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 Abstract 
 

 

Introduction. It has been determined the influence of 

drinking running water purified by clinoptilolite, rock crystal 

and activated charcoal on the vitamin content of wort and 

kvass. 

Materials and methods. The kvass made by kvass rye 

wort fermentation with the help of yeast Saccharomyces 

cerevisiae MP-10 was analyzed. The dry matter content was 

determined by the areometric method, the content of vitamins 

by the ability of test-cultures to grow in the presence of certain 
vitamins. Thiamine and riboflavin were determined by 

fluorometric method.  

Results and discussion. In the purified water, the total 

iron content was 0,01 mg/dm3, the total water hardness was 1,1 

mmol/dm3, the permanganate oxidation was 0,5 mg O2/dm3. 

The fermentation process was similar to both samples. While 

the total duration of fermentation of the experimental sample 

was 13% less, that is due to a decrease in the number of 

vitamins in the initial wort. The water mineral composition 

significantly influenced on the content of vitamins in the initial 

and fermented wort and kvass, in particular, the amount of 

thiamine and riboflavin in the prototype increased at an 
average 2.5 times, and the folic acid content at 5 times, that 

can be explained by the formation in the control sample of 

water insoluble complexes with bivalent metals. At using 

model solutions with an index of total water hardness of 5 

mmol/dm3, the thiamine content in the fermented wort 

decreased by 6,7 times compared to the wort with 

demineralized water. To ensure high levels of vitamins in the 

kvass, in particular thiamine, riboflavin and folic acid, process 

water should have a total hardness no more than 1 mmol/dm3 

and contain no iron ions. 

Conclusions. The use of purified water provides the 
increase in the content of vitamins in the kvass and getting the 

product with their correlation physiologically acceptable to the 

human body. 
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Introduction 
 

Soft drinks are not essential products, but they play an important role in the metabolism 

of humans [1-4]. Consumption of beverages should not only compensate for the loss of 

moisture and salts by the body, but also enrich it with vitally necessary biologically active 

substances, particularly, vitamins [1, 5-7]. 

When comparing different groups of soft drinks in terms of therapeutic and preventive 

and general health effects on the human body, fermented beverages are the most promising. 

Functional fermented beverages based on plant extracts have become significantly more 

widely used [10-13]. 

Bread kvass is one of the most popular fermented soft drinks, which is prepared on the 

basis of rye raw materials by alcohol fermentation [12-14]. In the process of life, yeast 
ferments carbohydrates with the formation of the main, secondary and by-products of 

metabolism, as well as vitamins and other biologically active substances [13, 14].  

Therefore, the introductions of innovative technologies that increase the biological 

value of bread kvass, in particular the vitamins content are topical issues of the industry's 

development. 

Water is one of the main components of bread kvass. However, most companies do not 

carry out additional water treatment as raw materials for kvass production [7, 12]. 

A promising trend in the food products technology, where water is raw material, is the 

use of natural minerals, in particular clinoptilolite and rock crystal, as well as active coal at 

the stage of water treatment [13, 15]. 

The purpose of the work is to study the influence of clinoptilolite, activated charcoal 

and rock crystal during the watertreatment stage on the vitamins content in the initial and 
fermented kvass worts and to determine their correlation according to needs of the human 

body. 

 

 

Materials and methods 
 

Purification of water and preparation of model solutions 

 

Treatment of drinking running water was carried out by clinoptilolite of Sokirnitsky 

field (Ukraine), activated charcoal and rock crystal in laboratory conditions under certain 

conditions (Patent 116963 Method of water treatment for the kvass production). 

Clinoptilolite was used to reduce the hardness of water and removal of heavy metals [16, 17]. 

The structure of clinoptilolite is tetrahedron, the vertices of which form eight-membered 

rings, inside of which there are water molecules («zeolite water»), and alkaline and alkaline 

earth metals cations. A large number of input windows on the surface has channels, which 

provide the use of clinoptilolite as a «molecular sieve» with the replacement of cations (the 

size of the input windows 3,5–4,8 A) [18, 19]. 
Activated charcoal was used to reduce the content of organic impurities and improve 

the organoleptic parameters of water [13, 20, 21]. 

Rock crystal was used in order to structure the water, correct the oxidation-reduction 

potential and remove foreign microflora [6]. 

In the purified water, the total iron content was 0,01 mg/dm3, the total water hardness 

was 1.1 mmol/dm3, the permanganate oxidation was 0,5 mg O2/dm3. For control, untreated 

water with a total iron content of 0,05 mg/dm3, a general hardness of 4,5 mmol/dm3, and a 

permanganate oxidation of 4,0 mg O2/dm3 were used. 
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For conducting experimental study the optimal parameters of technological water for 

the kvass production wort was prepared using demineralized water and with a certain amount 

of hardness salts and iron. 

The weight of a model substance was calculated by the formula: 

 

mрм = (Mрм·Cмр·Vмр)/Mрр 
 

where mрм is the weight of substance, by means of which the quality of technological water 

was modeled, mg; 

Mрм is the molecular weight of the substance used to prepare model solution, g/mol; 

Cмр is the concentration of model solution, mg/dm3; 

Vмр is the volume of the model solution, dm3; 

Mрр is the molecular weight of the soluted substance that needs to be modeled, g/mol. 

 

Preparation of kvass wort and kvass 

 

For the cultivation of yeast, the wort was prepared from kvass wort concentrate, sugar 
syrup and water with the concentration of dry matter 7,0–8,0 %. The wort for preparing kvass 

was prepared with the concentration of dry matter of 3,4–3,6%, it was fermented with pure 

yeast culture of Saccharomyces cerevisiae MP-10 (initial concentration of yeast cells in the 

wort was 0,6 mln/cm3 ) at a temperature of 34 С to reduce the content of dry matter to 0,8–

1,0 %. The kvass was prepared by mixing fermented wort separated from the yeast sediment 

to dry matter content 5,4–5,6 %. 

There were prepared two samples of kvass wort: 

control sample is wort on untreated water; 

experimental sample is wort on purified water. 

 

Determination of the vitamins content  

 

The vitamins content was determined by the microbiological method; Thiamine and 

Riboflavin by fluorometric method; the content of the Thiamine-Catechin complex by the 

permanganate Leventhal method [16]. 

As objects of research there were used: drinking water from centralized water supply in 

Lviv city, activated charcoal Silcarbon, rock crystal, clinoptilolite, kvass wort concentrate, 
sugar, yeast Saccharomyces cerevisiae MP-10 and finished bread kvass. 

 

 

Results and discussion 
 

Influence of water purification on the yeast cultivation process and kvass wort 

fermentation  
The biological value of kvass is largely due to the presence of vitamins which are 

growth factors, and the physiological activity of yeast depends on their amount [3, 4, 13]. 

The specific growth rate of yeast cells at the yeast cultivation stage is given in Table 1. 
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Table 1 
Specific growth rate of yeast 

 

Duration of 

cultivation, hours 

Specific growth rate, hours-1 

Control Experiment 

6 0,333 0,464 

12 0,368  0,495 

18 0,060 0,078 

24 0,022 0,028 

 

A higher specific growth rate of yeast on average of 1,3 times throughout the entire 

cultivating process was observed using the experimental sample of wort. 

The dynamics of reducing the dry matters content at fermentation of the experimental 

and control samples of wort at a temperature of 34 C is shown in Figure 1. 

 

 
 

Figure 1. Dynamics of reducing dry matters content at kvass wort fermentation 

 

It was found that the character of fermentation was similar for both samples. However, 

when using wort on prepared water, the process of intense wort fermentation began already 

at the second hour, then, for control at the third. In this case, the total fermentation time of 

the experimental sample was fixed at 13 % less, that is explained by the reduction in the 
duration of the lag phase of the yeast growth.  

The zymase enzymes of yeast are complex substances containing the protein part 

(apoenzyme) and chemically bound nonprotein (coenzyme). Coenzymes determine the 

specific activity of the enzyme, take part in its contact with the substrate, and also stabilize 

apoenzymes. Coenzyme has two functional areas, one of which is responsible for the 

association with apoenzyme, and the other takes direct part in the catalytic process [22]. It is 

known that coenzymes contain vitamins which are irreplaceable factors that provide the 

required rate of biochemical and physiological processes in the yeast cell. The role of 

vitamins as coenzymes in chemistry of alcohol fermentation is presented in Figure 2 [23]. 
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Figure 2. Sugar metabolism in the yeast cell:  
 

PDC – pyruvate decarboxylase;  
TA – transaminase;  
PC – pyruvate carboxylase;  
PD – pyruvate dehydrogenase;  
SDH – saccharide dehydrogenase;  
ADH-1 – alcohol dehydrogenase;  
 

B1 – thiamine;  
B6 – pyridoxine;  
NA – nicotinic acid;  
Bio – biotin;  
PA – pantothenic acid;  
OA – oxalacetate;  
AcetAl – acetaldehyde. 

 

 

Water influence on the vitamin content of the initial and fermented kvass wort 

 

In determining the vitamin content of the initial wort and fermented wort, the increase 

in their content after fermentation was determined, this is due to the ability of the yeast to 

synthesize vitamins [24]. In all samples of fermented wort, the increase in the content of 

group B vitamins was observed. Table 2 shows the dependence of the vitamin content of the 

initial and fermented worts on the water used. 
Table 2 

Content of vitamins in the initial and fermented worts 
 

Vitamins content, μg 

in 100 g of dry matter 

Initial wort Fermented wort 

Control Experiment Control Experiment 

Thiamin (B1) 7 16 36 103 

Riboflavin (B2) 5 11 51 122 

Niacin (B5) 480 560 980 1170 

Pyridoxine (B6) 5 12 19 33 

Biotin (H) 0,45 0,56 0,76 1,2 

Folic acid 2 11 6 28 
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It was defined that the mineral composition of water significantly influenced the 

vitamins content in the initial and fermentation wort, in particular the content of thiamine and 

riboflavin in experimental samples increased at an average of 2,5 times. The highest content 

was observed for niacin. The increasing vitamin content in the kvass is explainable with their 

initial raw material content and their creation in the process of yeast life activity.  

A significant role in the life activity of yeast cells is played by biotin, which is involved 

in various metabolic processes, particularly in carboxylation of pyruvate, pyridine nucleotide 

synthesis, nucleic acids, proteins, polysaccharides, fat acids synthesis, the formation of 
purine and pyrimidine bases [23, 25]. It is determined the increase in the content of biotin in 

the fermented wort for experimental and control samples, respectively, at 37 and 20%. 

Folic acid is necessary for the formation of new cells and does not have coenzyme 

properties, but when converted to tetrahydrofolic acid, it participates in DNA replication, 

amino acid synthesis, in particular methionine and serine, as well as the formation of nucleic 

acids, pyrimidines and purines. Tetrahydrofolic acid also takes part in the transfer of the 

methyl, methylene and carbonyl groups, that promotes the activation of enzymes, which take 

part in fixing the formaldehyde and formic acid residues and their catalytic transformations 

[23, 25]. 

The Figure 3 shows the interaction of folic acid with ions of bivalent metals [25]. 
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Figure 3. Interaction of folic acid with ions of bivalent metals  

 

In the experimental samples of the initial and fermented worts, an increase in the content 

of folic acid was observed, respectively, at 5,5 and 4,6 times, that can be explained by the 

formation in the control of water-insoluble complexes with bivalent metals (Cu2+, Fe2+, Co2+, 

etc.) by the equation given in Figure 3. 

 

Influence of hardness salts and iron ions on Thiamine and Riboflavin content 
 

One of the most important vitamins for a human body is thiamine, which is formed by 

condensation of the pyrimidine and thiazole nucleuses [26, 27]. The content of thiamine in 
drinks substantially depends on the calcium and magnesium salts, which reduce its solubility. 

Therefore, reducing the hardness of technological water allows increase the amount of 

thiamine, and therefore increase the biological value of kvass. In addition, thiamine positively 

effects the process of fermentation of the wort, increasing its speed. Coenzyme thiamine 

diphosphate is used by yeast in the reactions of the conversion of pyruvic acid to 

acetaldehyde, which is a determining factor in alcohol fermentation [28]. Thiamine also 

regulates the condensation of acetone and the formation of butanediol-2,3, that effects the 

taste and aroma properties of kvass [29]. 
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Riboflavin is not the factor in the growth of yeast, but it participates in oxidative-

reduction reactions under anaerobic conditions [23, 25]. Yeast synthesizes this vitamin in 

significant quantities. At the same time, its content in kvass depends on the concentration of 

iron ions, which move into wort both with concentrate kvass wort (CKW) and with water. 

The influence of hardness salts and iron ions on Thiamine and Riboflavin contents in 

fermented wort is shown in Figure 4 and 5. 

 

 
Figure 4. Influence of hardness salts on Thiamine content in fermented wort 

 

 
Figure 5. Influence of Fe3+ ions on Riboflavin content in the fermented wort 

 

It was defined that when using model solutions with the index of general hardness at 5 

mmol/dm3, the Thiamine content in the fermented wort decreased by 6,7 times compared 

with the wort in demineralized water. The water hardness of 1 mmol/dm3 the Thiamine 
content decreased only at 12 %, that is explained by the interaction of Thiamine with calcium 

and magnesium salts. 
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It was established that with increasing concentration of iron ions in water up to 0,3 

mg/cm3, the content of riboflavin in the fermented wort decreased 6 times. 

These data observe Сalcium, Magnesium and Ferrum ions have the significant influence 

on the Thiamine and Riboflavin content in the fermented wort. While it is probable, insoluble 

in water complexes with iron ions are formed.  

Thus it has been established that in order to ensure high content of vitamins in kvass, 

particularly Thiamine, Riboflavin and Folic acid, technological water should have total 

hardness of no more than 1 mmol/dm3 and should not contain iron ions. 

 

Assessment of the biological value of kvass 

 

In order to estimate the biological value of kvass in accordance with the requirements 

of FAO/WHO, an average daily maintenance of vitamins at a consumption of 0,5 dm3 of 

beverages has been calculated. Profiles of the vitamins content of the control and 

experimental samples of kvass are shown in Figure 6. 

 
Figure 6. Profile of daily maintenance of vitamins at consumption of 0.5 dm3 kvass 

 

It was defined that when using kvass 0,5 dm3, the daily requirement for vitamins of 

group B and niacin is provided by 0,5–2,4 %, which is acceptable, since soft drinks are not 

the main component of vitamins in the human body. From the investigated vitamins, the most 

consistent with the daily needs are thiamine, riboflavin and niacin. With the use of prepared 

water the provision human body with these vitamins increases at an average of 2 times 
(respectively 3, 2,5 and 1,6 times). This can be explained by their taking part in biosynthetic 

processes of yeast cells. 

As you know, a human ration should contain a variety of foods. In this case, the main 

thing is not the quantitative content of biologically active substances, but their adequacy in 

accordance with the needs of the human body [26, 27]. The ratio of vitamins in the control 

and experimental samples in accordance with the physiological needs of the human body is 

given in Table 3; where for 1 standard unit the established requirements of the daily 

requirement of vitamins are adopted, and the value of experiment and control is the ratio of 

their respective content in beverages to the norm. Proximity to 1 standard unit indicates that 

the content of this vitamin is more in line with FAO/WHO requirements. 
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Table 3 

Ratio daily providing with vitamins 

 

Name The ratio of vitamins, standard unit 

Thiamine Riboflavin Niacin Pyridoxine Biotin 

Control 0,155 0,179 0,343 0,059 0,001 

Experiment 0,444 0,427 0,410 0,103 0,002 

 

 

It was found that the experimental sample compared to control ones most meets 

determined requirements for Thiamine, Riboflavin, Niacin, Pyridoxine and Biotin, 

respectively, 2,9; 2,4; 1,2; 1,8; 2.0 times. 

So, kvass is prepared using the purified water by the proposed method and has the 

increased biological value. 

 

 

Conclusion 
 

It has been established that the use of clinoptilolite, rock crystal and activated charcoal 

during water purification in bread kvass technology provides an increase in the content of 

vitamins in the initial and fermented wort and the getting of the finished product with the 

physiological needs acceptable for the human body with the ratio of thiamine, riboflavin, 
niacin, pyridoxine and biotin. 
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