IMPOJOBOJIBYI PECYPCHU

VJIK 541.18.03

O.M. 3acnaecvkuit, 0.x.H,

O.M. Ko3uu, nayx. cniepoo.,

H./I. Ko3uu, nayk. cniepob.,

VYkpaincbkuii nepxkapauii HJ{I «Pecype»

AJ. Kycmoscovka, k.X.H.,

HarmionansHuii aBiaiiiHuil yHIBEpCUTET
0.0.Benikanos, cmyoenm

HarionansHu yHIBEPCUTET XapUOBUX TEXHOJIOT1H

EJIEKTPO®I3UYHI BJJACTUBOCTI BOJJHUX PO3UMHIB
LIUTPATY MATHIIO (3:2)

Mema: Maeniti gidicpac 8azome 3HaueHHs y npoyecax memabonizmy aroounu. Icuyroms
Ppi3Hi hopmu tioco nompanisanus 00 opearizmy. OQOHie 3 HAUOILUW eheKMUBHUX € OP2AHIUHA
Gopma came y 6uensioi yumpamy MmacHilo. AKmueHne SUKOPUCMAHHA YUMPAmMy MA2Hil0 npu
BUPOOHUYMBI  XAPHUOBUX NPOOYKMI6 ma npu 0e3nocepeoOHbOMy  HCUBAHHI 6  AKOCMI
Gapmakonoziunoeo npenapamy 6umacae OOCKOHANUX 3HAHbL MA O0CHIONCEHb 1020 i3uKo-
XIMIYHUX 8lacmugocmell, a maxkodic Oii Ha opeaHizm THOOUHU. Y c8Imositl HayKosill Jimepamypi
onucani 08a cnocobu CHONY4eHHs MA2Hilo i3 iOHOM AuUMOHHOI Kucromu. Ilepwiuii , Koau 0OuH
KamioH MA2Hilo NPUEOHYEMbCS 00 00HO20 AHIOHY TUMOHHOL kuciomu (1:1). [pyeuil, konu mpu
KamioHU MA2HII0 CROIYYAIOMbCA 3 080MA AHIOHAMU yumpamy - Mazniu yumpam (3:2), mpumacHii
ouyumpam abo mpumaeniti yumpam. Iloeedinka maxux cnonyk 8 po3uuHax He 00CHIONCeHd.
Memoro 0anoi pobomu 6yn0 00CiOHCeHHs eneKMPOPIZULHUX BIACMUBOCMEL B0OHO20 PO3UUHY
yumpamy maeniio(3:2). Memoou oocnioncenns: [losedinka yumpamy machiio y 600HUX PO3UUHAX
Ppi3HOI KOHYyemmpayii Oyia 00cCniodceHa Memooamu amomMHO-a0COPOYIIHOI CneKmpoCKonii,
KOHOYyKmomempii ma ionomempii. /[ns 0ocniodicenb 6Y10 834mM0O NOPOUWLOK YUMPAMY MA2HIIO,
ompumaruilL. mMemooom akearnamomexnonozii iz opymmo-gopmynor Ci2H10M@3014:14H,0.
Pezynomamu: Bemanognenuii emicm maeniro y 0ocaioxcysanomy pozuuni ckaae 0,86 me/n. wo 6
pe3yibmami po3paxyHKie niomeepoxicye opymmo-popmyay 0anoi pewosunu i o3Havae, wjo 6 1 2
0an020 NOpowKy yumpamy maeHito micmumecs 86 me maenito (8,6%). Cepeodosuwe 6cix
00CNIOJNHCEHUX PO3UUHI8 OYI0 CAAOKO KUCIUM, OAUZLKUM 00 HeUmpaivHo2o. 3 po36edeHHAM
BUXIOH020 pO34UUHY 3HaUeHHs pH 3pocmano, a nomim 3mMeHuLy8anocs, npamyodu 00 3uavents pH
oioucmunbosanoi’ 600u. Busnauene cepeone 3HauenHs MOJNAPHOI eneKMpPONpoOSIOHOCMI npu
HeCKiHUeHHOMY PO36e0eHH I Osl yumpamy mazuiio ckaano 534.32 Cyu*cm?/mons, wo ceiouums npo
ICHYB8AHHA 8 pO34UHI GenuKoi Kinbkocmi OazamoszapsodiceHux yacmodok. Qbézoeopennsn: B
pe3yrbmami npo6edeHo20 00CHIOHCEHH MeMmoOOM amoMHO-abcopOyiliHoi cnekmpockonii 6yna
npakmuuno niomeepoxcena opymmo-gpopmyna yumpamy maeiro C12H10MQ3014-14H20, saxuii
OMPUMAHULL MEMOOOM aKEAHAHOMEXHON02Il. Bcmanosneno, wo ys Citb 6aAXCKOPO3UUHHA |
VMBOPIOE pO3UUHU CNAOOKUCIOI peakyii, OUCOYiloYU Npu YbOMY HA BeIUKY KIIbKICMb
bazamo3apaoHuUx 4acmouox.

Knrwuoei cnosa: yumpam maeniio, monsipua eiekmponposionicmo, PH,; erexmponimuuna
oucoyiayis.
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ELECTROPHYSICAL PROPERTIES OF MAGNESIUM CITRATE (3:2)
AQUEOQOUS SOLUTION

Purpose: The great importance for metabolic processes has such element as magnesium.
There are different forms of ingress of magnesium to the human body. One of the most effective
forms is magnesium citrate. Active using of magnesium citrate as food additive and
pharmacological drug demands perfect knowledge and researches of its physicochemical
properties and also the effect on human body. The world scientific literature describes two ways
of combination of magnesium with citrate-ion. The first, when one magnesium cation is connected
with one citrate-ion (1:1). The second one, when 3 magnesium cations are connected with 2
citrate-ions - magnesium citrate (3:2), trimagnesium dicitrate or trimagnesium citrate. The
behavior of such compounds hasn’t been researched. The purpose of this study has been to
research electrophysical properties of magnesium citrate (3:2) aqueous solutions. Methods: The
behavior of magnesium citrate in the aqueous solutions with different concentration has been by
the methods of atomic absorption spectrometry (AAS), conductometry and ionometry researched.
For the research has been used the powder of magnesium citrate, which has been obtained by the
method of aquananotechnology with gross-formula C12H10Mg3014:14H,0. Results: Identified
content of magnesium in analyzed solution has been 0,86 mg/Il. In considering of dilution which
has been made, it is ascertained the gross-formula of the substance and that 1g of given powder
of magnesium citrate contains 86 mg of magnesium (8,6%). The medium of all researched
solutions has been weak-acid, near-neutral. By the dilution of the initial solution pH value
increases and then decreases to pH of bidistilled water. Value of molar conductivity at infinitely
dilution for the magnesium citrate solution has been 534.32 S-cm?/mol, that points at the presence
of large quantity of multi-charged particles. Discussion: As the result of the experiment by the
method of atomic absorption spectrometry (AAS) the gross-formula of magnesium citrate
C12H10Mg3014-14H,0, which has been obtained by the method of aguananotechnology, has been
corroborated in practice. It is ascertained, that the salt is not very soluble in water, forms weak-
acid solutions and is dissociable into the large quantity of multi-charged particles

Keywords: magnesium citrate; molar conductivity; pH; electrolytic dissociation.
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3JEKTPO®U3NYECKHUE CBOMCTBA BOJHbII PACTBOPOB
IUTPATA MATHUS (3:2)

Iens: Maznuii ouens sadxcen 8 npoyeccax memabdonuzma yenogexa. Cywecmeayrom pasHvle
Gopmvl nonadanus e2o 6 opeanuzm. QOnou u3 Haubosee IPHEeKMUBHBIX ANAEMCA OPAHUYECKAS
gopma umenno 6 6uoe yumpama MmacHusA. AKMuUEHOe NPUMEHeHUue YUmpama MAacHUus 8
npou3B00Cmee NUUesblX NPOOYKMO8, d MAK dce Npu HeNnoCpeOCmEeHHOM YNOmpeOieHuu 6
Kavecmee (hapmakoio2uyeckoeo npenapama mpeoyem co8epuleHHbIX 3HaHUU U UCCIe008aHULL €20
DUUKO-XUMUYECKUX CBOUCMS, A MAK Jce OeliCmBuUsi Ha Yelo8eyecKull opeanusm. B muposou
Jumepamype onucamvl 08a cnocoda coeouHeHUsi MazHus ¢ UOHOM TUMOHHOU Kuciomul. Ilepauvlii,
Kopoa 00UH KAMUOH MACHUSL NPUCOEOUHAEMCS K OOHOMY AHUOHY JTUMOHHOU Kucromvl(1:1).
Bmopoii, kocoa mpu Kamuoua MacHus cOeOUHAIOMCA ¢ 08YMs AHUOHAMU YUMPAMA — MA2HULL
yumpam (3:2), mpumacnuti ouyumpam uiu mpumacnuti yumpam. llosedenue maxux coeounenuil
6 pacmeope He Ovllo uccredosano. lLlervio OdauHol  pabomvl  ObLIO  UCCIEO08AHUE
INeKMpPOPU3UUECKUX CBOUCME 800HO20 pacmeopa yumpama mazrus (3:2). Memoowt: [losedenue
yumpama mazhus 8 600HbIX PACMBOPAX PA3HOU KOHYeHmpayuu 6wi10 ucciedogarno Memooamu
AmMoMHO-aOCOPOYUOHHOU CREKMPOCKONUY, KOHOYKIMOMempUuU u uoHomempuu. /{is uccie0osanus
ObLIL 834M NOPOWOK YUMPAMA MA2HUSL, KOMOPbLU ObLI NOTYYEH MEmMOOOM AK8AHAHOMEXHOIO2UU C
opymmo-ghopmynoti C12H10MQ3014-14H20. Pezynvmamot: Ycmanosnennoe cooepacanue macHus
6 uccredyemom pacmeope cocmaegiano 0,86 me/n, umo no pe3yrbmamam  paciemos
noomeepoicoaem Opymmo-gopmyny OaHHO20 Bewecmsed U 03Haydem, Yymo 8 OOHOM 2epamme
nopowka cooepxcumcs 86 me maenus(8,6%). Cpedvl 6cex uzyuaemvix pacmeopos Ovliu
crabokucivle, Onuskue K HeumpanvHeim. Ilpu pazeedenuu ucxooHozo pacmeopa pH
VBeIUYUBANOCH, A 3ameM YMEHbUIAI0Ch, NPUOIUNCAACL K 3HaveHuto pH ououcmunnuposanotul
800b1. 3HaueHUe MOJIAPHOU 2NEKMPONPOBOOHOCHU NPU OECKOHEUHOM pa3oaeieHuu 01 yumpama
Mmaznus cocmaenano 534.32 Cu*cm?/monw, umo a6nsemcs ceudemenbCmeom Haludus 8 pacmeope
OOILUIO20 KOTUHECMBA MHO203APANCEHHBIX yacmuy. Qbcyyncoenue: B pesyrvmame nposedennozo
UCCe008aAHUSL  MEMOOOM  AMOMHO-AOCOPOYUOHHOU — CHEKMPOCKONUY Oblla  NPaAKmu4ecKu
noomeepoicoena opymmo-popmyara yumpama macnus Ci2H10MQ3014 ¢ 14H20, nonyuennoco
MemoOOM aK8AHAHOMEXHONO2UU. YCMAHOBIEHO, YO 9Ma COlb MPYOHOPACMBOPUMA U 0Opazyem
pacmeopvl  CIaOOKUCION  peakyuu, OUCOYUUpys npu dmom Ha O01buloe KOIUYECHEo
MHO203aPAOHBIX YACUY,.

Knwouesvie cnosa: yumpam macuus, MOJSAPHAS — 9NEKMPONPOBoOHOCHb,  pH,
INEKMPOIUMULECKASL OUCCOYUAYUSL.

Introduction. Microelements play a significant part in processes of human vital functions.
The great importance for metabolic processes has such element as magnesium. Magnesium is
essential for protein synthesis, keeping the normal function of nervous system and cardiac muscle,
removing excess cholesterol from the body etc [1]. The deficiency of that element provokes such
diseases as osteoporosis, arthritis, migraine etc [2]. That is why it is necessary to receive adequate
dose of magnesium, which can be supplied with food products and/or food additives. As
magnesium natural forms in the food products are either almost absent or hardly digestible, there
is necessity of its (magnesium) alternative way of supply to the human body.
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There are different forms of ingress of magnesium to the human body: mineral form as magnesium
oxide, organic one as compounds of magnesium and organic acids. Certainly the most effective
form is magnesium citrate [3].

The analysis of researches and publication. The researches of magnesium
bioassimilability by the human organism have shown, that magnesium organic compound in the
form of citrate had significantly higher bioavailability: 35-38% for organic form, 5% for inorganic
[4]. Therewith magnesium citrate doesn’t provoke irritation of gastrointestinal tract mucous
membrane and citrate-ion fully transform into water and carbon dioxide by the human organism
[5]. There is pharmacological preparation of magnesium in the form of the chelate compound with
citric and malic acids, which called magnesium chelate [6]. In agriculture also used magnesium
fertilizer in the form of chelate [7].

In food industry magnesium citrate is used as synergist of antioxidants, stabilizer, acidity
regulator, color retention agent, salt substitute — food additive E345 [8].

Active using of magnesium citrate as food additive and pharmacological drug demands
perfect knowledge and researches of its physicochemical properties and also the effect on human
body.

However there aren’t any systematic analyses of the magnesium citrate behavior in the
solutions, namely, in this form it is absorbed by a living organism.

The world scientific literature describes two ways of combination of magnesium with
citrate-ion. The first, when one magnesium cation is connected with one citrate-ion (1:1). That
compound called magnesium citrate. It is white powder with weak sour taste. It is soluble in water
(20g/100ml), better soluble in hot one. The solution of magnesium citrate smacks of citric acid.
The content of pure (atomic) Mg?" in magnesium citrate reaches to 11%. The second, when 3
magnesium cations are connected with 2 citrate-ions. The name of that compound is magnesium
citrate (3:2), trimagnesium dicitrate or trimagnesium citrate. Also that compound often called just
magnesium citrate. Magnesium citrate (3:2) — white powder, not very soluble in water and has a
bitter taste [9].

The purpose of study. The purpose of this study has been to research electrophysical
properties of magnesium citrate (3:2) aqueous solutions.

Objects and methods of research. For the research has been used the powder of
magnesium citrate, which has been kindly given by “Avatar” firm (Kiev) and obtained by the
method of aquananotechnology [10]. Preliminary X-ray analyses have ascertained, that given
compound has had gross-formula C12H10Mg3O14-14H,0. That means that it is crystalline hydrate,
in which 3 magnesium-ions connected with 2 citric-ions.

The analysis of magnesium content in the solution has been conducted by the method of
atomic absorption spectrometry (AAS) at atomic absorption spectrometer Perkin EImer AAnalyst
400. The acidity of the solutions has been measured by HANNA pH meter “PICCOLO”

Specific conductance has been measured at conductometer HANNA EC214.

Results and Discussion. One gram of powder has been dissolved in one litre of bidistilled
water. For the identification of magnesium content, obtained solution has been analyzed be the
method of atomic absorption spectrometry (AAS) at atomic absorption spectrometer Perkin Elmer
AAnalyst 400. As instrument readings have gone beyond the calibration curve, initial solution has
been diluted with bidistilled water in a 1:100 ratio and analyzed again. Identified content of
magnesium has been 0,86 mg/l. So, in considering of dilution which has been made, it is
ascertained, that 1g of given powder of magnesium citrate contains 86 mg of magnesium (8,6%).

Theoretical calculation according to the gross-formula C12H10Mg3014:14H20 (M=702,9
g/mol) shows, that the content of magnesium in 1 g of powder is 103,7 mg. So, X-ray analyzed
gross-formula of magnesium citrate is close to real.
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The acidity of initial solution of magnesium citrate has been measured by HANNA pH
meter “PICCOLO” and has been pH= 5,78, so, the medium has been weak-acid. PH value of the
solutions practically doesn’t depend on its dilution.

The results of acidity measurement of solutions at temperature in the range 16,2-17,8 °C
for 3 series of dilution shown in table 1.

The medium of all researched solutions is weak-acid, near-neutral. By the dilution of the
initial solution pH value increases and then decreases to pH of bidistilled water. At 0,0000285
mole/l concentrations is observed abnormal deviation at dependence acidity of medium-
concentration.

The electroconductivity of magnesium citrate solution has been researched at
conductometer HANNA EC214 at 18 °C. For that the initial solution has been serially diluted with
bidistilled water (Experiment 1).

Table 1
pH value of magnesium citrate solutions with different concentration

C-10°, pH

mol/l Experiment 1 Experiment 2 Experiment 3

0(H20) 6,16 5,98 6,09

0,143 - 6,25 6,23

0,285 - 6,18 6,18

0,713 - 6,38 6,38

1,425 6,40 6,44 6,45

2,850 6,89 6,88 6,85

3,563 6,40 6,40 6,38

4,750 6,41 6,42 6,43

7,125 6,34 6,35 6,35

14,250 6,27 6,29 6,31
142,500 5,69 5,75 5,77

At the same time has been prepared the series of solutions with multiple generally accepted
values of magnesium citrate concentrations in the solutions (Experiment 2). The results of the
researches are represented in table 2. Specific conductance of the solutions is represented without
electroconductivity of water which are equal to 1,4 pS/cm(Experiment 1) and 1,8 uS/cm
(Experiment 2).

Table 2

Specific conductance of magnesium citrate solutions with different concentration

Experiment 1 Experiment 2
Ne C-105, %108, C 105, x- 108,
mol/| Slcm mol/l Slcm
1 0,143 0,7 0,200 1.2
2 0,285 2,8 0,400 2,8
3 0,713 3,0 0,800 3,0
4 1,425 4,2 1,000 3,6
5 2,850 7.3 2,000 6,3
6 4,453 11,1 4,000 10,5
7 8,906 18,2 8,000 17,2
8 17,813 29,4 10,000 20,2
9 35,625 51,4 20,000 34,3
10 71,250 90,9 25,000 41,6
11 142,500 168,0 50,000 73,7
12 100,000 130,1
13 200,000 123,45
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According to experimental values of specific conductance have been calculated the values of molar
conductivity of magnesium citrate solution. The results are shown in table 3.

Table 3

Molar conductivity of magnesium citrate solutions with different concentration

Experiment 1 Experiment 2
Ne C-10°, A, S-cm?/ C-10°, A, S-cm?/
mol/l mol mol/l mol
1 0,143 4912 0,200 600,0
2 0,285 982,5 0,400 700,0
3 0,713 4211 0,800 375,0
4 1,425 2947 1,000 360,0
5 2,850 256,1 2,000 315,0
6 4,453 249,3 4,000 262,5
7 8,906 204,4 8,000 215,0
8 17,813 165,1 10,000 202,0
9 35,625 1443 20,000 1715
10 71,250 127,6 25,000 166,4
11 142,500 117,9 50,000 1474
12 100,000 130,1
13 200,000 123,45

As electroconductivity has been abnormal high, it was agreed to carry out the control
experiment with the reference substance — KCI at equal conditions in order to corroborate the
correctness of the experiment. The results of the control experiment are represented without
electroconductivity of water, which is 1,4 uS/cm (table 4).

Table 4
The electroconductivity of potassium chloride solutions with different concentration
Concentration Specific 'V'O"”!f .

conductance conductivity
No C-10% mol/l x-10% S/cm A, S*cm?/mol
1 0,10 12,2 122
2 0,20 23,7 118,5
3 0,25 46,2 184,8
4 0,50 57,6 115,2
5 1,00 114,2 114,2
6 2,00 219 109,5
7 4,00 444,7 111,2
8 5,00 551,8 110,4
9 10,00 1083,6 108,4
10 12,50 1216,6 97,3
11 25,00 2338,6 93,5
12 50,00 4605,6 92,1
13 100,00 9981,6 99,8

The graphical display of the results is shown at pictures land 2.
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Pic.1. Specific conductance-concentration relation of solutions: 1 — magnesium citrate
(experiment 1); 2 — potassium chloride 5
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Pic. 2. Molar conductivity-concentration relation of magnesium citrate solutions:
1 - experiment 1; 2 - experiment 2.

It can be seen from the graphs, that every experiment has one error value. It is rejected at
further mathematical treatment of the results. Obtained curves of the results can be described by
exponential equation which is correct for diluted solutions:

—-X —-X
y = Aletl +A28t2 +y0
The parameters of the equation are represented in table 5.
The results of the mathematical treatment are shown at pictures 3 — 5.

Table 5

The parameters of the equation of molar conductivity-concentration relation of magnesium
citrate and potassium chloride solutions

Parameters Magnesium citrate Potass_ium
Experiment 1 Experiment 2 chloride
A1 143,21 171,13 24.70
Az 271,03 227,08 13,10
ty 16,64 12,47 10,84
t2 1,01 0,87 0,13
Yo 122,37 133,82 91,31
R? 0,977 0,990 0,956
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Pic. 3. Mathematical treatment of experimental molar conductivity-concentration relation
of magnesium citrate solutions (experiment 1)
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Pic. 4. Mathematical treatment of experimental molar conductivity-concentration relation
of magnesium citrate solutions (experiment 2)
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Pic. 5. Mathematical treatment of experimental molar conductivity-concentration relation
of potassium chloride solutions

As confidence interval (R?) verges towards 1, it is safe to say, that chosen type of function
and mathematical treatment of the experimental results are correct.
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According to derived equation, calculated value of molar conductivity for potassium
chloride at infinitely dilution of the solution at 18 °C is 129,11 S-cm?/mol, that almost agrees with
tabulated value [11], which is calculated according to Kohlrausch’s law - 129,9 S-cm?/mol.

For magnesium citrate the value of molar conductivity is calculated according to approximation
equations: for experiment 1 — 536.61 S-cm?/mol; for experiment 2 — 532,03 S-cm?/mol. Better
reproducibility of the results couldn’t be reached because of low values of the specific conductance
of high-diluted solutions, which verges towards values of the bidistilled water. So, as a true value
of the molar conductivity at infinitely dilution of the magnesium citrate solution should be taken
the average value of two experiments, which is 534,32 S-cm?/mol.

In any case, the molar conductivity at infinitely dilution of the magnesium citrate solution has
really high value. That points at the presence of large quantity of multi-charged particles.

Conclusions

As the result of the experiment by the method of atomic absorption spectrometry (AAS)
the gross-formula of magnesium citrate C12H10MQ@3014-14H20, which has been obtained by the
method of aguananotechnology, has been corroborated in practice. It is ascertained, that the salt is
not very soluble in water, forms weak-acid solutions and is dissociable into the large quantity of
multi-charged particles

Literature

1. Romani, Andrea, M.P. Chapter 3. Magnesium in health and disease. In Astrid Sigel,
Helmut Sigel, Roland K.O. Sigel. Metal ions in life science, Vol. 13 “Interrelations between
essential metal ions and human diseases”. Springer, 2013. P. 49-79.

2. J. Ayuk, N.S. Gittoes. Contemporary view of the clinical relevance of magnesium
homeostasis. Annals of clinical biochemistry, 2014. Vol. 51. No. 2. P. 179-188.

3. J.S. Lindberg, M.M. Zobitz, J.R. Poindexter, C.Y. Pak. Magnesium bioavailability from
magnesium citrate and magnesium oxide. J Am Coll Nutr, 1990. Vol. 9. No. 1. P. 48-55.

4. C. Coudray, M. Rambeau, C. Feillet-Coudray, E. Gueux, J.C. Tressol, A. Mazur, Y.
Rayssiguier. Study of magnesium bioavailability from ten organic and inorganic Mg salts in Mg-
depleted rats using a stable isotope approach. Magnes Res, 2005. Vol. 18. No. 4. P. 215-223.

5. G.B. Gonzalez, C.Y. Pak, B. Adams-Huet, R. Taylor, L.E. Bilhartz. Effect of potassium-
magnesium citrate on upper gastrointestinal mucosa. Aliment Pharmacol Ther, 1998. Vol. 12. No.
1. P. 105-110.

6. Access mode: http://natr.ru/catalog/abc/magnij-helat.

7. Access mode: http://www.dolina.ua/ru/catalogue-agribusiness-and-agricultural-
companies/oracle-mikrodobrivo-chelate-magniyu-14.html.

8. Buldakov, A.S. 2003. Food additives: handbook. St-Petersburg, Ut. 436p. (in Russian).

9. US patents 4959222, Karl J. Nadland et al, “Magnesium additive for nutrients, feed, and
medicaments”, issued 1990-Sept-25.

10. UA patent for utility model No. 38391, Kosinov M. V., Kaplunenko V.H., “Method of
obtaining metal carboxylates “Nanotechnology of obtaining carboxylates of matals*, issued 2009-
Jun-12 (in Ukrainian).

11. Brief handbook of physicochemical quantities. 7*" Edition, corrected / N. M. Baron, E.
I. Kviat, E. A. Podgornaia, A. M. Ponomareva et al; edited by K. P. Mishchenko, A. A. Ravdel.
Leningrad, “Chemistry”, 1974. P. 114-118. (in Russian).

Food Resources, Ne 7, 2016 204


http://natr.ru/catalog/abc/magnij-helat

