies that are common in eastern Europe and the Mediterranean belong to the C line,
and 6 subspecies that are common in the Middle East are subject to the O line. On the territory of
western and northern Europe, two subspecies from the M line are common, the remaining two
subspecies of the two Z and Y lines are bred on the territory of Syria and Yemen [5, 6].

On the territory of eastern Europe and Belarus, 7 subspecies belonging to different
evolutionary lines are often found: European dark bee (A.m. mellifera), Carpathian (A.m. carpatica),
yellow Caucasian (A.m.remipes Gerst), Caucasian (A.m. caucasica), Carniolan honey bee
(A.m.carnica), Italian (A.m. ligustica), Ukrainian steppe (A.m. acervorum) [12].

In Kazakhstan, the A.m. carnica subspecies is bred the most — currently, which make up about
61.6% of the number of bred honeybee breeds. Representatives of three breeds of honey bees are bred
on the territory of our country: A.m.carnica, A.m.carpatica, A.m. mellifera, and there are also
crossbred bees of representatives of different lines.

The purpose of the article was to present information material about the bred subspecies of
honey bees in the territory of Kazakhstan.

Materials and methods.According to standard methods, 3000 samples of the front, right wings
of the studied honey bees were selected from 40 apiaries from different regions of the country [13].
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The samples were taken during the period of full activity of bees. They were fixed with ethyl
medical alcohol and each batch was labeled indicating the numbers of the bee family [13].

The samples were taken according to the generally accepted method of Alpatov V. [14, 15, 16,
17], and the arrangement of lab preparation was carried out according to the method of Kartashov A.
[18].

From the right front wing, legs, proboscis, hooks, sternite, tergite, the preparation was prepared
by fixing on a transparent adhesive tape, scanned and received an electronic version according to the
method of Kartashov A. [18]. They were scanned using an Epson V600 Photo scanner. The resolution
of the images was 3200 dots per inch (image size: 5782x3946 pixels).

The exterior assessment of bees (proboscis length, number of hooks, tergite length and width,
sternite length and width, wax mirror length and width, tarsal index of the right leg, length and width
of the right wing) was carried out according to Alpatov's method in [14, 15, 16, 17] ( figure 1).

i _a

-

C F

Figure 1 — A:proboscis length, B:front right wing: a — length, b- width,
C: tergite: a — length, b- width,
D: hind legs: a — length, b- width,E:small front wing (number of hooks),
F:sternite: a — length, b— width,wax mirror: ¢ — length, d- width

The breed affiliation according to the index of the bee wing (cubital index, discoidal
displacement, dumbbell index) was determined by the morphometric method according to
A. Kartashov [18].

The obtained experimental material was processed according to the Microsoft Excel program
based on the method of variational statistics according to the method of N.A. Plokhinsky [19].

Results.In the course of the study, the population of honey bees in Kazakhstan was studied by
monitoring the number of apiaries, the presence of bred breeds, and the population of honey bees on
the territory of Kazakhstan.
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Figure 2 — Total number of families according to the Statistics Department of the Republic of
Kazakhstan

Figure 3 shows the number of bee colonies in the context of the regions of Kazakhstan.
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Figure 3 — Number of bee colonies in the context of natural and climatic zones of Kazakhstan

Currently, according to statistics, there are more than 218.4 thousand breeding families on the
territory of our country [20]. 218408 bee families of Kazakhstan are located in the following order: the
first place is occupied by the eastern region (East Kazakhstan, Abai region), where there are 114533
bee families or 52.45% of the total number. The second place is taken by the southern region
(Zhambyl, Kyzylorda, Turkestan region, Shymkent), with 61292 bee families, which is 28.06%, the
third place was taken by the south-eastern region (Zhetysu, Almaty) with the number of bee families
24176 or 11.07%, then the northern region (North Kazakhstan, Pavlodar, Kostanay) on the fourth
(6.72%), the fifth — the Western region (West Kazakhstan, Aktobe) - 1.38% of bee colonies from the
total number of bee colonies of the Republic of Kazakhstan. However, it should be noted that only in
the territory of the East Kazakhstan region there are 90,864 bee colonies, which is 41.6% of all bee
colonies in Kazakhstan.

Hence, it can be assumed that a large number of bee colonies and apiaries on the territory of
eastern Kazakhstan are the result of the influence of the developed beekeeping of Altai and the early
beginning (1786) of the development of beekeeping on the territory of present-day eastern
Kazakhstan. The development of beekeeping in the south and south-east with a population of up to
85,468 bee colonies was apparently influenced by natural and climatic conditions and frequent
importation of bee colonies from neighboring countries.

These indicators indicate the current state of the level of zoning of bred breeds: Carpathian,
carnica, European dark bee, as well as unexplained populations of honey bees in Kazakhstan.
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At the same time, it should be noted that bees are bred most of all on the territory of the republic
in order to obtain honey products. Among the exemplary apiaries, the first place is occupied by the
A.m.carnica breed with a population of 61.6% of the total number of bees, the second A.m.carpatica —
29.4%, and the remaining 9% is accounted for by other imported breeds and native local honey bees.

Studies were carried out to determine the breed affiliation and the percentage ratio of the
number of studied cross bred bees in the context of breeds with the use of morphometric and
molecular genetic modern methods.

In this regard, in the future, in order to establish an accurate, concrete picture of the number and
abundance of breeds, populations, comprehensive studies will be conducted covering all bee apiaries,
bee families in order to determine breeding areas in the context of breeds, ecotypes, intra-breeding
lines of bees.

The result of taking into account the number of bee apiaries and bred breeds in the context of
the regions, it was found that the first place is occupied by the A.m.carnica breed, which is adapted to
the conditions of all 6 natural and climatic zones (desert, semi-desert, steppe, forest-steppe, foothill,
mountain).

Taking into account the biological and physiological features of the bred breeds of honey bees,
the breeding was determined: A.M.carnica and A.M.carpatica, which are acclimatized to warmer,
temperate climatic conditions, and the European dark breed of bees well adapted to cold conditions in
the natural climatic zones of Kazakhstan with a relatively low temperature regime.

In Kazakhstan, the breeding area of the Carpathian and A.M.carnica bee breeds is expanding,
which affects the increase in honey production, at the same time honey base plants for bees are
improving, in this regard, natural and cultural honeybees, including oilseeds and fodder crops, have
become widely used by bees. The necessary prerequisites are being created for the production of high-
quality honey, which can successfully compete with the products of other countries.

According to the national statistics of the Republic of Kazakhstan, due to the state support for
the development of beekeeping, there is an increase in the number of bee colonies, this was influenced
by favorable natural and climatic conditions, relatively mild moderate temperature, wind speed and
humidity in the summer period, as well as sufficient food supply for bees. Analyzing the data of the
Department of Statistics of the Republic of Kazakhstan, the total number of hives in the regions over
the past 3 years has increased by an average of 63.4%. However, beekeeping is poorly developed in
the Mangistau and Atyrau regions. Compared to 2021, by the beginning of 2023, the number of bee
colonies increased in the southern region by 36.8%, the remaining 4 regions, except for the central
region, the number of 700 bee colonies in the western region increased to 2806 bee colonies in the
eastern region, and in the central zone, the number of bee colonies decreased by 416 bee colonies.

To determine the presence of representatives of subspecies, 40 apiaries were studied, located in
all natural and climatic zones, 12 regions of Kazakhstan, where 17967 bee colonies are bred. Of these,
14 bee apiaries are located in the steppe zone, 9 - in the forest-steppe zone, 4 - desert, 4 — semi-desert,
7 - foothill, 2 - mountain. The main directions of farms are honey and breeding. All farms in Kostanay
and Pavlodar regions belong to the steppe zone, and in Almaty and East Kazakhstan regions apiaries
are located in forest-steppe, steppe, mountain, foothill, desert, semi-desert zones. Of the 40 apiaries,
15 (37.5%) are stationary, where cultivated beekeepers are used for the further breeding of purebred
families in the conditions of honey breeding farms. Table 1 shows the morphometric indicators of bees
in the context of breeding zones.

Table 1 — Morphometric indicators of honey bees

Natural

'and_ Breed Number Breed, % Cubital index qubbe" _Dlscmdal Tarsal index
climatic of farms index displacement

zone

1 2 3 4 5 6 7 8

Deserted Carnica 2 92,6+2,59 2,785+0,06 1,08+0,01 3,91+0,25 57,09+0,565

eserte

Carpathian 2 75,61+1,537 2,79410,045 1,08+0,006 4,632+0,228 56,50£2,329

Semi - Carnica 1 96,5+1,22 2,90+0,06 1,09+0,01 4,23+0,18 55,65+0,956
desert dg::gg;“ 3 2,253 40,081 | 0,951+0,027 1,17440,814 | 50,324 +2,567
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1 2 3 4 5 6 7 8
Steppe Carnica 9 92,00+3,50 2,71£0,07 1,06+0,01 4,0620,29 52,981,276
Carpathian 3 97,70+1,476 2,946+0,104 1,1140,012 4,650+0,259 57,330,663
Carnica 4 86,1+4,99 2,80+0,09 1,07+0,02 3,540,46 57,780,108
Forest - Carpathian 2 58,6+2,45 2,438620,05 1,070,01 5,10£0,42 54,3+0,35
steppe Central 2 2.274+0.018 1.06+0.033 3.57441.209 59,08+1,893
Russian LRI UOIU. ofaxl. ,08+1,
ol Carnica 5 92,90+1,49 2,66+0,04 1,080,01 3,84+0,16 57,52+0,55
Carpathian 2 53,5+4,53 2,5088+0,49 1,06120,01 4,00£0,21 55,6+0,38
Mountain Carnica 1 95,10+1,82 2,78+0,05 1,08+0,01 3,7140,14 58,7740,57

The table shows the morphological characteristics of bees living in different natural and climatic
conditions, showing variability depending on the latitude of the terrain and the vertical zoning of the
regions.In this regard, it was necessary to study the morphological characteristics of bees in each
region.

Bee samples for the study of morphological features were taken from bee colonies of the above
localities and the following indices were measured with wings on the front right wings: cubital,
dumbbell indices and discoidal displacement.

The difference in the cubital index of carnica between bees obtained in the forest-steppe zone
with semi-desert was 0.10 (3.45%) and between steppe and semi-desert 0.19 (6.55%) and between
foothill and semi-desert 0.24 (8.28%). Thus, the range of the cubital index of carnica, depending on
the breeding zone, ranged from 0.10 to 0.24 and ranged from 2.66 to 2.90.

And for the Carpathian breed of bees, this indicator ranged from 2.438+0.05 to 2.946+0.104.
The lowest values for the cubital index were noted for crossbred bees in semi-desert (2.253+0.081)
and forest-steppe zones (2.274+0.0186).

In morphometric analysis, the dumbbell index of the wings of the studied farms ranges on
average from 0.951 (semi-desert zone) to 1.109 (steppe zone). During the study of the dumbbell index
by breed, the following met the standard: carnica (from 1.06+ 0.01 to 1.09+ 0.01), Carpathian (from
1.061+0.01 to 1.109+0.012), and in crossbreeds this indicator ranges from 0.951+0.027 to
1.060+0.033, which takes the index to the carnica breed index. In five zones, tarsal indices were the
best for Ukrainian bees, only in the steppe zone they were better for Carpathians.

More contrasting interbreed differences are observed in the features of discoidal displacement.
Purebred Carpathian bees have at least 80% of cases of positive bias. A high percentage of positive
discoidal displacement in the Carpathian (4,00+0,21-5,10+0,42) bee breeds.

26 carnica, 9 Carpathian and 5 with different breeds were studied from the general beekeeping
with breed affiliation. Of all the beekeeping farms studied, bees have a high similarity with the
characteristics of the Carpathian breed A.m. carpatica in the steppe zone (97.700 * 1.476), and in the
semi-desert zone (96.5 + 1.22), the characteristics A.m.carnica were determined. In semi-desert and
forest-steppe zones, hybridization of bees is observed. At the same time, the high variability is shown
by the breed of carnica bees.

The analysis of exterior signs was carried out in 40 apiaries from all regions of Kazakhstan for
11 main morphometric signs of worker bees: proboscis length, number of hooks, tergite length, tergite
width, sternite length, sternite width, wax mirror length, wax mirror width, tarsal index of the right leg,
right wing length, right wing width (Table 2).

According to the research results, it was found that the number of hooks that affect the
adjustment of hovering in flight in all breeds was in the range of 19.43-21.96. At the same time, the
A.M. carnica breed had the smallest number of leads in the mountain and forest-steppe zones of 19.4-
19.9, which requires further study.

The length and width of the tergite worker bees in all zones were within the standard. Wax
mirrors are one of the main vital structures of the body. The percentage ratio is 1/3 of the width of the
length of the wings. The ratio of length to width according to tergite was in the range from 42 to 48%.
The dimensions and the ratio of length to width of wax mirrors affect the volume of wax produced by
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bees. According to tarsal indices, bees have a large value in desert (50,324 + 2,567) and forest-steppe
zones (59,084+ 1,893), which affects long-term efficiency in the process of pollen collection.

The indicators of the average length of the proboscis, which is one of the main indicators for the
bonitation of bees in the Carpathian breed ranges from 6,072 + 0.084 to 6,462+ 0.035, and in the
carnica breed it ranges from 6,184 to 6,29 mm, regardless of their habitat zone, according to the tarsal
index and the width of the right wing there are minor deviations in breeding zones, and there are no
significant differences in other indicators. A.M.carnica in the steppe zone tarsal index was 9.84%
lower than in the mountainous zone.

Conclusion.It was found that in six natural and climatic zones of 15 regions of Kazakhstan,
only breeds of honey bees A.m. carnica, A.m. carpatica are common in desert, steppe, forest-steppe
and foothill zones, and A.m. mellifera and native local bees are bred in farms located in semi-desert
and forest-steppe zones.

Taking into account the peculiarities of the natural and climatic zones of Kazakhstan, it is
proposed to breed breeds of the C line in the conditions that they are acclimatized, namely, in hot
summer and warm temperate winter temperature conditions in zones, and more in cold temperature
zones to breed European dark bee breeds and bees of the local population.

It has been established that the largest number of bees belongs to the A.M.carnica breed, which
is bred by about 70% of farms, from all bee apiaries in Kazakhstan. There are cross bred
representatives of the breed of the Ukrainian steppe, Caucasian, in scanty numbers. This indicates an
unplanned and uncontrolled import of bees from different countries.

To carry out breeding, taking into account the selected directions, it is necessary to determine
the level of purity and breeding value of the breeding group, queen bees and bee families.

As a result of the study to determine the exterior data, it was found that the bred breeds of honey
bees by the length of the proboscis, by the size of tergites, sternites, wings fully meet the requirements
of the standards for bees of the evolutionary line C, which includes the breeds A.m. carnica and
A.m. carpatica, they are Kazakhstani populations of these subspecies. The average length of the
proboscis of carnica was 6.22, were in the range from 6.18 to 6.29 mm, and the length of the proboscis
of the Carpathians were a large range from 6.07 to 6.46 on average was 6.31mm. The bred populations
of the European dark bee breed in the eastern and southeastern regions belong to the evolutionary line
M. The results of the studies confirmed that the European dark bee belongs to this line. When
determining the cubital index of honey bees, the carnica breed averaged 2.77 with a deviation range
from 4 to 4.7% (from 2.66 to 2.90), taking into account the indicators of all natural and climatic zones.

Thus, it has been established that the Kazakh population of the A.M.carnica breed is mainly
acclimatized in the southern, southeastern and western regions, where a temperate climate is
maintained throughout the year. Currently, work is underway to determine the adaptive and resistant to
cold climates of the Karnik and Carpathian breeds, the Central Russian breed, mainly acclimatized to
the conditions of the forest-steppe, with cold winter weather temperature regimes.

The use of morphometric methods for determining the breed affiliation makes it possible to
determine the effectiveness of honey bees in acclimatized zones and relative high productivity of a
particular breed.

Currently, breeding and zoning of the A.m. carnica, A.m. carpatica, A.m. mellifera breeds is
effective and contributes to the development of beekeeping in Kazakhstan.

The possibility of importing representatives of other managed breeds, the preservation of local
populations require further research to determine the possibility of breeding other imported
populations of honey bees on the territory of Kazakhstan.

Acknowledgments. The work was carried out within the framework of the program-targeted
financing of the Ministry of Agriculture of the Republic of Kazakhstan: BR10764957 "Development
of technologies for effective management of the selection process in beekeeping™.
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Table 2 — Results of external indicators of worker bees in different climatic zones of Kazakhstan

Natural
and Proboscis Number of . . Sternite Width of Length of the The width of Right wing Width of the
climatic Breed n length leads Tergite length Tergite width length sternite wax mirror the wax mirror length right wing
zone
Deserted Carnica 2 | 6,184 +0,061 21,2040,22 2,036+0,017 4,784+0,026 2,736+0,014 3,994+0,023 1,467+0,014 2,310+0,020 9,326+0,030 3,089+0,013
esertel
Carpathian | 2 6,072+0,084 21,33+1,202 2,703+0,078 4,768+0,058 3,267+0,131 4,319+0,133 1,761+0,067 2,717+0,074 9,142+0,035 3,723+0,182
Semi - Carnica 1 6,195+0,049 20+2,0 2,008+0,029 4,812+0,028 2,772+0,089 4,023+0,110 1,446+0,004 2,252+0,092 9,240,164 2,992+0,028
desert dt')fr?;ggt 3 | 6,086 0,201 3852338 2,559 £0,019 5,727 0,051 3,358 £0,054 | 5,318 +0,140 1,334 +0,030 2,456 +0,082 10,025 +0,186 3,514 +0,086
<t Carnica 9 | 6,199+0,057 | 21,667+0,182 | 2,197+0,017 4,849+0,056 2,729+0,012 4,225+0,023 1,484+0,009 2,322+0,019 9,305+0,029 3,158+0,030
eppe
PP Carpathian | 3 | 6,462+0,035 | 21,967+0,232 | 2,100+0,023 4,760+0,069 2,679+0,022 4,064+0,034 1,525+0,019 2,408+0,022 9,303+0,036 3,444+0,041
Carnica 4 | 6,231+0,077 | 19,933+0,230 | 2,049+0,062 4,267+0,089 2,715+0,041 4,180+0,026 1,407+0,051 2,235+0,024 9,792+0,054 3,566+0,031
Forest - Carpathian | 2 6,3+0,05 220,34 2,15+0,01 4,6+0,07 2,81+0,02 4,41+0,02 1,21+0,01 2,13+0,02 9,0+0,02 3,2+0,06
steppe
gﬁ:stlr:rl] 2 | 6,455+0,046 | 20,333+0,221 | 2,148+0,020 4,662+0,028 2,724+0,013 4,058+0,027 1,499+0,008 2,365+0,015 9,549+0,042 3,448+0,042
Foothill Carnica 5 6,29+0,02 20,50+0,42 2,20+0,01 4,79+0,02 2,83+0,03 4,65+0,03 1,27+0,01 2,28+0,02 9,14+0,04 3,24+0,02
Carpathian | 2 6,4+0,03 20+0,31 2,15+0,02 4,7+0,04 2,9+0,03 4,57+0,03 1,28+0,01 2,4+0,02 9,0£0,02 3,3+0,06
Mountain Carnica 1 6,26+0,03 19,43+0,53 2,14+0,01 4,63+0,03 2,81+0,02 4,40+0,02 1,21+0,01 2,13+0,02 8,97+0,03 3,19+0,01
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TYUIH
Makanana Kazakcran PecryOnmukachlHBIH —OOJBICTaphl MEH aiMaKTapblHAA TYKBIMIBIK
TUECUIIriH aHBIKTAay OOWBIHINA 3€pTTEy HOTHXKeNepi, Oam apanapblHBIH OCIpUIETIH TYKbIMAAPBIHBIH
IKCTEPhEPIIIK KepceTKimTepi KentipinireH. MopdoMeTpusiiblk 3epTTey omicTepi OolbiHma 40 apa
mapyamsUisireiHan 3000 naHa anjabIHFBIL, OH KaHAT yiaritepi 3eprrengi. Kasakcran aymarbiHIa
Heri3iHeH O0an apajapblHBIH YII TYpPiHIH OKuImepi ecipiierini aHbIKTaimmsl (A.m.carnica, A.m.
carpatica, A.m.mellifera), emimisgin OapnbiK alfimMakTapbiHga A.M.Carnica TYKbIMAAPBIHBIH 0al
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apanapsl TapajiFaH jKoHE apa KOJIOHUSUIApBIHAAF Oai apanapbiHbH 86-96%-b1 C ITMHUSACHIHA JKaTaIbl,
an A.m.carpatica TyKbIMbIHA ©CIpUIETIH apa IapyambUIBIKTapbIHbIH 53,5-TeH 97,7%-Ha neiiiH
tuecini. Kasakcran aymarsiaaa 61,6% - A.m.carnica, 29,4% - A. m. carpatica sxone 9% - A.m.
mellifera >xone Oacka 1a TyKpIMapFa jkaTajbl. DKCTEPbEPIIiK KOPCETKIIITEP I 3ePTTEY HOTHIKECIHIE
0an apanapbIHBIH OCIPUITeH TYKBIMAAPHI TYMCBHIFBIHBIH Y3bIHIBIFBI, TEPTUTTEPIIH, CTEPHUTTEPIIH,
KaHaTTapablH Meuiepi OoibiHmia A.m.carnica skome A.m.carpatica TykpiMaapsl skatatbiH C
SBOJIONMSAJIBIK JIMHUSCHIHBIH apajiapel YIIH CTaHJapT TajamnTapblHa TONBIK >Kayanm OepeTiHi
AHBIKTAJIIBI, OJIAP OCHI Killll TYpJIepiH Ka3aKCTaHIABIK OMYJISIUIIaphl OONBIN TaObLIa bl

PE3IOME

B cratbe mpuBeneHb  pe3yabTAaThl  HCCIEAOBAaHHS IO  ONPEAEICHUIO  MOPOAHOM
MPHHAATIEKHOCTH, DKCTEPhEPHBIC TTOKA3aTENU, PA3BOJAUMBIX MTOPOJ] MEIOHOCHBIX IMUYel Ha TEPPUTOPHH
B pa3pese obOnacteil u 30H PecniyOonmuku Kasaxcrana. beumn nccnenoBanbt 3000 00pasiioB nepeaHux,
MPaBbIX KPbUTbEB U3 40 MTUETOBOJHBIX XO3SIMCTB IO MOPHOMETPHUUECKHM METOIaM. Y CTAaHOBJIEHO, YTO
Ha TeppuTopun KazaxcTaHa B OCHOBHOM, Pa3BOIUTCS MPEACTABUTENH TPEX MOJIBUIOB METOHOCHBIX
muen (A.m. carnica, A.m. carpatica, A.m. mellifera), Bo Bcex 30HaxX CTpaHbl PACIPOCTPABHEHBI
MEIOHOCHBIE TUeibl mopox A.m. carnica U oT 86 10 96% MEIOHOCHBIX MYEI B ITYEIOCEMbIX
orHocutes K auHnu C, a A.m. carpatica npunamiexur ot 53,5 mo 97,7% muenocemeil pa3sBOIUMBIX
X03sHCTBax 1Mo mueoBoacTBy. Ha Teppuropun Kaszaxcrana 61,6% ornocures k A.m. carnica, 29,4% -
A.m. carpatica u 9% A.m. mellifera u apyrum nopomam. B pe3ynbraTe HCCIEIOBaHUS 10
OIPEIETICHNI0 SKCTEPhEPHBIX JAHHBIX YCTAHOBJIEHO, YTO Pa3BOJMMEBIE TIOPOJIbI MEIOHOCHBIX ITYEN IO
JUTMHE X000TKa, 10 pa3MepoM TEPrUTOB, CTEPHHUTOB, KPBUILEB IMOJHOCTBIO OTBEYAIOT TPEOOBAHUSM
CTaHIApTOB IS IMYed SBOMIONHOHHON ymHuu C, Kyma OTHOCHTCA Topoasl A.m. carnica m A.m.
carpatica, ouu siisitorcst KazaxcTaHCKUMHE TOMYJISIIMSIME 3TUX TTOIBH/IOB.
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THE INFLUENCE OF THE SLAUGHTER AGE ON THE MEAT PRODUCTIVITY OF
KALMYK CATTLE

ANNOTATION
Meeting the growing demand of the population for meat is one of the priorities of modern
animal husbandry. Particular attention is paid to the growth of cattle meat production, which occupies
a leading position in the meat balance of the country.
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The article deals with the study of the slaughter quality of meat of Calmyk bulls of different
lines belonging to Seaman - 120541 and Stroy - 2520 at the age of 15-18 months and the change in the
quality of slaughter depending on age. The morphological and chemical composition of the carcasses
of bulls of different affiliations was studied, and the index and energy value of meat were determined.
The chemical composition was examined at the National Accreditation Center of the Committee for
Technical Regulation and Metrology of the Ministry of Trade and Integration of the Republic of
Kazakhstan. According to the results of the study, the Sailor-120541 bulls were distinguished by high
indicators. In the course of the work, the results of the chemical analysis of the average sample of meat
showed that the chemical composition of meat varies depending on the age and genotype of each bull
of different lines.

The research work was carried out within the framework of the scientific and technical program
BR 10764981 "Development of technologies for effective management of the selection process for the
conservation and improvement of genetic resources in meat husbandry" (2021-2023) by Moskovsky
LLP in the farm where it grows the Kalmyk breed of meat.

Key words: linear affiliation, slaughter quality, Kalmyk breed, carcass.

Introduction. The formation of productive qualities in animals occurs as a result of all the
changes in the body in the process of individual development. To the factors of formation of meat,
productivity can be attributed feeding, age, sex, heredity, housing, acclimatization, and individual
characteristics of cattle. According to the data of scientists A.V. Zarkeevich (1961); E. N. Dorotyuk
(1981), in the winter period the skin of Kalmyk breeds significantly thickens under the influence of
dermo and reticulum. In the cold season, the thickness of collagen fibers in the retinaculum (fibers
tightly adhering to each other) increases approximately 2 times, which increases the ability of the skin
to retain a large amount of heat. In connection with this, a powerful glandular apparatus appears on the
skin of Kalmyk breeds, and sebaceous and sweat glands develop 2-3 times more than in other breeds.
This makes the cattle more resistant to cold and serves as a cooling agent in the heat [1, 2]. Increasing
the production of livestock products, including cattle meat, is a priority task of farms. It should be
taken into account that in any farm the breed of beef cattle (structure) has defects of structure [3, 4]. In
this regard, to systematize the production of cattle meat and improve the available breeds of
LLP "Moskovsky" in 2012 imported bulls-producers of Kalmykian breeds from the Republic of
Kalmykia.

Objective of the study. For a more detailed study of the meat productivity of imported beef
cattle breeds for the Northern Territory and to identify differences in the slaughter age of animals,
control slaughters at different age periods were carried out.

Materials and methods of research. The object of the study is bulls of the Kalmyk breed at the
age of 15 and 18 months. The research work 2021-2023 was carried out in conditions of
LLP "Moskovskiy" of the North-Kazakhstan region. Slaughter quality was studied at the slaughter of
3 heads from each group at the age of 15 and 18 months from descendants of factory lines Moryak -
120541, 3 heads of descendants of factory lines Stroyny - 2520 at the age of 15 and 18 months.

Figure 1 — 15-month old progeny of the bull breeder of the breeding line Sailor 120541 taken for
research
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In the course of the work, experiments were carried out by general scientific methods on the
basis of comparative analysis and theoretical information generalizations, zootechnical, and
anatomical data [5,6].

To estimate meat yield from each producer, 3 steers were taken by analogy to the controlled
slaughter conducted at the slaughterhouse of the breeding farm according to the method of VNIIMS,
VIZH (1977). The slaughter qualities were determined by live weight before slaughter, by the weight
of the steamed carcass, weaner weight, slaughter weight, slaughter yield, and morphological
composition of the carcass [7, 8]. For this purpose, after cooling for a day at a temperature from 0 to
+4°C, the right half carcass was separated from the bone, and the relative composition of meat and fat,
bones, tendons, and cartilage was determined, as well as the yield was determined meat tissues per 1
kg of bone (fleshiness index) [9 ]. Chemical parameters of meat and amino acids of the long muscle of
bulls' backs were determined according to the general methodology (GOST 34132-2017) [10].

Results of the study. «One of the main problems in our country is to provide the population
with meat, including beef. Human consumption of meat products is 86 kg per year according to
scientifically based nutritional standards. 43-45% of this amount falls on beef [11].

Formation of meat productivity is realized as a result of morphological and physicochemical
changes in the organism of animals in the process of growing and fattening. Factors influencing the
formation of meat productivity include feeding, breed, sex, age, adaptability, housing conditions, and
personal characteristics of animals.

The live value of animals is an additional indicator of meat productivity and can not fully
reflect their meat qualities. A full assessment of meat productivity can be given on the basis of
qualitative and quantitative indicators of meat productivity obtained from the results of slaughter [12].

The level of meat productivity of cattle is clearly determined by their live weight. However, we
can fully assess the specificity of meat production and meat formation only through the number of
meat products obtained as a result of animal slaughter.

According to the results of the control, the indicators of meat productivity of bulls are shown in
Table 1.

Table 1 — Results of control slaughter of Kalmyk bulls of different ages and sires, (x + Sx)

Indicators Moryak- 120541 Strojny-2520

15 month 18 month 15 month 18 month
Live weight before slaughter, kg 364,7+3,55 | 414,3+9,12 | 354,1+9,89 407,7+10,5
Weight of fresh carcass, kg 195,6+0,9 223,245,68 189+4,8 218,945,384
Abdominal fat mass, kg 14+0,12 12,2+0,38 10,4+0,34 9,1+0,23
Slaughter weight, kg 209,6+0,62 235,4+1,0 199,4+0,72 228+1,15
Meats yield, % 53,3 53,8 53,3 53,7
Abdominal fat yield, % 2,5 2,9 2,9 3,4
Slaughter yield, % 57,5 56,8 56,3 55,9

Based on the results obtained, it can be concluded that meat productivity increases with age.
During the study, the weight of steers Moryak-120541 was higher than the weight of steamed carcass
of 15-month-old steers Stroiniy-2520 by 6.6 kg - 1.3%, and 18-month-old steers - by 4.3 kg - 1.01%.
higher. In addition, the slaughter yield of steers slaughtered at 18 months of age is characterized by
their development (taking into account grazing) [13].

It has been noticed that the performance of the bull producer Stroiny-2520 at 15 months of age
is 3.6 kg or 1.3% less than that of the bull producer Moryak-12054 in terms of fat yield. Accordingly,
18-month-old bulls of Moryak -12054 had a higher index by 3.1 kg or 1.3%.

One of the important indicators characterizing the slaughter result is slaughter yield [14, 15].
According to the study, the slaughter yield of bulls of producer Moryak-12054 was higher than that of
bulls of producer Stroiniy-2520 by 1.2 kg or 1.02% at 15 months and by 0.9 kg or 1.01% at
18 months. The highest slaughter yield was observed in 15-month-old steers of Moryak -12054 -
57.5%.
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FTguFe — Carcasses of Kalmyk bulls slaughtered at Karasu Et slaughterhouse

Carcasses of slaughtered bulls were cooled for a day and weighed by parts [17].
The morphological composition of carcasses was determined based on the results of cutting the
right half of carcasses (Table 2).

Table 2 — Morphological composition of the right half carcass of Kalmyk steers of different ages of
different ages, (X  SX)

Indicators Moryak- 120541 Strojny -2520

15 month 18 month 15 month 18 month
Weight of fresh carcass, kg 195,6+0,9 223,257 189 +4,8 218,945,9
Weight of chilled carcass, kg 192,4+0,6 220,6+5,6 186,6+4,7 216,645,388
Half carcass weight, kg 94,6+0,5 109,1+2,9 92+2.4 107+2,95
Meat and fats, kg 76,4+2.73 89,3+3,12 75,1+2.61 87,3+2,89
% 81,8 81,9 80,7 81,6
Bone yield,kg 16,8+2,21 18,1+2,43 15,6+2,03 17,9+2,31
% 17,8 16,8 17 16,1
Tendon yield, kg 1,3+0,14 1,6+0,17 1,2+0,12 1,7+0,17
% 1,4 1,5 1,3 1,6
Meat index, kg 4,5+0,1 4,9+0,16 4,8+0,13 4,9+0,16

The morphological composition of carcasses of bulls of different ages of each producer showed
that meat quality indicators increased with age. In the experiment, bulls-producers Moryak -120541 of
different ages differed from bulls-producers Stroiniy-2520 by a more effective ratio of meat and bone
parts in the carcass. 18-month-old male bull Moryak -120541 had 81.9% absolute weight of pure meat
part.

1.3 1.6

=

-
—

6. Strojny- 2520, 18 month

a. Strojny- 2520, 15 month
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6. Moryak- 120541, 15 month 2. Moryak- 120541, 18 month

- - meats - - bones - - cartilage and tendons

Figure 3 — Morphological composition of the right half carcass of experimental steers

The bone mass of 18-month-old bulls of producer Moryak-120541 is 0.7% less than that of
bulls of producer Stroiny-2520.

The meat index of the cattle breeds in the beef direction is estimated as average (4.7-5.3) [16].

In terms of the productivity index, the performance of 18-month-old steers Sailor-120541 and
Stroiny-2520 had the same result of 4.9 kg.

As a result of the research, the breeding lines of the Kalmyk breed reached these indices from
the 15th month, which indicates that the Kalmyk breed retained its meat productivity due to the ability
to quickly adapt to any situation, to acclimatize under extreme conditions [18,19].

An important indicator of meat productivity, along with slaughter productivity and
morphological composition, is the chemical composition and caloric content of meat [20,21]. When
evaluating meat, much attention is paid to the study of its quality (Table 3).

Table 3 — Chemical composition (%) and energy value (MJ) of meat, (x £ Sx)

Indicators Moryak- 120541 Stroiny-2520

15 month 18 month 15 month 18 month
Dry matter 23,69+0,28 25,49 +0,34 23,2 £0,24 25,1 £0,60
Moisture 76,31 +3, 67 74,51 + 3,37 76,8 £3,58 74,9 £3,41
Protein 20,01 +1,53 20,6 £1,65 19,83 £1,39 20,02+1,56
Fats 3,71 £0,36 453+1,3 3,16+0,23 4,03 +0,7
Ash 0,83 £0,10 0,88 £0,13 0,91+0,16 0,85 +0,12
Nutritional value of 1165 12175 1106,9 1195,2
meat, kcal
1 kg energy value, MJ 4.8 51 4.6 50

According to the data of chemical analysis of the average meat sample, there was no reliable
difference in protein indices, and also the intensity of fat accumulation was higher in 15- and
18-month-old steers of the producer Moryak-120541 than in bulls of the producer Stroiny-2520. Due
to their high-fat content, they are also high in calories [22].

According to the results of the chemical composition of the obtained meat, no significant
interbreed differences in the content of dry matter and moisture in the meat were revealed.

Among 15-month-old experimental groups, meat moisture content of meat of bulls-producers of
Stroiniy-2520 was 1% higher than that of bulls-producers of Moryak-120541, and meat moisture
content of bulls-producers of Stroiniy-2520 was 1% higher among 18-month-old bulls-producers.
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Compared to the experimental groups with higher meat fat content in 15- and 18-month-olds,
3.71-4.53% was also observed in Sailor-120541.

Conclusion. Meat productivity of Kalmyk breeds of cattle bred in the North-Kazakhstan region
was characterized by satisfactory indicators. It should be noted that the slaughter yield of each bull
producer was in the desired value from the point of view of meat productivity.

According to the conducted research, one of the most important indicators characterizing the
result of slaughtering is slaughter yield. The highest slaughter yield was observed in 15-month-old bull
producer Sailor-120541 - 57.5 %, it was higher than in 15-month-old bull producer Stroiny-2520 by
1.2 %, and in 18-month-old bull producer - by 1.6 %. This is an important factor determining the
productivity of the Sailor-120541 bull, which is well adapted to local weather conditions and is
effective for marketing meat. As was said above, the Kalmyk breed of cattle, introduced and bred in
areas of Northern Kazakhstan, has high enough indicators of meat productivity. When evaluating the
quality of meat for carcass completeness, the producer Sailor mark -120541 received a fairly high
price. According to the energy composition of meat, calculated on the basis of the concentration of fat
and protein in the meat, the indicators of 18-month-old steers-producers Sailor-120541 amounted to
about 5.1 MJ. The results of the chemical analysis of the average meat sample showed that the
chemical composition of meat varies depending on the age and genotype of each producer.
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TYHUIH

XaNbIKTBIH €TKe ©Cil Kele >KaTKaH CYPAHBICHIH KaHAFATTAHJIBIPY Kasipri 3aMaHFbl Mall
IIapyalIbIIBIFBIHBIH OIPIHII Ke3eKTerl MiHaeTTepiHiH Oipi Oonbin TaObutaasl. EnfiH er OamaHCBIHIA
JKETEKIII OpBIH aJaThlH ipi Kapa €TiH OHJIPYMiH ecyiHe epekie MoH Oepinemi. Makanana
15-18 aimbIK KacTarbl KajiMakK TYKbIMBIHBIH Mopsk- 120541 sxone Crpolinbiii- 2520 atajbik
i37epiHeH TaparaH OYaIIbIKTapAblH COHBIC CalachlH 3epTTEY JKOHE JKachlHA OailIaHBICTHI COMBIC
CamachlHBIH ©3repyl KapacTHIPBUIFaH. Op aTajbIK 13 OYKAIIBIKTaphl YIITaCHIHBIH MOP(OJIOTHSITHIK KOHE
XUMUSIIBIK KYpPaMbl 3€pPTTENIIN, €TTUNIK HMHJEKCI MEH OSHEPreTUKANBIK KYHJBUIBIFBI aHBIKTAJJIBL.
Xumusaelk, Kypambl Kazakcran PecrmyOnmkacelHBIH cayga >KOHE WMHTETpalds MUHHUCTPIITIHIH
TEXHUKAIBIK PETTey JKOHE METPOJIOTHS KOMUTETIHIH ¥ITTHIK AKKpemutrey OpTaibiFbsiHIa
capamntamaaaH eTTi. 3epTrey HoTmKeci 6olbrHma Mopsk - 120541 aTanbk i3 OYKaIIBIKTaphl dKOFaphI
KepceTKimTepiMeH epekmienerai. JKyMbpIc 0aphIChIHA, OpTallla €T ChIHAMACHIHBIH XUMISUTBIK Tajaay
HOTIDKENepi op aTalbIK i3 OYKAIIBIKTAPBIHBIH KaCchIHA )KOHE TEHOTHUIIIHE OaHIaHBICTHI €TTIH XUMHUSIIBIK
Kypambl e3repeTiHiH kepcerTi. 3eprrey kyMbichl BR 10764981 "ETTi mMan mapyamibUTbIFbIHIAFEI
TeHETUKAJBIK DPEeCcypcTaplbl caKTay MeEH KeTULMIPYIiH CeNeKIHIBIK MPOIeciH THIMII Oackapy
TEeXHONOTHSUTaphIH  a3iprey” (2021-2023 3x.) FHUIBIMH-TEXHUKAIBIK OargapiaMachl IIeHOepiHae
«MockoBckuit»KIIC erti GarbITTaFbl KaJMaK TYKBIMBIH ©CIPIIl KaTKaH MIapyanIbUIbIKTa )KacaIbl.

PE3IOME

Y 10BIIETBOPEHUE PACTYIIETO CIIPOCA HACEIEHHS HA MSICO SBIISIETCS] OHOM U3 MEPBOOYEPETHBIX
3a/lad COBPEMEHHOT0 XHBOTHOBOACTBA. Oco00oe BHHMaHHWE YHAEISeTCs POCTy IPOW3BOACTBA Msica
KPYITHOTO POraToro CKOTa, 3aHUMAIOIIETO JINUPYIOIINE TIO3UIUN B MSICHOM OallaHCe CTPaHBI.

B crathe paccmaTpuBaercsi mccienoBaHHe yOOWMHOTrO KadecTBa Msica OBIYKOB KalIMBIIIKOH
NopoAbl pa3HOil JMHEHHOM mnpuHaiexHocth Mopsk - 120541 u crtpoit - 2520 B BO3pacre
15-18 wMecameB W W3MEHEHHE KadecTBa y0Os B 3aBUCHMOCTH OT Bo3pacTa.beil  m3ydeH
MOP(hOJIOTHYECKUI 1 XUMHUYECKHUI COCTaB TYII OBIYKOB Pa3HON MPHUHAISKHOCTH, OPEACTIeH UHICKC
U DHEpreThyeckas IIEHHOCTh Msica.XUMUYECKUH COCTaB mpollen »KcrnepTudy B HarumonambsHOM
AKKpEeIUTAaMOHHOM LieHTpe KoMuTera TEXHUYECKOro PEryaupoBaHusl U METposiorud MuHHCTEpCTBa
Toproeiu u mHTerpanuu PecyOonuku Kasaxcran. [lo pesynbratam mccnenoBanus, Obruku Mopsik -
120541 ornmuanuch BHICOKMMH IOKa3aTelssMU. B xofe paOoThl pe3ysibTaThl XMMHYECKOT'O aHAIIM3a
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cpenHeil mpoOBl Msica TIOKa3aly, YTO XUMHYECKUH COCTaB MsIca MEHSIETCS B 3aBUCHMOCTH OT BO3pacTa
W TCHOTHNA KaKAoro Obluka pas3HbIX JHHUM. MccremoBaTenbckass paboTa BBIIOJHEHA B paMKax
Hay4YHO-TexHU4eckol mporpammel BR 10764981 '"Pa3pabGorka TtexHonoruii 3h¢eKTHBHOTO
YIPaBJIEHUS CEEKIIMOHHBIM IPOLIECCOM COXPaHEHHS U COBEPIIEHCTBOBAHUS MEHETHUYECKUX PECYPCOB
B mscHoM x)uBOTHOBOACTBE" (2021-2023 rr.) TOO «MOCKOBCKHI» B XO3SIMCTBE, IJ€ BBIPAIUBACT
KaJIMBILIKYIO TOPOJy MSICHOT'O HaIlpaBJICHUS!.
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Rules for authors on the design of an article for publication

Scientific and practical journal «Gylymjinebilim» is a periodical of the West Kazakhstan Agrarian and Technical University
named after Zhangir Khan K. The journal is published kuarterly and articles are published in Kazakh, Russian and English languages. The
journal publishes scientific works on actual problems of fundamental and applied researches in the field of agricultural, veterinary,
biological, technical, economic and socio-humanitarian sciences.Subscription to the collection can be arranged through the catalogues of
newspapers and magazines «Kazpost» JSC (index 76316). Scientific, technical and industrial articles planned for publication in our journal
undergo the procedure of unilateral blind review and approval by the editorial board. With a positive conclusion, the material is placed in the
«portfolio» of the editorial board in the kueue for publication. The speed of publication depends on the relevance of the material and fullness
of the «portfolio» of the editorial office on the given topic. In addition, due to the fact that according to the order of the Chairman of KKSON
MES RK dated 12.06.2013 Ne 949 one of the conditions for inclusion of the journal in the list of editions recommended by the Committee for
publication of the main results of scientific activity is the availability of publications in foreign languages, the right of extraordinary
publication will be enjoyed by articles in English.

Articles for publication should be submitted through the online article submission and review system.

When preparing articles for the journal we recommend to follow the following rules:

The article should be designed in strict accordance with GOST 7.5.-98 «Journals, collections, information publications.
Publication design of published materials», accepted by Interstate Council on standardization, metrology and certification (report Ne 1:3-98
of May 28, 1998) and article bibliographic lists of State Standard 7.1.-2003 «Bibliographic record. Bibliographic Description. General
Rekuirements and Rules for Drawing Up» adopted by the Interstate Council for Standardization, Metrology and Certification (Minutes Ne 12
of July 2, 2003)

The sekuence of elements of publishing design of materials is as follows:

UDC index (according to the indexing guidelines available in scientific libraries);

Information on the authors (surname, initials, academic degree, title, full name of the institution where the work was done
indicating the city and country); addresses of all authors of publications (including that of the main author)

The title of the publication (in capital letters, boldface type, font size 11 points, Times New Roman, Times New Roman KC,
centered indent), including in English;

Hexadecimal ORCID ID of each author

Abstract of 150-300 words (in the language of the text to be published and English)

Keywords (italics) (number of keywords: 3 to 10);

Text of the article. The text of the research article includes the main points, introduction, materials and methods, results,
discussion, conclusion, information on financing (if any), list of references. Each original article (with the exception of the socio-
humanitarian field) ensures reproducibility of the research results, describes the research methodology, indicating the origin of ekuipment
and materials, methods of statistical data processing and other ways to ensure reproducibility

The list of references in accordance with GOST 7.1-2003 "Bibliographic record. Bibliographical description. General
rekuirements and rules of drawing up" (no more than 12 titles), the references are placed as they are mentioned in the text. The list of
references in Kazakh is executed according to the Kazakh alphabet based on Latin characters, in Russian - according to BGN/PCGN standard

The abstract (if the text is in Kazakh, the abstract is published in Russian and English, if the text is in Russian, the abstract is
published in Kazakh and English, if it is in English, the abstract is published in Kazakh and Russian) 150-300 words.

Submissions are submitted in hard copy (1 copy) and electronically in Word A4 with margins of 2.5 cm on all sides, Times New
Roman typeface, type 11, single spacing.Graphic material should be embedded in the text and made in a graphic editor. The sub-picture
captions are given with all symbols. Tables numbered in order should have titles (tables - not more than 5, figures - not more than 5). Total
length  of manuscript, including abstract, summaries and figures and tables: no less 8 pages.Not more than
2 articles of one author are allowed to be published in one issue of the journal.On a separate sheet give information about the authors
(organization, position, academic degree, address, contact phone number).

The cost of publishing one article:

- for teaching staff of WKATU (individual) - 2000 (two thousand) tenge per 1 (one) page;

- for teaching staff of other organizations (individual) - 4000 (four thousand) tenge per 1 (one) page;

- for all organizations (legal entity) - 6000 (six thousand) per 1 (one) page;

- to foreign authors (all authors) - free of charge.

Adress:

090009, Uralsk, 51 Zhangir khan str. Scientific and practical journal of Zhangir Khan WKAU «Gylymjinebilimy
(«Science and Education»)

Phone 8/7112/516541; e-mail: nio_red@mail.ru

Journal's electronic site - wkau.kz (section «Science» - «Scientific publications of WKATU»).

090009,Uralsk, 51, Zhangir khan Street

Scientific and practical journal of Zhangir khan WKATU «Science and Education»

Telephone 87112 50-21-15; 51-61-30; e-mail: nio_red@mail.ru

Website of the journal — http://ois.wkau.kz

Bank rekuisites when transferring funds for the publication of articles:

Zhangir Khan West-Kazakhstan Agrarian-technical university

RNT 270 100 216 151

BIN 021140000425

11CKZ516010181000027495 KZT

KZ606010181000030922 RUB

KZ686010181000145238 USD

WKB JSC «Halyk Bank of Kazakhstan» Uralsk

BIKHSBKKZKX

Beneficiary Code 16

GCEO 39844062
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