PLANTA+

HAYKA, TTIPAKTUKA TA OCBITA

SCIENCE, PRACTICE AND EDUCATION

28-29 ciuHga 2025 p.
M. KuiB, YkpaiHa

January 28-29, 2025
Kyiv, Ukraine

Tom 1

Volume 1




MIHICTEPCTBO OXOPOHU 3/JOPOB’S1 VKPATHU
MIHICTEPCTBO OCBITH I HAYKU YKPATHU
HALIIOHAJIbHA AKAJIEMISI HAVK VKPATHU

HALIIOHAJIbHUI MEJMYHUN YHIBEPCUTET IMEHI O.0. BOTOMOJIBLST
[HCTUTYT BOTAHIKHU IM. M.T". XOJIOJJHOT'O HAH YKPATHU
HALIIOHAJIbHUI ®APMALIEBTUYHUI VHIBEPCUTET

«PLANTA+. HAYKA, IPAKTUKA TA OCBITA»

Marepianun
V HaykoBo-npakTHYHOI KOH(PepeHii 3 Mi’KHAPOIHOI0 YYaCTIo,
NMPUCBAYEHOI MaM’ATI JOKTOPA XiMIYHUX HAYK,
npodecopku Hinu IaBaiBau MakcroTiHOL
(10 100-piuyst BiJg THA HAPOJAKEHHS)

Tom 1

28-29 ciuns 2025 poky
M. Kuis

1



MINISTRY OF HEALTH OF UKRAINE
MINISTRY OF EDUCATION AND SCIENCE OF UKRAINE
NATIONAL ACADEMY OF SCIENCES OF UKRAINE
BOGOMOLETS NATIONAL MEDICAL UNIVERSITY
M.G. KHOLODNY INSTITUTE OF BOTANY
NATIONAL UNIVERSITY OF PHARMACY

«PLANTA+. SCIENCE, PRACTICE AND EDUCATION»

The proceedings
of the Fifth Scientific and Practical Conference with International
Participation, dedicated to the memory of Doctor of Chemistry
Professor Nina Pavlivha Maksyutina
(on her 100th birthday)

Volume 1

28-29 January 2025
Kyiv

2



YK 615.322.03:001.891](477+100)(082)
P71
PEJAKIIIMHA KOJIEI'TS

Minapuenxo B. M., noxtop 010J0T1YHHUX HayK, mpodecop

Kapniok Y. B., noxtop ¢hapMalieBTUYHUX HaYyK, npodecop
Maxuna JI. M., kanguaaTt 610JIOTTYHUX HAYK, JOLIEHT

Iiouenko B. T., xannunat GapMarieBTUUHUX HAyK, IOLEHT
Yonak I. C., xanuauaat papMaleBTUUYHUX HAYK, JOLIEHT

Kosanvcoka H. I1., xanguaat GpapMalieBTHYHUX HAyK, JOLIEHT
Onvwancoexui 1.I., xauauaaT 010J0TTYHUX HAYK

P71 PLANTA+. HAYKA, IIPAKTUHKA TA OCBITA: wmarepianu V HayKOBO-
MPaKTUYHOI KOH(EepeHIli 3 MIXXHAPOJHOK Yy4YacTiO, MPUCBSYEHOI MaM’sITi JOKTOpa
xiMiuHUX Hayk, npodecopku Hinu IlaBniBau Makcrotinoi (1o 100-piyust Big aHs
HapokeHHs) (Kuis, 28-29 ciuns 2025 p.). Kuis: [TanuBona A. B., 2025. T.1. 298 c.

ISBN 978-966-437-807-6 (IloBHE 310paHH:1)
ISBN 978-966-437-808-3 (Tom 1)

30ipHUK MICTUTh MaTepiayid V HayKOBO-TIPAKTHYHOI KOH(EPEeHIIii 3 MI)KHAPOIHOIO yYacTIo,
MPUCBAYCHOT IaM’sITi JOKTOpa XiMIYHUX HayK, npodecopku Hinu [laBniBan Makcrotinoi (mo 100-
piuust Big aus HapomkeHH) «PLANTA+. HAVKA, ITPAKTUKA TA OCBITA». ¥V 30ipHUKY
oIyOJIIKOBAaHO pe3yNbTaTH HAYKOBUX JOCITI/KEHb IPOBITHMX BYECHUX YKpaiHM Ta 1HO3EMHHX
¢daxiBLiB 3 NMUTaHb (ITOXIMIYHOTO aHami3y, CTaHIApTU3alii JIKAapCbKOi POCIMHHOI CHPOBHHH,
IHTPOIYKIIii, pECypCcO3HABCTBA JIIKAPCHKUX POCIHMH. BUCBITIICHO NMUTAHHS TEXHOJIOTII Ta aHamizy
JKapChKUX 3aC001B POCIMHHOTO MOXO/HKEHHS, NI€ETHYHUX J00aBOK, JIKYBaJIbHO-MPO(PITAKTHIHUX
Ta KOCMETUYHHUX 3aco0iB. MpeCTaBlIeH] (papMaKOJIOTIiYHI JOCTIKEHHS 3 MUTaHb OE3MEeYHOCTI Ta
3aCTOCYBaHHA y KIIHIYHIA HPaKTUII JIIKAPCHKUX 3aC00iB POCIMHHOTO MOXO/KEHHS. Po3risHyTO
npobaeMH MoJIepHi3allii HaB4aIbHOTO MPOLECY Ta OPIEHTALllT HA JUCTaHIlIIfHE HABUAHHS Y 3aKjIaax
OCBITH.

Marepianu npencTaBisIOTH 1HTEpEC 1 MOXYTh OyTH KOPHUCHMMHU JJIsl IIMPOKOrO KoJia
HAayYKOBUX Ta HAyKOBO-TIEJaroriYHUX NpAIiBHUKIB HAyKOBUX YCTAaHOB, 3aKJIQJiB BHUIIOI OCBITH
(bapManeBTUYHOTO, MEIWYHOTO, OI0JOTIYHOTO NPOQiN0, AOKTOPAHTIB, AaCIHIPAHTIB, CTYACHTIB,
CHiBpOOITHHUKIB (hapMalleBTUYHHUX MiAPUEMCTB Ta TPOMAICHKUX OpraHi3arlii.

Jpykyembcs 8 asmopcovKiil pedaxyii. 8i0n08i0aibHicmy 3a 00CMOBIPHICMb HAOAHO20 OJis
BUOAHHS Mamepiay HeCymb asmopu 00HOOCIOHO. 6)0b-sKe 8I0MBopeHHs meKcmy be3 3200U asmopie
3ab0poHAEmbCA. Mamepiany NpouwIU AHMUNIA2IAMHKY NepesipKy 3a O00NOMO2010 NPOSPAMHO20
3abe3neuenns strikeplagiarism.

ISBN 978-966-437-807-6 (IToBHe 3i0panHsn) © Hayionanvruili meOuuHuil yHisepcumem
ISBN 978-966-437-808-3 (Tom 1) imeni O. O. bocomonvys, 2025
© Konexmue asmopis, 2025



CORNUS MAS NANOCOMPOSITES WITH INORGANIC CARRIERS:
STUDY OF ADSORPTION AND BIOACTIVE SUBSTANCE RELEASE
Kustovska A.', Skwarek E.?, Kowalska K., Paientko V.*>3, Demianenko E.,
Matkovsky A.5, Gun’ko V>, Klymenko S.V.*, Vedmedenko V.’
' Dragomanov Ukrainian State University, Pyrogovastr., Kyiv, Ukraine,
Faculty of Chemistry, Department of Radiochemistry and Environmental
Chemistry, UMCS, Lublin, Poland,
3Chuiko Institute of Surface Chemistry, Kyiv, Ukraine,
“M.M. Gryshko National Botanical Garden of the National Academy of
Sciences of Ukraine, Kyiv, Ukraine
Sole Entrepreneur Vita Vedmedenko, Kyiv, Ukraine
kustoa@gmail.com, ewa.skwarek@mail.umcs.pl, kowalska@mail.umcs.pl,
payentkovv(@gmail.com, en_demianenko@ukr.net, matkovsky ak@ukr.net,
vlad gunko@ukr.net, vita v@ukr.net
Key words: plant powders, antocian, clay minerals

Introduction. Obtained by the method of mechanochemical activation of a
nanocomposite based on the fruits of Cornus mas L. (yellow and red varieties) and
inorganic components. The use of mechanochemical activation contributes to
increasing the bioavailability of bioactive substances (BAS).

At the present stage, science is focused on creating innovative materials to
increase the efficiency and availability of natural compounds. A promising direction is
the use of nanocomposites based on plant raw materials enriched with bioactive
substances (BAS) that have high bioavailability and stability. Dogwood fruits (Cornus
mas L.) are a source of cyanide-3,5-diglycoside with antioxidant properties, but their
extraction 1s complicated by strong bonds with cell wall biopolymers.
Mechanochemical activation, which combines grinding of raw materials with inorganic
carriers (clay, diatomite, silica), is a promising technology. Inorganic components
destroy membranes, stabilize BAS molecules and increase their sorption properties.
The work studies the interaction of plant raw materials and inorganic carriers to create
effective nanocomposites, as well as the effect of mechanochemical activation on the
properties of materials.

Methods and materials. The study used the fruits of Cornus mas L. of two
varieties (yellow and red), which were dried and prepared for mechanical processing.
Yellow kaolin clay, diatomite, silica A-100 were used as inorganic carriers.
Mechanochemical activation was carried out by grinding plant raw materials together
with inorganic components. The obtained nanocomposites were used to analyze their
properties and compare processing methods.

The interaction of cyanide-3,5-diglycoside molecules with silica and
aluminosilicate surfaces was modeled by the PM6-D3H4 method using the
MOPAC2016 software, which takes into account covalent, hydrogen and dispersion
interactions, analyzing the energy parameters of adsorption for the stability of
nanocomposites.

A spectrophotometric method was used to determine the content of cyanidin-3,5-
diglycoside. 1 g of sample was kept in 50 ml of 1% aqueous HCI solution for 1 hour,
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after which the solution was centrifuged and the optical density was measured at 510
nm. Each measurement was performed three times to increase the accuracy of the
results.

Results and Discussion. The theoretical part of this work was performed using
the MOPAC2016 program [MOPAC2016, James J. P. Stewart, Stewart Computational
Chemistry, Colorado Springs, CO, USA, HTTP://OpenMOPAC.net (2016).] using the
PM6-D3H4 method [Rezaé J., Hobza P. Advanced Corrections of Hydrogen Bonding
and Dispersion for Semiempirical Quantum Mechanical Methods // Journal of
Chemical Theory and Computation, 2012 8 (1). — P. 141-151]. The adsorption enthalpy
(AH298) during the formation of an intermolecular complex (A--B) during the
interaction of an anthocyanin molecule (A) with the corresponding adsorbent (B) was
calculated according to the reaction:

A+B—A-B
according to the formula:
AH298 = H298(A--B) - [H298(A) + H298(B)],

where H298(A---B) is the calculated enthalpy of formation of the intermolecular
complex, H298(A) is the calculated enthalpy of formation of anthocyanin, H298(B) is
the calculated enthalpy of formation of the adsorbent.

It i1s known from the literature [https://doi.org/10.3390/plants10040726,
https://doi.org/10.1021/acs.chemrev.5b00507] that Cyanidin 3,5-O-diglucoside has a
different structure depending on the pH of the aqueous medium. In particular, in an
acidic (pH<3) environment it exists in the form of a cation, and has a gross composition
of C27H31016+ (Fig. 1), and at pH from 5 to 8 the composition of anthocyanin
changes to C27H30016 (Fig. 1, a). Considering the above and taking into account the
need to maintain a neutral environment in the conditions of application of cosmetic
chemistry, the uncharged form of Cyanin C27H30016 was chosen for research with
the silica surface (Fig. 1, b).
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Fig. 1. Models of cationic (a) and neutral forms of Cyanidin 3,5-O-diglucoside

The aluminosilicate was modeled based on the structure of kaolinite
[https://doi.org/10.1039/C4CPO03566F,
https://doi.org/10.1021/acs.inorgchem.8b00877, https://doi.org/10.1180/claymin.
2015.050.3.05 , DOI: 10.2113/gselements.10.3.195], which is the main component of
clays, in particular kaolin. Structurally, kaolinite has a layered structure, each layer is
an infinite sheet of SiO4 tetrahedra, which share three oxygen atoms. In addition, each
S104 group 1s connected to an aluminum atom and a hydroxyl through a fourth oxygen
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atom at the top of the tetrahedron. The bonds between the layers of kaolinite consist of
van der Waals forces and hydrogen bonds. These bonds are strong enough to prevent
swelling in water.

The kaolinite model was chosen to be commensurate with the molecule of
cyanidin 3,5-O-diglucoside and had a bulk composition of AI30Si28H960149. It
contains 28 silicon-oxygen tetrahedra and 30 aluminum-oxygen octahedra. The
peripheral aluminum atoms were coordinated by water molecules and >Al=0 groups.
The peripheral silicon atoms are connected to terminal silanol groups.

Since, as mentioned above, kaolinite consists of layers of silicon-oxygen
tetrahedra and aluminum-oxygen octahedra, the cyanidin 3,5-O-diglucoside molecule
can interact with both the tetrahedra of the kaolinite surface and the aluminum-oxygen
octahedra. When the cyanidin 3,5-O-diglucoside molecule interacts with the silica part
of the kaolinite surface, an intermolecular complex is formed (Fig. 2)

Fig. 2. Intermolecular complex formed by the interaction of the cyanidin 3,5-O-
diglucoside molecule with the silicon-oxygen tetrahedra of kaolinite.

In which the adsorbate and adsorbent molecules are interconnected by hydrogen
bonds due to siloxane bridges (=Si—O-Si=), as well as peripheral silanol groups of the
silica surface (=Si—OH) and functional groups. (=O and =C—OH) of the adsorbate
molecules.

The calculated enthalpy of adsorption (AH298) is —430 kJ/mol, the negative
value of this value indicates the exothermicity of the adsorption process.

When the cyanidin 3,5-O-diglucoside molecule interacts with the aluminum
hydroxide part of the kaolinite surface, an intermolecular complex is formed (Fig.3).

Fig. 3. Intermolecular complex formed by the interaction of the cyanidin 3,5-O-
diglucoside molecule with the aluminum-oxygen octahedra of kaolinite.

The adsorbate and adsorbent molecules are interconnected by hydrogen bonds
due to surface groups (=A1-OH—Al=), as well as peripheral hydroxyl groups of the
aluminum-oxygen octahedra (=Al-OH) and functional groups (=O and =C—OH) of the
cyanidin 3,5-O-diglucoside molecule.

Analysis of the results of quantum-chemical calculations shows that the
calculated enthalpy of adsorption (AH298) is -514 kJ/mol, which significantly exceeds
the value calculated above.
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The thermodynamic plausibility of the adsorption process of cyanidin 3,5-O-
diglucoside on kaolinite at a neutral pH of the aqueous medium was confirmed, as
evidenced by the negative values of the interaction enthalpies in all considered cases.

It was established that the largest (AH298=-514 kJ/mol) will be the interaction
of cyanidin 3,5-O-diglucoside with alumina octahedra of the kaolinite model, and the
similar value is almost 70 kJ/mol smaller (AH298=-430 kJ/mol) in the case of the
interaction of cyanidin 3,5-O-diglucoside with silicon-oxygen tetrahedra of kaolinite.

Table 1 shows the results of spectrophotometric determination of the content of
cyanidin-3,5-diglycoside in various composites. The highest content of this compound
is observed in composites with red fruits of Cornus mas, in particular in the composite
with yellow clay (0.4073 mg/g). The addition of silica and diatomite to composites
with red fruits reduces the content of cyanidin-3,5-diglycoside, but it still remains
higher than in samples based on yellow fruits. For composites with yellow fruits, all
inorganic carriers (yellow clay, silica, diatomite) significantly reduce the level of
cyanidin, which indicates different adsorption efficiency of these compounds
depending on the type of carrier.

Table 1. The cotent of cyanide-3,5-diglicoside in studied samples

Ne | Sample C(cyanide-3,5-diglicoside),mg/g
1 Cornus mas red fruit 0,2998
2 | Yellow clay/Cornus mas red fruit 0,4073
3 | Yellow clay/Silica/ Cornus mas red fruit 0,2780
4 | Yellow clay/Diatomit/ Cornus mas red fruit 0,3410
5 Cornus mas yellow fruit 0,1160
6 | Yellow clay/Cornus mas yellow fruit 0,0195
7 | Yellow clay/Silica/ Cornus mas yellow fruit 0,0115
8 | Yellow clay/Diatomit/ Cornus mas yellow fruit 0,0785

Conclusion.The results of quantum-chemical modeling and experimental
studies show that mechanochemical activation of composites based on Cornus mas
fruits with inorganic carriers significantly improves the bioavailability of bioactive
substances, such as cyanidin-3,5-diglycoside.

Quantum-chemical calculations showed that the interaction of cyanidin with
aluminum-oxygen octahedra of kaolinite has the highest adsorption energy (-514
kJ/mol), which confirms the strong stability of this complex, compared to the
interaction with silicon-oxygen tetrahedra of kaolinite (-430 kJ/mol).

Experimental results of spectrophotometry showed that composites with red
Cornus mas fruits have a significantly higher content of cyanidin-3,5-diglycoside
compared to composites with yellow fruits, in particular in composites with yellow
clay.
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