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NAS RK is pleased to announce that News of NAS RK. Series of geology and technical sciences 
scientific journal has been accepted for indexing in the Emerging Sources Citation Index, a new 
edition of Web of Science. Content in this index is under consideration by Clarivate Analytics to be 
accepted in the Science Citation Index Expanded, the Social Sciences Citation Index, and the Arts 
& Humanities Citation Index. The quality and depth of content Web of Science offers to researchers, 
authors, publishers, and institutions sets it apart from other research databases. The inclusion of 
News of NAS RK. Series of geology and technical sciences in the Emerging Sources Citation 
Index demonstrates our dedication to providing the most relevant and influential content of geology 
and engineering sciences to our community.

Қазақстан Республикасы Ұлттық ғылым академиясы «ҚР ҰҒА Хабарлары. Геология және 
техникалық ғылымдар сериясы» ғылыми журналының Web of Science-тің жаңаланған 
нұсқасы Emerging Sources Citation Index-те индекстелуге қабылданғанын хабарлайды. Бұл 
индекстелу барысында Clarivate Analytics компаниясы журналды одан әрі the Science Citation 
Index Expanded, the Social Sciences Citation Index және the Arts & Humanities Citation Index-ке 
қабылдау мәселесін қарастыруда. Webof Science зерттеушілер, авторлар, баспашылар мен 
мекемелерге контент тереңдігі мен сапасын ұсынады. ҚР ҰҒА Хабарлары. Геология және 
техникалық ғылымдар сериясы Emerging Sources Citation Index-ке енуі біздің қоғамдастық 
үшін ең өзекті және беделді геология және техникалық ғылымдар бойынша контентке 
адалдығымызды білдіреді.

НАН РК сообщает, что научный журнал «Известия НАН РК. Серия геологии и технических 
наук» был принят для индексирования в Emerging Sources Citation Index, обновленной версии 
Web of Science. Содержание в этом индексировании находится в стадии рассмотрения 
компанией Clarivate Analytics для дальнейшего принятия журнала в the Science Citation Index 
Expanded, the Social Sciences Citation Index и the Arts & Humanities Citation Index. Web of 
Science предлагает качество и глубину контента для исследователей, авторов, 
издателей и учреждений. Включение Известия НАН РК. Серия геологии и технических 
наук в Emerging Sources Citation Index демонстрирует нашу приверженность к наиболее 
актуальному и влиятельному контенту по геологии и техническим наукам для нашего 
сообщества.

NAS RK is pleased to announce that News of NAS RK. Series of chemistry and technologies 
scientific journal has been accepted for indexing in the Emerging Sources Citation Index, a new 
edition of Web of Science. Content in this index is under consideration by Clarivate Analytics to be 
accepted in the Science Citation Index Expanded, the Social Sciences Citation Index, and the Arts 
& Humanities Citation Index. The quality and depth of content Web of Science offers to researchers, 
authors, publishers, and institutions sets it apart from other research databases. The inclusion of 
News of NAS RK. Series of chemistry and technologies in the Emerging Sources Citation Index 
demonstrates our dedication to providing the most relevant and influential content of chemical 
sciences to our community.

Қазақстан Республикасы Ұлттық ғылым академиясы «ҚР ҰҒА Хабарлары. Химия және 
технология сериясы» ғылыми журналының Web of Science-тің жаңаланған нұсқасы Emerging 
Sources Citation Index-me индекстелуге қабылданғанын хабарлайды. Бұл индекстелу 
барысында Clarivate Analytics компаниясы журналды одан әрі the Science Citation Index 
Expanded, the Social Sciences Citation Index және the Arts & Humanities Citation lndex-ке 
қабылдау мәселесін қарастыруда. Webof Science зерттеушілер, авторлар, баспашылар 
мен мекемелерге контент тереңдігі мен сапасын ұсынады. ҚР ҰҒА Хабарлары. Химия 
және технология сериясы Emerging Sources Citation lndex-ке енуі біздің қоғамдастық үшін 
ең өзекті және беделді химиялық ғылымдар бойынша контентке адалдығымызды білдіреді.

HAH PK сообщает, что научный журнал «Известия HAH PK. Серия химии и технологий» 
был принят для индексирования в Emerging Sources Citation Index, обновленной версии Web of 
Science Содержание в этом индексировании находится в стадии рассмотрения компанией 
Clarivate Analytics для дальнейшего принятия журнала в the Science Citation Index Expanded, 
the Socia1 Sciences Citation Index и the Arts & Humanities Citation Index. Web of Science 
предлагает качество в глубину контента для исследователей, авторов, издателей и 
учреждений. Включение Известия HAH PK в Emerging Sources Citation Index демонстрирует 
нашу приверженность к наиболее актуальному и влиятельному контенту по химическим 
наукам для нашего сообщества.
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Бас редактор: 
ЖҰРЫНОВ Мұрат Жұрынұлы, химия ғылымдарының докторы, профессор, ҚР ҰҒА академигі, 

Қазақстан Республикасы Ұлттық ғылым академиясының президенті, АҚ «Д.В. Сокольский атындағы 
отын, катализ және электрохимия институтының» бас директоры (Алматы, Қазақстан) H = 4

Редакция алқасы:
ӘДЕКЕНОВ Серғазы Мыңжасарұлы (бас редактордың орынбасары), химия ғылымдарының 

докторы, профессор, ҚР ҰҒА академигі, «Фитохимия» Халықаралық ғылыми-өндірістік холдингінің 
директоры (Қарағанды, Қазақстан) H = 11

АГАБЕКОВ Владимир Енокович (бас редактордың орынбасары), химия ғылымдарының докторы, 
профессор, Беларусь ҰҒА академигі, Жаңа материалдар химиясы институтының құрметті директоры 
(Минск, Беларусь) H = 13

СТРНАД Мирослав, профессор, Чехия ғылым академиясының Эксперименттік ботаника 
институтының зертхана меңгерушісі (Оломоуц, Чехия) H = 66

БҮРКІТБАЕВ Мұхамбетқали, химия ғылымдарының докторы, профессор, ҚР ҰҒА академигі, 
әл-Фараби атындағы ҚазҰУ-дың бірінші проректоры (Алматы, Қазақстан) H = 11

ХОХМАНН Джудит, Сегед университетінің Фармацевтика факультетінің Фармакогнозия 
кафедрасының меңгерушісі, Жаратылыстану ғылымдарының пәнаралық орталығының директоры 
(Сегед, Венгрия) H = 38

РОСС Самир, PhD докторы, Миссисипи университетінің Өсімдік өнімдерін ғылыми зерттеу 
ұлттық орталығы, Фармация мектебінің профессоры (Оксфорд, АҚШ) H = 35

ХУТОРЯНСКИЙ Виталий, философия докторы (PhD, фармацевт), Рединг университетінің 
профессоры (Рединг, Англия) H = 40

ТЕЛТАЕВ Бағдат Бұрханбайұлы, техника ғылымдарының докторы, профессор, ҚР ҰҒА 
корреспондент-мүшесі, Қазақстан Республикасы Индустрия және инфрақұрылымдық даму министрлігі 
(Алматы, Қазақстан) H = 13

ФАРУК Асана Дар, Хамдар аль-Маджида Шығыс медицина колледжінің профессоры, Хамдард 
университетінің Шығыс медицина факультеті (Карачи, Пәкістан) H = 21

ФАЗЫЛОВ Серік Драхметұлы, химия ғылымдарының докторы, профессор, ҚР ҰҒА академигі, 
Органикалық синтез және көмір химиясы институты директорының ғылыми жұмыстар жөніндегі 
орынбасары (Қарағанды, Қазақстан) H = 6

ЖОРОБЕКОВА Шарипа Жоробекқызы, химия ғылымдарының докторы, профессор, 
Қырғызстан ҰҒА академигі, ҚР ҰҒА Химия және химиялық технология институты (Бішкек, 
Қырғызстан) H = 4

ХАЛИКОВ Джурабай Халикович, химия ғылымдарының докторы, профессор, Тәжікстан ҒА 
академигі, В.И. Никитин атындағы Химия институты (Душанбе, Тәжікстан) H = 6

ФАРЗАЛИЕВ Вагиф Меджидоглы, химия ғылымдарының докторы, профессор, ҰҒА академигі 
(Баку, Әзірбайжан) H = 13

ГАРЕЛИК Хемда, философия докторы (PhD, химия), Халықаралық таза және қолданбалы химия 
одағының Химия және қоршаған орта бөлімінің президенті (Лондон, Англия) H = 15

«ҚР ҰҒА Хабарлары. Химия және технология сериясы»
ISSN 2518-1491 (Online), 
ISSN 2224-5286 (Print)
Меншіктенуші: «Қазақстан Республикасының Ұлттық ғылым академиясы» РҚБ (Алматы қ.).
Қазақстан  Республикасының  Ақпарат  және  қоғамдық  даму  министрлiгiнің  Ақпарат  комитетінде
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Тақырыптық бағыты: органикалық химия, бейорганикалық химия, катализ, электрохимия және 
коррозия, фармацевтикалық химия және технологиялар.
Мерзімділігі: жылына 6 рет. 
Тиражы: 300 дана.
Редакцияның мекен-жайы:  050010, Алматы қ., Шевченко көш., 28, 219 бөл., тел.: 272-13-19
http://chemistry-technology.kz/index.php/en/arhiv

© Қазақстан Республикасының Ұлттық ғылым академиясы, 2021
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катализ және электрохимия институты» АҚ, каб. 310, тел. 291-62-80, факс 291-57-22, e-mаil:orgcat@
nursat.kz

Типографияның мекен-жайы:  «Аруна» ЖК, Алматы қ., Мұратбаев көш., 75.
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D.V. Sokolsky (Almaty, Kazakhstan) H = 4

Editorial board:
ADEKENOV Sergazy Mynzhasarovich (deputy editor-in-chief) doctor of chemical sciences, professor, 

academician of NAS RK, director of the international Scientific and production holding «Phytochemistry» 
(Karaganda, Kazakhstan) H = 11
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FUNCTIONALLY ENRICHED MEAT PRODUCT WITH INCAPSULATED
VITAMIN SUPPLEMENT

Abstract.The article presents the results of a study of a functionally enriched meat product with a 
biologically active additive. Fat-soluble vitamin E (α-tocopherol acetate) encapsulated with β-cyclodextrin 
was used as an ingredient. To study the possibility of encapsulating α-tocopherol acetate with starch 
oligosaccharide, computer models were built using the ChemOffice 12.0 program. The results of molecular 
modeling of inclusion complexes of α-tocopherol acetate with β-cyclodextrin are described. On the basis of 
semiempirical PM3 calculations, without taking into account the influence of the environment, the total energy 
of the systems under study was estimated. Molecular modeling of the formation of complexes of the substrate 
with the receptor was performed by the MM+ method and studied in the ratios 1:1, 1:2, 1:3, and 1:4. Evaluation 
of the geometric parameters of the optimized structures of the objects of study showed the possibility of the 
formation of a complex between alpha-tocopherol acetate and β--cyclodextrin molecules. The preparation 
of the inclusion complex of vitamin E with β-cyclodextrin was carried out in an aqueous-alcoholic medium 
by the method of microwave treatment. A meat product has been developed from mutton and turkey meat, 
containing the inclusion complex “β-cyclodextrin:vitamin E” (the content of vitamin E in the meat product is 
1.28 ± 1.13). It is shown that the most rational combination is 65% lamb meat and 25% turkey meat (pectoral 
muscle). This ratio of the main meat components gives the product a moderately pronounced taste, inherent 
in semi-smoked sausage. On the basis of the performed experiments, a comparative characteristic of the 
physico-chemical, structural-mechanical and organoleptic parameters of lamb and turkey products is given. 
According to the results obtained, the microbiological parameters of the obtained meat products comply with 
the regulatory documents. Functionally enriched with vitamin, the meat product was tested for organoleptic, 
physico-chemical parameters, as well as for food safety.

Key words: vitamin E, cyclodextrins, meat product, inclusion complexes, clathrate.

Introduction. The scientific basis of the modern strategy for the production of meat products is the 
search for new progressive technologies that can increase the nutritional and biological value of the 
product, give it the desired properties, and increase the shelf life. Another important problem in the creation 
of combined meat products (for example, semi-smoked sausage) is the use of non-traditional raw materials 
such as poultry meat [1,2]. In the current conditions of high cost of meat products, an important task of the 
meat processing industry is to find technological methods and create new meat products of high nutritional 
value through the use of poultry meat, such as turkey. The share of this component in the overall structure of 
the meat balance is growing annually. Therefore, the use of this type of meat in sausage products allows you 
to get less expensive types of products, and therefore more competitive [3,4].

Products with turkey meat have a high nutritional value. Unlike pork and beef, turkey meat has a high 
content of full-fledged proteins and minerals, it is hippo-allergenic. Turkey meat has relatively little connective 
tissue, it is less coarse, therefore, less inferior proteins (collagen and elastin) and is easier to hydrolyze during 
heat treatment. White turkey meat (pectoral muscles) differs from red turkey meat (femoral muscles) by a 
lower content of lipids, connective tissue, and heme-containing proteins [3-5]. Turkey meat in comparison 
with all other types of poultry meat is richer in B vitamins and has the lowest cholesterol content. Turkey by 
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its chemical composition is a promising raw material both for use in the daily diet, and for the production of 
products for children, dietary and functional nutrition [5].

The development and production of new types of functionalized meat products (FMP) containing ingredients 
with antioxidant and therapeutic and prophylactic properties is also important for the food industry [6,7]. In 
this regard, the development of encapsulated fat-soluble vitamins using α -, β-and γ-cyclodextrins (CD) is 
particularly relevant. This is a new innovative direction in the food industry, which is of extremely important 
practical importance and social efficiency [8-10] (figure 1). At present, the market of functional food products 
(FPP), nanostructured with oligosaccharides of vitamins, flavoring and other ingredients, continues to develop 
rapidly. Thus, in countries such as North Korea and Japan, FPP accounts for almost 50% of all food products  
produced, in Europe, the United States and Russia-about 25-30% [11-14]. The FPP market sector continues 
to develop rapidly, for example, in Japan, FPP accounts for almost 50% of all food products produced, in the  
United States and Europe – about 25 % [14, 15].

Among the components with antioxidant and therapeutic and prophylactic properties, fat-soluble vitamin E 
(VE) is of particular interest [16-19]. With a lack of VE in the body, the risk of infectious and cardiovascular 
diseases, inflammatory processes, premature aging and skin cancer increases. VE is not synthesized in the 
human body, in addition, it performs an antioxidant function, increasing the shelf life of food semi-finished 
products. In this regard, VE is widely used as an important ingredient in the production of meat and other food 
products (daily requirement of 10-15 IU/day) (Figure 1).
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Figure 1 - Structural formulas of β-CD (1) and VE (2) 

In production conditions, the weight of fat-soluble VE is dissolved in vegetable oil or melted 
pork and beef fat and introduced into the composition of minced meat a few minutes before the start
of heat treatment. Vitamin E is relatively stable when heated, but it is easily destroyed by exposure
to air oxygen and ultraviolet rays [16,17]. For this reason, there is a need to develop technological
methods for producing water-soluble forms of VE encapsulated with β-CD with improved 
biopharmaceutical and nutritional properties. Molecular encapsulation of vitamins through the
formation of inclusion compounds (clathrates) with α-, β -, and γ-cyclodextrins is one of the most
widely used methods in pharmaceuticals, cosmetology, and the food industry [8-10].

Based on the above, it can be noted that research aimed at developing recipes for new meat
products with high consumer food properties is relevant. In this paper, we set the following tasks:

1) to develop technological methods for obtaining water-soluble complexes of VE inclusion 
with β-CD in various ratios;

2) justify the ratio of components that provide the optimal dose of the complex of inclusion
of the β-CD:VE; 

3) to test the proposed solutions with an assessment of the quality and safety indicators of
finished meat products.

Materials and methods of research. The following reagents were used in the experiments:
- vitamin E (VE, α-tocopherol acetate) C31H52O3, a transparent viscous oil of light yellow

color (1 IU of vitamin E = 1 mg). Molar mass of α-tocopherol acetate 472.76 g/mol, d4
20 = 0.9545-

0.9665; n4
20= 1.4958-1.4972; maximum absorption E = 42.5 at 285.5 nm; 

- β-cyclodextrin (β-CD) (99.5%, (company "Fluka"), white crystalline substance, t.p. 280-
299°C, soluble in water when heated, well soluble in dimethylsulfoxide and pyridine;

Figure 1 - Structural formulas of β-CD (1) and VE (2)

In production conditions, the weight of fat-soluble VE is dissolved in vegetable oil or melted pork and beef fat 
and introduced into the composition of minced meat a few minutes before the start of heat treatment. Vitamin E 
is relatively stable when heated, but it is easily destroyed by exposure to air oxygen and ultraviolet rays [16,17]. 
For this reason, there is a need to develop technological methods for producing water-soluble forms of VE 
encapsulated with β-CD with improved biopharmaceutical and nutritional properties. Molecular encapsulation 
of vitamins through the formation of inclusion compounds (clathrates) with α-, β -, and γ-cyclodextrins is one 
of the most widely used methods in pharmaceuticals, cosmetology, and the food industry [8-10].

Based on the above, it can be noted that research aimed at developing recipes for new meat products with 
high consumer food properties is relevant. In this paper, we set the following tasks:

1) to develop technological methods for obtaining water-soluble complexes of VE inclusion with β-CD in 
various ratios;

2) justify the ratio of components that provide the optimal dose of the complex of inclusion of the β-CD:VE;
3) to test the proposed solutions with an assessment of the quality and safety indicators of finished meat 

products.
Materials and methods of research. The following reagents were used in the experiments:
 - vitamin E (VE, α-tocopherol acetate) C31H52O3, a transparent viscous oil of light yellow color (1 IU of 

vitamin E = 1 mg). Molar mass of α-tocopherol acetate 472.76 g/mol, 

richer in B vitamins and has the lowest cholesterol content. Turkey by its chemical composition is a
promising raw material both for use in the daily diet, and for the production of products for 
children, dietary and functional nutrition [5].

The development and production of new types of functionalized meat products (FMP)
containing ingredients with antioxidant and therapeutic and prophylactic properties is also
important for the food industry [6,7]. In this regard, the development of encapsulated fat-soluble
vitamins using α -, β-and γ-cyclodextrins (CD) is particularly relevant. This is a new innovative
direction in the food industry, which is of extremely important practical importance and social 
efficiency [8-10] (figure 1). At present, the market of functional food products (FPP), 
nanostructured with oligosaccharides of vitamins, flavoring and other ingredients, continues to
develop rapidly. Thus, in countries such as North Korea and Japan, FPP accounts for almost 50 %
of all food products produced, in Europe, the United States and Russia-about 25-30% [11-14]. The
FPP market sector continues to develop rapidly, for example, in Japan, FPP accounts for almost 50 
% of all food products produced, in the United States and Europe – about 25 % [14, 15].

Among the components with antioxidant and therapeutic and prophylactic properties, fat-
soluble vitamin E (VE) is of particular interest [16-19]. With a lack of VE in the body, the risk of 
infectious and cardiovascular diseases, inflammatory processes, premature aging and skin cancer
increases. VE is not synthesized in the human body, in addition, it performs an antioxidant function, 
increasing the shelf life of food semi-finished products. In this regard, VE is widely used as an 
important ingredient in the production of meat and other food products (daily requirement of 10-15 
IU/day) (Figure 1).

Figure 1 - Structural formulas of β-CD (1) and VE (2)

In production conditions, the weight of fat-soluble VE is dissolved in vegetable oil or melted 
pork and beef fat and introduced into the composition of minced meat a few minutes before the start
of heat treatment. Vitamin E is relatively stable when heated, but it is easily destroyed by exposure
to air oxygen and ultraviolet rays [16,17]. For this reason, there is a need to develop technological
methods for producing water-soluble forms of VE encapsulated with β-CD with improved 
biopharmaceutical and nutritional properties. Molecular encapsulation of vitamins through the
formation of inclusion compounds (clathrates) with α-, β -, and γ-cyclodextrins is one of the most
widely used methods in pharmaceuticals, cosmetology, and the food industry [8-10].

Based on the above, it can be noted that research aimed at developing recipes for new meat
products with high consumer food properties is relevant. In this paper, we set the following tasks:

1) to develop technological methods for obtaining water-soluble complexes of VE inclusion 
with β-CD in various ratios;

2) justify the ratio of components that provide the optimal dose of the complex of inclusion
of the β-CD:VE; 

3) to test the proposed solutions with an assessment of the quality and safety indicators of
finished meat products.

Materials and methods of research. The following reagents were used in the experiments:
- vitamin E (VE, α-tocopherol acetate) C31H52O3, a transparent viscous oil of light yellow

color (1 IU of vitamin E = 1 mg). Molar mass of α-tocopherol acetate 472.76 g/mol, d4
20 = 0.9545-

0.9665; n4
20= 1.4958-1.4972; maximum absorption E = 42.5 at 285.5 nm; 

- β-cyclodextrin (β-CD) (99.5%, (company "Fluka"), white crystalline substance, t.p. 280-
299°C, soluble in water when heated, well soluble in dimethylsulfoxide and pyridine;

 = 0.9545-0.9665; 

richer in B vitamins and has the lowest cholesterol content. Turkey by its chemical composition is a
promising raw material both for use in the daily diet, and for the production of products for 
children, dietary and functional nutrition [5].

The development and production of new types of functionalized meat products (FMP)
containing ingredients with antioxidant and therapeutic and prophylactic properties is also
important for the food industry [6,7]. In this regard, the development of encapsulated fat-soluble
vitamins using α -, β-and γ-cyclodextrins (CD) is particularly relevant. This is a new innovative
direction in the food industry, which is of extremely important practical importance and social 
efficiency [8-10] (figure 1). At present, the market of functional food products (FPP), 
nanostructured with oligosaccharides of vitamins, flavoring and other ingredients, continues to
develop rapidly. Thus, in countries such as North Korea and Japan, FPP accounts for almost 50 %
of all food products produced, in Europe, the United States and Russia-about 25-30% [11-14]. The
FPP market sector continues to develop rapidly, for example, in Japan, FPP accounts for almost 50 
% of all food products produced, in the United States and Europe – about 25 % [14, 15].

Among the components with antioxidant and therapeutic and prophylactic properties, fat-
soluble vitamin E (VE) is of particular interest [16-19]. With a lack of VE in the body, the risk of 
infectious and cardiovascular diseases, inflammatory processes, premature aging and skin cancer
increases. VE is not synthesized in the human body, in addition, it performs an antioxidant function, 
increasing the shelf life of food semi-finished products. In this regard, VE is widely used as an 
important ingredient in the production of meat and other food products (daily requirement of 10-15 
IU/day) (Figure 1).

Figure 1 - Structural formulas of β-CD (1) and VE (2)

In production conditions, the weight of fat-soluble VE is dissolved in vegetable oil or melted 
pork and beef fat and introduced into the composition of minced meat a few minutes before the start
of heat treatment. Vitamin E is relatively stable when heated, but it is easily destroyed by exposure
to air oxygen and ultraviolet rays [16,17]. For this reason, there is a need to develop technological
methods for producing water-soluble forms of VE encapsulated with β-CD with improved 
biopharmaceutical and nutritional properties. Molecular encapsulation of vitamins through the
formation of inclusion compounds (clathrates) with α-, β -, and γ-cyclodextrins is one of the most
widely used methods in pharmaceuticals, cosmetology, and the food industry [8-10].

Based on the above, it can be noted that research aimed at developing recipes for new meat
products with high consumer food properties is relevant. In this paper, we set the following tasks:

1) to develop technological methods for obtaining water-soluble complexes of VE inclusion 
with β-CD in various ratios;

2) justify the ratio of components that provide the optimal dose of the complex of inclusion
of the β-CD:VE; 

3) to test the proposed solutions with an assessment of the quality and safety indicators of
finished meat products.

Materials and methods of research. The following reagents were used in the experiments:
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color (1 IU of vitamin E = 1 mg). Molar mass of α-tocopherol acetate 472.76 g/mol, d4
20 = 0.9545-

0.9665;  n4
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- β-cyclodextrin (β-CD) (99.5%, (company “Fluka”), white crystalline substance, t.p. 280-299°C, soluble 
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- model meat system: lamb-turkey (production date 20.09.2020).
The preparation of water-soluble inclusion complexes β-CD:VE was studied by methods of classical

synthesis, ultrasonic and microwave activation. The most optimal conditions for the formation of clathrates 
were found under the conditions of microwave treatment [16]. A mixture of the calculated amounts of β-CD 
(mmol) and VE (mmol) in various ratios (1:1, 2:1, 3:1, 4:1) was dissolved in a mixture of solvents “water: 
ethanol” (1:1) and heated in a microwave oven for 160-180 sec in 2 min increments at 80°C. Microwave 
activation of the reaction medium was carried out at a power of 850 W using an Anton PaarMonowave 300 
device. Under these conditions, the highest yield of β-CD:VE clathrates is observed at ratios (2:1).The results 
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of thermal analysis of samples of inclusion complexes β-CD:VE (2:1 and 4:1) (sample weight 12 mg) using 
a DTA / DSC differential scanning calorimeter (Setaram) are described by us in [17-19]. The solubility of the 
complex β-CD:VE (2:1) in water (with slight heating) was 21-22 ± 0.05 mg /100 ml. Molecular modeling of the 
formation of supramolecular complexes β-CD:VE was performed by the MM+ molecular mechanics method 
using the HyperChem 8.0 program [20]. The total energy of the systems under study was estimated using 
semiempirical PM3 calculations without taking into account the influence of the environment.The chemical 
structures were taken from the PubChem Substance and Compound database (pubchem.ncbi.nlm.nih.gov). 
Chemical structure unique identifiers are: No.444041 for β-cyclodextrin [19-21].

The objects of meat products were sausages made from lamb (65%) and turkey (25%). The basic product 
for the development of recipes was the “lamb” sausage, developed according to SS 16351-86 from lamb 
(80%) and beef (10%). The technology of obtaining sausages with encapsulated β-CD of VE was tested in 
production conditions on the basis of the Kazakh Agrotechnical University named after S. Seifullin (Nur-
Sultan). Organoleptic evaluation of semi-smoked sausages was carried out on a 9-point scale according to 
SS 9959-91 “Meat products. General conditions for organoleptic evaluation”. The moisture content was 
determined according to SS 9793-74 by drying the suspension to a constant mass (at 105±30C). Physico-
chemical and microbiological characteristics of meat sausage products with encapsulated vitamin complex 
β-CD:VE was determined in the testing laboratory of Nuritest LLP (Almaty, certificate of accreditation KZ. 
N.02.0043 dated February 08, 2020).

Results and discussion. To study the possibility of creating a β-CD complex with VE, computer models
were constructed using the ChemOffice 12.0 program (figure 1). Evaluation of the geometric parameters of 
the optimized structures of the objects of study showed the possibility of the formation of a complex between 
alpha-tocopherol acetate and b-cyclodextrin molecules. The spatial “elongation” of the VE molecule does not 
exclude the possibility of the formation of β-CD:VE complexes with stoichiometry as 1:1, 1:2, 1:3 and 1:4. 
It was found that as a result of the interaction of β-CD with VEin a 1:1 ratio, the formation of two types of 
inclusion complex is possible:

- Type I – due to the penetration of the chromane ring VE into the cyclodextrin cavity, Еfull = -500093 kcal/
mol;

- Type II – due to the penetration of the isoprenoid side chain VE into the cyclodextrin cavity, Еfull = -500142
kcal/mol. 

A comparison of the total energies of these two types of complexes in figure 2 showed that the formation of 
an inclusion complex of VE with β-CD by Type II at DE=49 kcal/mol is thermodynamically more advantageous. 
The next step was the molecular modeling of β-CD inclusion complexes with VE in the ratios 2:1 and 3:1. The 
molecular models of the complexes β-CD:VE in the ratios 1:1, 2:1 and 3:1 obtained as a result of geometry 
optimization by the method of molecular mechanics are shown in Figure 2.

From the molecular models presented in figure 2, it can be seen that complexation with two cyclodextrin 
molecules (b) does not cause noticeable deformation of the cyclodextrin ring, while complexation with three 
cyclodextrin molecules (с) leads to a reversal of some glucoside rings and flattening of the walls of the toroidal 
cavity, i.e., to conformational deformation. It was interesting to model the inclusion complex of VE with four 
b-CD molecules (Еtotal= -1629877kkal/mol). As a result of the geometry optimization by the MM+ method, a
molecular model of the β-CD:VE complex was obtained in the ratio 1:4.The analysis of the geometry of which
showed that the fourth cyclodextrin ring is very weakly bound to the VE molecule. From this we can conclude
that the complexes of the composition 1:4 are quite unstable and will be much less common in comparison
with the complexes of the ratio 1:1, 1:2 and 1:3. Thus, molecular modeling of the complexes of the inclusion
of VE acetate with β-CD in the ratios 1:1, 1:2, 1:3 and 1:4 using the MM+method. Based on semi-empirical
PM3 calculations without taking into account the influence of the environment, the total energy of the studied
systems is estimated.

To study the effect of the clathrate vitamin complex β-CD:VE on some biological properties of a food 
product. For the food industry, it is important to develop a new type of product that not only preserves all 
the useful properties of meat, but also improves the organoleptic, hysic-chemical quality indicators, and 
technological properties [5-7]. When developing recipes and technologies of the studied meat semi-finished 
products using lamb meat (65%) and turkey (25%), the general scheme of production of semi-smoked sausage 
products was used as a basis, which was clarified during the research. After the end of the technological 
process, a comparative organoleptic assessment was carried out, as well as microstructural, hysic-chemical and 
microbiological parameters were studied.
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Figure 2 -Molecular model of the complex β-CD: VE in the ratios 1:1(a), 2:1 (b) and 3:1 (3с)
In the work, the organoleptic evaluation of semi-smoked sausages with the content of the

vitamin complex of inclusion β-CD: МE was carried out on a 9-point scale according to SS 9959-91
Meat products. General conditions for organoleptic evaluation. From the data in table 1, it follows 
that prototypes №1-3 have higher consumer indicators compared to the control (lamb sausage). For
example the organoleptic parameters of the experimental samples (aroma, consistency, taste and 
juiciness) are slightly higher than those of the control sample.

Table 1-Organoleptic evaluation of the quality of prototypes
Indicators Controlsample Prototype

1 2 3
Appearance 8,0 8,0 8,1 8,0
Colour 8,0 7,9 8,0 8,0
Smell, aroma 7,8 8,0 7,9 8,0
Consistency 8,0 8,1 8,1 8,0
Taste 8,0 8,0 8,1 8,1
Juiciness 7,8 8,0 8,0 7,8
Overallrating 7,93 8,0 8,03 7,98
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result of the geometry optimization by the MM+ method, a molecular model of the β-CD:VE
complex was obtained in the ratio 1:4.The analysis of the geometry of which showed that the fourth 
cyclodextrin ring is very weakly bound to the VE molecule. From this we can conclude that the
complexes of the composition 1:4 are quite unstable and will be much less common in comparison
with the complexes of the ratio 1:1, 1:2 and 1:3. Thus, molecular modeling of the complexes of the
inclusion of VE acetate with β-CD in the ratios 1:1, 1:2, 1:3 and 1:4 using the MM+method. Based
on semi-empirical PM3 calculations without taking into account the influence of the environment,
the total energy of the studied systems is estimated.
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scheme of production of semi-smoked sausage products was used as a basis, which was clarified 
during the research. After the end of the technological process, a comparative organoleptic
assessment was carried out, as well as microstructural, 4hysic-chemical and microbiological 
parameters were studied.
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In the work, the organoleptic evaluation of semi-smoked sausages with the content of the vitamin complex 
of inclusion β-CD: МE was carried out on a 9-point scale according to SS 9959-91 Meat products. General 
conditions for organoleptic evaluation. From the data in table 1, it follows that prototypes №1-3 have higher 
consumer indicators compared to the control (lamb sausage). For example the organoleptic parameters of the 
experimental samples (aroma, consistency, taste and juiciness) are slightly higher than those of the control 
sample.

Table 1-Organoleptic evaluation of the quality of prototypes
Indicators Controlsample Prototype

1 2 3
Appearance 8,0 8,0 8,1 8,0
Colour 8,0 7,9 8,0 8,0
Smell, aroma 7,8 8,0 7,9 8,0
Consistency 8,0 8,1 8,1 8,0
Taste 8,0 8,0 8,1 8,1
Juiciness 7,8 8,0 8,0 7,8
Overallrating 7,93 8,0 8,03 7,98

Based on these data, a preliminary conclusion was made that the combination of 70% lamb and 25% turkey 
meat (pectoral muscle) is the most rational. The specified ratio of the main meat components gives the product 
a moderately pronounced taste, inherent in semi-smoked sausage (VE content 1.28±1.13). Further increase 
in the mass fraction of turkey meat is not advisable, since the final product has a pronounced lean taste. 
According to microbiological parameters, the sample of sausage products with lamb meat (70%) and turkey 
(20%) corresponded to SanPiN 2.3.2.1078-01 (table 2). The prototype of the semi-finished product, which 
has undergone culinary processing, is characterized by attractive organoleptic characteristics: juicy and tender 
consistency, light brown color, and a delicate meat smell.Analyzing the data in tables 2 and 3, we can conclude 
that the test sample, in comparison with the “Lamb” sausage, contains 11.96% less moisture, 14.67% more 
fat and 2.65% less protein. Thus, it can be noted that the prototype has a higher caloric content and a lower 
moisture-retaining capacity. 

Table 2-Some physico-chemical and microbiological characteristics of meat sausage products with 
encapsulated vitamin complex β-CD:VE (1:2)

Nameofindicators Acceptable standards 
for regulatory 

documents

Actually-
received

Designation of regula-
tory documents for test 
methods

Microbiologicalstudies:
Pathogenic microorganisms, including 
Salmonella, in 25 g

Notallowed Notdetected SS 31659-2012
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L. monocytogenes, in 25 g Notallowed Notdetected SS 32031-2012
E. coli group bacteria (coliforms), in 1 g. Notallowed Notdetected SS 9958-81
Staphylococcus aureus, in 1 g. Notallowed Notdetected SS9958-81
Sulfite-reducing clostridia, in 1 g. Notallowed Notdetected SS 9958-81
Physicalandchemicalproperties:
Peroxidenumber, mmol(1/2)/kg - 3,48±0,35 SSR 51487-99
Moisturecontent - 49,18±0,24 SS 9793-74
Ash - 2,25±0,02 SS 15113-8-77
Vitamins, mg/100g:
Vitamin E (β-CD:VE,  2:1) - 11,28±1,13 SS ЕН 822-2014

Table 3 - Comparative characteristics of products by some indicators
Product Name Fat, % Protein, % Moisturecontent, % Ash, % Caloriecontent, kcal/kJ /100
sausagemutton 11,28±0,01 24,29±0,01 61,14±0,01 2,33±0,01 202/845
Prototype 25,95±0,03 21,64±0,01 49,18±0,01 2,25±0,01 324/1355

Conclusion. The research results can be used in the development of a technological scheme for obtaining 
a semi-smoked product from lamb and turkey with encapsulated vitamin components. Thus, as a result of 
the research, a functionally enriched meat product with an encapsulated vitamin supplement was developed. 
To study the possibility of encapsulating VE with starch oligosaccharide, computer models were constructed 
using the Chem Office 12.0 program. The results of molecular modeling of VE inclusion complexes with β-CD 
are described. On the basis of semi-empirical calculations of PM3, the total energy of the studied systems 
was estimated. The preparation of substrate complexes with the receptor was performed by the MM+ method 
and studied in the ratios 1:1, 1:2, 1:3 and 1:4. The evaluation of the geometric parameters of the optimized 
structures of the objects of study showed the possibility of forming a complex between alpha-tocopherol 
acetate and β-cyclodextrin molecules. Developed a meat product from mutton and turkey meat, containing the 
inclusion complex β-CD:VE.  Due to the possibility of effectively enriching meat semi-finished products with 
fat-soluble vitamins, the developed scientific approach is of interest for use in the production of functional food 
products.
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ҚАПТАЛҒАН ВИТАМИНДІ ҚОСПАМЕН ФУНКЦИОНАЛДЫ БАЙЫТЫЛҒАН ЕТ ӨНІМІ

Аннотация. Мақалада биологиялық белсенді қоспамен функционалды байытылған ет өнімін зерттеу 
нәтижелері келтірілген. Ингредиент ретінде β-циклодекстринмен қапталғанмайда еритін Е дәрумені 
(α-токоферол ацетаты) қолданылған. α-Токоферол ацетатын крахмал олигосахаридімен капсулдау 
мүмкіндігін зерттеу үшін ChemOffice 12.0 компьютерлік бағдарламасы арқылы әр түрлі қатынастағы 
үлгілер құрастырылды. β-Циклодекстринмен α-токоферол ацетатын қосу кешендерін молекулалық 
модельдеу нәтижелері сипатталған. PM3 жартылай эмпирикалық есептеулерінің негізінде, қоршаған 
ортаның әсерін есепке алмай, зерттелетін жүйелердің жалпы энергиясы бағаланды. Рецептормен 
субстрат комплекстерінің түзілуін молекулалық модельдеу MM + әдісімен орындалды және 1:1, 1:2, 
1:3 және 1:4 қатынастарында зерттелді. Зерттеу объектілерінің оңтайландырылған құрылымдарының 
геометриялық параметрлерін бағалау альфа-токоферол ацетаты мен β-циклодекстрин молекулалары 
арасында комплекс түзудің мүмкіндігін көрсетті. β-Циклодекстринмен Е витаминін қосу кешенін 
дайындау сулы-спиртті ортада микротолқынды өңдеу әдісімен жүргізілді. Қой және күркетауық 
еттерінен инклюзивті «vitamin Е: β-циклодекстрин дәрумені» кешені бар жаңа ет өнімі жасалды (ет 
өніміндегі Е дәрумені мөлшері 1,28 ± 1,13). Ең ұтымды тіркесім 65% қой еті және 25% күркетауық 
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еті (кеуде бұлшық еті) қатысында екендігі көрсетілді. Еттің негізгі компоненттерінің бұл арақатынасы 
өнімге жартылай ысталған шұжыққа тән орташа айқын дәм береді. Рецепте қолданылған құс еті өнімнің 
өзіндік құнын төмендетуге және тұтынушылық қасиеттері жоғары өнімді алуға мүмкіндік береді. 
Жүргізілген тәжірибелер негізінде қой мен күркетауық өнімдерінің физико-химиялық, құрылымдық-
механикалық және органолептикалық сипаттамаларына салыстырмалы сипаттама берілген. Зеттеулер 
нәтижелері бойынша алынған ет өнімдерінің микробиологиялық көрсеткіштері нормативтік құжаттарға 
сәйкес келеді. Функционалды түрде витаминмен байытылған ет өнімі органолептикалық, физико-
химиялық параметрлерге, сондай-ақ тамақ қауіпсіздігіне тексерілді. Жартылай фабрикаттардың ет 
өнімдерін майда еритін витаминдермен тиімді байыту мүмкіндігіне байланысты дамыған ғылыми тәсіл 
функционалды тамақ өнімдерін өндіруде қолдануға қызығушылық тудырады.

Түйінді сөздер: Е дәрумені, циклодекстрин, етөнімі, кешенді косылас, клатрат.
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ФУНКЦИОНАЛЬНО  ОБОГАЩЕННЫЙ МЯСНОЙ ПРОДУКТ 
С ИНКАПСУЛИРОВАННОЙ ВИТАМИННОЙ ДОБАВКОЙ 

Аннотация. В статье представлены результаты исследования функционально обогащенного 
мясного продукта с биологически активной добавкой. В качестве ингредиента использован 
инкапсулированный  β-циклодекстрином жирорастворимый витамин Е (α-токоферола ацетат). Для 
изучения возможности инкапсулирования α-токоферолацетата с олигосахаридом крахмала 
были построены компьютерные модели с использованием программы Chem Office 12.0. 
Описанырезультаты молекулярного моделирования комплексов включения α-токоферола ацетата с 
β-циклодекстрином в разных соотношениях. На основе полуэмпирических расчетов PM3, без учета 
влияния окружающей среды была оценена полная энергия исследуемых систем. Молекулярное 
моделирование образования  комплексов субстрата с рецептором выполнено методом MM +  и 
изучено в соотношениях 1:1, 1:2, 1:3 и 1:4. Оценка геометрических параметров оптимизированных 
структур объектов исследования показала возможность образования комплекса между альфа-
токоферол ацетатом и молекулами β-циклодекстрина. Получение комплекса включения витамина Е 
с β-циклодекстрином проведено в водно-спиртовой среде методом микроволновой обработки. 
Разработан мясной продукт из мяса баранины и индейки, содержащий комплекс включения «β-
циклодекстрин: витамин Е» (содержание витамина Е в мясном продукте 1,28±1,13). Показано, что 
наиболее рациональным является сочетание 65% мяса баранины и 25% мяса индейки (грудная 
мышца). Такое соотношение основных мясных компонентов придает продукту умеренно 
выраженный вкус, присущий полукопченой колбасе. Используемое в рецептуре мясо птицы позволить 
снизить себестоимость продукта и получить продукт с высокими потребительскими свойствами. На 
основании выполненных экспериментов дана сравнительная характеристика физико-химических, 
структурно-механических и органолептических показателей продуктов из баранины и индейки. 
Согласно полученным результатам, микробиологические показатели полученных мясных 
продуктов соответствуют нормативным документам. Функционально обогащенный витамином 
мясной продукт исследован на органолептические, физико-химические показатели, а также на 
пищевую безопасность. Благодаря возможности эффективного обогащения мясных 
полуфабрикатов жирорастворимыми витаминами разработанный научный подход 
представляет интерес для использования в производстве функциональных продуктов  питания.

Ключевые слова: витамин Е, циклодекстрины, мясной продукт, комплексы включения, клатрат.
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90-летие академика Национальной
академии наук Республики Казахстан

Е.А.БЕКТУРОВА

Исполнилось 90 лет со дня рождения и 65 лет научно-
педагогической и общественной деятельности известного 
ученого в области физической химии высокомолекулярных 
соединений, академика НАН РК, лауреата Государственной 
премии Казахстана, заслуженного деятеля науки и 
техники Республики Казахстан, доктора химических наук, 
профессора Есена Абикеновича Бектурова.

Е.А. Бектуров родился 14 декабря 1931 года в г. Ташкенте. 
В 1949 году он поступил на химический факультет 

Казахского государственного университета, где затем 
обучался в аспирантуре. В 1958 г. защитил кандидатскую, а 
в 1972 г. – докторскую диссертации, в 1976 г. ему присвоено 
ученое звание профессора. С 1958 г. по 2009 г. он работал 

в Институте химических наук АН КазССР, где прошел путь от младшего научного сотрудника до 
заведующего лабораторией. С 2010 по 2021 годы Е.А. Бектуров работал профессором Казахского 
Национального педагогического университета. В 1983 г. Е.А. Бектуров избран в члены-корреспонденты, 
а в 2003 г. –  в академики Национальной Академии наук Республики Казахстан. 

Основное научное направление Е.А. Бектурова связано с фундаментальными исследованиями в 
области физической химии полимеров: водорастворимые полимеры, полиэлектролиты, полиамфолиты, 
комплексы полимеров, полимерные катализаторы, ионопроводящие комплексы, гидрогели, 
наночастицы металлов, стабилизированные полимерами. По результатам исследований в изданиях 
Казахстана, ближнего и дальнего зарубежья опубликовано более 800 работ, среди них 18 изобретений, 
8 обзорных статей в журналах США, СССР, Энциклопедии полимерных материалов (США). Издано 32 
монографии, 6 из них в ФРГ, Японии, Польше, России и 4 учебных пособия. Цикл работ Е.А. Бектурова 
с сотрудниками «Водорастворимые полимеры и их комплексы» в 1987 г. был удостоен Государственной 
премии Казахской ССР. 

Исследования Е.А. Бектурова получили широкое признание в нашей стране и за рубежом. 
Публикации регулярно цитируются в монографиях и статьях ученых ближнего и дальнего зарубежья. 
Министерством науки и технической политики России Е.А. Бектуров был включён в базу данных 
«Лидеры науки СССР» в числе 6-ти наиболее цитируемых казахстанских ученых за период 1986-1991 
гг. На монографии Е.А. Бектурова опубликовано 47 рецензий известных ученых в журналах СССР, 
США, ФРГ, Чехии, Румынии. Результаты исследований Е.А. Бектурова включены в ряд отечественных 
и зарубежных монографий, справочников и учебных пособий, а также стимулировали работы в 
некоторых лабораториях в нашей стране и за рубежом.

Е.А. Бектуровым внесен крупный вклад в развитие физической химии полимеров, создана 
широко известная в мире научная школа. Большое внимание Е.А. Бектуров уделяет подготовке 
высококвалифицированных кадров. Под его руководством защищено 35 кандидатских и 9 докторских 
диссертаций, в течение ряда лет прочитаны курсы лекций в Казахском и Вильнюсском университетах, 
Казахском химико-технологическом институте. Е.А. Бектуров – был членом специализированных 
Советов по защите докторских диссертаций, членом научно-консультативного совета журнала 
«Химия и технология воды» (Украина) и международного исследовательского совета Американского 
биографического Института (США).

Е.А. Бектуров неоднократно представлял казахстанскую науку за рубежом, выезжая для участия 
в качестве докладчика или члена оргкомитета в международных конференциях и симпозиумах, для 
чтения лекций и проведения совместных работ в ведущих научных центрах Японии, ФРГ, Чехии, 
Турции, Ирана, Голландии, Швейцарии, Италии, Канады.
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Е.А. Бектуров – заслуженный деятель науки и техники Республики Казахстан (1993), лауреат 
Государственной премии Казахстана (1987), лауреат Международного фестиваля Хорезми (Иран) и 
Золотой медали ЮНЕСКО им. Нильса Бора (1997) за вклад в фундаментальную науку, лауреат премии 
К.И. Сатпаева (20), лауреват Государственной стипендии ученых, внесших выдающийся вклад в развитие 
науки и техники (2000), почетный профессор Павлодарского и Семипалатинского государственных 
университетов, лауреат общенациональной независимой премии «Тарлан» в номинации «Наука» 
(2003). По данным независимого агентства аккредитации и рейтинга Е.А. Бектуров вошёл в Топ-30 
лучших преподавателей Вузов (2017 г.).

Е.А. Бектуров награжден медалями «За доблестный труд», «Ветеран Труда», «10 лет Конституции 
Республики Казахстан», «65, 70 и 75 лет Победы в Великой отечественной войне», а также грамотами 
Президиума АН КазССР.

Сердечно поздравляем Есена Абикеновича с юбилеем, желаем ему крепкого здоровья и дальнейших 
успехов.
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