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Preparation of encapsulated a-tocopherol acetate and study
of its physico-chemical and biological properties

The article discusses the results of research for obtaining encapsulated vitamin E using a water-soluble oligo-
saccharide (cyclodextrin). The inclusion complexes of B-CD with a-tocopherol were obtained in an aqueous-
alcoholic medium by coprecipitation and microwave activation. The highest yields of target clathrate inclusion
complexes of vitamin E with cyclodextrin were obtained under microwave synthesis conditions. Molecular
modeling of inclusion complexes of a-tocopherol acetate with B-cyclodextrin in the ratios of 1:1, 1:2, 1:3, and
1:4 was performed using the MM+ method. Based on semi-empirical PM3 calculations, without taking into
account the influence of the environment, the total energy of the systems under study was estimated. Data on
the study of the structure of the clathrate complex of a-tocopherol acetate with -cyclodextrin was presented.
The surface morphology of the resulting “guest-host” clathrate complex was described using a scanning elec-
tron microscope. The spectral properties of the inclusion complex were characterized by FT-IR and H and 13C
NMR spectroscopy data. The study of the 'H NMR and *3C NMR spectra of p-CD in the free and bound state
in the form of the B-CD: VE clathrate made it possible to reveal the displacements of the signals of the nuclei
(£ A8) *H and *3C of the host molecule both in the region of weak and strong fields. The experimental results
confirmed the possibility of the formation of inclusion complexes of a-tocopherol acetate with B-cyclodextrin
at various ratios. The data on the study of the effect of encapsulated a-tocopherol acetate on the safety of food
meat products was presented.

Keywords: a-tocopherol acetate, cyclodextrin, oligosaccharides, vitamin E, starch, inclusion complexes, NMR
spectroscopy, clathrate.

Introduction

a-Tocopherol (vitamin E) is a fat-soluble vitamin that is necessary for the normal functioning of the
human body. It inhibits antioxidant properties and is involved in many metabolic processes. The daily require-
ment of a-tocopherol is 10-15 IU/day. At present, a-tocopherol acetate (VE) is widely used as an ingredient
in food production (Fig. 1). Under production conditions a-tocopherol acetate is easily destroyed under oxygen
and ultraviolet rays [1, 2]. Thus, there is a need to obtain its encapsulated water-soluble forms with improved
biofunctional properties.

Currently, water-soluble cyclodextrins derived from starch are widely used for encapsulating vitamins
and pharmaceuticals. This innovative direction in food and pharmaceutical industry is of high practical im-
portance [5]. Biologically active compounds encapsulated by oligasaccharides make up almost 50 % of all
manufactured pharmaceutical and food products in Japan and about 25-30 % in Europe, the USA and Rus-
sia [6].

Cyclodextrins (CDs) are enzyme-modified starch derivatives. They are able to form “guest-host” inclu-
sion complexes with molecules of low hydrophilicity due to the hydrophobic inner surface of these ring-shaped
molecules. The variants of these cyclic oligosaccharides consist of 6, 7, or 8 glucopyranose units (a-, 3 -, and
v-CDs, respectively) with different sizes (0.5-0.9 nm in diameter), which determines the geometric arrange-
ment of the guest molecules in the cavity (Fig. 1). VE can be better preserved in the cyclodextrin shell from
the actions of oxidizing agents and have improved digestibility.

The process of complexation of VE with B-cyclodextrin (3-CD) has been previously studied [3-7]. The
results indicated a possibility to use the B-CD inclusion complexes with VE in the manufacturing confectionery
products. The optimal stoichiometric ratio of the components in the “B-CD:VE” complex was shown to be 1:3
mol/mol [3]. The VE inclusion complexes were obtained by grinding in the paste and co-precipitation [3-7].
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However, the use of these methods cannot provide the complete formation of a nanostructured complex (clath-
rates) of the native form of B-CD with VE.
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Figure 1. Structural formulas of a-tocopherol acetate (1) and B-CD (2)

Other research groups used methods of ultrasonic (UV) and microwave irradiation (MW) of a solution of
a mixture of VE and B-CD in a ratio of 1:1 to obtain clathrate complexes V, but there are no descriptions of
methods for carrying out UV and MW syntheses of inclusion complexes [8-10].

The aim of our work was to develop technological methods for obtaining encapsulated complexes of VE
inclusion and to study their physical and chemical properties, as well as its safety in food products. The phys-
icochemical properties and structural features of the obtained “p-CD:VE” complexes were studied using mod-
ern physicochemical methods, namely SEM, DSC, IR, NMR*H and **C spectroscopy.

Experimental

The following reagents were used in the experiments:

— vitamin E (a-tocopherol acetate, VE) Cz1Hs,Os3, transparent viscous oil of light-yellow color (1 IU of
vitamin E = 1 mg). Molar mass of a-tocopherol acetate is 472.76 g/mol, d?°; = 0.9545-0.9665; n?%, = 1.4958—
1.4972; maximum absorption E = 42.5 at 285.5 nm;

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

The preparation of B-CD inclusion complexes with VE was carried out in an aqueous-alcohol medium.
A mixture of calculated amounts of B-CD (mmol) and VE (mmol) in different 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 seconds in
increments of 2 minutes at 80 °C. The microwave activation of the reaction medium was carried out at a power
of 850 W using the Anton PaarMonowave 300 device. Under these conditions the highest yield of “f-CD:VE”
clathrates was observed at the 2:1 ratio. The resulting products were white powders that are dissolved in water
to form colloidal solutions of milky white color. The solubility of the “B-CD:VE” (2:1) complex in water (with
a slight heating) was 21-22 + 0.05 mg/100 ml.

The IR spectra of the “B-CD:VE” inclusion complexes were taken on a Cary 600 Series IR Fourier spec-
trometer manufactured by Agilent Technologies (USA). The H and *C NMR spectra of the obtained clathrates
were recorded on a JNM-ECA Jeol 400 spectrometer (frequency 399.78 MHz, DMSO-dg). The surface mor-
phology of the samples of the inclusion complexes was studied using a scanning electron microscope (SEM)
from Tescon Mira3 LMN (Czech Republic). The results of thermal analysis of samples of the inclusion com-
plexes “B-CD:VE” (2:1 and 4:1) (weight 12 mg) were studied using a differential scanning calorimeter Setaram
DTA/DSC and they were described by us in [11].

Molecular modeling of inclusion complexes of VE with B-cyclodextrin was performed by molecular me-
chanics MM+ using the HyperChem 8.0 software. The initial structure of B-cyclodextrin was taken from the
PubcChem database (PubChem S1D24892722). First, the structure of the complex was built and its geometry
was optimized by the MM+ method. Then the assessment of the geometric and energy parameters of the model
was carried out by semiempirical PM3 method using Single Point calculations. All calculations were per-
formed without taking into account the effect of the solvent (gas phase, vacuum).

Obtaining meat sausage samples and analysis of quality and safety indicators of VE encapsulated by
B-CD as part of a food product were carried out on the basis of the Kazakh Agrotechnical University (Nur-
Sultan).
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Results and Discussion

Molecular modeling of complexes of “f-CD:VE” using the HyperChem program. PM3 Calculation
method

Assessment of the geometric parameters of the VE and p-cyclodextrin molecules showed the possibility
of the inclusion complexes formation between them. 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.

Molecular modeling of “B-CD:VE” inclusion complexes in various ratios was performed. Structures of
optimized complexes are shown in Figures 2—4.

Etotal = —500093 k0a|/m0| Etotal = —500142 kcaI/mOI
a) Type | b) Type Il

Figure 2. Molecular models of the VE complex with B-CD

It can be seen from the data presented in Figure 2 that the formation of two types of inclusion complex is
possible as a result of the 1:1 interaction of VE with B-cyclodextrin (Fig. 2):

— Type | — due to the penetration of the chroman ring VE into the cavity of the cyclodextrin;

— Type Il — due to the penetration of the isoprenoid side chain VE into the cavity of the cyclodextrin.

Comparison of the total energies of these complexes of two types in Figure 2 showed that the formation
of the inclusion complex of a-tocopherol acetate with B-cyclodextrin by Type IT at AE = 49 kcal/mol is ther-
modynamically more favorable.

The next step was molecular modeling of the “B-CD:VE” inclusion complexes in the ratios of 1:2 and
1:3. Molecular models of “B-CD:VE” complexes obtained as a result of geometry optimization by molecular
mechanics in ratios 1:2 and 1:3 are shown in Figure 3.

Eota = —876579 kcal/mol Eota = —1253252 kcal/mol
a) complex ratio 1: 2 b) complex ratio 1:3

Figure 3. Molecular model of the “B-CD:VE” complex in the ratios of 1:2 (a) and 1:3 (b)
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It can be seen from the molecular models shown in Figure 3 that complexation with two molecules of
cyclodextrin does not cause noticeable deformation of the cyclodextrin ring, while complexation with three
molecules of cyclodextrin leads to the reversal of some glucoside rings and flattening of the walls of the toroi-
dal cavity, i.e. to conformational deformation.

It was interesting to simulate the inclusion complex of VE acetate with four B-cyclodextrin molecules.
As a result of geometry optimization by the MM+ method, a molecular model of the “B-CD:VE” complex in
a ratio of 1:4 was obtained (Fig. 4).

Figure 4. Molecular model of the “B-CD:VE” complex in a ratio of 1:4 (Ea = —1629877 kcal/mol)

The analysis of the geometry showed that the bounds between VE and fourth cyclodextrin ring were
weakly. Thus it can be concluded that the complexes of the 1:4 composition are quite unstable compared to
the complexes with the ratios of 1:1, 1:2 and 1:3.

Study of the morphology of “p-CD.:VE” clathrate inclusion complexes

The morphology of the B-CD particles and the “B-CD:VE” inclusion complexes were analyzed using a
scanning electron microscope (SEM). Figure 5 shows scanned electronic micrographs of the “B-CD:VE” in-
clusion complex (2:1). The studied samples of clathrates were sprayed with a conductive layer of carbon. The
images were obtained at accelerating voltages of 3 and 7 kV. The magnification in the panels (a—d) is from
931 to 7560x.

The images of the samples (a, b) show the layered structure of B-cyclodextrin, and the samples (c, d)
“B-CD:E” (2:1) show a change in the morphology and shape of the crystals (there is a state of crystallization
of the raw material, the layered structure is not visible, the shape of the crystals is different, the crystal forms
are covered with a film [12-14].

IR and *H NMR spectroscopic investigation of the “B-CD:VE” complex

Figure 6 shows the IR spectra of B-CD (a, b) in the free state and in the form of clathrate. The peaks of
the carbonyl C=0 and aromatic CH groups are clearly visible at 1763 and 2947 cm, respectively, in the VE
Fourier-IR spectrum. There are fluctuations in the carbon skeleton (C-C bonds) in the region of 1211 cm™.
A comparison of the IR spectra of free p-CD (Fig. 6a, b) and the “B-CD: VE” clathrate (Fig. 6c, d) shows a
slight blurring in the appearance of the characteristic absorption bands of the functional groups of the f-CD
molecule, which indicates the absence of covalent interactions between VE and the internal functional groups
of the B-CD torus.

However, some characteristic absorption peaks of the C-H, NH, and C-O bonds of the 3-CD molecule in
the complex have offsets, namely from 3387, 2924, 1651, and 1423 cm™ to 3410, 2929, 1655, and 1469 cm™,
respectively. It should also be noted that a characteristic peak of the carbonyl C=0O-group in VE appears in the
IR spectrum of the clathrate complex (Fig. 6¢) at 1759 cm™. This may mean that VE molecules enter the inner
torus of B-CD with their side alicyclic chain. These data indicate a change in the structural framework of the
internal torus of the “host” (B-CD) in favor of the formation of the “B-CD:VE” inclusion complex (Fig. 7)
[8-10].
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Figure 5. Scanned electron micrographs of f-CD (a, b) and the “B-CD:VE” inclusion complex (2:1) (c, d)
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Figure 6. IR-Fourier spectra of VE (a), B-CD (b) and the “B-CD:VE” clathrate complex (KBr) (c)
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Figure 7. Scheme of the “B-CD:VE” complex formation

The formation of internal and external protons can be distinguished using the NMR spectra of CD and its
clathrate complexes. Formation of a substrate complex with CD displaces the proton signals of the initial CD
in the NMR spectrum [14]. During the formation of the inner complex shifts of the third and fifth protons are
observed, and during the formation of the outer complex shifts of the second and fours protons are observed.
One can judge about the formation of internal or external complexes, respectively, according to the magnitude
of the chemical shifts of internal or external protons of 3-CD.

The shift of the *H and *C nuclei (£A8) signals both in the region of weak and strong fields (Table 1)
have been observed in the “B-CD:VE” complexes [14, 15].

The study of the *H (a) and *C (b) B-CD NMR spectra in the free and bound state in the form of the
“B-CD:VE” clathrate (Table 1) revealed the biases of all the signals of the H and *C nuclei of the “host”
molecule (£AJ) both in the area of weak and strong fields (Table 1). This fact confirms the non-valent binding
to the “guest” molecule. In the “B-CD:VE” 'H NMR spectrum, the greatest difference in the values of the
chemical shift is characteristic for the intra-atmospheric H-3 protons (Ad = —0.05 ppm), on the basis of which
it can be concluded that an internal (inclusive) complex is formed in the clathrate [9, 15, 16]. In the case of the
carbon spectrum there is a less significant difference in the change in chemical shifts, which ranges from —
0.01 t0 0.01 ppm.

Table 1
Chemical shifts of 'H and 3C NMR of B-cyclodextrin in the free state and in the “B-CD:VE” inclusion complex

The value of 8o Value of & Changing the chemical shift,
Atom no. in the free state, ppm as part of the complex, ppm A3 =& — 8o, ppm

So(*H) 80 13C) 3(*H) 5 13C) 3(*H) AU3C)
H-1 4,77 102,43 4,78 102,44 0,01 0,01
H-2 3,59 73,54 3,57 73,55 -0,02 0,01
H-3 3,55 72,52 3,50 72,53 -0,05 0,01
H-4 3,45 82,00 3,44 82,00 -0,01 0,00
H-5 3,32 72,87 3,30 72,88 -0,02 0,01
H-6 3,60 60,40 3,58 60,39 -0,02 -0,01

Study of the effect of the “-CD.:VE” clathrate complex on some biological properties of a food product

Testing of the proposed solutions with an assessment of the quality and safety indicators of VE encapsu-
lated with g-cyclodextrin in the food product was performed. Sausages made from lamb (70 %) and turkey
(20 %) were selected as a food model. The basic product for the development of recipes was the Lamb sausage
produced according to the GOST 16351-86 (production date 20.09.2020). Organoleptic evaluation of semi-
smoked sausages with the “B-CD: VE” clathrate complex was carried out on a 9-point scale according to the
GOST 9959-91 “Meat products”.

General conditions for organoleptic evaluation. The moisture content was determined according to the
GOST 9793-74 by drying the suspension to a constant mass (at 105+3 °C). Physico-chemical and microbio-
logical characteristics of meat product samples with encapsulated vitamin complex “B-CD:VE” were deter-
mined in the testing laboratory of “Nuritest” LLP (Almaty, certificate of accreditation KZ.N.02.0043 dated
February 08, 2020).
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Organoleptic evaluation of the meat sausages demonstrated that the products with the vitamin complex
“B-CD:VE” have been characterized by a delicate meat smell, a juicy and tender consistency, and a light brown
color. The microbiological parameters of the semi-finished product prototypes meet the requirements of the
regulatory documentation according to the results presented in Table 2.

Table 2
Physico-chemical and microbiological characteristics of meat sausage products
with encapsulated vitamin complex “p-CD:VE”
Permissible
Name of indicators norms for Actqally Designat_ion of regulatory

regulatory received documentation for test methods

documents
Microbiological studies:
Pathogenic microorganisms, including Salmonella, in 25g | Notallowed | Not detected GOST 31659-2012
L. monocytogenes, B 25 T Not allowed | Not detected GOST 32031-2012
BGKP (coliforms), in 25 g Not allowed | Not detected GOST 9958-81
Staphylococcus aureus, B 1 T. Not allowed | Not detected GOST 9958-81
Sulfite-reducing clostridium, in 0.1 g Not allowed | Not detected GOST 9958-81
Physical and chemical properties:
Peroxidenumber, mmol (1/2) / kg - 3.4840.35 State Standard (GOST) R 51487-99
Nutritional value, g/100 g:
Proteins - 21.6440.02 25011-81
Fats - 25.95+0.03 GOST 23042-86
Carbohydrates - 0.98+0.05 I.M. Skurichin, No.1, 1987
Moisture content - 49.184+0.24 GOST 9793-74
Ash — 2.25+0.02 GOST 15113-8-77
Energy value, kcal/kJ/100g — 324/1355 1.M. Skurichin, No.1, 1987
Vitamins, mg/100g:
Vitamin E - 11.28+1.13 L.M. Skurichin, No.1, 1987

Conclusion

The present study proposed the most optimal method for obtaining inclusion complexes of -CD with
VE. The highest yields of target clathrate inclusion complexes of VE with cyclodextrin were obtained under
microwave synthesis conditions. Molecular modeling of inclusion complexes of VE with B-CD in ratios of
1:1, 1:2, 1:3, and 1:4 was performed using the MM+ method. The total energy of the systems under study was
estimated based on semiempirical PM3 calculations. The study of *H and *C NMR spectra of B-CD in a free
and bound state in the form of a clathrate “B-CD:VE” made it possible to establish the structural features of
supramolecular clathrate complexes of VE. Results of the safety of encapsulated vitamin complex “B-CD:VE”
was confirmed by microbiological analysis of a meat product with an encapsulated vitamin complex “B-
CD:VE”. The microbiological indicators of the meat products correspond to the regulatory documents. The
developed scientific approach is of interest for the use of encapsulated vitamins in the production of functional
food products.

The study was performed with the financial support from RK Ministry of education and science committee
(grant No. AP08855567).
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Kanraaran o-TokogepoJ1 aneTaTbIHbIH AJBIHYBI )KOHE OHbIH
(GU3UKANBIK-XUMHSJIBIK NeH OMOJOTHAJIBIK KACHETTEPiH 3epTTey

Makainaza cy1a epuTiH OJIMrocaxapuaTi (IMKIOAEKCTPUHII) KOJIIaHa OTBIPBII, CBIPTHI KanTaiFad E nopymenin
ayry OOMBIHINIA 3epTTEy HOTWIKENepl TalKblUIaHFaH. o-Tokodepon aneraTsiH B-IUKIOJEKCTPHHMEH KalTalFaH
KEIICHIH aly CyJBI-CIIHPTTI OpTaja TyHOara Oipre Tycipy >KOHE MHUKPOTOJIKBIHIBI ©HJICY TEXHOIOTHSCHIH
KOJIIaHA OTBIPHIN ablHFaH. E BUTaMMHI IUKIOAEKCTPUHMEH KEIIeHAI KOCBUIBICHIHBIH €H YKOFaphI IIBIFBIMBI
MHUKpPOTOJIKBIHABI OHIEY KaFnaiibiHna aneiHAsl. MM+ omicremMeciMeH 0-TOKO(EpOs aleTaThIHBIH P-IHKIO-
nexctpuaMer 1:1, 1:2, 1:3 xone 1:4 KaThIHACTAarbl KOMILIEKCTI KEHIEHAEPiHIH MOJEKYISIPIBI YATLIeHyIepi
opeiHAaNAE. PM momyammepukansik PM3 ecenteysepi apKpUTBI 3epTTENyI JKyienaepaiH TOJBIK SHEPTHUsACH
peaKIMsUTBIK CYHWBIK OpTaHBIH ocepiHci3 OaramaHnabsl. OnMrocaxapuianeH —o-TOKO(Epos aleTaThIHBIH
KJIaTPATTHIK KEHIEHIHIH KYPBUIBIMBIH 3epTTey OOMBIHINA IepeKTep KeNnTipiareH. AJbIHFaH KJIaTpaT KelleHiHIH
6eTKi MOP(OIOTHACH CKaHepIIeYILi AIEKTPOHABI MUKPOCKOIITBHIH KOMeTiMeH cunarTairal. Kocbuty KeleHiHiH
kypbusictapsl UK-®ypoe sxone AMP H sxone °C criexTpockonus aepekTepiMeH cumarTanansl. B-Iluxio-
JEKCTPHHHIH, JKEKEIIK >KoHE KJIaTapTThl KoMiulekc Typinzeri SIMP 'H u SIMP 3C cmekrprepin Tangay
mosekynanapaarbl H sxone’®C saponapblHbIH 9JICi3 OHE KYWITI ©pic KaKTapra KbUDKyJIapblH (£AJ)
aHBIKTayFa MYMKIHIIUTIK jkacansl. ToxipuOenepaiH HOTIDKENEPi o-TOKO(EpOT aleTaTbH B-IIHKIOJeKCTPHH-
MEH OpTYpJl apakaThlHAcCTa KOCY KeIIeHIHIH KaNbINTacyblH pacTaipl. MHKancynaHraH o-TOKO(QEpo
arleTaThIHBIH TaFAM/IBIK €T OHIMICPIHIH KayilCi3airiHe acepiH 3epTTey OOMbIHIIA JepeKTep KETIPiIreH.

Kinm ce30ep: o-Tokodeposa anerar, IMKIONSKCTPUH, ojurocaxapunrep, E BHTaMuHI, Kpaxmai, KOCBLTY
kereHi, SIMP cieKTpOCKOIHUSICHI, KIaTpaT.
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Preparation of encapsulated a-tocopherol acetate ...

A. VickuneeBa, A. Mycradaesa, I'. 3amaparckas, C. ®a3puioB, U.A. [lycronaiikuna,
O.A. Hypkenos, A. CapcenbekoBa, T. Ceitnxanos, P. bakuposa

HOJIy‘{eHI/le HHKAIICYJIUPOBAHHOIO all€eTaTa (l-TOKO(l)EpOJIa
H UCCJIeJ0BaAHUE €TI0 (l)l’l?ol/lKO-XI/lMl/l‘IeCKI/lX 1 OHOJIOTHYECKHX CBOMCTB

B crathe 06cCyxIeHBI pe3ynbTaThl HCCIEJOBAHUS IO MONYYEHHIO HHKAICYIMPOBAaHHOTO BUTaMuHa E ¢
HCIIOIb30BaHUEM BOJOPACTBOPHMOTrO OJMrocaxapuna (IMKIogeKcTpuHa). [lomydyeHne KOMIUIEKCOB BKITIOYe-
Hus B-11J1 ¢ a-TokodeposioM ocyIecTBIeHO B BOAHO-CITUPTOBOI Cpejie METOAaMH COOCAXICHMUSI 1 MUKPOBOJI-
HOBOH akTHBanuy. Hanbonee BBICOKHE BEIXOABI IIEIEBBIX KJIATPATHBIX KOMIUIEKCOB BKIIFOUeHNs BUTaMuHa E ¢
IIUKJIOIEKCTPUHOM OBUIM MOJYYEeHBI B YCIOBHUSIX MHKPOBOJHOBOTO CHHTE3a. BEIoIHEHO MONEKyIsipHOE MO-
JeTTMPOBaHIe KOMIIEKCOB BKJIIOUEHHUS Ol-TOKO(epoia arerara ¢ B-IUKIOAeKCTPUHAMH B COOTHOIIEHHsIX 1:1,
1:2, 1:3 u 1:4 ¢ nmomompeio Meroqa MM+. Ha ocHoBanum mnosysmmuprdeckux PM3 pacueroB 0e3 ydera
BIMSIHUSL CpPEJbl BBHIIOJHEHA OLIEHKA IOJHON SHEPIMH HCCleAyeMbIX cucTeM. [IpuBeneHbl AaHHBIE MO
U3YYEHHIO CTPYKTYPHI KIATPaTHOTO KOMIIIEKCa areTaTa o-Tokodepona ¢ B-IUKI0AeKcTpuHOM. Mopdomorust
MOBEPXHOCTHU MOyYEHHOTO KJIATPATHOTO KOMILIEKCA «TOCTh—XO35SHH» OIMHCAHA C TIOMOILIbIO CKAHUPYIOIIETO
3NIEKTPOHHOTO MHUKpOcKomna. CreKTpanbHble CBOMCTBA KOMIUIEKCA BKIFOUCHHUSI 0XapaKTEPU30BAHBI JAHHBIMHU
UK-®ypre u IMP H u 3C cnekrpockonun. Usyuenue crextpos AMP *H u SIMP 3C B-CD B cBoG0HOM
COCTOSIHUH | CBsI3aHHOM B popme kiarpata «f3-CD:VE» mo3Bonmiio BEISIBUTH CMEIEHNSI CHTHAJIOB siaep (+AJ)
'H u 3C Mornekynbl «X03MHa» Kak B 00acTh CalbIX, TaK W CUJIBHBIX TONei. Pe3ynbTaThl SKCIIEpUMEHTOR
HOATBEPAMIM  BO3MOXHOCT  O0pa3OBaHMs KOMIUIEKCOB — BKJIOUEHHMsI —auerara o-Tokodepona ¢
B-IMKIOAEKCTPHHOM TIIPU  PA3IMYHBIX COOTHOIICHMSX. IIpHBEneHBI MaHHBIE IO W3YYEHHIO BIMSHHSA
MHKaICyJIHPOBAaHHOTO (-TOKO(epoIa arerata Ha 6€30IaCHOCTh MUIIEBBIX MACHBIX IIPOIYKTOB.

Kniouesvie cnosa: o-Toxodepona anerar, UKIOAEKCTPHH, ONUTOcaxapHuasl, BUTAaMUH E, Kpaxma, KOMIIIEKCH
BKIItoYeHus1, AMP-cnekTpockonus, kinarpar.
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