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Abstract
The aim of the work was to determine the concentration of nitrites in vegetable products (tomatoes, cucumbers, white cab-

bage, table beet, carrot, potatoes, onion and green onion, lettuce, spinach and parsley), realized at markets of the cities Ternopil, 
Kamianets-Podilskyi and Chernivtsi (Ukraine), to separate the distribution of nitrates in vegetables and also to study the influence 
of lactic microflora on the nitrate content at pickling tomatoes. It was established, that vegetables with the maximum exceed of maxi-
mum permissible concentration (MPC) by the nitrate content up to 1,6 times for products of closed soil are realized at markets. For 
open soil MPC exceed was in average 2,1 times. It was revealed, that most realized samples of tomatoes and leaf salad vegetables 
have the over-normative exceed of nitrates up to 35 %, and onion – the least one – 20 %. It was established, that nitrates accu-
mulate in different parts of a fruit. In cucumbers, carrot, potato and table beet, the least quantity of nitrates accumulate in the 
external part of vegetables (near the surface), and the most one – in the central part. At the same time in cabbage and tomatoes, 
on the contrary, the least quantity – in the central part, the most one – in the area near the base of vegetables (stump). It was es-
tablished, that at pickling tomatoes with the nitrate content within MPC lactic fermentation takes place with the intensive growth 
of titrated acidity, the decrease of the nitrate content takes place at this process. Under conditions of pickling tomatoes with the 
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nitrate content two times more than MPC, the pickling process is a bit decelerated, but the nitrate content decreases to the safe 
level in a finished product. It was established, that vegetables with the nitrates quantity within 1500 mg/kg and more cannot be 
used in the pickling technology because of the bacteriological influence of nitrates on lactic microflora. Vegetables with such nitrate 
content must be obligatory condemned. 
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1. Introduction
Last time the influence of nitrates and nitrites on the human organism grew that was reflect-

ed on health [1]. This problem appeared, first of all, as a result of the system use of high doses of 
nitrogenous fertilizers. That is why the content of nitrates in vegetable products mainly depends 
on the uncontrolled use of nitrogenous fertilizers. Along with it nitrate food additives are the ad-
ditional source of nitrogenous substances in animal products. Food additives are added in meat 
products for improving organoleptic parameters and inhibiting conventionally pathogenic micro-
flora [2]. According to scientists’ data, the important share of agricultural vegetable products in 
Ukraine includes nitrates in amounts that exceed the maximum permissible level (MPC) [3]. The 
permissible dose of nitrates for a human at taking by the organism with food products and water is 
5 mg/kg a day [4, 5]. The permissible day dose of nitrates for an average adult is near 325 mg [6]. 
Coming in the human organism, nitrates are fast absorbed in the gastrointestinal tract, and then 
transform hemoglobin in methemoglobin, as a result the condition of hypoxia of cells appears [5, 7]. 
But today the problem of the influence of nitrates on the human organism has mainly not acute, but 
chronic course [8]. As far as the organism compensate a certain part of nitrates effect, the chronic 
form is practically not diagnosed. Along with it, creation of strongly toxic N-nitrocompounds that 
are precursors of the big group of carcinogenic substances of nitrates in the gastrointestinal tract 
is possible [5, 6]. 

According to research data [9, 10] vegetable products, realized in Ukraine, contain 10–30 % 
over-normative concentration of nitrates. Most of these products are realized in the spring-summer 
period. At that in some cases the nitrate content exceeds MPC in several times. Investigations in-
form that vegetables with the nitrate content more than the norm are also realized abroad [11–13]. 
So, different methods of decreasing nitrates quantity in vegetables before their consumption are 
offered. Thus, it was revealed, that the process of washing dill, lettuce, parsley and other green 
cultures that contain the very big quantity of nitrates decreases nitrates concentration up to 20 %. 
The process of two-hour soaking of these cultures in cold water decreases the nitrate content by 
30–60 %. Boiling of potato, beet, carrot (after peeling and washing) allows to decrease the quan-
tity of nitrates by 65, 35, 25 %, respectively [14–17]. But it is known, that the biological value also 
decreases at thermal processing. So the question of decreasing the nitrate content in vegetable 
products and also production of ready food products with the safe quantity of nitrates is the urgent 
problem till now. 

Investigations that elucidate the presence of nitrates in preserved and pickles vegetables and 
fruits are practically not found. So, there are no enough data about the nitrate content in preserved 
products. There is also a little scientific information about the influence of lactic microflora on the 
nitrate content in pickling technologies. 

Thus, taking into account negative results of effects of nitrates of food products on the hu-
man organism, it is necessary to organize monitoring studies of the quality of products and to use 
necessary technological means of processing that would give a possibility to decrease the nitrate 
content in food products, based on obtained data. 

The aim of the work was to determine the concentration of nitrites in vegetable products 
(tomatoes, cucumbers, white cabbage, table beet, carrot, potatoes, onion and green onion, lettuce, 
spinach and parsley), realized at markets of the cities Ternopil, Kamianets-Podilskyi and Chernivt-
si (Ukraine), to separate the distribution of nitrates in vegetables and also to study the influence of 
lactic microflora on the nitrate content at pickling tomatoes. 
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2. Materials and Methods

2. 1. Materials and methods of the study of the nitrate content and microflora of salted 
tomatoes 

The studies were realized at the scientific-research laboratory of the department of food 
biotechnology and chemistry of Ternopil national technical university, named after I. Piluy 
(Ukraine). The first part of the studies was in monitoring of the nitrate content in vegetables, 
realized at agroproduction markets of Ternopil, Khmelnytsky, Chernivtsi and Lviv regions 
(Ukraine). 

The second part of the studies investigated the influence of the technology of pickling to-
matoes with the different nitrate content on the dynamics of the change of microflora quantity and 
denitrification process. Tomatoes with the nitrate content within MPC– 137±10 mg/kg; two times 
more MPC – 619±32 mg/kg and 5 times more than MPC – 1576±114 mg/kg were used in the study. 
The experimental variants of tomatoes are presented on Fig. 1.

Fig.1. Experimental variants of tomatoes with the different nitrate content at pickling 

The pickling technology provided pouring tomatoes with a pickle (7,0 % of sodium chlo-
ride) and preliminary fermentation at the temperature 25±1 °С during 24 hours up to milk acid 
accumulation in amount of 0,3 %. After preliminary fermentation tomatoes were finally fermented 
at the temperature 9±1 °С during 20–30 days. In the first day of pickling and after preliminary fer-
mentation in 24 hours and in 10–20–30 days, the quantitative content of microflora, nitrate content, 
titrated acidity were determined in the pickle. 

Nitrate content in vegetable products was determined by the ionometric method using the 
nitratometer Н-401 (Ukraine) (Fig. 2). 

Fig. 2. Nitratometer device (Н-401)

The essence of this method is in fact that nitrates are extracted from vegetable products by 
1 % solution of aluminium alums with the further measuring of their mass share. 

Lactic microorganisms were determined on MRS-agar medium. Inoculations were incu-
bated in the thermostat at the temperature 42 °С during 48 hours for determining thermophiles 
(optimal temperature for these bacteria) and at 37 °С during 48 hours for determining meso-
philes (Fig. 3, а). Then the number of colony-forming units of microorganisms in 1 cm3 of the 
pickle was calculated. Bifidobacteria were determined on Bifidum-medium. Fir this aim 1 cm3 
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of tenfold solutions of the pickle was inoculated in 10 cm3 of medium, incubated in the thermostat 
at the temperature 37 °С during 48 hours and the number of colonies, formed in the medium, was 
calculated (Fig. 3, b). 

а                                                                b
Fig. 3. Growth of colonies: а – lactobacteria on MRS-agar medium in Petri dishes;  

b – bifidobacteria in Bifidum-medium in test-tubes at inoculation of the pickle of salted tomatoes 

Fungi and yeast were studied on Saburo medium at the incubation temperature in the ther-
mostat 28 °С during 3–5 days, daily observing the appearance of the growth of microorganisms 
(optimal conditions for fungi development). Spore-forming bacteria were determined on meat pep-
tone agar (MPA) after preliminary keeping samples on the water bath at the temperature 85 °С 
during 10 min. Inoculations were incubated at 30 °С during 72 hours (that is under classic standard 
incubation conditions). Clostridia were detected on Kitta-Tarocci medium at the temperature 37 °С, 
incubation of inoculations during 24 hours (optimal conditions for clostridia development). Titrated 
acidity was determined by the classic titrometric method [18]. 

3. Results
The results of the study of minimal and maximal quantities of nitrates in vegetable prod-

ucts, realized at markets of cities Ternopil, Kamianets-Podilskyi and Chernivtsi (Ukraine) are 
presented in Table 1. 

Table 1
Quantities of nitrates in vegetable products, realized at markets of the cities Ternopil, Kamianets-Podilskyi 
and Chernivtsy, n=135

Vegetable products Number of studied samples, n
Quantity of nitrates, mg/kg

MPC, mg/kg 
min max

Tomatoes 15 95 472 150/300

Cucumbers 15 112 564 200/400
White cabbage 15 309 1245 500/900

Table beet 15 612 2228 1400
Carrot 15 129 621 250/400
Potato 15 78 347 250
Onion 15 25 118 90

Green onion 15 379 1254 600/800

Leaf salad vegetables 
(lettuce, spinach, parsley) 15 1870 4575 2000/3000

Note: MPC in the numerator – for open soil; in denominator – for close soil (hotbed) 
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As it can be seen on the data of Table 1, vegetable products with the different nitrate con-
tent are realized at markets. The maximal exceed of MPC by the nitrate content was from 1,3 to 
1,6 times for vegetables of close soil. For open soil MPC exceed was in average 2,1 times. The data 
as to the number of samples of vegetable products with the nitrate content more than MPC are 
presented on Fig. 4. 

On Fig. 4 we can see that among studied realized vegetable products tomatoes and leaf 
salad vegetables had the over-normative nitrates content– 35 % of samples. In average there 
were sold 30 % of samples of cucumbers, cabbage, carrot and potato with the nitrate quantity 
more than MPC. The least number of samples with the nitrate content was revealed at realiza-
tion of onions. 

Fig. 4. Samples of vegetable products with the nitrate content more that the maximum permissible 
concentration, %, n=135

At studying the nitrate distribution in vegetables, it was established (Fig. 5), that in cu-
cumbers, carrot, potato and table beet, the least quantity of nitrates accumulate in the external 
part of vegetables (near the surface), and the most one – in the central part. At the same time in 
cabbage and tomatoes, on the contrary, the least quantity – in the central part, the most one – in 
the area near the base of vegetables (stump). 

a                                                                                   b
Fig. 5. Distribution of nitrates in vegetables: а – in cabbage; b – in cucumbers, mg/kg

So the studies indicate that realized vegetable products with the essential content of ni-
trates are dangerous for consumers’ health, because it can cause food intoxications [6, 7]. That is 
why there was offered to use vegetables with the over-normative content of nitrates in the pickling 
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technology. At such processing way the denitrification process takes place under the influence 
of lactic microorganisms, and the nitrate quantity in a ready product doesn’t exceed MPC. As an 
example, Table 2 presents the data of the influence of the tomato picking technology with the dif-
ferent nitrate quantity on the development of lactobacteria and denitrification process. 

Table 2
Characteristics of lactic and denitrification processes at pickling tomatoes with the different nitrate quantity 

Hours, days of 
pickling 

Initial quantity of nitrates in 
tomatoes 137±10 mg/kg

Initial quantity of nitrates in 
tomatoes 619±32 mg/kg

Initial quantity of nitrates in 
tomatoes 1576±114 mg/kg 

Titrated acidity Nitrate  
quantity Titrated acidity Nitrate  

quantity 
Titrated  
acidity Nitrate quantity 

Fresh pickle at tem-
perature 25±1 °C 0 137±10 0 619±32 0 1576±114

In 24 hours of active 
fermentation at tem-

perature 25±1 ºС
0,29±0,02 121±7 0,20±0,02 567±30 0,1 1576±112

In 10 days at tem-
perature 9±1 ºС 0,47±0,03 60±4 0,39±0,02 269±27 0,1 1620±113

In 20 days at tem-
perature 9±1 ºС 0,63±0,04 44±3 0,58±0,03 193±17 0,1 1584±111

In 30 days at tem-
perature е 9±1 ºС 0,71±0,04 28±2 0,70±0,04 132±9 0,1 1513±110

As it can be seen on Table 2, the growth of titrated acidity 0,29±0,02 un took place in 
tomatoes with the nitrate content within MPC 137±10 mg/kg already during active fermentation 
that indicate the development of lactic microorganisms. The nitrate quantity decreased in this peri-
od of time not essentially to 121±7 mg/kg. During next ten days of fermentation the development of 
lactic bacteria caused the growth of titrated acidity in 1,6 times, and the nitrate quantity decreased 
in 2,0 times compared with the first day of pickling. 

From the tenth to thirtieth day of fermentation there took place intensive lactic fermen-
tation, as a result of which titrated acidity increased in 1,6 times to 0,71±0,04 un, and the nitrate 
content decreased in 2,1 times and was 28±2 mg/kg.

The practically analogous tendency of the dentrification process was observed also at the 
nitrate content in tomatoes two times more than MPC (619±32 mg/kg) that characterized by the 
gradual growth of titrated acidity and decrease of the nitrate content. The differences were only 
in certain deceleration of the titrated acidity growth in first ten days of pickling. Some decrease 
of the titrated acidity growth is connected with the bacteriostatic influence on lactic microflora. 
But after finishing the pickling process the nitrate quantity in ready tomatoes was 132±9 mg/kg.

At the assessment of the pickling technology of tomatoes with the nitrate content 5 times more 
than MPC (1576±114 mg/kg) it was established, that the growth of titrated acidity doesn’t take place 
during the whole period. It indicates the absence of lactic microflora propagation and manifestations 
of denitrification properties. That is the nitrate concentration in tomatoes within 1500 mg/kg has the 
bacteriostatic influence of lactobacteria and pickling doesn’t take place. So, taking into account the 
fact that pickling is based on the development of lactic microflora, it can be used for processing many 
kinds of vegetables. Thus, these studies indicate that vegetable products with the nitrate content two 
times more than MPC within 600–700 mg/kg can be used in the pickling technology. 

4. Conclusions
It was established, that vegetables with the maximum exceed of MPC by nitrate content 

from 1,3 up to 1,6 times for products of closed soil are realized at markets. For open soil MPC 
exceed was in average 2,1 times. It was revealed, that most realized samples of tomatoes and 
leaf salad vegetables have the over-normative exceed of nitrates up to 35 % of samples. The 
least number of samples with the nitrate content was revealed at onions realization. It was estab-
lished, that nitrates accumulate in different parts of a fruit. 
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It was established, that at pickling tomatoes with nitrate content within MPC lactic fermenta-
tion takes place with the intensive growth of titrated acidity, the decrease of the nitrate content takes 
place at this process. Under conditions of pickling tomatoes with nitrate content two times more than 
MPC, the pickling process is a bit decelerated, but the nitrate content decreases to the safe level in 
a finished product. It was established, that vegetables with nitrates quantity within 1500 mg/kg and 
more cannot be used in the pickling technology because of the bacteriological influence of nitrates on 
lactic microflora. Vegetables with such nitrate content must be obligatory condemned. 

The obtained data indicate the necessity of continuous monitoring studies of the nitrate 
content in vegetables and allow to recommend the biological process of pickling for preserving 
vegetable products with the over-normative nitrate content. But at realization at markets or pro-
cessing at plants the determination of the nitrate content in vegetable products is not always carried 
out, so they are processed without taking this parameter into account. So, these studies allow to 
recommend vegetables with the nitrate content more than the maximum permissible concentration 
for pickling processing. 
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Abstract
The aim of this article is to investigate changes in the structure, color and microbiological parameters of milk-protein 

concentrates (MPC) made of buttermilk with the use of cranberry or viburnum purees in the process of storage. Necessary 
results were obtained after analyzing phase transitions, changes in color-parametric and microbiological characteristics of the 
studied products.


