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ABSTRACT

The paper considers a triple complex system of tomato, water and sodium nitrate. Taking into
account the average macronutrient composition and moisture content of field and greenhouse
tomatoes, physicochemical modeling of the system was carried out tomato-water-sodium
nitrate. The hydrogen index of tomato was determined at various temperatures and it was noted
that tomato medium was acidic. It is shown that with an increase in the content of sodium nitrate
in the system: tomato - water - sodium nitrate within the temperature range from 278 to 293 K,
the hydrogen index of tomato increases, i.e. the process of neutralizing the acidic medium based
on sodium hydroxide proceeds. The calculated hydrogen value of tomato corresponds to the
experimental values of pH = 3.3-4.38. The obtained results made it possible to determine the
distribution of individual simple and complex cations and anions in water-salt solution, as well
as to establish the values of redox potential, and thereby revealed the antioxidant nature of
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1. Introduction

Currently, the study of oxidation process in biological
systems, specifically deceleration aging process of human
body are relevant task. Accordingly, an active search for
antioxidants based on plant materials with the highest content
of lycopene in order to limit the oxidation of biogenic
elements carried out [1; 2; 3]. It should be noted here that
lycopene is most often found in vegetables of red color
(tomato, watermelon etc.) [4; 5]. Noted, that tomato (tomato
from lat.) is a thermophilic plant and in tomato the amount of
water is more than 90%., which grows well in fertile soils,
using nitrogen, phosphorus, potassium, i.e. stimulating the
process of bioremediation of technogenic soil [6; 7]. For
example, the toxic effect of nitrate and sodium nitrite on
germinating seeds and nitrogen in relation to tomatoes was
considered and the chemical composition of the tomato [8; 9]
was also given in studies [10; 11]. In the study [12; 13] the
influence of wvarious plant growth regulators and
micronutrients on the content of micronutrients in tomatoes

was studied; the effect of various soil pH on the growth of a
tomato was considered in the

studies [14; 15]; in [16; 17; 18] the effect of nitrogen fertilizers
on the content of nitrates in salad was indicated; the role of
macronutrients and micronutrients in improving the quality of
tomatoes was noted in [19]; influence of temperature, pH and
food additives on the content of volatile products of tomatoes
was given in [20; 21]; nutrients in tomato based on the use of
vermicompost and chemical fertilizers are indicated in [22;
23]; the influence of potassium on the quality of tomato fruit
was considered in [24; 25], and in [26; 27] the influence of
fertilizers on the yield of some minerals in tomato were
shown, and the efficiency of biohumus in the quantitative and
qualitative growth of tomato plants; the reaction of foliar
application of boron to vegetative growth, the quality of
tomato yield were studied in [28], and in [29] the influence of
zinc and boron on the growth, flowering and fruiting of
tomatoes, as well as the effect of foliar application of ferrous
sulfate and citric acid, and quality tomato plants; the
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composition of tomato fruit were studied in [30]; the influence
of boron, calcium and surface moisture on the quality of fresh
tomatoes was considered in [31].

The brief review of the literature shows that the study of the
influence of temperature, pH, concentration of mineral salts,
including sodium nitrate [32; 33] on the activity of the
bioremediation process of the soil-tomato-fertilizer system, is
a very useful research.

2. Materials and methods

Physicochemical modeling of the system tomato-water-
sodium nitrate was carried out by searching for potentially
possible phases in equilibrium, distributing components and
particles, and also the composition of the system by chemical
elements while minimizing the isobaric-isothermal potential
[34; 35; 36; 37]. The calculation included the use of
macronutrient composition and the moisture content of the
tomato, as well as the calculation of the thermodynamic
characteristics of the system at various temperatures (278-298
K) and sodium nitrate concentrations (29.3-50 mg). The
verification and comparison of various basic sources, as well
as the processing, correction and visualization of the
thermodynamic parameters of the system studied above, were
carried out taking into account the molar ratio of all
components over a wide range of temperature changes (P =
0.1 MPa). The thermodynamic parameters of the system (AG,
AH, AS, AU), equilibrium compositions, pH, Eh, ionic
strength (1) of the aqueous tomato solution were calculated.
The concentration distribution of individual components and
particles (cations and anions) in aqueous solution of tomato
(Table 1-5). The humidity of the tomato (Wh2o = 935 g/kg)
was determined by the express method based on the drying
using humidity (OHAUS MB200) analyzer. The hydrogen
value of the tomato was determined on the basis of the pH-
meter (Denver Instruments) and was equal to pH = 3.64-4.38,
and the content of the gluten in the field tomato ranged from
5.6 to 5.68 %, in the green house tomato from 5.76 to 6.03 %.

3. Results and discussion

It was noted that the tomato was a thermophilic plant;
therefore, the physico-chemical modeling was carried out
within the temperature range from 278 to 293 K and
atmospheric air pressure. In the model calculations, only
macronutrients of tomato (mg/kg) were taken into
consideration: calcium-140, magnesium-200, sodium-400,
potassium-2900, phosphorus-260, chlorine-570, sulfur-120;
water content in tomato H,O = 935 g/kg; the content of sodium
nitrate in the system varied from 29.3 to 50 mg/l. The chemical
composition of the tomato (per 100 g/g) was given according
to the data of [38]: proteins-0.6, fats-0.2, carbohydrates-4.2,
starch-0.3, ash-0.7, organic acids-0.5, mono- and
disaccharides-3.5; microelements (per 100g/mg): iron-0.9,
zinc-0.2, iodine-2ug, copper-110pug, manganese-0.14,

selenium-0.4 pg, fluorine-20 pg, molybdenum-7 pg, boron-
115 pg, cobalt-6 pg. Table 1 shows the data obtained at the
optimal temperature of growth of a tomato equal to 20 °C.

Table 1. Physicochemical and thermodynamic parameters of the
system: tomato-water-sodium nitrate.

Temperature,  Pressure, Volume, Mass, kg Density,
K MPa m3 kg/m?
293.15 0.1 0.0293 0.98 33.58

G, MJ H, MJ S, kJ/IK U, MJ Cp, kJ
-12.92 -15.44 4.01 -15.44 1.78
Cnanos, mg/l Eh, B pH lon TDS,
strength mg/kg

sol
29.3 -0.53 3.36 10 1092.73

Table 2. Phase parameters of the system: tomato-water-sodium
nitrate.

Volume, Mole Density,

Name phase m? quantity Mass, kg kg/m® Weight %
AqueousSol. 3.79-106  2.38-10* 7.61-10% 2.01-10° 0.77283
Liquid 2.93:102 5.27-10% 9.74-107 33.2  98.90978
Sulfur (S)  5.84-10%  3.74.10% 1.20-10“ 2.05-10° 0.01218
KCI 0 4.03-10° 3.00-10° 0 0.30519

Table 3. Distribution of chemical elements of the system: tomato-
water-sodium nitrate.

Chemical  Chemical . Chemical
Molality mg/kg sol -
elements component potential
Ca 0.003493 1.28 5.13-104 -105505
Mg 0.008229 3.01 7.32:10% -79752
Na 0.017744 6.50 1.49-10° -48403
K 0.074172 12.4 4.85-10° -53759
P 0.008394 3.07 9.52-10* -3488
Cl 0.046658 2.32 8.23-10* -43934
S 0.003742 0 0 38
N 0.000345 0.126 1.77-108 -40802
C 1 22.2 2.67-10° 51310
H 103.8314 28.9 2.91-10% 8173
0 53.90142 53.7 8.58-10° -73828
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Table 4. Distribution of components and particles of the system:
tomato-water-sodium nitrate.

Components Molality Mole mglkg sol Coeff.
and particles quantity activity
AqueousSol

CO2 4.01-10° 1.10-107  1.77-10°  6.8897
Ca*? 0.589 1.61-10° 236 19.322
CaCl* 0.69 1.88-10° 521 5.1448
CaOH* 7.79-10t  2.13-10%% 4.45.10° 3.764
Cr 5.09-10°¢ 1.39-10®%  1.81-10% 4.9-10%
HCOz 22.2 6.07-102  1.00 1.5-104
H2PO2 2.89-10° 7.89-10% 1.88-10° 1.0-10*
H2PO3’ 3.07 8.39:10° 2.49-10> 3.4-10°
HCOs 3.02:1012  8.25-10% 1.84.10%0 1.1
HPO32 5.28:10° 1.44.101  4.22-.107  1.2:10°
HPO42 24710  6.73-10%% 2.37-10% 1.0-10%°
K* 12.4 3.39:102 4.85-10>  0.2817
Mg(HCOs) 3.15-10° 8.60-10® 2.69-10° 15515
Mg* 1.53 4.18-10°% 371 3.4
MgCI* 1.48 4.05-10°% 887 1.6
MgOH* 1.25-10°¢° 3.41.10* 516-10% 100
NH4* 1.26-101 3.45.10%  2.28e 0.197
Na* 6.35 1.73-102  1.46-:10>  1.2706
H* 6.04-10°3 1.65-10°  6.09-10°  0.0494
H20 385 1.05-10  1.90 1
Liquid

CO2 - 9.39:-101 4.24 1

H20 - 51.5 95.34 0.0052
S - 3.74-10° 3.84 1

KCI - 4.03-102  96.16 1

Table 5. Gases parameters of the system: tomato-water-sodium
nitrate.

Log

Components Fugacity Log_ Partial partial Coeff.
fugacity pressure fugacity
pressure
NHs 4.19-10°0 -9.38 4.19-10% 93 1
CO2 1.78-107 -1.75  1.78:10% -1.7 1
N2 9.85-1062 -61.0 9.85-10%  -61 1
02 1.00-107° -110 1.00-107  -110 1
H20 4.26-10°° -2.37  4.26:10° -2.3 1

The hydrogen index of a tomato (Table 1-5, Figure 1) at
different temperatures was equal to: 278K, pH =3.34; T =283
K,pH=3.35T=288K,pH=3.36;T=293K,pH=3.36;T
=298 K, pH = 3.37, i.e. the medium was acidic (Figure 1).
Antioxidation nature of the aqueous solution of the tomato
was caused by the values of the oxidation-reduction potential
of the tomato (Eh, B): T =278 K, Eh =-0.540; T = 283 K, Eh
=-0.535; T =288 K, Eh =-0.529; T =293 K, Eh =-0.523; T
=298 K, Eh =-0.518, where Eh <0 and the oxidizing medium.
It was noted that with increasing temperature, the acidity of
the tomato decreases (Figure 2). Negative values of the
thermodynamic parameters AG, AH, AU (Table 1-5) of the
system indicate the progress of the ion transport process in
phases (the ionic strength was | = 10), while the amount of
dissolved substances in 1 kg aqueous tomato solution was
(TDS, mg / kg): T =278.15K, TDS =1098.0; T = 283.15 K,

TDS =1092.7, T = 288.15 K, TDS =1087.5; T = 293.15 K,
TDS =1082.4; T = 298.15K, TDS = 1077.7.

3,38

el
e
.

y=-3E-05x2 + 0.0179x + 0.5844
R*=10.956

3,32 - ‘

280 290 300
T,K

Figure 1. The change in the pH of an aqueous tomato solution

depending on temperature, NaNOs content of 29.3 mg/I.

-0,51 T . .
0,53 //
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Figure 2. Change in the redox potential of an aqueous tomato
solution depending on temperature, NaNOz content of 29.3 mg/I.

With the increase of sodium nitrate in the system: tomato
(macroelements) - water - sodium nitrate within the
temperature range from 278 to 293 K the hydrogen index of
the tomato increases, i.e. the process of neutralizing the acidic
medium based on sodium hydroxide proceeds: NaNOs - 29.3
mg/l, pH = 3.34-3.37; NaNO;3 - 29.5 mg/l, pH = 3.63-3.66;
NaNOs3 -29.6 mg/l, pH = 3.87-3.94; NaNOs - 29.7 mg/l, pH =
4.31-4.47; NaNO;3 - 30 mg/l, pH = 4.76-4.89; NaNO; - 35
mg/l, pH = 4.77-4.89; NaNOs - 40 mg/l, pH = 4.77-4.89;
NaNOs3 - 45 mg/l, pH = 4.77-4.9; NaNOs - 50 mg/l, pH = 4.78-
4.9. It should be noted that the calculated hydrogen value of a
tomato determined on the basis of the model compiled
corresponds to the experimental pH values measured by the
Denver instrument (pH = 3.3-4.38). The total weight balance
in the phases was 100% (Table 1-5), and thus confirm the
adequacy of the calculated results obtained on the basis of the
proposed model of the system: tomato-water-sodium nitrate.

It can be seen from Table 6 that as the temperature of the
aqueous tomato solution increases, the concentrations of
CaOH*, CI, H,PO;, HCOz, HPOs* increase, and such
particles as Ca', Mg(HCOs)* decrease slightly.
Concentrations of CaCl*,HCO,, H,POs, HPO,#, K*, Mg*?,
MgCIl*, MgOH*, NH.*, Na*, NaCl*, H*and H,O remain
constant.
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Table 6. Concentration distribution of cations and anions in an aqueous tomato solution as a function of temperature. The content of
NaNOs = 29.3 mg/l.

Temperature, K

Particle distribution in moles

278.15 288.5 293.15 298.15
Ca*? 1.8-10°3 1.67-103 1.61.103 1.55-10°3
cacl* 1.7-10°3 1.82:10°3 1.88-10°3 1.94-10°3
CaOH* 6.1-10'%4 1.43.10°13 2.13-1013 3.12-1013
cr 3.4-10° 8.91.10° 1.39-108 2.13-10°®
HCOz 6.0-102 6.07-102 6.07-102 6.07-102
HCOs 47-1015 6.7-1015 8.25.1015 1.01.104
HoPO2 1.1.10° 5.03-108 7.89:108 1.24.107
HoPOs 8.9-10°3 8.39:10° 8.39:10° 8.39-10°
HPO3 4.2:1012 9.76-1012 1.44-10°11 2.09-10°11
HPO. 3.2.1018 5.39-1018 6.73-1018 8.26-10'18
K* 3.3-102 3.37.102 3.39-10°2 3.41-102
Mg(HCO3)* 1.7-107 1.09-107 8.6-108 6.95-10
Mg*2 4.3-10°3 4.25.10° 4.18-10° 4.1-103

MgCl* 3.8-10°3 3.98:10° 4.05-10° 4.13-10°
MgOH* 1.2:1012 2.46-1012 3.41.1012 4.67-1012
NH4* 3.4-104 3.45.10 3.45.10 3.45.104
Na* 1.7-102 1.74-102 1.73-102 1.73-10°2
NaCl* 2.5:10 3.42.10" 3.95.10 4.52-10"
H* 1.6-10° 1.64-10° 1.65-10 1.66-10°
H20 1.0-101 1.04-10°1 1.05-10°1 1.07-10'1

With increasing sodium nitrate content in the aqueous tomato solution, the concentrations of CaOH*, H,PO,", HCO3", HPO3?,
HPO.,%*, Mg(HCO3)*, MgOH®*, H*were increased, and such particles as Ca*2, CaCl*, CI, HCOy, H,POs, K*, Mg*?, MgCI*,
NH4*, Na*, NaCl*, and H,O change a little or remain constant (Table 7).

Table 7. Concentration distribution of cations and anions in an aqueous solution of a tomato depending on the content of
sodium nitrate. Temperature is 293 K.

Particle Concentration of sodium nitrate in an aqueous solution of tomato, mg/I

gq'gtlg'sb““o” n 29.3 295 29.7 30.0 35.0 40.0 45.0 50.0
Ca*? 1.61-10%° 1.61-10° 1.61-10° 1.61-10° 1.57.10%° 1.53.10%° 1.48-10%° 1.44.10%°
CaCl* 1.88-10%° 1.88-10° 1.88.10° 1.88.10° 1.83-10°° 1.79-10°° 1.74.10°° 1.69-10%°
CaOH* 2.13-101 4.15-1013 2.51-1012 6.66-1012 6.54-1012 6.42-1012  6.3-1012 6.18-1012
CI 1.39-108 1.39-108 1.39-108 1.39-108 1.39-108 1.38-10%  1.38-10®  1.37-10°%
HCOz 6.07-107 6.07-10? 6.07-10? 6.06-107? 6.04-10 6.01-102  5.99-102 5.97-10?
HCOs 8.25-10°1° 1.61-10'1 9.72.10 2.58-1013 2.60-1013 2.60-101°  2.62-108 2.64-101%3
H2PO2 7.89-108 4.07-10°8 6.73-10° 2.53-107° 2.51-10° 2.49-10° 2.47-10° 2.44.10°
H2PO3 8.39-10° 8.39-10° 8.39-10° 8.39-10° 8.39-10° 8.39-10° 8.39-10° 8.39-10°
HPOs* 1.44.10°1 2.81-10'1 1.69-10°10 4.52.1010 4.55-1010 4.62-101°  4.62-101° 4.66-10'1°
HPOs* 6.73-1018 2.56-10"17 9.35-10°16 6.61-10°1° 6.72-10'1 6.95-10%  6.95-10  7.07-1015
K* 3.39-10% 3.38-10% 3.38-10% 3.38-10% 3.37-10% 3.37-10% 3.36-10% 3.35-10%
Mg(HCOs)* 8.6-108 1.67-107 1.02.10% 2.7-10° 2.69¢-06 2.67-106 2.67-106 2.67-106
Mg*+? 4.17-10° 4.17-10° 4.17-10° 4.17-10° 4.13-10° 4.08-10°° 4.04-10°° 3.99-10°8
MgCI* 4.05-10°° 4.05-10°° 4.05-10°° 4.05-10°° 4.01-10°° 3.96-10°  3.92.10°  3.87-10°
MgOH* 3.41-1012 6.64-1012 4.01-101° 1.07-10°%0 1.06-10°10 1.06-10°  1.06-10°  1.05-101
NH4* 3.45-10% 3.47-10* 3.49-10* 3.53-10* 4.12-10* 4.71-10% 5.29-10* 5.88-10%
Na* 1.73-10%2 1.73-10%2 1.73-10%2 1.74.10%2 1.74.10%2 1.75-10%2 1.75-10%2 1.76-10%2
NaCl* 3.95-10% 3.95.10* 3.95.10* 3.95.10* 3.96-10* 3.97-10* 3.98-10* 3.99-10
H* 1.65-10° 8.46-10% 1.40-10% 5.26-107 5.2.107 5.14-107 5.08-107 5.04-107
H20 1.05-10t 1.05-101 1.05-101 1.05-101 1.05-10t 1.04-10t 1.04-10t 1.04-10t

Thus, the synergistic effect of temperature and sodium nitrate  H,PO,, HCO3z, HPOs%, where their content grows in an
were observed only in such complex pair particles as CaOH*,  aqueous solution of tomato due to their low migration, and
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apparently due to the significant partial pressure of carbon
dioxide and the chemical potential of the phosphorus-
containing particles in the system. (Table 1-5).

4. Conclusions

Physicochemical modeling of the system: tomato-water-
sodium nitrate was carried out. In the calculations, the
macronutrient composition and humidity of the tomato were
used at various temperatures and concentrations of sodium
nitrate. The hydrogen index of a tomato was calculated at
various temperatures, and it was noted that the medium of
tomato was acidic. With an increase in the sodium nitrate
content in the system: tomato - water - sodium nitrate within
the temperature range from 278 to 293 K, the hydrogen index
of the tomato increases, i.e. the process of neutralizing the
acidic medium based on sodium hydroxide proceeds. The
calculated hydrogen value of the tomato corresponds to the
experimental values of pH = 3.3-4.38. The oxidation-
reduction potential (Eh, B) of the tomato-water-sodium nitrate
system at different temperatures was established, and it was
confirmed that the medium was oxidizing (Eh <0). It was
noted that with increasing temperature, the acidity of the
tomato decreases. As the temperature of the aqueous tomato
solution increases, the concentrations of CaOH*, Cl-, H.PO",
HCOs, HPOs* increase, and such particles as Ca*?
Mg(HCOs3)*  decrease  slightly.  Concentrations  of
CB.C|+,HCOZ', H,POg, HPO42', K+, Mg+2, MgCI*, MgOH*,
NH4*, Na*, NaCl*, H* and content of H,O remain practically
constant. With increasing sodium nitrate content in the
aqueous tomato solution, the concentrations of CaOH?,
H,PO;, HCO3', HPO3%, HPO4%, Mg(HCOs3)*, MgOH*, H* are
increased, and such particles as Ca*?, CaCl*, CI, HCOy,
H,POgs, K*, Mg*2, MgCI*, NH4*, Na*, NaCl*and H;O change
little or remain constant. The synergistic effect of temperature
and sodium nitrate was observed only in such complex pair
particles as CaOH*, H,PO,, HCOs, HPO3%, where their
content grows in an aqueous solution of tomato due to their
low migration, and apparently due to the significant partial
pressure of carbon dioxide and the chemical potential of the
phosphorus-containing particles in the system.
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