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3bKOMOJICKYJIIPHUX (paKilii MaHaHy, IOBHE CITIBIAJAaHHS BUCOKOMOJICKYJIAPHUX (paKIliid mosrica-
XapuaHoi 1 O1TKOBOI KOMIIOHEHT, 110 CBIYUTH MPO YTBOPEHHS MPOTETH-MaHAHOBOTO BOJOPO3YHH-
HOT'O KOMILIEKCY.

OTxe, po3po0IieHO OI0TEXHOIOTIYHHMA CIIOCIO BIITyYeHHS BOJOPO3YMHHOTO MaHAHY 3 KaBO-
BOT'O IIJTAMY 13 3aCTOCYBaHHSM ITONIEPEIHBOTO YIbTPAa3BYKOBOTO 00po0ieHHs cupoBuHH. [1imiopaHo
YMOBHU OTPUMaHHSI MOJIEKYJISIPHOTO KOMILIEKCY Ha OCHOBI BHJIy4€HOTO MaHaHY Ta Ka3eTHOBUX Tif-
pouizatiB. OTpUMaHi KOMIUIEKCH MOYKHA PO3IVISIATH SIK MEPCIEKTHUBHI (i310J0TIYHO aKTUBHI 1HT-
pelieHTH IpU CTBOPEHHI (YHKIIOHATBHUX MPOIYKTIB XapuyBaHHS 0370POBUOTO CIIPSIMYBAHHS.
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ORGANIC BIOMETAL COMPLEXES: AN INNOVATIVE APPROACH
TO SOLVING THE IDENTIFICATION PROBLEM

A.Kapustian, PhD., Associate Professor,
N. Cherno, Doctor of Technical Sciences, Professor, A. Pukas, MSc
Odessa National Academy of Food Technologies

Introduction. Increasing bioavailability of bioelements is one of the urgent tasks for research-
ers in the fields of biophysics, biotechnology, pharmacology, and food technology. Currently, there
is a particular interest in the prevention and treatment of many hypomicroelements using biocoordi-
nation compounds, in which the essential trace elements are contained as a chelate complex with
bioligands — natural carriers of bioelements.

As bioligands for chelation of metals, amino acids, carboxylic acids, proteins and peptides are
usually used. In addition, most of the processes occurring in biological systems involve the interac-
tion of metal ions with multiple ligands, so it is of particular interest to obtain and study the proper-
ties of mixed-ligand chelate complexes of biometals with biologically active ligands. The study of
mixed ligand complexes of biometals has become widespread, the literature describes the methods
of obtaining and characteristics of some of them.

As arule, the synthesis of chelate complexes of biometals is carried out with a known composi-
tion of ligands of known denticity. This allows for the introduction of the complexation reaction
required amount of metal, which provides the effect of complete chelation. As a result of reactions
of this type, determining the complexing ability of mixed ligand organic systems with respect to
metal ions is not appropriate.

There is a problem of determining the complexing capacity of mixed ligand organic systems
relative to the metal ions, which do not have a definite composition of organic ligands, therefore,
their denticity cannot be predicted. Such systems include products of metabolism and processing of
lactic acid bacteria, protein, serum hydrolysates, heparin and others.

Classical methods for determining the form of metals in mixed ligand organic systems are un-
justified because the reagents used are sufficiently aggressive. This can lead to the destruction of the
ionic, coordination bonds of the complexes, which will not provide reliable results and will not al-
low determine in what form the metal in the system — organic or inorganic.

In this regard, it is urgent to develop an innovative method that will allow accurate
identification of this indicator for mixed ligand organic systems of undetermined denticity and to
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obtain bioavailable organic metal complexes without the involvement of additional facilities and
equipment.

The purpose of the work is to develop an advanced method for the identification of metal in
organic form by investigating the complexing ability of mixed ligand organic systems relatively
metal ions using a turbidimetry method for systems containing biometal chlorides, mixed organic
ligand systems and sodium carbonate.

Materials and methods of research. As a source of biometals used chlorides of metals CaCl,,
CuCly, MnCly, ZnCl,, FeCls. MgCl, (STAB, Netherlands).

Mixedligandsystemisaculturefluidofacompositionofprobioticbacteria Lactobacillus
acidophilus, Lactobacillus delbrueckii subsp. bulgaricus, Bifidobacterium bifidum, Lactococcus
lactis subsp. lactis, Lactococcus lactis subsp. cremoris, Streptococcus thermophilusand their cell
wall processing products with a solids content of 4%. Organic acids content 7.3 mg/cm?®, low mo-
lecular weight peptides 5.4 mg/cm?®, amino acids 3.8 mg/cm?, soluble protein 4.2 mg/cm®.

The determination of the complexing ability of the mixed ligand organic system relatively
metal ions was carried out as follows: to a solution of mixed ligand system with a volume of 50 cm?®
was added 1 cm® 0.5% solution of metal chloride, stirred for 1 min and left for complete chelation at
40°C for 30 min. An equimolar amount of a 0.5% Na,COjs solution (1 cm®) was then added to the
mixture, stirred for 1 min, and the turbidity of the systems measured at a wavelength of 450 nm. To
the next 50 cm?® aliquot containing bioligands, 2 cm® of 0.5% metal chloride solution was added, the
mixture was stirred for 1 min and left for complete chelation at 40 ° C for 30 min. An equimolar
amount of a 0.5% Na,COjs solution (2 cm®) was then added to the mixture, stirred for 1 min, and the
turbidity of the systems measured at a wavelength of 450 nm. Further studies were carried out simi-
larly, but with an increase in the volume of 0.5% metal chloride in 1 cm® increments. The measure-
ments were carried out until the increase in the turbidity value of the system was 0.02 optical units.

Research results. The complexing ability of such systems was investigated using the method
of turbidimetry. It is known that metal ions form insoluble salts with sodium carbonate, which pro-
voke turbidity of the reaction mixture. Therefore, this method is based on the hypothesis that the
metal ion in the bound organic form can not interact with sodium carbonate, forming insoluble salts
that provide turbidity of the system, unlike free metal ions.Thus, when the mixed ligand system is
saturated with metal ions, their complexing potential is exhausted, and the presence of ions in an
unbound inorganic form causes a change in the turbidity index of the system in the presence of so-
dium carbonate.

In the table. 1. the results of determining the turbidity dependence of the mixed ligand system
on the metal content. Increasing the turbidity of the system indicates that the solution contains free
metal ions, which have not reacted complexation, and provoke turbidity of the system, since they
form insoluble salts with Na,COj3. Further increase in the turbidity of the system indicates an
increase in the content of metal in the inorganic form, respectively, the complexing potential of the
mixed ligand system is exhausted. In all cases, increasing the turbidity of the reaction medium by
0.02 opt. units corresponds to the maximum binding of metal by organic system. Before reaching
the equivalence point, the metal ion bound by the system is also in organic form, but the
complexation potential of this system has not yet been exhausted.

Table 1 - Determination of the turbidimetric dependence of mixed ligand system on the
content of biometals

The content of biometal in the reaction mixture, mol / dm **10

4] 8] 12] 16| 20| 24| 28| 32| 36| 40| 44| 48] 52| 56| 60| 64

Turbidity of the system, opt. un.

Mg® |0.05]/0.05[0.05]0.05]0.05/0.05[0.05]0.05]0.05| 0.07] 0.1] 0.8

Zn** 0.05/0.05]|0.05] 0.05]| 0.05] 0.05] 0.05|0.05|0.05]| 0.05] 0.05] 0.05] 0.05] 0.07] 0.1| 0.8

Ca™ 0.05]/0.05|0.05/0.05]|0.05|0.05/0.05|0.05|0.05] 0.05| 0.05] 0.07 01| 08| - -

cu* 0.05]0.05]| 0.05|0.05| 0.05| 0.05|0.05|0.05| 0.05] 0.05| 0.05] 0.05] 0.05| 0.07| 0.1] 0.8

Mn** ] 0.05]0.05[0.05] 0.05] 0.05]0.05| 0.05]| 0.05] 0.05] 0.05] 0.05| 0.05] 0.07| 0.1] 0.8] -

Fe™* 0.05/0.05]0.05]0.05]0.05] 0.05] 0.05]0.05|0.05| 0.05] 0.05] 0.07 0.1] 08| - -
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Conclusions. For the first time, an effective and easy-to-implement method is developed
without the use of aggressive reagents and the involvement of high-value rare equipment, which
allows accurate determination of the metal content in organic form in the composition of mixed
ligand systems by determining their complexing capacity

BUKOPUCTAHHS CIIEKTPIB IU®Y3HOI'O BIABUTTA IS
ITJEHTU®IKALII BAPBHUKIB B IPUIIPABAX «BACABI»

Manunka O.B., k.Xx.H, nou., Kpmxkanoscbka A.1O. ctyn.OKP ,,MaricTp”
Onecbka HalliOHAJIbLHA aKaJAeMisi XapuoBHX TeXHOJIOTiii, M. Oxeca

Baca6i - pociuna BacaOi («SMOHCHKUH XPiH»), B SIKOCTI IPUIIPABU BUKOPUCTOBYETHCS HOTO
KOPEHEBUILE Yy BUTJIS/II TEPTOT MacH, 3€JIEHOr0 KOJIbopy. Uepe3 BUCOKY BapTicTh Bacadi Ha CIIOKH-
BUMX PHUHKaX CBITY PO3MOBCIO/PKEHI HOro IMITAILll y BUIJISIII TIOPOIIKIB 00 TOTOBUX 10 BXKMBAHHS
nact y Toooukax. J{is imitanii Bacabi BUKOPUCTOBYIOTHCS MOPOILIOK KOPEHIO XPOHY abo Horo cymil
3 MOPOILKOM HAaciHHA Tipuuii. [Ipu npoMy, s HagaHHS MPOJYKTY 3€J€HOr0 KOJIbOPY BUKOPHUCTO-
BYIOTbCS CyMillli XapuoBUX OAapBHHUKIB KOBTOI'O Ta CHHBOT'O KOJbOPIB.JJ0 HUX BIAHOCSTHCSA: KOBTI -
kypkymin (E100), Taptpasun (E102), cuni - giamantoBuii cuniii FCF (E133), rapaenis OnakutHa
(E165), xnopodinu mini (E141) (tabmn. 1).

Tabamus 1 - XapakrepucTtuka 6apBHUKIB /s iMiTauii npunpas «Baca6i»

XapuoBa TexHoJsoriuga MJIP Amax,
nobaBka Tnnexe CrpyxrypHa dopmyna byHKIIIS MI/KT HM
HO pr Harypanbuuii
Kypxymin E100 Qp YKOBTHI OapB- 20 425
CH, o 0 CH;4 HUK
0\\5 OH /@/f_{o .
Taprpasnn | E102 A W S Wlrysmit o- | 100- )4,
o BTHI OapBHUK 120
ONa*
JliaMaHTOBHI 033@ [ gjsoj Ityunuii cu- | 100-
cumiii FCF | F133 JIO, i Gapsie | 200 | 0%
He” LCH3
lapaewnist Harypanpamii | He Bct. | 580-

E165 [Ipupoauuii momimep

OaKuTHA cuHiii 6apBHUK | HopMu | 640

Jlnist AKICHOT 1 KUIBKICHOT 11eHTHdiKaLil OapBHUKIB BUKOPUCTOBYIOTh Pi3HI METOAM aHAMTI3Y:
cnekrpodoTomerpuunuii [1], enexrpodopernynuii [2], ToHKOmApOBY XpoMarorpadiro [3], BuCOko-
epeKTUBHY piAMHHY Xpomartorpadiro [4]. 3a nonomororo Merony TIIX nmpoBoaATh eKCHpec-OLIHKY
SKICHOTO CKJIaay OapBHUKA, METOJ KalUIIPHOTO eIeKTpodope3y MiAXOMUThH IS BUIAJIKIB, KON
3pa3oK MICTHThH KiJibka OapBHUKIB, B TOM 4ac K Xap4yoBi MPOIYKTH MICTATh TIIbKU OJMH, ABa, a00
piAKO TpU XapuoBUX OapBHUKA 1 1€l METOJ] BUMarae CreliajJbHOr0 yCTaTKyBaHHS, K1 MOXKYTb 0Y-
TH HEJIOCTYIIHI €KCIIepTHUM J1aboparopisiM. CrekTpopoTOMETpUYHUIA METO]| aHaji3y Ouiblie Mif-
XOJUTH 111 pyTUHHUX aHAJI31B.

Mertoto 1i€i poboTH € po3podka MPOCTOro 1 BUCOKOUYTJIMBOTO METOAY ieHTu(ikarii 6aps-
HUKIB B ipunpaBax «Bacabi» no cnextpam nudys3Horo Binoutts (IB).

Jlnst mocmipkeHHs OyJIu BifiOpaHi KOMepIliliHi 3pa3ku npurnpaBu «Bacabiy»: «IIpumnpasa cy-
xa Baca6i» WASABIHOKKAIDOCLUB y surnsai mopomiky, sika po3dacoBana TOB «Toprosa
kommanis Exkonay. Ckiajn, sKuii BKa3aHW Ha €TUKETIN: KOpPiHb Bacabi CylmeHn MEJICHUH (STIOHCh-
KUl XpiH). 3anuc cnekrpiB audysHoro Bindoutts B koopauHarax F (R) = f (A, um), ae F (R) - pyHk-
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