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Abstract. The possibility of obtaining bioavailable mixed ligand chelate complexes of Magnesium has been considered. 

As bioligands, it is proposed to use the metabolites and products of enzymatic hydrolysis of the peptidoglycans of the cell 

walls of Bifidobacterium bifidum AC-1670. As ligands, fragments of peptidoglycans of cell walls of bifidobacteria, which have 

their own immunotropic effects, were used. Destruction of bacterial cells was done by ultrasound treatment with subsequent 

enzymatic hydrolysis with papain. It was found that the highest content of potential ligands for chelation was obtained by ul-

trasound treatment at a frequency of 35 kg for 600 seconds with subsequent enzymatic hydrolisys, which lasted for 180 

minutes at a ratio of the enzyme: substrate 1:100. In this case, the accumulation of amino acids in the hydrolyzate was  

11.35 mg/cm3, low molecular weight peptides - 7.54 mg/cm3. The liquid phase of the product of the disintegration of the bacte-

rial mass is investigated for the presence of metabolites that can participate in the formation of chelating magnesium complex-

es. Qualitative composition and quantitative content of organic acids are determined. It is established that in the product of dis-

infection of bifidobacteria the following acids are present: acetic (445.5 mg/dm3), lactic (284.6 mg/dm3), benzoic  

(1.3 mg/dm3). It has been established that the obtained mixed ligand systems are effective chelating agents and bind magnesi-

um in an amount of 14 mg/cm3. The method of IR spectroscopy has proved that this system is formed with the participation of 

polydentant ligands. Determination of the pH stability of the complex showed that in the range of pH values 4–7, the chelate 

system is stable, at pH 2 only 10% of the complex is stored, at a pH of 9–60%. The thermostability of the complex was inves-

tigated by the method of differential scanning calorimetry. It was established that the complex is stable in the temperature 

range of 20–12 °С, and therefore can be used as a physiologically functional ingredient in the health foods, the technology of 

which involves high-temperature processing. 
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Анотація. Розглянуто можливість отримання біодоступних змішанолігандних хелатних комплексів магнію. У 

якості біолігандів пропонується використовувати продукти метаболізму та ферментативного гідролізу пептидогліка-

нів клітинних стінок Bifidobacterium bifidum AC-1670. Деструкцію бактеріальних клітин здійснювали шляхом обробки 

ультразвуком з послідуючим ферментативним гідролізом папаїном. Встановлено, що найбільший вміст потенційних 

лігандів для хелатоутворення мав місце за обробки ультразвуком частотою 35 кГ протягом 600 с із послідуючим фер-

ментолізом, який тривав 180 хв при співвідношенні фермент:субстрат 1:100. При цьому накопичення амінокислот у 

гідролізаті складало 11,35 мг/cм3, низькомолекулярних пептидів – 7,54 мг/cм3. Рідку фазу продукту дезінтеграції бак-

теріальної маси досліджено на предмет наявності метаболітів, які можуть приймати участь в утворенні хелатних ком-

плексів магнію. Визначено якісний склад та кількісний вміст органічних кислот. Встановлено, що у складі продукту 

дезінтеграції біфідобактерій присутні наступні кислоти: оцтова (445,5 мг/дм3), молочна (284,6 мг/дм3), бензойна 

(1,3 мг/дм3). Встановлено, що отримані змішанолігандні системи є ефективними хелатоутворювальними агентами та 

зв’язують магній у кількості 14 мг/см3. Методом ІЧ-спектроскопії доведено, що дана система утворена за участю по-

лідентантних лігандів. Визначення рН стабільності комплексу показало, що в інтервалі значень рН 4–7, хелатна сис-

тема є стабільною, при рН 2 зберігається лише 10% комплексу, при рН 9 – 60%. Методом диференційної скануючої 

калориметрії досліджено термостабільність комплексу. Встановлено, що комплекс є стійким в діапазоні температур 

20–122°С, а отже, може бути використаний як фізіологічно функціональний інгредієнт в рецептурі оздоровчих проду-

ктів харчування, технологія яких передбачає високотемпературну обробку.  

Ключові слова: магній, хелатні комплекси, біоліганди, пробіотичні бактерії, метаболіти, муропептиди. 
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Introduction. Formulation of the problem 
 

Magnesium is the most demanded metal in nature, it 

activates enzymes of oxidative phosphorylation, DNA rep-

lication and bone mineralization. In addition, with the help 

of magnesium cations, ribosomes are formed from RNA 

and proteins, and the process of protein synthesis is activat-

ed in them. In the intracellular fluid, magnesium ions form 

complexes with the anions ATP and ADP, which are the 

active form of these substrates. Magnesium ions suppress 

the centers of regulation of respiration and blood vessels in 

the brain, causing a decrease in blood pressure. They also 

contribute to the secretion of cholesterol from the body, in-

creased intestinal motility and bile secretion. It is proved 

that a wide range of pathological conditions in humans is 

caused by a magnesium deficiency in the body. Among 

them: increased pressure, pain in the heart, irritability, de-

pression, poor sleep, fatigue, bronchospasm and much 

more [1-5]. The prevention of magnesium deficiency is 

possible through the use of foods with high content of this 

biometal. But there is a category of people in whose diet 

there are certain restrictions, or during the recovery period 

after certain surgical interventions, etc. In this case, 

additional use of bioavailable oral forms of magnesium is 

necessary [3-4]. 
 

Analysis of recent research and publications 
 

Chelate complexes of biometals have a high 

bioavailability. Chelates differ significantly from non-

chelate compounds both in terms of chemical and 

physical properties, and in their influence on living 

organisms. For example, they have increased resistance 

to heating, and also in them the metal atom does not 

enter the oxidation reaction. It has been established that 

chelates are almost identical to the natural structure 

and can penetrate through cellular membranes, which 

determines their high bioavailability [3].  

Chelate magnesium compounds deserve particular 

attention. So, in 1951, A. Popovici and co-authors 

suggested that the infusion of even a small amount of 

chelate form magnesium (10–15 mg) to patients with 

hypertonic disease contributed to a decrease in blood 

pressure (AT), which lasted from 2 up to 6 weeks. At 

the same time, intravenous administration of 

magnesium sulfate required much more magnesium to 

achieve the same antihypertensive effect, and in 

addition, the reduction in blood pressure was short-

lived [6]. Guided by the results of this work, in 1961 

H.G. Kelly and co-authors compared the effect of 

chelating and non-chelate magnesium compounds not 

only on blood pressure but also on renal 

hemodynamics [7]. 

The authors of the paper [8] found that when using 

magnesium chelate, the metal maximum content in the 

blood is reached for a 3 hours earlier and a better 

tolerability of the drug was noted. The authors suggest 

that this effect of the chelate compound is possible due 

to the use of special transport systems of enterocytes, 

which allow the chelates to reach the blood as easily as 

possible without pre-treatment in the digestive 

tract [9].  

Despite the fact that the positive effect of the use 

of magnesium in chelate form has been proven for a 

long time, scientists devote enough attention to the 

search for ligands that have their own high biological 

values [10-15]. 

Most of the processes occurring in biological sys-

tems involve the interaction of metal ions with several 

ligands, so it is of particular interest to obtain and study 

the properties of mixed ligand complexes of biometals 

with biologically active ligands. The assimilation of 

the biometal will occur in that case if it is firmly con-

nected with the chelating agent that is a participant in 

the metabolic processes: amino acids, polybasic acids, 

vitamins. The study of mixed ligand complexes of bi-

ometals has become widespread, the methods of ob-

taining and characteristics of some of them have been 

described in the literature. 

New metal complexes formulated as 

[Mg(L)2(H2O)2]·H2O (1) and 

[Zn(L)2(H2O)2]·0.5H2O (2), where HL=5-

hydroxyflavone (primuletin), have been synthesized 

and characterized by elemental and thermal analyses, 

molar conductance, IR, UV-Vis, 1H- and 13C-NMR, 

fluorescence and mass spectra. In solid state, complex-

es had shown higher fluorescence intensities compar-

ing to the free ligand, and this behavior is appreciated 

as a consequence of the coordination process [11]. 

The magnesium complex [Mg(hesp)2(phen)] (1), 

where hesp=hesperidin and phen=1,10′-

phenanthroline, was synthesized and characterized by 

Elemental Analysis (C,H,N), atomic absorption and 

spectroscopic (FTIR, UV–visible, 1H NMR) tech-

niques. The complex was found to be a better radical 

scavenger for superoxide radical (IC50 = 68.3 μMat 

pH 7.8) than free hesperidin (IC50=116.68 μmol L
−1) 

and vitamin C (IC50=852 μmol L
−1). The strong blue 

fluorescence of complex 1 switches through loss of lu-

minescence in pure water/protic organic solvents or 

when protected from water (in octanol for example as a 

model of phospholipid membranes) [12]. 

In [16], complexes of some d-metals ions (Co2+, 

Cu2+, Zn2+) were obtained in the form of salts and in 

solution with ligands containing donor nitrogen and 

oxygen atoms to which the d-metal cations have an af-

finity. As an oxygen-containing ligand oxycarboxylic 

acid (malic acid) was used, as a nitrogen-containing 

ligand imidazole was used.  

http://creativecommons.org/licenses/by/4.0
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In [17] the formation of binary and ternary com-

plexes of metal ions such as Cu(II), Co(II), Pb(II), 

Zn(II) and Cd(II) with biologically important ligand 

were investigated. Where nucleic acid Adenine was 

used as primary ligand and amino acid Histidine was 

used as secondary ligand.  

In [18] the mixed ligand complexes of Cu(II), 

Ni(II) and Co(II) with uridine and amino acids L-

alanine, L-phenylalanine and L-tryptophan were syn-

thesized and characterized by the elemental analysis, 

conductivity data, infrared spectra, electronic spectra 

and magnetic susceptibility data.  

In [19] mixed ligand complexes of Co(II), Ni(II) 

and Cu(II) with L-glutamine and succinic acid were 

studied. The increased stability of the ternary complex-

es compared to their binary complexes was believed to 

be due to electrostatic interactions of the side chains of 

the ligands, charge neutralization, chelate effect, stack-

ing interactions and hydrogen bonding 

After analyzing a number of scientific studies in 

the field of obtaining chelate complexes of biometals, 

we came to the conclusion that the literature lacks in-

formation on the possibility of using metabolites and 

probiotic bacteria processing products as bioligands. 

Taking in the account the great experience and vol-

umes of cultivation of probiotic cultures, such an idea 

is very relevant. In the production of probiotic cultures 

a large amount of by-products is utilized. Such is the 

culture fluid that remains after the separation of the 

bacterial mass. The culture fluid contains a large num-

ber of metabolites, in particular organic acids, capable 

of chelate complexation with biometals. In addition, 

non-conditioned biomass is often disposed of, which 

can be sent for recycling to produce degradation prod-

ucts of peptidoglycans from their cell walls – com-

pounds of the muramilpeptide series, which also con-

tain functional groups that can form ionic and coordi-

nation bonds with metal ions. In addition, the sub-

stances of the muramilpeptide series have their own 

physiological effect – they are powerful immunotropic 

compounds [20-23]. 

The purpose of this work is to obtain the chelate 

complexes of Mg2+ ions with metabolites and low mo-

lecular weight degradation products of peptidoglycans 

of bifidobacteria cell walls. 

Research tasks: 

– obtaining and characteristic of bioligands – meta-

bolic products of bifidobacteria and degradation 

products of their cell walls; 

– obtaining chelate complexes of Magnesium with 

bioligands; 

– studying the stability of received complexes de-

pending on the pH medium and temperature. 
 

Research Materials and Methods 
 

The research was conducted on the basis of labora-

tory of Scientific and Production Enterprise “Ariadna” 

(Odesa, Ukraine), Laboratory of the Department of 

Food Chemistry and Expertise of the Odesa National 

Academy of Food Technologies (Odesa, Ukraine), the 

Laboratory of the State Scientific-Research Control In-

stitute for Veterinary Medicines and Feed Additives 

(Lviv, Ukraine). 

Materials. The strain Bifidobacterium bifidum AC-

1670 is used in the work from the collection of Scien-

tific and Production Enterprise “Ariadna” (Odesa).  

Еnzymatic degradation of biomass (BM) cell was 

performed by papain treatment with a proteolytic activ-

ity of 10 Un/mg. MgCl2 (STAB, the Netherlands) was 

used as a source of Mg2+.  

Obtaining of metabolic products of probiotic bacteria 

and degradation products of their cell walls and their 

characteristics.Bacterial strain was grown in sterile 

conditions at 37°C on special nutrient medium developed 

by the "Ariadna" company. After reaching the number of 

bacteria up to 5–9·109 CFU and more, the culture fluid was 

subjected to ultrasoud treatment on laboratory device with a 

working frequency of 25, 35 and 40 kHz, the processing 

time was varied in the range 60–900 s. In samples, the con-

tent of free amino acids was controlled by the method of 

formolithic titration [24], soluble protein by Benedict's 

method [24], low molecular weight peptides (LMWP) by 

the Benedict method after precipitation of high molecular-

weight proteins by 10% solution of trichloroacetic acid.  

After ultrasoud treatment the enzymatic hydrolysis 

was conducted. The constant parameters of hydrolysis 

were: temperature – 37°C and pH=5. The ratio of the en-

zyme to the substrate (dry matter content of BM) was var-

ied in the range from 1:50 to 1:150 and the duration of the 

incubation of the reaction mixture was varied in the range 

10–300 min. In the obtained hydrolysates, the content of 

free amino acids, soluble protein, low molecular weight 

peptides (LMWP) were investigated. Enzymatic hydrolysis 

was stopped by heating at the temperature 100°C during 15 

min, the mixture was cooled, centrifuged for 10 min at 

8000 min-1, decanted, further the supernatant containing BB 

metabolites and low molecular weight soluble biological 

active substances are used for chelate complex formation. 

Qualitative and quantitative content of organic acids 

was determined by the method of capillary electrophoresis 

(device Capel 105/105M). Up to 0.5 g of the 50 cm3 prepa-

ration of distilled water heated to 70°C was added. The 

mixture was stirred on a laboratory shaker for 10 min. After 

that, 1 cm3 of filtrate was taken out, centrifuged and the de-

termination of quantitative and qualitative content of organ-

ic acids was carried out. Detection was performed at wave-

lengths of 190 nm [25]. 

Obtaining of chelate complexes of Magnesium 

with bioligands. For obtaining chelate complexes of 

Magnesium, as a source of bioligands, a supernatant 

obtained after ultrasoud treatment and enzymatic 

hydrolysis is used. The complexing ability of Magne-

sium ions was determined by a nephelometric method 

in the presence of Na2CO3 on a spectrophotometer SF-

2000 at a wavelength of 450 nm [26]. 

To the aliquot of the mixtures containing the bi-

oligands, various volumes of 0.5n MgCl2 were added, 
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stirred and left for 15 minutes to complete chelation. 

Thereafter, an equimolar amount of Na2CO3 was added 

to the solutions. Ions of Mg2+, which did not participate 

in complex formation, in interaction with sodium car-

bonate form insoluble particles of MgCO3 of white 

color, which provoked turbidity of the system. 

Investigation of the stability of the received com-

plexes depending on the pH of the medium. The stabil-

ity of chelate complexes of Magnesium, depending on 

the pH of the medium, was determined by changing the 

intensity of absorption of light at a wavelength of 

270 nm using a spectrophotometer SF-2000. The re-

quired pH of the solutions was created by solutions of 

NaOH and H2SO4 "ap". The constancy of the ionic 

strength (I≈0.1) was maintained by a solution of 

Na2SO4 "ap". The activity of hydrogen ions was meas-

ured on an ionometer I-160 using a working electrode 

ES-10601/7 and a reference electrode ESR-10101. The 

instrument was calibrated using standard buffer solu-

tions prepared from fixanal. The measurements were 

carried out at room temperature 20±2°C. Distilled wa-

ter was used as the reference solution. 

Investigation of the stability of obtained complexes 

depending on temperature. The research was conduct-

ed using the method of differential scanning calorime-

try (DSC) in dynamic mode. Thermograms of DSC 

were obtained in the temperature range of 25–250°C at 

a constant heating rate of 5°C/min on a Derivatorgaph 

Q1500-D. In order to determine under what conditions 

the complete destruction of the samples will occur, the 

heating was extended to a maximum temperature of 

450°С. A weight of 500 mg was placed in a ceramic ti-

gel. The accuracy of the temperature determination 

was ±1°C, the thermal effect – ±3%. 

IR spectra of samples were recorded in the range 

of wavelengths from 4000 to 400 cm-1 in a 

spectrometer with a Fourier transformer FTIR IR 

Affinity-1, Shimadzu (Japan). 
 

Results of the research and their discussion 
 

Obtaining of metabolic products of bifidobacteria 

and degradation products of their cell walls and their 

characteristics.  

It is known that bifidobacteria (BB) produce a number 

of organic acids that play a decisive role in maintaining 

colonization resistance and antagonistic activity against 

pathogenic microflora. In the aspect of this work, the func-

tional groups of organic acids synthesized by BB are poten-

tial donors for the formation of ionic and coordination 

bonds in chelate structures of Magnesium. That is why it 

was expedient to determine the qualitative and quantitative 

content of organic acids in the BB culture fluid. The content 

of metabolites was investigated in the culture fluid after cul-

tivation. Definition of these indicators was carried out by 

capillary electrophoresis. The study showed that there is a 

number of organic acids in the composition of the BB cul-

ture fluid. The following organic acids were identified and 

their quantitative content was determined: acetic 

(445.5 mg/dm3), lactic (284.6 mg/dm3), benzoic 

(1.3 mg/dm3).  

BB belong to gram-positive microorganisms, the 

share of peptidoglycan in which reaches 70% of their 

total mass, which makes them extremely resistant to 

the effects of degrading factors. Therefore, a series of 

experiments with the use of ultrasound, which is the 

most effective physical method of primary degradation 

of microorganisms with subsequent enzymatic 

hydrolysis by papain, has been performed for the 

violation of the anatomical integrity of the cell 

membrane of the BB [27]. It is established that rational 

treatment of a suspension of the BB by ultrasound at a 

frequency is 35 kHz for 600 seconds. The product ob-

tained by the ultrasound treatment was subjected to en-

zymatic hydrolysis by papain. The results of hydrolysis 

have shown that treatment with papain provides more 

efficient accumulation of target low molecular weight 

degradation products in the reaction mixture compared 

to samples that were not subjected to enzymatic treat-

ment. Thus, in sample obtained only by ultrasound 

treatment, the amount of amino acids in the reaction 

medium reaches 1.8 mg/cm3, low molecular weight 

peptides (LMWPs) – 0.03 mg/cm3, whereas in the 

sample obtained with the combination of ultrasound 

and enzymatic hydrolysis, the amount of amino acids 

reaches 11.35 mg/cm3, LMWPs – 7.54 mg/cm3. At the 

same time, enzymatic hydrolysis of the biomass, with-

out preliminary ultrasound treatment, leads to the ac-

cumulation of low molecular weight peptides in the re-

action medium in the amount 3.23 mg/cm3.  

So, proceeding from the above, it has been found out 

that organic acids, amino acids, LMWPs are contained in 

the composition of the culture liquid of BB, and amino ac-

ids and LMWPs are contained also in the hydrolysate of the 

bacterial cell wall peptidoglycans that can serve as biologi-

cally active ligands for the formation of chelate mixed lig-

and complexes of Magnesium. 

Obtaining of Magnesium chelate complexes with bi-

oligands. The preparation of Magnesium chelate structures 

was carried out according to the scheme given in the sec-

tion "Methods of investigation". In fig. 1 the results of 

nephelometric titration are shown, where the arrow indi-

cates the point of equivalence of the maximum binding of 

Mg2+ ions with a mixed ligand system. The use of the clas-

sical method for Magnesium determining by means of 

complexometric titration was not possible, since the chelat-

ing agent of this reaction (EDTA) competes for the binding 

of Magnesium with bioligands of the investigated system. 

The use of this method in determining the amount of Mag-

nesium that participates in complex formation would not be 

correct. 

Analyzing the data of Figure 2 it can be stated that the 

highest ability to bind magnesium ions is 14 mg/cm3. Pre-

sumably, in the formation of a chelate complex are in-

volved organic acids, which are donors of anions for iono-

tropic binding of Magnesium ions and amino groups of free 

amino acids and peptide bonds of LMWPs, which form 

coordination bonds with metal. Due to the amphoteric 
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properties of free amino acids and peptide, the stability of 

Magnesium chelate complexes can improve at different 

values of pH media. 

 

Fig.1. Maximum binding of Mg
2+

 ions by mixed ligand systems 

(λ=450 nm) 

Complex formation was also proved by changing 

of the spectrum of the mixed ligand system in the ul-

traviolet region depending on the content of Magnesi-

um ions in it (Fig. 2). 

As can be seen from Fig. 2, the absorption spec-

trum of a solution of magnesium chloride has no peaks 

in the ultraviolet region, in contrast to the spectrum of 

the studied mixed-ligand system, which has a clear 

peak in the region of 260–280 nm. Namely in this area 

of the spectrum organic acids, amino acids and proteins 

are absorbed. When adding magnesium chloride in the 

amount of 4–19 mg/cm3 to the bioligand system, the 

intensity of spectral absorption gradually decreases 

with increasing magnesium ion concentration (Com-

plex I is 4 mg/cm3 MgCl2, Complex II is 9 mg/cm3 

MgCl2, Complex III is 14 mg/cm3 MgCl2, Complex IV 

is 19 mg/cm3 MgCl2). Such changes in the spectrum 

indicate that the number of free functional groups re-

sponsible for oscillations in the spectrum is reduced 

due to their participation in the formation of magnesi-

um chelate complexes. Moreover, with the addition of 

magnesium chloride in the amount of 4–14 mg/cm3 to 

the system, the absorption intensity decreases linearly 

with a step of ≈12%, with further increase of magnesi-

um chloride in the system (19 mg/cm3), the absorption 

intensity decreases by only ≈2%, this confirms that the 

saturation of bioligands with Magnesium take place at 

a concentration of magnesium chloride equal to 

14 mg/cm3. 

 

Fig. 2. Absorption spectrum of a mixed ligand systems with 

different Magnesium content 

Chelating magnesium complexes were also 

investigated using IR spectroscopy (Fig. 3).  

 

 
Рис. 3. IR-spectra : 1 – Mg Cl2; 2 – mixed ligand system (metabolites and hydrolysis products of peptidoglycans of cell 

walls of BB; 3 - a complex of magnesium and a mixed ligand system 
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At the IR spectrum of magnesium in inorganic 

form (1) and in organic form (3) there is an absorption 

band at 618.00 cm-1, and in absorption spectrum 3, the 

absorption intensity is somewhat lower. The paper [28] 

also confirms that in the manganesium chloride 

spectrum absorption bands are present at wavelengths 

of ≈ 600 and 1600 cm-1. Obviously, the intensity of 

absorption decreases in connection with the 

participation of magnesium ions in the formation of a 

chelate complex. This assumption is confirmed by the 

fact that in the work of K. Nakamoto [29] it is 

indicated that fluctuations of complex compounds of 

magnesium with the participation of polydentant 

ligands appear for wavelengths of 300-600 cm-1. The 

presence of intensive absorption bands at 1634 cm-1 

and 3435 cm-1 in all three spectra can be due to 

deformation and valence fluctuations of crystalline 

water [30], in addition, these bands are also 

characteristic for fluctuations of amino groups that are 

part of amino acids and carboxylate- anions  

(3400–3500 cm-1) [31]. In spectrum 3 there is a 

decrease in the intensity of the vibration of these 

groups, which may indicate their participation in the 

formation of ionic and coordination relations with 

magnesium and the formation of, respectively, a 

chelating complex.Since chelate complexe of Magne-

sium is planned to use as dietary supplement and bio-

logically active food ingredient, it is expedient to study 

their behavior at different pH values of the medium 

and temperatures. 

Investigation of the stability of the obtained com-

plexes depending on the pH of the medium 

The research methodology of the magnesium che-

late complex pH stability is described in detail in the 

section "Research Methods". The intensity of absorp-

tion of the complex was determined in the range of pH 

values 2–10 at a wavelength of 270 nm (Fig. 4), in 

which the maximum absorption of chelate mixed lig-

and systems (Fig. 2) was defined. 

Fig. 4 indicates that in the range of pH values of 

4–7, the intensity of absorption of optical density by 

the complex is 0.53 opt. un., this corresponds to the 

value of the maximum absorption peak of optical den-

sity by a complex with a 14 mg/cm3 concentration of 

Magnesium in it (Fig. 1). This means that in this range 

of pH values of the medium, the complex retains its 

chelate structure and its concentration in the mixture is 

maximal – 100%. If the pH value is deviated to a more 

acidic side, the stability of the complex decreases 

sharply. Thus, at pH 3, the concentration of the com-

plex in the mixture is 24%, at pH 2–12%. With the de-

viation of the pH to the alkaline side, the stability of 

the complex is also somewhat lost, at pH 8 ≈ up to 

18% and at pH 9 ≈ up to 35%. Consequently, the ob-

tained magnesium chelate structures are stable in the 

range of pH values of the medium inherent for most 

food systems, which determines the promising use of 

them as biologically active food ingredients. 
 

 

Fig. 4. pH-stability of chelate complexes of magnesium 

(λ=270 nm) 

Investigation of stability of the obtained complexes 

depending on temperature. In order to predict the be-

havior of the magnesium chelate complexes in the 

composition of food systems that can be subjected to 

temperature processing, they were analyzed by the 

DSC method (Figs. 5a, b). 

  
а) b) 

Fig. 5. Termograms DSC: a) chelate complex of Magnesium; b) a mechanical mixture of complex components  
TG is the thermogravimetric curve that characterizes the mass loss of the sample, depending on the temperature; DTG is the curve of differen-

tial thermogravimetry based on the registration of the rate of change in mass with continuous heating, which is a more accurate interpretation 

of the TG curve; DTA is the curve of differential thermal analysis, which serves to fix the presence of certain thermal effects 
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In fig. 5a the curves of TG, DTG and DTA are 

shown, which were obtained as a result of research of 

Magnesium chelate complex by DSC method, and in 

Fig. 5b the curves obtained as a result of studies of the 

mechanical mixture (MM) of the components of the 

complex are depicted. When comparing the data of the 

DSC analysis, we can state that the initial mass loss of 

the complex begins at the temperature of 49°C, and 

MS at 59°C. From these figures it can be seen that the 

first mass loss is not accompanied by thermal effects, 

which indicates that at these temperatures there is no 

destruction of the chelate bonds of the complex, which 

can provoke a change in the enthalpy of the process 

and the appearance of peaks on the DTA curves. Con-

sequently, the first loss of mass is associated with the 

removal of free moisture in the sample. When the tem-

perature reaches 122–125°C, the mass loss is 3% for 

the complex and 7% for the MM. In the temperature 

range of 122–178°C, an endothermic reaction is ob-

served at the heat treatment of the complex, while 

thermal effects at the treatment of MM is not observed. 

The mass loss of the complex in this range of tempera-

tures is 18%, MM – 16%. The presence of an endo-

thermic peak on the DTA curve of the complex may 

indicate the presence of chelate bonds in its structure, 

with the destruction of which there are changes in the 

enthalpy of the process. 

Consequently, the results of the analysis of the 

DSC have shown that the obtained complex is stable in 

the temperature range of 25–122°C, and therefore can 

be used in the composition of health foods, the tech-

nology of which involves high-temperature processing.  

 

Conclusions  
 

1. It has been established that the mixed ligand 

system obtained by processing the bacterial mass of 

Bifidobacterium bifidum AC-1670 contains organic ac-

ids (acetic (445.5 mg/dm3), lactic (284.6 mg/dm3), 

benzoic (1.3 mg/dm3), amino acids (11.35 mg/cm3), 

low molecular weight peptides (7.54 mg/cm3) that have 

their own immunotropic activity. 

2. By the methods of nephelometry and spectro-

photometry in the ultraviolet region, it has been found 

that obtained mixed ligand systems are effective che-

lating agents and bind magnesium in amounts of 

14 mg/cm3. 

3. By the method of IR spectroscopy has proved 

that this system is formed with the participation of pol-

ydentant ligands. 

4. Identification of the pH stability of the complex 

showed that in the range of pH values 4–7 chelate 

system is stable, at pH 2, only 10% of the complex is 

stored, at pH 9–60%. 

5. According to the results of the DSC analysis, it 

has been proven that the obtained complex is formed 

with the participation of chelate bonds of bioligands 

with magnesium, at the destruction of which an 

endothermic effect is observed. The complex is stable 

in the range of temperatures of 20–122°С, and, 

consequently, can be used in the formulation of healthy 

foods, the technology of which involves high-

temperature processing. 

 

List of references: 

1. Орбелис Д., Харланд Б., Скальный А. Биологическая роль макро- и микроэлементов у человека и животных. СПб.: Наука, 2008. 

543 с. 

2. Кадырова Р.Г., Кабиров Г.Ф., Муллахметов Р.Р.  Синтез и свойства комплексных солей биогенных кислот щелочных, щелочно-

земельных и двухвалентных 3d-металлов. Монография. Казань: КГАВМ им. Н.Э. Бакмана, 2016. 169 с. 

3. Гавалко Ю.В. Застосування хелатних сполук в медичній практиці на засадах доказової медицини // Кровообіг та гемостаз. 2014. Т. 3-4.  

С. 47-49  

4. Marth J.D. A unified vision of the building blocks of life // Nat Cell Biol. 2008. № 10(9). Р. 1015-1016. 

5. Skalny A.V., Skalnaya M.G. Metal ions as bioelements // Metal ions in biology and medicine. 2011. Vol.11. P.53.  

6. Popovici A. Geschickter C.F., Rubin M. The treatment of essential hypertension by magnesium chelate solution // Bull. Georgetown Univ. 

Med. Cent. 1951. Vol. 5, № 3. Р. 108-116. 

7. Kelly H.G., Turton M.R., Hatcher J.D. Renal and cardiovascular effects induced by intravenous infusion of magnesium; chelate // Canad. 

M. A. J. 1961. Vol. 84. Р. 1124-1128. 

8. Supakatisant C. Oral magnesium for relief in pregnancyinduced leg cramps: a randomised controlled trial / C. Supakatisant, V. Phupong // 

Matern. Child Nutr. 2015. Vol. 11, № 2. Р. 139-145. 

9. Schuette S.A., Lashner B.A., Janghorbani M. Bioavailability of magnesium diglycinate vs magnesium oxide in patients with ileal resec-

tion // JPEN J. Parenter Enteral. Nutr. 1994. Vol. 18, № 5. P. 430-–435. 

10. Nenad S Krstić, Ružica S Nikolić, Maja N Stanković, Nada G Nikolić, Dragan M Đorđević. Coordination Compounds of M(II) Biometal 

Ions with Acid-Type Anti-inflammatory Drugs as Ligands – A Review. // Tropical Journal of Pharmaceutical Research February 2015. V. 

14 (2). P. 337-349 http://dx.doi.org/10.4314/tjpr.v14i2.21 

11. Valentina Uivarosi, Mihaela Badea, Rodica Olar, Constantin Drǎghici, Ştefania Felicia Bǎrbuceanu. Synthesis and Characterization of 

Some New Complexes of Magnesium (II) and Zinc (II) with the Natural Flavonoid Primuletin // Molecules. 2013. V. 18. P. 7631-7645; 

doi:10.3390/molecules18077631 

12. Regina M.M. Oliveira et al. Structural effects on the hesperidin properties obtained by chelation to magnesium complexes // Journal of In-

organic Biochemistry. 2013. V. 129. P. 35-42. http://dx.doi.org/10.1016/j.jinorgbio.2013.08.005 

13. Denis Vinduš, Mark Niemeyer. Hetero- and Homoleptic Magnesium Triazenides // Inorganics. 2017. V. 5(33). 

doi:10.3390/inorganics5020033 

14. F Timur Senguen, Zenon Grabarek. X-ray structures of magnesium and manganese complexes with the N-terminal domain of calmodulin: 

Insights into the mechanism and specificity of metal ion binding to an EF-hand // Biochemistry. 2012. V. 51(31). P. 6182-6194. 

doi:10.1021/bi300698h 

15. Николаева Л.С. Семенов А.Н., Бурова Л.И. Смешаннолигандное комплексообразование ионов кальция и магния с гепарином и 

глицином // Журн. неорг. химии. 2011. Т. 56, №4. С. 689-696. 

http://dx.doi.org/10.1016/j.jinorgbio.2013.08.005


Біопроцеси, біотехнологія харчових продуктів / Bioprocesses, biotechnology of food products 

 

 

Харчова наука і технологія / Food science and technology 11 Volume 12 Issue 3/ 2018 
 

16. Золотухина  Н.А. Комплексы переходных металлов с органическими лигандами // Ползуновский вестн ИК. 2015. № 4, Т.2. С. 58-

60 

17. Verma Sh. Equilibrium study and Stability constants of mixed Ligand complexes of Biomolecules and Amino acids with Metal ions by 

Potentiometric method // Research Journal of Chemical Sciences. March 2015. Vol. 5(3). Р. 42-48.  

18. Rabindra P., Mohan A. Synthesis and characterization of mixed ligand complexes of bio-metals with pyrimidine nucleoside (uridine) and 

amino acids // Proc. Indian Acad. Sci. (Chem. Sci.). 2000. Vol. 112, No. 6. P. 593-600 

19. Gandham Hima Bindu, Gollapalli Nageswara Rao. Mixed ligand complexes of essential metal ions with L-glutamine and succinic acid in 

sodium dodecyl sulfate–water mixtures // J. Serb. Chem. Soc. 2012. №77 (4). P. 453-463. 

20. Cherno N., Kapustyan A. Immunological properties of the bacterial origin compounds // Food science and technology. 2016. V. 10(3). P. 

19-28. DOI: http://dx.doi.org/10.15673/fst.v10i3.175 

21. Traub S. MDP and other muropeptides – direct and synergistic effects on the immune system // J. Endotoxin Res. 2006. V. 12(2). P. 69-

85. DOI:10.1179/096805106X89044 

22. Капустян А.И., Черно Н.К. Перспективы использования биологически активных бактериальных гидролизатов для нутритивной 

поддержки населения с растройствами иммунной системы // Пищевая наука и технология. 2015. № 2(31). С. 18-25. DOI: 

10.15673/2073-8684.31/2015.44263 

23. Kapustіan A., Cherno N. Chelate forms of biometalls. Theoretical aspects of obtaining and characteristics // Food science and technology. 

2017. V. 11(1). P. 37-49. https://doi.org/10.15673/fst.v11i1.297 

24. Биохимия белков: практикум для студентов биол. Фак. спец. 1-31 01 01 «Биология» / И. В. Семак, Т. Н. Зырянова, О. И. Губич. 

Минск: БГУ, 2007. 49 с.  

25. Kotsyumbas I.Ya. ta in. Kormy, kombikormy, kormovi dobavky. Vyznachennya vmistu orhanichnykh kyslot metodom kapilyarnoho el-

ektroforezu z vykorystannyam systemy kapilyarnoho elektroforezu «Kapel'-105/105M». Metodychni rekomendatsiyi. L'viv, 2013. 29 s.  

26. Кленин В.И., Щеголев С.Ю., Лаврушин В.И. Характеристические функции светорассеяния дисперсных систем. Саратов:Изд-во 

Сарат. ун-та, 1977. 176 с.  

27. Капустян А.І., Черно Н.К. Комбінований метод дезінтеграції бактеріальної маси // Наук. Прац. / ОНАХТ. Одеса, 2017. Т. 81, вип. 2. С. 4-

11. 

28. Wesolowski M., Leyk E., Szynkaruk P. Detection of magnesium compounds in dietary supplements and medicinal products by DSC, In-

frared and Raman techniques. J. Therm. Anal. Calorim. 2014. V. 116. P. 671-680. DOI 10.1007/s10973-014-3762-y 

29. Накамото К. Инфракрасные спектры неорганических и координационных соединений. Изд. Мир: 1966. 

30. Koroleva L.F., Larionov L. P., Gorbunova N. P. Carbonate-Phosphate for Active Osteogenesis. Journal of Biomaterials and 

Nanobiotechnology. 2012. # 3. P. 226-237 doi:10.4236/jbnb.2012.32028  

31. Тарасевич Б.Н. ИК-спектры основных классов органических соединений. М:, 2012. 54 с 

References: 

1. Orbelis D, Harland B, Skalnyiy A. Biologicheskaya rol makro- i mikroelementov u cheloveka i zhivotnyih. SPb.: Nauka; 2008.  

2. Kadyirova RG, Kabirov GF, Mullahmetov RR. Sintez i svoystva kompleksnyih soley biogennyih kislot schelochnyih, schelochnozemel-

nyih i dvuhvalentnyih 3d-metallov. Monografiya. Kazan: KGAVM im. N.E. Bakmana; 2016.  

3. Gavalko YuV. Zastosuvannya helatnih spoluk v medichnIy praktitsi na zasadah dokazovoi meditsini. Krovoobig ta gemostaz. 2014; 3-4: 

47-49 

4. Marth JD. A unified vision of the building blocks of life. Nat Cell Biol. 2008;10(9): 1015-1016. 

5. Skalny AV, Skalnaya MG. Metal ions as bioelements. Metal ions in biology and medicine. 2011;11: 53.  

6. Popovici A, Geschickter CF, Rubin M. The treatment of essential hypertension by magnesium chelate solution. Bull. Georgetown Univ. 

Med. Cent. 1951; 5(3):108-116. 

7. Kelly HG, Turton MR, Hatcher JD. Renal and cardiovascular effects induced by intravenous infusion of magnesium; chelate. Canad. M. 

A. J. 1961; 84: 1124-1128. 

8. Supakatisant C, Phupong V. Oral magnesium for relief in pregnancyinduced leg cramps: a randomised controlled trial. Matern. Child 

Nutr. 2015; 11(2):139-145. 

9. Schuette SA, Lashner BA, Janghorbani M. Bioavailability of magnesium diglycinate magnesium oxide in patients with ileal resection. 

JPEN J. Parenter Enteral. Nutr. 1994; 18(5): 430-435. 

10. Nenad S Krstić, Ružica S Nikolić, Maja N Stanković, Nada G Nikolić, Dragan M Đorđević. Coordination Compounds of M (II) Biometal 

Ions with Acid-Type Anti-inflammatory Drugs as Ligands – A Review. Tropical Journal of Pharmaceutical Research February 2015; 14 

(2): 337-349 http://dx.doi.org/10.4314/tjpr.v14i2.21 

11. Valentina Uivarosi, Mihaela Badea, Rodica Olar, Constantin Drǎghici, Ştefania Felicia Bǎrbuceanu. Synthesis and Characterization of 

Some New Complexes of Magnesium (II) and Zinc (II) with the Natural Flavonoid Primuletin. Molecules. 2013; 18: 7631-7645; 

doi:10.3390/molecules18077631 

12. Regina MM Oliveira et al. Structural effects on the hesperidin properties obtained by chelation to magnesium complexes. Journal of Inor-

ganic Biochemistry. 2013; 129: 35-42. http://dx.doi.org/10.1016/j.jinorgbio.2013.08.005 

13. Denis Vinduš, Mark Niemeyer. Hetero- and Homoleptic Magnesium Triazenides. Inorganics. 2017; 5(33). doi:10.3390/inorganics5020033 

14. F Timur Senguen, Zenon Grabarek. X-ray structures of magnesium and manganese complexes with the N-terminal domain of calmodulin: 

Insights into the mechanism and specificity of metal ion binding to an EF-hand. Biochemistry. 2012; 51(31): 6182-6194. 

doi:10.1021/bi300698h 

15. Nikolaeva LS, Semenov AN, Burova LI. Smeshannoligandnoe kompleksoobrazovanie ionov kaltsiya i magniya s geparinom i glitsinom. 

Zhurn. neorg. himii. 2011; 56(4): 689-696. 

16. Zolotuhina NA. Kompleksyi perehodnyih metallov s organicheskimi ligandami. Polzunovskiy vestn IK. 2015; 4(2): 58-60 

17. Verma Sh. Equilibrium study and Stability constants of mixed Ligand complexes of Biomolecules and Amino acids with Metal ions by 

Potentiometric method. Research Journal of Chemical Sciences. 2015; 5(3): 42-48.  

18. Rabindra P, Mohan A. Synthesis and characterization of mixed ligand complexes of bio-metals with pyrimidine nucleoside (uridine) and 

amino acids // Proc. Indian Acad. Sci. (Chem. Sci.). 2000. Vol. 112, No. 6. P. 593-600 

19. Gandham Hima Bindu, Gollapalli Nageswara Rao. Mixed ligand complexes of essential metal ions with L-glutamine and succinic acid in 

sodium dodecyl sulfate–water mixtures // J. Serb. Chem. Soc. 2012. №77 (4).  P. 453-463. 

20. Cherno N., Kapustyan A. Immunological properties of the bacterial origin compounds. Food science and technology. 2016; 10(3): 19-28. 

DOI: http://dx.doi.org/10.15673/fst.v10i3.175 

21. Traub S. MDP and other muropeptides – direct and synergistic effects on the immune system. J. Endotoxin Res. 2006; 12(2): 69-85. 

DOI:10.1179/096805106X89044 

http://dx.doi.org/10.15673/fst.v10i3.175
https://doi.org/10.1179/096805106X89044
http://dx.doi.org/10.1016/j.jinorgbio.2013.08.005
http://dx.doi.org/10.15673/fst.v10i3.175
https://doi.org/10.1179/096805106X89044


Біопроцеси, біотехнологія харчових продуктів / Bioprocesses, biotechnology of food products 

 

 

Харчова наука і технологія / Food science and technology 12 Volume 12 Issue 3/ 2018 
 

22.  Kapustyan AI, Cherno NK. Perspektivyi ispolzovaniya biologicheski aktivnyih bakterialnyih gid-rolizatov dlya nutritivnoy podderzhki 

naseleniya s rastroystvami immunnoy sistemyi. Pischevaya nauka i tehnologiya. 2015; 2(31): 18-25. DOI: 10.15673/2073-

8684.31/2015.44263 

23. Kapustіan A, Cherno N. Chelate forms of biometalls. Theoretical aspects of obtaining and characteristics. Food science and technology. 

2017; 11(1): 37-49. https://doi.org/10.15673/fst.v11i1.297 

24. Semak IV, Zyiryanova TN, Gubich OI. Biohimiya belkov: praktikum dlya studentov biol. Fak. spets. 1-31 01 01 «Biologiya». Minsk: BGU; 2007.  

25. Kotsyumbas IYa ta in. Kormy, kombikormy, kormovi dobavky. Vyznachennya vmistu orhanichnykh kyslot metodom kapilyarnoho el-

ektroforezu z vykorystannyam systemy kapilyarnoho elektroforezu «Kapel'-105/105M». Metodychni rekomendatsiyi. L'viv; 2013.  

26. Klenin VI, Schegolev SYu, Lavrushin VI. Harakteristicheskie funktsii svetorasseyaniya dispersnyih sistem. Saratov:Izd-vo Sarat. un-ta; 

1977.  

27. Kapustyan AI, Cherno NK. KombInovaniy metod dezIntegratsii bakterialnoi masi. Nauk. Prats.  ONAHT. Odesa. 2017; 81(2):  4-11. 

28. Wesolowski M, Leyk E, Szynkaruk P. Detection of magnesium compounds in dietary supplements and medicinal products by DSC, Infra-

red and Raman techniques. J. Therm. Anal. Calorim. 2014; 116: 671-680. DOI 10.1007/s10973-014-3762-y 

29. Nakamoto K. Infrakrasnyie spektryi neorganicheskih i koordinatsionnyih soedineniy. izd. Mir; 1966. 

30. Lyubov F. Koroleva, L. P. Larionov, N. P. Gorbunova Carbonate-Phosphate for Active Osteogenesis. Journal of Biomaterials and Nano-

biotechnology, 2012, 3, 226-237 doi:10.4236/jbnb.2012.32028 Biomaterial Based on Doped Calcium  

31. Tarasevich BN. IK-spektry osnovnyh klassov organicheskih soedineniy. Moscow; 2012. 
 

Отримано в редакцію 22.06.2018 Received 22.06.2018 

Прийнято до друку 04.09.2018 Approved 04.09.2018 
 

Цитування згідно ДСТУ 8302:2015 

Kapustian A., Antipina O., Budiak R. Obtaining and characteristic of the magnesium organic forms on the basis of products of bifidobacteria 

processing and their metabolites // Food science and technology. 2018. Vol. 12, Issue 3. P. 4-12. DOI: 

http://dx.doi.org/10.15673/fst.v12i3.1054 

Cite as Vancuver ctyle citation 

Kapustian A, Antipina O, Budiak R. Obtaining and characteristic of the magnesium organic forms on the basis of products of bifidobacteria 

processing and their metabolites. Food science and technology. 2018; 12(3): 4-12. DOI: http://dx.doi.org/10.15673/fst.v12i3.1054 

 

  

http://dx.doi.org/10.15673/fst.v12i2.944
http://dx.doi.org/10.15673/fst.v12i2.944

