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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.

KasakcmaH Pecriybniukacbl ¥nmmbiK fbiribiM akademusicbl «KP YFA Xabapnapbi. Xumusi XoHe
MeXHOI02Usi cepusiChbl» FblbIMU XypHarnbiHbIH Web of Science-miH )aHanaHraH Hyckacbl Emerging
Sources Citation Index-me uHOekcmeryee KabbindaHraHbiH xabapnaliObl. byn uHOekcmery
bapbiceiHOa Clarivate Analytics komnaHusicbl XXypHanObl oOaH opi the Science Citation Index
Expanded, the Social Sciences Citation Index xoHe the Arts & Humanities Citation Index-ke
Kabbinday moacerneciH Kapacmbipyda. Webof Science sepmmeywinep, asmopnap, 6acrnawbinap
MeH Mekemerniepae KOHmeHm mepeHOiei MeH canacbiH ycbiHaodbl. KP ¥FA Xabapnapbl. Xumusi
JXKoHe mexHoroausi cepusicbl Emerging Sources Citation Index-ke eHyi 6i30iH KoramOacmabiK yWiH
€eH e3eKkmi xoHe 6edendi XuMusrnbiK fblibiMOap 6olbiHWa KOHmMeHmke adandbirbiMbi30bl 6inndipedi.

HAH PK coobwaem, ymo Hay4HbIl xypHan «M3eecmust HAH PK. Cepusi xumuu u mexHosoauui»
6b11 IpuHsIM 0151 uHOeKcuposaHusi 8 Emerging Sources Citation Index, o6HosneHHou eepcuu Web of
Science CodepxaHue 8 amom UHOEeKCUpoB8aHUU Haxo0umcsi 8 cmaduu paccMOMmpPeHUsi KoMraHueu
Clarivate Analytics dns danbHeliwezo npuHamus xypHana 8 the Science Citation Index Expanded,
the Socia1l Sciences Citation Index u the Arts & Humanities Citation Index. Web of Science
rnpednazaem kKadyecmeo 8 enlybuHy KoHmeHma Ornsi uccriedoeameriel, asmopos, uddamernel u
yypexoeHul. BkrroyeHue Usgecmusi HAH PK e Emerging Sources Citation Index demoHcmpupyem
Hawy rnpuesepXeHHOCMb K Hauboriee akmyaribHOMY U 61usimesibHOMY KOHmMeHmMy Mo XUMUu4ecKum
Haykam Os1 Haue2o coobuwecmea.
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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 (a-tocopherol acetate) encapsulated with B-cyclodextrin
was used as an ingredient. To study the possibility of encapsulating a-tocopherol acetate with starch
oligosaccharide, computer models were built using the ChemOffice 12.0 program. The results of molecular
modeling of inclusion complexes of a-tocopherol acetate with B-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 B--cyclodextrin molecules. The preparation
of the inclusion complex of vitamin E with B-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 “B-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 a -, B-and y-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).

0 CH,
OH Il
H;CCO
o 0 CH;
0 H
Ho OH H,C 0
n=7 CH3 3

(1) @

Figure 1 - Structural formulas of -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 B-CD with improved biopharmaceutical and nutritional properties. Molecular encapsulation
of vitamins through the formation of inclusion compounds (clathrates) with a-, p -, and y-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 B-CD in
various ratios;

2) justify the ratio of components that provide the optimal dose of the complex of inclusion of the f-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, a-tocopherol acetate) C, H,,O,, a transparent viscous oil of light yellow color (1 IU of
vitamin E = 1 mg). Molar mass of a-tocopherol acetate 472.76 g/mol, d5° = 0.9545-0.9665; n3°= 1.4958-
1.4972; maximum absorption E =42.5 at 285.5 nm;

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

- model meat system: lamb-turkey (production date 20.09.2020).

The preparation of water-soluble inclusion complexes B-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 -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 B-CD:VE clathrates is observed at ratios (2:1).The results
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of thermal analysis of samples of inclusion complexes -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 B-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 -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 B-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 B-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+3°C). Physico-
chemical and microbiological characteristics of meat sausage products with encapsulated vitamin complex
B-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 B-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 B-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 B-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, E, = -500093 kcal/
mol;

- Type I - due to the penetration of the isoprenoid side chain VE into the cyclodextrin cavity, E,  =-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 -CD by Type Il at AE=49 kcal/mol is thermodynamically more advantageous.
The next step was the molecular modeling of B-CD inclusion complexes with VE in the ratios 2:1 and 3:1. The
molecular models of the complexes B-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 (c) 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 (E = -1629877kkal/mol). As a result of the geometry optimization by the MM+ method, a
molecular model of the B-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 B-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 f-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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E =-500093 kcal/mol E =-876579 kcal/mol E =-1253252kcal/mol

total total total

a) the complex has aratio of 1:2  b) the complex has a ratio of 1:3  ¢) the complex has a ratio of 1:4
Figure 2 -Molecular model of the complex B-CD: VE in the ratios 1:1(a), 2:1 (b) and 3:1 (3¢)

In the work, the organoleptic evaluation of semi-smoked sausages with the content of the vitamin complex
of inclusion f-CD: ME 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 Nel-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 1.2841.13). 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 B-CD:VE (1:2)

Nameofindicators Acceptable standards | Actually- |Designation of regula-
for regulatory received |tory documents for test
documents methods

Microbiologicalstudies:
Pathogenic microorganisms, including Notallowed Notdetected |SS 31659-2012
Salmonella, in 25 g
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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 (3-CD:VE, 2:1) 11,28+1,13 |SS EH 822-2014

Table 3 - Comparative characteristics of products by some indicators

Product Name Fat, % Protein, % | Moisturecontent, % | Ash, % Caloriecontent, kcal/k] /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 B-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 B-cyclodextrin molecules. Developed a meat product from mutton and turkey meat, containing the
inclusion complex B-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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KAIITAJIFAH BATAMUH/II KOCIIAMEH ®YHKIIAOHAJIJIbI BAUBITBLIIFAH ET OHIMI

AHHoTanusa. Makasaia OMoIOTrHsITBIK OeJICEH 11 KocTiaMeH (D)YHKIIMOHAIIIbI OalbITHUIFAH €T OHIMIH 3ePTTeY
HOTIDKENepi kenripinred. HrpenneHT peTiHae B-IMKIONEeKCTPUHMEH KanTainraHMaiina eputin E gopymeni
(o-ToKOepon ameTarsl) KOJNJAHBUIFAH. o-Toko(depon amerarblH Kpaxmall OJHMIocaxapuaiMeH Karcynjay
MyYMKiHgirin 3eprrey ymin ChemOffice 12.0 xommbroTepiiik Oaraapiamachl apKbUIbl 9p TYPJli KaThIHACTAFbI
YIIrisiep KypacThipbUiabl. P-IIMKII0AEKCTPUHMEH 0-TOKO(EpOs aleTaTblH KOCY KEIISHJIEPIH MOJICKYITaIbIK
MOJICTIb/ICY HOTHIKENIepi cunartairad. PM3 skapThuiail SMIMPUKAIBIK ecenTeyiepiHiy Heri3inae, KoplaraH
OpPTaHBIH OCEPIH €CEmKe anMai, 3epTTeCTIH >KYHeNepaiH JKalambl dHEPTHschl OaramaHmbl. Pementopmen
CyOCTpaT KOMIUIEKCTEPIHIH TY3UTylH MOJISKYIJIbIK Mojeabaey MM + omiciMer opbiHaanibl xoHe 1:1, 1:2,
1:3 xoHe 1:4 KarTbIHACTAPBIHAA 3ePTTENi. 3epTTey 00BEKTUICPIHIH OHTAMIAHIBIPBUIFAH KYPbUIBIMIAPbIHBIH
TeOMETPUSUIBIK MapaMeTpIiepin Oaranay anbga-Tokodepos anerarsl MEH B-IUKIOJEKCTPUH MOJICKYIIanaphl
apachlH/a KOMIUIGKC TY3yAiH MYMKIHIITiH KepcerTi. B-Llukmonekctpuamen E BUTaMUHIH KOCY KeIIEHIH
TMAHBIHIAY CYITBI-CIUPTTI OpTama MHUKPOTOIKBIHIABI OHILY OiCIMEH JKyprizimmi. Ko#l koHE KypKeTaybIK
eTTepiHeH MHKIIO3UBTI «vitamin E: B-nmuknogekcTpuH aopyMmeHi» KelleHi Oap jkaHa eT oHiMi jkacaifpl (eT
eniminzeri E nopymeni memmuepi 1,28 + 1,13). Ex yreiMasr Tipkecim 65% Koit eTi sxoHe 25% KypKeTaybIK
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eTi (keyae OYIIIBIK €Ti) KaThIChIHA eKeHIr1 KopceTiai. ETTiH Heri3ri KOMIIOHEHTTEPiHiH Oy apakaThIHACK
OHIMTE JKapThIal BICTAJIFaH IIY)KBIKKA TOH OpTallia alKbIH JoM Oepei. Perente KomaaHbIIFad KYC €T1 OHIMHIH
©31HJIIK KYHBIH TOMEHIETYI'¢ JKOHE TYTBIHYIIBUIBIK KaCHETTepi JKOFapbhl OHIMII allyFa MYMKIiHIIK Oepei.
XKyprizinren toxipudenep HeriziHIe KO MEH KYPKETaybIK OHIMAEPIHIH (PH3UKO-XUMUSIIBIK, KYPBLUTBIMIBIK-
MEXaHHKaJIbIK KOHE OPTraHOJICIITHKAIBIK CUIIATTaMallapblHA CAJILICTBIPMAIIBI CHITaTTaMa OepiireH. 3erreyiep
HOTHXKeJepi OOMbIHIIA aJbIHFAH €T OHIMACPiHIH MUKPOOHOIOTUSUIBIK KOPCETKILITEPI HOPMATHBTIK Ky)KaTTapra
cotikec keneni. OYHKIIMOHAIIBI TYpAC BUTAMUHMEH OaWbBITBIIFAH €T OHIMI OpraHOJCHTHKAJIBIK, (HU3HKO-
XUMHSUTBIK TIapaMeTpiiepre, COHJal-aKk Tamak Kayirnciszirine texcepiimi. JKapreuiait ¢aOpukartapibiH €T
OHIMJIEPiH Mali/]a EpUTIiH BUTAMUH/IEPMEH THIM/Ii OaiibITY MyMKIHIITiHE OailIAHBICTHI IAMBIFaH FEUTBIMH TOCII
(dyHKIIMOHAIBI TaMaK OHIMJIEPIH OHAIPY/e KOJIJaHyFa KbI3bIFYIIBUIBIK TYIBIPAJIBL.
Tyiiinai ce3aep: E nopymeni, LIMKIONEKCTPHUH, €TOHIMI, KEIIEH 1 KOCBUIAC, KIIaTpar.
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OYHKIUOHAJBHO OBOTALIEHHBIA MSICHOM ITPOAYKT
C UHKAIICYJINPOBAHHOW BUTAMHUHHOM JJOBABKOM

AHHOTamus. B crarbe mnpeacTaBieHbl pe3yJbTaThbl HMCCIEAOBaHMS (DYHKIMOHAIBHO OOOTaIleHHOTO
MSICHOIO TIPOAYKTa C OMOJIOTMUECKH AaKTUBHOW [00aBKoil. B KauecTBe HHIpeIMeHTa HCIOJIB30BAH
WHKATCYJMPOBaHHBIA B-IUKIONEKCTPUHOM >KUpOpacTBOpuMblid BUTaMuH E (o-Tokodepona anerat). s
H3y4eHHsT BO3MOMKHOCTH HMHKAIICYJIMPOBaHUs O-TOKo(epoyameraTa C OJIMIOcaxapuaoM Kpaxmaia
OBUIM TIOCTPOCHBI KOMIIBIOTEPHBIE MOJIENIM C Hcmoib3oBanueMm mnporpammbl  Chem Office 12.0.
OnucaHbIpe3ybTaThl MOJIEKYJISIPHOTO MOJECTUPOBAHUS KOMIUIEKCOB BKIIIOUEHHUS O-TOKO(Qeposia aieraTta ¢
B-IMKI0eKCTPUHOM B pa3HBIX COOTHOMEHUSX. Ha ocHOBe momyammupudeckux pacuetoB PM3, 6e3 ydera
BIMSIHUSL OKpY’)Kaiomield cpeipl ObUla OLIEHEHA MOJHAas JHEPrusi MCCIeNyeMbIX cucTeM. MoJeKyisipHoe
MOJICJINPOBaHNUE 00pa30BaHMsl KOMIUIEKCOB CyOCTpara € PELENTOpPOM BBINOJIHEHO MeTonoM MM + wu
n3ydyeHo B cootHomeHusx 1:1, 1:2, 1:3 u 1:4. Onenka reoMeTpu4ecKUX MapaMeTpoB ONTHMHU3MPOBAHHBIX
CTPYKTYp OOBEKTOB HCCIECIOBAaHUS IIOKa3alda BO3MOXKHOCTH OOpa3oBaHMsl KOMIUIEKCA MEXAy aibga-
TOKO(EPOJT al[eTaTOM U MOJIEKYJIaMH PB-IuKIIoieKcTprHa. [loydyeHne KoMIUieKca BKIIOYEHUs] BHUTamMHMHA E
C P-IMKJIONEKCTPUHOM TPOBEACHO B BOJHO-CIIMPTOBOH Cpele METOJOM MHMKPOBOJIHOBOM 00pabOTKH.
Pazpabotan MsCHOW TIPOIYKT M3 Msca OapaHWHBI W WHACHKH, COIASPKANTUN KOMITIEKC BKIIOUCHHS <«[3-
LUKIIOJIEKCTpUH: BUTaMUH E» (comepkanue BuramuHa E B MscHom npoaykre 1,28+1,13). [lokaszano, 4ro
HanOoJiee panrOHANBHBIM SIBJSIETCSl codeTaHue 65% wsca OapaHuHbl U 25% wMsica MHAEHKH (IpyaHas
MbIIIa). Takoe COOTHOILIEHHE OCHOBHBIX MSCHBIX KOMIIOHEHTOB TPHAAET TNPOIYKTY YMEPEHHO
BBIpQKEHHBII BKYyC, IPUCYLIHMH TOJTYKOITUEHOH Konbace. Mcnonbp3yeMoe B perenType MACcO NTULBI TO3BOIUTh
CHM3UTbh C€0ECTOMMOCTh IIPOAYKTA U MOJYYUTh IPOLYKT C BBICOKUMH IOTPEOUTENbCKUMU cBoMcTBaMu. Ha
OCHOBAaHUM BBITIOJHEHHBIX SKCIICPUMEHTOB JlaHA CpPaBHHUTENIbHAS XapaKTEPUCTHKA (PU3MKO-XUMHUYECKHX,
CTPYKTYPHO-MEXaHUYECKUX W OPraHOJIENTHYECKHX II0Kas3aTeleld NPOAyKTOB W3 OapaHuMHBl M HHACHKH.
CornacHO TMOJNY4YEHHBIM pe3yjbTaTaM, MHKpPOOMOJOTHYECKHE TIOKAa3aTeld  IOJyYEHHBIX  MSCHBIX
MIPOAYKTOB COOTBETCTBYIOT HOPMAaTHBHBIM JOKyMEHTaM. @DYHKIMOHAJIbHO OOOTALICHHBIH BUTAMHHOM
MSICHOH TPOAYKT HCCIEJOBAH HAa OpraHolienThdeckue, (U3NKO-XMMUYeCKHe IOKa3aTeld, a Takke Ha
nuieByo  Oe3omacHocTb.  bnaromapss — BO3MOXHOCTH — 3(QEKTHBHOrO  0OOTalleHHss  MSICHBIX
oy (paOpuKaToB  >KUPOPACTBOPHUMBIMHU BUTAMUHAMHU pa3paboTaHHBIN Hay4HBIH MOJXO0J
MpeACTaBIsieT WHTEepeC /sl UCTIONBb30BaHMS B IPOU3BOACTBE (PYHKIIMOHAIBHBIX TIPOYKTOB MUTAHUS.

Kirouesble ciioBa: ButamuH E, IHKI0A€KCTpHUHBI, MSCHON IPOIYKT, KOMIUIEKCHI BKIIIOUEHUS, KJIaTpar.

Information about authors:
Mustafayeva Ayaulim — Candidate of Technical Sciences, Saken Seifullin Kazakh Agrotechnical
University, Nur-Sultan, Kazakhstan, e-mail: ayaulym.mustafa@mail.ru, https://

orcid.org/0000-0003-0693-6427,
Iskineyeva Ainara — PhD student of Saken Seifullin Kazakh Agrotechnical University, Nur-Sultan,

Kazakhstan, e-mail: iskeneeva aynara@mail.ru, https://orcid.org/0000-0002-1705-6372;
50



Volume 5-6, Number 449 (2021),

Fazylov Serik — Academician of the National Academy of Sciences of the Republic of
Kazakhstan,DoctorofChemicalSciences, Professor, Institute of Organic Synthesis and Coal chemistry,
Karaganda, Kazakhstan, e-mail: iosu8990@mail.ru, https://orcid.org/0000-0002-4240-6450. (Contact person:
+77078660841);

Sviderskiy Aleksandr — DoctorofChemicalSciences, Professor,Innovative University of Eurasia, Pavlodar,
Kazakhstan; e-mail: katsostud@rambler.ru, https://orcid.org /0000-0001-7277-5882.

REFERENCES

[1] Kuzmichev V.Yu., Kolodyaznaya V.S. (2008) Quality of African ostrich meat (Meat industry)
Kachestvamy asya africanskogo strausa [Measnya industrya] 5:64-68 (in Russ).

[2]RogovI.A., Zabashta A.G., Kazyulin G.P. (2009) Technology of meat and meat products [ Technologiyamy
asia I myasnych productov] Moskow, 2:710 (in Russ).

[3] Kolosov Yu., Getmantseva L., Shirockova N. (2013) Sheep Breeding Resources in Rostov Region
(World Applied Sciences Journal) Ovsevodcheskie resursy Rostovskou oblasty [Mirovoi prikladnoy naushnii
journal] 23(10):1322-1324 (in Russ).

[4] Kolosov Yu.A., Shirokova N.V., Baranikov A.l. (2013) Creation of new meat products using lamb
(Scientific journal of the Kuban State Agrarian University) Sozdanie novix myasnich productov s ispolzovanyem
baraniny [Naushnyi jurnal Kubanskogo gosudsrstvennogo agrarnogo unyversiteta] Krasnodar, 05(089) (in
Russ). Electronic resourcehttp: //ej.kubagro.ru/2013/05/pdf/52.pdf.

[5] Tsvetkova A.M., Pismenskaya V.N. (2010) The use of turkey meat in the production of cooked meat
products (Meat industry) Ispolzovaniemy asia indeiky v proizvodstv evarenich myasnix izdelii [Measnya
industrya] 2:23-25 (in Russ).

[6] Kaimbaeva L.A., Taeva A.M., Kulmagambetov T.I., Tapalova D., Fesenko M., Pereneseeva E. (2019)
Development of recipes and technologies for meat combined semi-finished products (Bulletin of Almaty
Technological University) Razrabotka resepturii technologia myasnich kombinirovannych polufabrykatov
[Bulleten Almatinskogo technologisheskogo universiteta] 1 (122):30-35 (in Russ).

[7] Uzakov Ya.M., Kaldarbekova M.A., Akilova F.E. (2019) Improving the quality of a new generation
national meat product (Bulletin of Almaty Technological University Povychenie rachestvana chinalnogo
myasnogo produktanovogo pokolenya [Bulletin of Almaty Technological University] 4 (125). 61-66 (in Russ).

[8] Das S.K. (2013) Cyclodextrins — the molecular container, Research Journal of Pharmaceutical, Biological
and Chemical Sciences. 4:2. 1694-1720 (in Eng.).

[9] Crini G. (2014) Review: A history of cyclodextrins, Chemical Reviews, 114(21):10940—-10975 (in Eng.).

[10] Novosyolova N. (2002) Formation of inclusion complexes of cyclodextrins with oil-soluble vitamins,
Materials of XIIth International Conference “Surface forces”. June 29 - July 5. 2005. Zvenigorod. 127.

[11] Arihara K. (2006) Strategies for designing novel functional meat products (Meat Science) Strategia
dyzainanovych miyasnych produktov [Myasnaya nauka] 74(1):219-229 (in Russ). DOI: 10.1016/.
meatsci.2006.04.028 (in Russ).

[12] Ohama H., Ikeda H., Moriyama H. (2006) Health foods and foods with health claims in Japan,
Toxicology, 221(1): 95-111 (in Eng.).

[13] Shenderov B.A. (2013) The state and prospects for the development of functional nutrition in Russia
(Gastro portal today) Sostoyanie i perspective i razvitya funksyonalnogo pitanyia v Rossii [Gastro portal
segodnya] 9:24-28 (in Russ).

[14] Szejtli J. (2004) Past, present and futute of cyclodextrin research, Pure and Applied Chemistry,
76(10):1825-1845 (in Eng.).

[15] Aree T., Chaichit N. (2002) Crystal structure of B-cyclodextrindimethyl-sulfoxide inclusion complex,
Carbohydrate Research, 337:2487-2494 (in Eng.). DOI: 10.1016/s0008-6215(02)00485-8.

[16]JIao F.P., Chen X.Q., YU H.Z., Yang L. (2010)Preparation and spectra properties of inclusion complexes
of vitamin E with b-cyclodextrin, Journal of Food Processing and Preservation,34:114-124(in Eng.). DOI:
10.1111/5.1745-4549.2008.00327 x.

[17] Burkeyev M., Fazylov S., Bakirova R., Iskineyeva A., Sarsenbekova A., Tazhbaev E., Davrenbekov
S. (2021) Thermal decomposition of b-cyclodextrin and its inclusion complex with vitamin E, Mendeleev
communication, 31:6-78(in Eng.).DOI:10.1016/j.mencom.2021.01.023.

[18] Nurkenov O.A, Seilkhanov T.M., Fazylov S.D., Issayeva A.Zh., Seilkhanov O.T., Zhaksybayeva G.Sh.
(2019) Obtaining and research of the supramolecular complexes of alkaloid salsoline with cyclodextrins by
NMR spectroscopy, News of the National Academy of Sciences of the Republic of Kazakhstan. Series of
chemistry and technology, 1:64-69 (in Eng.).

51



OF THE NATIONAL ACADEMY OF SCIENCES OF THE REPUBLIC OF KAZAKHSTAN

[19] Bakirova R., Nukhuly A., Iskineyeva A., Fazylov S., Burkeev M., Mustafaeva A., Minaeva E.,
Sarsenbekova A. (2020) Obtaining and Investigation of the beta-Cyclodextrin Inclution Complex with Vitamin
D-3 Oil Solution,Scientifica, 1-8. ID 6148939. DOI: 10.1155/2020/614893918 (in Eng.).

[20] Hyper Chem 8.0 Release Hypercube, Inc. http://www.hypercubeusa.com/ National Center for
Biotechnology Information (2021). Pub Chem Compound Summary for CID (in Eng.).

[21] National Center for Biotechnology Information (2021). Pub Chem Compound Summary for CID
444041, beta-cyclodextrin. Retrieved July 4, 2021 from https: //pubchem.ncbi.nlm.nih.gov/compound/beta-
CYCLODEXTRIN (in Eng.).

52



90-s1eTue akanemnka HanuonaabHou
akajgemun Hayk Pecnyosmku Ka3zaxcran

E.A.BEKTYPOBA

Hcnonnunoce 90 jeT co aHA poxIAeHUS U 65 JIET Hay4YHO-
MEearorHuecKoil 1 OOLIECTBEHHON AEATENIFHOCTH HW3BECTHOTO
YYEHOTO0 B 00J1aCTH (PU3HUYECKON XMMUHU BEICOKOMOJICKYIISIPHBIX
coenunenuit, akagemuka HAH PK, naypeara ['ocynapcTBeHHON
npemun Kaszaxcrana, 3acimyKeHHOro JesATesss HaykKH U
TexHukn Pecny6onukn Kasaxcran, 7okTopa XMMHYECKHUX HayK,
npodeccopa Ecena AbukeHoBrn4a bekTyposa.

E.A. Bexrypos ponuics 14 nexadps 1931 rona B . Tamkenre.

B 1949 romy oH mocTynuia Ha XUMHYECKHH (aKynbTeT
Kazaxckoro rocyqapcTBEHHOrO YHUBEPCHUTETa, TIAE 3areM
oOyuascs B acnupantype. B 1958 1. 3ammutun kanauaaTckyo, a
B 1972 . — MOKTOPCKYIO AiccepTanuu, B 1976 1. eMy IpHCBOCHO
yueHoe 3Banue npodeccopa. C 1958 1. mo 2009 r. on padoran
B Uncturyre xummnueckux Hayk AH KazCCP, rae mpomen myTe OT MJIAJIIEr0 HAy4HOTO COTPYAHHKA J0
3aBeaytomero jaboparopueir. C 2010 mo 2021 romer E.A. bekrypoB paboran mpodeccopom Kazaxckoro
HarmonansHoro negarornveckoro yauBepcutera. B 1983 1. E.A. bekTypoB n30paH B WIEHBI-KOPPECTIOH/ICHTHI,

a B 2003 . — B akanemuku HannonanbHoM Akagemun Hayk Pecryonuku Kazaxcras.

OcHoBHOe HayuHoe HampasieHue E.A. bekTypoBa cBsi3aHO ¢ (yHIaMEHTaJIbHbIMU HCCIIECIOBAaHUAMU B
obnactu hU3NUYEeCcKOl XMMUH HOIMMEPOB: BOAOPACTBOPUMBIC OIUMEPHI, TOTUIICKTPOIUTHI, ITOTHaM(OTUTEI,
KOMIUJIEKCHI ~ TTOJIMMEPOB, TOJMMEpHBIE KaTajJu3aropbl, HOHOMPOBOAIINE KOMIUIEKCH, THAPOTENH,
HAHOYACTULbl METAJUIOB, cTa0win3upoBaHHble nonuMmepamu. Ilo pesynabraram ucciaenoBaHMH B M3IAHHUAX
Kazaxcrana, OnrxHero u gajabHero 3apyoexbst omyonukosaHo 6osiee 800 padort, cpenn Hux 18 nzo0pereHui,
8 0030pHBIX cTareii B )xypHanax CIIA, CCCP, Duuukionenun nonumepHbix Matepuanos (CILIA). M3nano 32
MoHorpaduu, 6 u3 Hux B OPT, SAnonun, [Tonsmre, Poccnn n 4 yae6ubIx mocoowus. [{ukim padot E.A. Bektyposa
¢ coTpyaHuKamu «BogopacTBoprMBbIe MOJMMEpPHI U MX KOMIUIEKCH B 1987 1. Ob11 ynoctoen l'ocynapcTBeHHOM
npemun Kazaxckoit CCP.

WccnenoBanus E.A. bekTypoBa MONydmyid IUPOKOE TPHU3HAHWE B HAIIEH cTpaHe W 3a PyOekoM.
[TyOGnukanuu peryaspHO HIUTHPYIOTCS B MOHOTpagHsIX U CTAaThsIX YUCHBIX OJMKHETO U JajIbHEro 3apyOesKbsl.
MUHHCTEPCTBOM HAayKH U TexHUuYeckod monutuku Poccum E.A. BekTypoB Obin BKIIIOUEH B 0a3y JaHHBIX
«JIupepsr nHayku CCCP» B uncne 6-Tu HanOoIee MUTHPYEMbIX Ka3aXCTaHCKHUX YUYeHbIX 3a meproxa 1986-1991
rr. Ha monorpaduu E.A. bextypoBa ony0nukoBaHo 47 peueH3uil U3BeCTHBIX y4yeHbIX B xypHanax CCCP,
CLIA, ©PT, Yexun, Pympinun. Pesynerare! uccnenoBanuii E.A. bekTypoBa BKJIIOYEHBI B Psiji 0T€YECTBEHHBIX
1 3apyOexHBIX MOHOTpaduii, CIPaBOYHMKOB M YYEOHBIX MMOCOOWH, a TakKe CTUMYIHPOBAIU pPabOTHl B
HEKOTOPBIX J1a0OpaTopHsixX B HAIICH CTpaHe U 3a PyOe:KOM.

E.A. BexkTypoBbIM BHECEH KpPYIHBIH BKIaJ B pPa3BUTHEC (PU3MYECKOW XHMHHU IOJIUMEPOB, CO37aHa
IIMPOKO W3BECTHAs B MHpe HayyHas IIkoja. bonbmoe BHMMaHume E.A. BekTypoB ymenseT NMOAroTOBKe
BBICOKOKBAIM(UIIMPOBAHHBIX KaapoB. [loa ero pyKoBOICTBOM 3aIlUINEHO 35 KaHIUAATCKUX U 9 JOKTOPCKHUX
JICCepTalMii, B TEUEHUE PsAJIa JIET IPOYUTaHbl Kypchl Jekunii B KazaxckoMm 1 BunbHIOCCKOM yHUBEpPCUTETAX,
KazaxckoM XMMUKO-TeXHOJOrHYecKoM HHCTHTyTe. E.A. BekrypoB — ObUI wWiEHOM CHEeLHalIn3HpOBaHHBIX
CoBeTOB MO 3amMTe JOKTOPCKUX JAHUCCEpTallui, WIEHOM Hay4yHO-KOHCYJIBTaTMBHOTO COBETa KypHala
«X¥UMHS ¥ TeXHOJOTHS BOABD (YKpanHa) U MEXAYHApOIHOTO MCCIEI0BATEIbCKOTO COBETa AMEPHUKAHCKOTO
ounorpadpuueckoro Mucruryra (CILIA).

E.A. BekTypoB HEOAHOKPAaTHO MPEACTABISUI Ka3aXxCTAHCKYIO HAayKy 3a pyOeKOM, BbIe3Kas JJISl ydacTusi
B KaueCTBE JOKJIAJAUUKa WIM YIEHAa OPTKOMHUTETa B MEKIYHApOAHBIX KOH(GEPEHUUSAX U CUMIIO3UyMax, AJIs
YTeHUS JICKIIMA W TIPOBEICHUS COBMECTHBIX pabOT B BeAyIIMX HaydHBIX meHTpax Snonmn, OPI, Yexwun,
Typuuu, Upana, l'onnanguu, [serinapun, Uranuu, Kanasr.
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E.A. BekrypoB — 3acimyXeHHBIH Jedrenb Haykd U TexHuku PecnyOmukum Kaszaxcran (1993), maypear
TocymapctBennoit nmpemun Kazaxcrana (1987), maypear MexnyHaponHoro ¢ectuBans Xopesmu (Hpan) n
3onoroit menamun FOHECKO um. Humnseca bopa (1997) 3a Bkitag B pyHIaMEHTAIBHYO HAYKY, Jaypear MpeMUun
K.H. Carnaesa (20), naypesar ['ocynapcTBeHHOH CTHIIEHINH yUSHBIX, BHECIINX BBIAAIOLIMICS BKIIA/ B Pa3BUTHE
Hayku u TexHuku (2000), mouetHsid podeccop IlaBmomapckoro u CeMHUITaTaTHHCKOTO TOCYIapCTBEHHBIX
YHHUBEPCUTETOB, JaypeaTr OOLIeHAMOHAIbHONW He3aBucuMon npemun «Tapman» B HoMmuHaumu «Hayka»
(2003). 1o naHHBIM HE3aBHCHMOTO areHTCTBa akkpeautauuu U pedtunra E.A. bexrypos Bomén B Tom-30
JTydImux mpemnonasareneit Byzos (2017 1).

E.A. BektypoB HarpaxxieH MenaiasiMu «3a 1o0necTHbI Tpym», «Berepan Tpyna», «10 ner Koncturynun
Pecniyonuku Kazaxcrany, «65, 70 u 75 net I1oGens B Bennkoli 0Te4eCTBEHHOM BOWHE, a TAKXKE IPaMOTaMU
[Ipesunnyma AH KazCCP.

Cepaeuno no3apasisieM Ecena AbukeHoBHYa ¢ r001IeeM, )KenaeM eMy KPEIKoTo 310pOBbsl U AaTbHEHIINX
YCIIEXO0B.
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