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ENCAPSULATION OF VITAMIN AEVIT
OIL SOLUTION WITH B-CYCLODEXTRIN

Abstract. The present work aimed at encapsulation of fat-soluble vitamin Aevit (vitamins A and E, oil) with
B-cyclodextrin. Inclusion complex of vitamins A and E with B-cyclodextrin was prepared in an aqueous alcohol
medium by ultrasonic treatment. The surface morphology of the resulting clathrate inclusion complexes was
described using a scanning electron microscope. The results of thermographic measurements on a differential
scanning calorimeter are presented. The spectral properties of the inclusion complex are characterized by 'H and '3C
NMR spectroscopy data. The experimental results confirmed the existence of a complex of inclusion of
B-cyclodextrin with vitamin Aevit (2:1). The activation energy of the thermooxidation destruction reaction of the
clathrate complex B-cyclodextrin:vitamin Aevit was calculated, kinetic parameters of thermal destruction of clathrate
were determined. These parameters were determined based on the Freeman-Carroll, Sharpe-Wentworth, Ahar and
Coates-Redfern methods. The use of the above models made it possible to graphically establish the thermodynamic
parameters of the thermal decomposition of B-cyclodextrin and its clathrate with vitamin. The data of thermographic
measurements on a differential scanning calorimeter showed that the thermal destruction of the Aevite clathrate with
B-cyclodextrin begins with the removal of water molecules from the B-cyclodextrin cavity, then the “guest”
substance and the cyclic oligosaccharide are destroyed.

Key words: cyclodextrins, f-cyclodextrin, encapsulation, clathrate, vitamin.

Introduction. During food processing (including preparation) losses of vitamins might decreses the
nutritional quality of foods. In these cases, there is a need for food fortification with vitamins. However,
the lipophilicity of many vitamins and other preparations (essential oils, carnosol and fish oil) makes it
difficult to use them in technological processes. In recent years, the use of cyclodextrins (Cds) in the food
industry has attracted the interest due to their ability to improve solubility and stability of various food
components [1-3]. Particularly, CDs can be used to stabilize flavors, vitamins, and essential oils against
unwanted changes, to suppress unpleasant odors or tastes, and to achieve controlled release of certain food
constituents [1,4]. Additionally, they can decrease the glycemic index of the food and improve the gut
microflora [5]. Thus, CDs have applications in many areas including the pharmaceutical, chemical,
cosmetic and food industries.
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CDs are cyclic oligosaccharides that have an internal hydrophobic cavity and a hydrophilic outer
shell. They are products of the biochemical transformation of starch. The CD family includes three main
products: a-, B-, and y-CD, whose macrocircles consist of six, seven, and eight glucopyranose residues,
respectively. Hydrophobic molecules are embedded in the internal cavity of the CD, forming
supramolecular nanostructured inclusion complexes of the "guest-host" type [5,6]. It provides substantial
changes in the physico-chemical properties of molecules associated with CDs: an increase in the stability
of the molecule of a "guest" substance that is sensitive to oxygen or light [2,7-11], an increase in the
solubility [12,13], a conversion of liquids into powder [12,14] and a suppress of unpleasant smell and taste
[2,15,16]. B-CD is a food additive (E459), stabilizer and emulsifier that provides food viscosity and
maintains a uniform dispersion of immiscible substances and components [4,8,10].

In the present study we ained at encapsulation of a fat-soluble vitamin mixture Aevit (AE) with B-CD.
AE is a complex vitamin preparation with immunostimulating and antioxidant properties and is composed
Aevit is composed of two vitamins — A (retinol palmiate) and E (alpha-tocopherol acetate). AE promotes
tissue regeneration, has a positive effect on vision, supports the reproductive function of the body,
improves blood circulation and restores vascular permeability. Vitamins A and E are relatively
termostable, but to air oxygen and ultraviolet light [17-19]. On the industrial scale, fat-soluble vitamins are
dissolved in vegetable oil or melted fat and minced meat a few minutes before heating, there is a need to
develop methods obtain water-soluble clathrate forms of vitamin AE with f-CD. We hypothesized that the
use of an oil solution of vitamins can facilitate their entry into cylindrical hydrophobic cavities of f-CD
molecules and formation of a guest-host inclusion complex (figure 1). In addition, in the oil shell, vitamin
AE might be better preserved from the effects of oxidants and biological digestibility might be improved.

l:r/AEH\:‘I‘ CD‘ —»( AE CDi
A - |

Figure 1 — Schematic representation of the formation of the "guest-host" inclusion complex

Materials and Methods. The following reagents were used: $-CD (99.5%, purchased from Fluka),
vitamin complex Aevit (retinol palmitate, 100000 ME, a-tocopherol acetate, 100 IU) in sunflower oil
(hereinafter vitamin AE, 200 mg, Medbiopharm, Russia). NMR spectra of 'H and *C substances were
taken in a solution of DMSO-ds, the remaining reagents had analytical purity. The '"H NMR, *C NMR
measurements were carried out in DMSO-ds (Aldrich) solutions. All other chemicals were of analytical
grade purity.

The surface morphology of samples of inclusion complexes (clathrates) was studied using a scanning
electron microscope (SEM) from Tescon Mira 3 LMN (Czech Republic). The IR spectra were taken on a
Cary 600 Series IR Fourier spectrometer manufactured by Agilent Technologies (USA) in the range of
4000-400 cm™'. The samples were prepared from the tested substances and KBr with a mass ratio of 1:100.
The 'H and *C NMR spectra of the resulting clathrates were recorded on a INM-ECA Jeol 400 spec-
trometer (frequency 399.78 and 100.53 MHz, respectively) using a DMSO-ds solvent. Chemical shifts
were measured relative to the signals of residual protons or DMSO-dg carbon atoms.

All measurements were made at a resolution of 4.0 cm™, the number of scans was 40. The melting
points of the complexes were determined on the device "Boetius" (Germany). Ultrasonic treatment of
solutions was performed at the JY92-IIDN facility (Shanghai, China). Samples of B-cyclodextrin and the
inclusion complex with vitamin AE (weight of attachments 12 mg) were analyzed by thermographic
method. Thermal properties were determined using a DTA/DTS differential scanning calorimeter (Labsys
Evolution). Measurements were performed in dynamic mode in the temperature range of 30-500°C:
temperature range of 30-500°C, the heating rate of samples from 5 to 20 K/min, atmosphere-nitrogen, air,
weight of the attachments 12-16 mg and crucible AL,Os.

B-CD inclusion complexes with vitamin AE were prepared in an aqueous-alcohol medium (1:1) under
ultrasonic treatment [17,18]. B-CD was dissolved in distilled water at a temperature of 80°C in a water
bath. The solution was cooled to 60°C and an alcoholic solution of vitamin AE was added drop by drop
while stirring. The resulting water-alcohol solution of the B-CD:AE inclusion complex was subjected to

— § ——
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Figure 2 — Scanned electron micrographs of B-cyclodextrin (a-c) and the inclusion complex
of B-CD:AE (2:1) (d-f) at various magnifications
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ultrasonic treatment (22 kHz) for 30 minutes. At the same time, there was a gradual turbidity of the
solution and the formation of fine particles of inclusion complexes. The resulting dry powder was ground
to a homogeneous state in a mortar. They were stored in hermetically sealed vials, in a desiccator with
CaCl,. The complexes of inclusion of vitamin AE with B-CD were obtained at various ratios: 1:0.2;
1:0.25; 1:0.3 and 1:0.5. Products were obtained in a form of white powders that dissolve in water with the
formation of colloidal solutions of milky white color.

Results and Discussion. The determination of the amount of vitamin AE in inclusion complexes was
carried out using the gravimetric method. Depending on the ratio of B-CD:AE, different amounts of
vitamin AE were included in clathrates. Hexane solvents and 50% dimethyl sulfoxide were used to extract
vitamin AE from the clathrate complex. The optimal stoichiometric molar ratios of the components in the
B-CD:AE complex were in the range 2:1 - 3:1, which corresponds to the content of vitamin AE in the
complex from 8.6 to 9.1%. The solubility of the complex in distilled water was 0.78 + 0.03%.

The morphology of B-CD particles and binary systems were analyzed by SEM. The SEM method is a
qualitative method used to study the structural aspects of the object of study and helps to assess the
presence of another component in the resulting preparations. Scanned electron micrographs of the f-CD:A
inclusion complex (2:1) are presented in figure 2.

Similar results were reported previously, that changes in the crystal surface morphology are
convincing evidence of the formation of an inclusion complex [20-22].

Furthermore, formation of the inclusion complex of vitamin AE with $-CD was confirmed by thermal
analysis. Thermoanalytic indicators of f-CD:AE decomposition (2:1) are represented by TG/DTG curves
(figures 3 and 4). It should be noted that the total mass loss at five heating rates was 74.9-81.6%. In all the
dependences, changes in the relative mass at various heating rates are manifested at temperatures in the
range 220-450°C. On the differential curves, several zones of intense mass loss in the temperature range:
(50-90)°C, (230-360)°C and (360-440)°C can be distinguished (figure 3). The first zone corresponds to the
loss of water by clathrate, the second — to the destruction of the CD ring, the third — to the oxidation of
products formed during the destruction of the CD ring.

20 , , : : 5 20 . . . . . . . . . 5

-20 4

TG, %

-40 4

-60 4

-80 T T T T -30 -100 . . . . . . . . .
0 100 200 300 400 500 0 100 200 300 400 500

T, 0C T, OC
a 0
Figure 3 — TG/DTG curves of f-CD (a) and B-CD:AE (1:1) (b)
with a constant heating rate of 10 deg/min in nitrogen

The resulting B-CD:AE clathrates contained bound water, as did B-CD. The endothermic peak of
dehydration of the samples was in the range of 60-90°C (figure 3). On TG/DTG curves, the peak response
is maintained, but a decrease in intensity is observed. The peak heat absorption caused by the activation of
thermal destruction of B-CD:AE is in the range of 280-360°C, and for pure B-CD is 270-320°C. A new
endothermic effect associated with the decomposition of the vitamin AE molecule appears on the TG
curve in the range of 340-450°C. Thermographic analysis data at various heating rates showed that 3-CD
and B-CD:AE clathrate differ in the temperature of the onset of the thermal decomposition reaction and in
the nature of the mass loss of the samples when heated to 500°C. These data may be associated with the

— g ——
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formation of an amorphous inclusion complex through the molecular encapsulation of vitamin AE inside
the B-CD cavity [23].

Figure 4 and table 1 show the results of processing TGA B-CD:AE (1:1) with a constant heating rate
(10 deg/min in a nitrogen atmosphere) according to the Freeman-Carroll method (a), Sharp-Wentworth
(b), Ahara (c) and Coates-Redfern (d) [23].
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Figure 4 — Graphical results of the analysis of TGA B-CD:AE (1:1),
determined by the methods of Freeman-Carroll (a), Sharp-Wentworth (b), Ahar (c)
and Coates-Redfern (d) at a constant heating rate (10 deg/min under nitrogen)
Table 1 - Kinetic parameters of thermal destruction of -CD and B-CD: AE (in nitrogen atmosphere)
Freeman-Carroll Ahara Coates-Redfern
Example method Sharp-Wentworth method method method
P E, | E, Ax10'5, E, Ax10°, E, Ax10°,
kJ/mol kJ/mol min’! kJ/mol muH! kJ/mol min’!
B-CD 548.71 1.4 712.24 1.27 600.84 1.10 458.70 1.32
B-CD:AE 260.69 1.1 423.31 1.46 274.38 1.82 259.45 3.21

In the IR spectra of B-CD and B-CD:AE, stretching vibrations of the O-H bond of hydroxyl groups in
the form of a wide band with a maximum at 3387 cm™ are manifested in all binary systems. There is also
an absorption band at 2924 cm™ stretching vibrations of CH bonds in the CH and CH, groups, 1651 cm’
bending vibrations of the OH bond in the SON groups, and an absorption band at 1423, 1364, 1335 cm’
bending vibrations of the C-H bonds in the CH,OH and CHOH groups [16,17,20,21]. In the IR spectra of
the B-CD:AE complex, absorption bands of C = C, OH hydroxyl bonds, and other AE groups do not
appear. This may mean that these groups are masked by very wide and intense $-CD bands in the same
wavelength range.
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One of the informative methods confirm the formation of inclusion complexes is the 'H NMR
spectroscopy method [22,24-27]. The B-CD molecule has the shape of a truncated cone, in the inner
hydrophobic binding surface of which protons H-3 and H-5 are located, and on the outer - protons H-2 and
H-4 [14,15,19]. This analysis method allows one to fix a pronounced chemical shift in the vibrational
spectra of H-3 and H-5 B-CD protons oriented inside the torus cavity, which is due to the placement of the
guest molecule in the hydrophobic cyclodextrin cavity. According to our studies [28, 29], the
manifestation of six groups of signals in the 3.32-3.35 range is characteristic of the '"H NMR spectrum of
individual B-CD; 3.45-3.65; 4.48-4.55; 4.78-4.82; 5.67-5.76 ppm. The most low-field doublet signal in the
range of 5.71-5.73 ppm with a splitting of 4 Hz belongs to the proton of the hydroxyl group at the
C-2 atom. The proton of the OH group of a neighboring atom (OH-3) located in the internal cavity of the
B-CD molecule also resonates in the field of weak field. Doublet signal in the range of 4.78-4.82 ppm
corresponds to the proton H-1. The location of this proton in a weaker field compared to the protons of
other CH groups is due to the influence of the oxygen atom. In the range of a strong field (3.58-3.65 ppm),
signals of H-6a,b of the methylene group are observed. High-intensity signal at 3.46 ppm corresponds to
the proton H-3 glucopyranose link. Table 2 also presents six signal groups of *C NMR nuclei of the
elementary unit of the initial f-CD. The signal of the C-6 atom appears at 60.41 ppm. Signals at 72.49,
72.85 and 73.51 ppm. are caused by C-5, C-2 and C-3 atoms, respectively. In the range of 82.02 and
102.41 ppm. signals of carbon atoms C4 and C-1 are observed, which are directly connected to the
adjacent glucopyranose link through the oxygen bridge [24, 28, 29-33].

The values of the chemical shift 'H and '*C NMR of B-CD in the free and complexing state are shown
in table 2. All six B-CD protons show a pronounced chemical shift towards a strong field. In the '"H NMR
spectrum of B-CD:AE, the largest difference in the values of the chemical shift Ad is characteristic of the
intraspheric protons H-3 and H-5, on the basis of which it can be concluded that an internal (inclusive)
complex is formed in clathrate [30-32]. In the case of the carbon spectrum, chemical shifts were more
pronounced and ranged from 0.05-0.24 ppm. With an increase in the concentration of the guest substance
(vitamin AE), a proportional increase in the chemical shift in the '"H NMR vibrational spectra was
observed due to a shift in the equilibrium state towards the formation of an inclusion complex. These
observations confirmed formation of inclusion complex and suggested that hydrophobic interactions are
the driving forces for the formation of an inclusion complex [25].

Table 2 — Chemical shifts of 'H and '3C B-cyclodextrin in the free state and in the inclusion complex

Protons 3o (‘H), 3 ('H), AS =8 — 8o, Atoms 80 (13C), 5 (B0O), AS =38 — 3o,
p-CD ppm. ppm. ppm. C ppm. ppm. ppm.
H-1 4,789 4,722 -0,067 C-1 102,43 102,32 -0,11
H-2 3,579 3,554 -0,025 C-2 73,85 72,71 -0,14
H-3 3,795 3,695 -0,100 C-3 73,61 73,45 -0,16
H-4 3,480 3,430 -0,050 C-4 82,16 82,13 -0,03
H-5 3,637 3,565 -0,072 C-5 72,68 72,54 -0,14
H-6 3,576 3,481 -0,095 C-6 60,56 60,49 -0,07

Conclusion. Encapsulated inclusion complexes of B-cyclodextrin with vitamin AE complex were
obtained. The synthesized B-CD:AE complexes belong to host-guest inclusion compounds. The decisive
role in the formation of the clathrate complex belongs to nonspecific (dispersion and Van der Waals)
interactions. SEM, TG and DTA analyzes, as well as '"H NMR, *C spectroscopy of vitamin AE clathrates
with B-cyclodextrin indicate their formation. The complex has potential applications in food industry.

Acknowledgments: The study was performed with financial support from RK Ministry of
education and science Science committee (grant Ne AP08855567).
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MAMJIBI AEVIT J9PYMEHIH B-IIAKJIOAEKCTPUHMEH KATITAY

AnHoTanus. Makanaga Maiia epuTiH aeBUT MopyMeHiHIH (A xoHe E mopymeni, mail) B-IHKIONEKCTPUHMEH
(B-LII) kanTaiy ynepiciH 3epTTey HOTHXKENEpi KeNTipuUIreH. P-LUKIONEKCTPUH apKbUIbl ACBUT JOPYMEHIH Karrtay
ApKBUIBI KJIATPATTHl KOMIUIEKC ajy yHepici CylbI-CHHMPTTiI OpTajga YJIbTPagblOBICTHIK OHJACY dIiCTeMECiH KOJIaHy
apKbUIBl KYPri3iigi. AJIBIHFaH KIATPATTHIK KOCHIHIBUIAP/bIH KelleHIepiHiH OeTKi MOp(OJIOTHsICH CKaHepJeyIi
AJIEKTPOH/ABI MHUKPOCKONTBHIH KeMeriMeH cumartairad. uddepeHunanapl ckaHepliey KaJlOPUMETPIHIETi TepMo-
rpadUsIBIK OJIIeyIepIiH HOTHKENEP] YChIHbUIFaH. KOChUIbIC KOMILIEKCTEPiHIH criekTpanbai Kacuertepi 'H men 3C
SIMP cnektpockonust daicTepl apKbUIbl 3epTTeni. 3epTrey HoTmxkenepi P-unkinonexcTpuHiH AE nopymeHimeH
KOMIUIEKC TY3€TIHIH AQJeijieyre MYMKIHAIK Oepai. B-IMKIOAEKCTpHH KiaTpar KEMIeHiHIH TePMO-TOTBHIKTBIPFBIII
JIECTPYKIMSCH PEaKUUSICHIHBIH aKTHBTEHY SHEPrHUsiChl ecenTeili: AeBUT BUTAMHUHI €CelTelli, KJaTpaT TepMoJie-
CTPYKLMSCHIHBIH KHHETHKAIBIK NapaMeTpiepi aHblKTanibl. ArtanraH kepcerkimrep Freeman-Carroll, Sharpe-
Wentworth, Ahar and Coates-Redfern omictepin KonmgaHy apKbUIBI aHBIKTaIABL. JKoFaphina KeNTipijireH MOAeIbAepIi
KOJIIaHy [-LMKIOJCKCTPHHHIH JKOHE OHBIH BHUTAMUHI 0ap KJIATPATTBIH TEPMHUSUIBIK BIIBIPAYBIHBIH TEPMOAMHAMH-
KaJIBIK TTapaMeTpIiepid rpadUKaNbIK TYpAe OpHATYFa MYMKIHIIK Oepai. JnuddepeH-mnanasr ckaHepiey KalopuMeT-
piHzeri TepMorpadusUIbIK ejleyaep KepceTKeHIed, AeBUT KIAaTPaThIHBIH [-LIHUKIO-IEKCTPUHMEH TepMOIECTPYK-
LUSIChI PB-IUKIIOJEKCTPUH KYBICBIHAH CY MOJIEKYJallapblH IIbIFapyAaH Oacranajibl, COAaH KeiiH "KOoHak" 3ar IeH
IUKJIIIK OJIUTOCaXxapu >KOHbUIAIBI.
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HHKAIICYJISIOUA MACJISIHOT'O
PACTBOPA BUTAMUWHA AEBUT B-HUKJIOJEKCTPUHOM

AnHoTanus. Hacrosmas paboTta HampaBieHa Ha WHKAICYJIINIO )KHPOPACTBOPHIMOTO BUTaMHHA AEBUT (BUTa-
muabl A u E, macno) ¢ B-uuxiionexcrpuHom. Kommieke Bkirouenust ButamMuHoB A u E ¢ B-mukiionexcrpruHoM
TOTOBHJIM B BOJHO-CITUPTOBOHM Cpelie METOJOM YJIBTPa3BYKOBOW 00paboTku. Mopdosiorusi MOBEpXHOCTH MOJY-
YEHHBIX KOMIUIEKCOB KJIaTPaTHBIX BKIIIOUEHHH OIMCaHA C MOMOIIbI0 CKAaHUPYIOLIETO 3JIEKTPOHHOIO MHUKPOCKOIIA.
[TpencraBneHsl pe3ysbTaThl TEPMOrpadUuecKuX U3MepeHui Ha aud(epeHInaTbHOM CKaHUPYIOIIEM KaJlopHUMETpe.
CrnekTpanbHble CBOMCTBA KOMILUIEKCA BKIIIOYEHUS XapakTepusyrorcs naHHbMH SMP-cnextpockomuu 1H u 13C.
DKCIIeprUMEHTAFHBIE PEe3yNbTaThl MONTBEPIIIIN CYIIECTBOBAHHE KOMIUIEKCA BKIIOUCHHS [-IHUKIONCKCTPHUHA C
BuTaMrHOM AeBHuT (2:1). Paccuntana 3Heprus akTHBAMN PEaKIUU TEPMOOKUCIUTEIHFHON AeCTPYKIINH KIATPATHOTO
KOMILUTeKca [-IUKIOACKCTPHH: PACCUNTAH BUTAMUH AEBHT, OIPENeNeHBl KHHETHYECKHE TapamMeTphl TepMOo-
JIeCTPYKIMH Kilatpara. JlaHHble napameTpsl ONpeAessiiuch Ha ocHoBe MeTo10B Freeman-Carroll, Sharpe-Wentworth,
Ahar and Coates-Redfern.. Mcnons30Banue NpHBEICHHBIX BbIIIE MOJEICH MO3BOJMIO I'padUYecKd YCTaHOBHTH
TEPMOAWHAMHIYECKUE TapaMeTPhl TEPMUYECKOTO PA3JIOKEHHS [-IHUKIOASKCTPHHA M €ro Kiarpara ¢ BUTAMHHOM.
Jannble TepMmorpaduueckux uaMepeHHd Ha Aud(epeHHHaTLHOM CKaHUPYIOIIEM KallOpUMETpe MOKa3ald, 4TO
TEPMOJICCTPYKLIUS KilaTpata AeBHUTa C B-IMKIOAEKCTPUHOM HAYMHAETCS C yJAJICHHUS MOJIEKYJ BOJIbI M3 IOJIOCTH
B-IIMKIIOIEKCTPHHA, 3aTEM Pa3pyIIAOTCA “TOCTEBOE” BEIIECTBO U MUKIHMYECKUI OJIUTOCaxapul.

Ki1ioueBble ¢10Ba: INUKIOAEKCTPHHBL, B-IUKIOAEKCTPHH, HHKAICYJISINS, KJIAaTPaT, BATAMHUH.
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