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Abstract   

The deficiency of minerals in the body and the health consequences it generates is a problem that affects 

a significant part of the world's population. It has been found that nutrition does not provide sufficient 

amounts of important macro- and microelements, such as zinc and selenium. The enrichment of different 

food products with biologically active substances is a suitable approach to overcome the deficiency. 

High bread consumption is a traditional national characteristic of nutrition in Bulgaria.Thus, bread 

enrichment with mineral substances is a very good approach to achieving adequate intake levels. On the 

other hand, the inclusion of lactic acid starter cultures in bread is a common practice.   

The aim of this paper is to study the effect of mineral substances (zinc sulphate heptahydrate and sodium 

selenite pentahydrate) and lactic acid starter cultures on the properties of semi-finished products and the 

quality of bread of wheat flour type 500. It has been established that the use of additives leads to more 

intensive acidification and lowering the pH values of the bread dough and bread. The increase in volume 

of the enriched samples during the fermentation proces is up to 3.7 times higher than that of the control 

sample. The addition of mineral salts and lactic acid starter cultures results to a higher and more uniform 

porosity (about 5.2% higher than the control sample). At the same time, the fortified bread has better 

form resistance and improved appearance. The experimental results prove the possibility of obtaining 

bread of wheat flour type 500 with increased biological value and improved quality.  

  

Practical applications   

Enriching the bread with the mineral salts ZnSO4.7H2O and Na2SeO3.5H2O increases its biological 

value by reaching trace amounts close to the recommended zinc and selenium intake levels. When lactic 

acid starter cultures is added simultaneously with the salts, the dough properties improve, which affects 

both the technological processes during production and the quality of the bread (higher volume, 

improved porosity and form resistance and appearance).  
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Introduction  

It is known that the human body can not synthesize 

itself the minerals, which are necessary for its  

functioning. Therefore, they should be obtained in 

the necessary quantities from food. With regard to 

healthy and complete nutrition in different countries 

are determined the optimum amounts for daily body 

intake of the various macro- and microelements. It is 

found that for a large part of the population, there is 

a deficiency of a number of essential trace elements, 

especially zinc and selenium. They have been shown 

to be involved in a number of biochemical processes: 

they are needed for the synthesis of enzymes, play a 

role in the normal functioning of the immune system 

and the hormonal system, have antioxidant properties 

and they are also needed for the health and wellbeing 

of the skin, nails and hair.  

The reference intake rates in the different countries 

may vary at a minimum, and in Bulgaria, according 

to Ordinance №23 of 19 July 2005. they are: for zinc 

11 mg.d-1 and for selenium 55 μg.d-1. To increase the 

intake of essential micronutrients zinc and selenium 

and to supply the body with the recommended daily 

intake, a suitable method is the enrichment of food 

products. Given the specificity of nutrition in 

Bulgaria and the high consumption of bread from 

wheat flour type 500. the need to increase the amount 

of zinc and selenium in them is of paramount 

importance.  

The enrichment of bread with soluble salts of zinc 

and selenium (Bouis et al., 2011; Badii et al., 2012; 

Stabnikova et al., 2008; Diowksz et al., 2000) 

demonstrated increased bioavailability and 

absorption of elements. Considering the studied 

literature and technology for the preparation of bread, 

we consider that a suitable form for introduction of 

zinc and selenium are water-soluble inorganic 

compounds of zinc sulfate heptahydrate 

(ZnSO4.7H2O) and sodium selenite pentahydrate 

(Na2SeO3.5Н2О) (Zlateva & Stefanova, 2016). The 

literature on the influence of mineral salts on the 

properties of the dough and the bread obtained from 

it is too scarce. In essence, the authors investigate the 

changes in the rheological properties of the dough. 

Salovaara (1982) examined the impact of 

macronutrients magnesium, potassium and calcium 

in various amounts and does not establish any 

deterioration of the rheological characteristics of 

dough. Korobova (2002) uses an additive containing 

calcium in the form of a lactate, and reports the 

increase in gasing ability of the dough. In the same 

study, she found that the supplement resulted in a 

significant increase in volume - by 22% and the 

porosity of bread - to 72%. The same author has also 

found improvement in the shape-resistance of the 

enriched bread samples.  

Naumova (2007) uses the selenium-containing 

additive “Selecsen” and finds that it helps to increase 

the bread volume and shape of the bread. The 

possibility of increasing the shelf life has an 

important role for the bakery industry. In connection 

with this, some authors found that the structural and 

mechanical changes occurring during the storage of 

the bread slow when using calciumcontaining 

additive (Yakovlev, 2004). A similar effect is also 

observed with the inclusion of zinc compounds (zinc 

oxide and zinc sulphate) in the bread formulation 

(Behmadi & Soghra, 2012). The authors found that 

aging occurs slower than the unexpired sample. 

Akhtar et al. (2008) found an impact on physico-

chemical changes and microbiological processes 

during the storage. The studies of individual authors 

warrant a focused study on the simultaneous effect of 

zinc and selenium salts on the quality of the bread.  

The incorporation of lactic acid starter into the bread 

formulation has been shown to improve its quality 

(Zlateva, 2007).The advantages of using them are 

due to shortening the fermentation time of the dough 

due to the more intense acid formation. The acidity 

of the dough has a significant impact on the structural 

and mechanical properties, on the other hand it 

determines the taste and aroma properties and shelf 

life of the bread. More intense acidification in the 

dough enhances microbiological and biochemical 

processes, promotes dough maturation and improves 

the properties of dough and bread (Gerez et al., 

2008). Dal Bello et al. (2007) confirm that the dough 

fermented with Lactobacillus plantarum strain FST 

1.7 or Lactobacillus sanfranciscensis strain LTH 

2581 has better rheological properties that directly 

affect the quality and the consumer properties of the 

bread. They determine the possibility to obtain a 

bread of sufficient volume, high mold resistance and 

a welldeveloped structure of the bread crumb.  

The purpose of this publication is to examine the 

combined effect of zinc sulfate heptahydrate 

(ZnSO4.7H2O), sodium selenite pentahydrate  

(Na2SeO3.5Н2О) and lactic acid starter cultures on 

the properties of semifinished products and bread 

made from wheat flour type 500.  
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Materials and Methods  

Materials  

In the course of the research, the dough is made from 

wheat flour type 500 by a biphasic method. Initially, 

yeast dough is mixed with flour and water in a 1: 1 

ratio. Mixed premixes of mineral substances 

(ZnSO4.7H2O  in the amount of 0.174 g.kg-1  of flour 

and Na2SeO3.5Н2О in an amount of 880.28 μg.kg-1   

of flour) are dissolved in the mixing water (Zlateva 

& Stefanova, 2016). Quantities are determined so 

that when consuming the usual amounts of bread, the 

recommended levels of zinc and selenium for the 

body are met.  

In kneading the yeast dough separately lyophilized 

lactic acid starter cultures are also added with the 

composition:  

- BR Z1: Lactococcus lactis ssp. lactis, Lactoco-

ccus lactis ssp. cremoris, Lactococcus lactis ssp. 

lactis var. diacetylactis, Leuconostoc mesenteroides 

ssp. cremoris, Lactobacillus delbrueckii ssp. bulgari-

cus  и Streptococcus thermophilus;   

- BR Z3: Lactococcus lactis ssp. lactis, Lactoco-

ccus lactis ssp. cremoris, Lactococcus lactis ssp. 

lactis var. diacetylactis, Leuconostoc mesenteroides 

ssp. cremoris, Streptococcus thermophilus.   

The amount of the lactic acid starter culture intake is 

in accordance with the manufacturer's 

recommendations. Starter cultures are produced in 

lyophilized form of Microbiology Laboratory "LB 

Bulgaricum" Ltd. - Sofia.  

To thus prepared mixture is added a certain amount 

of pressed yeast (900 g.100kg-1 flour). Thus prepared 

dough matures at 37°C for 6h and adding in kneading 

the bread dough (at a ratio of 40:60), adding the 

remainder of the flour to the formulation and cooking 

salt 1.3 kg.100kg-1 flour. The dough matures for 

50min. in a thermostat at  35°C. The bread is baked 

for 30-35min. at 220 °C. For the purposes of this 

work, bread samples were prepared and tested as 

follows: Control sample - prepared only from flour, 

water, yeast and salt; Sample №1 - Including, in 

addition to the main raw materials, the specified 

amounts of zinc and selenium-containing salts and 

starter BR Z1; Sample №2 - Prepared with mineral 

salts and starter BR Z3. The prepared bread samples 

have a mass of 250g. The results presented are based 

on triple studies.  

 

Methods  

Acidity is determined according to commonly 

accepted test methods. The total titratable acidity is 

determined titrimetrically with titrant 0.1 N NaOH in 

the phenolphthalein indicator, the pH is measured 

with an electronic pH meter.  

The degree of increase in the volume of the 

sourdough is defined as the ratio between the dough 

volume after fermentation and its volume before 

fermentation. For this purpose the fermentation is 

carried out in a graduated vessel.  

Porosity of the bread crumb is the ratio between the 

bulk volume and the total volume of the medium. 

The form resistance is determined by the ratio of the 

height to the diameter of the bread.  

                                 

Results and Discussion  

In connection with the objective of the present study, 

the content of zinc and selenium wheat flour type 500 

and bread prepared by it was investigated. The 

studies were conducted using ICP-AES and HG-ICP-

AES method. It was found that the zinc content in the 

flour was 6.67 ± 0.55mg.kg-1 and in the bread 5.99 ± 

0.49mg.kg-1. Accordingly, the selenium content is 

0.045 ± 0.01mg.kg-1 in the flour and in the loaves 

0.038 ± 0.008mg.kg-1. The thus obtained experimen-

tal results indicate a low content of zinc and 

selenium, as well as in wheat flour and the bread. 

This determines the need to increase the biological 

value of bread by increasing the content of 

microelements. In order to improve the quality of the 

bread by incorporation of lactic acid starter cultures 

we also studied the content of zinc and selenium in 

samples of bread containing lactic acid starter BR Z1 

or BR Z3. It was found that the content of zinc and 

selenium in the tested bread samples did not change 

in the presence of the used starter cultures.  

The properties of semi-finished products are crucial 

for the quality of the final product – the bread. In 

connection with the aim and the above mentioned 

data, studies were carried out for: total titratable 

acidity and active acidity in the semi-finished 

products and bread; degree of increase in the volume 

of the yeast dough; fermentation losses of the dough; 

porosity and shape stability of bread. The results of 

changes in the properties of the yeast dough during 

fermentation are presented in Table 1. The results 

obtained show that titratable acidity in all samples 

increases during fermentation. In the dough prepared 

only with yeast, six hours of maturation later is 

observed an increase of 1.12°H and an acidity of up 

to 2.60°H.  

Increased acidity is observed when zinc and 

selenium-containing salts and starter are added to the 

dough. Highest acidity is reported in the sample 
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prepared with the starter BR Z3. zinc and selenium – 

3.21оН. This value is 23.5% higher than that found in 

the control sample at the same duration of fermen-

tation of the dough.  

The course of the basic processes in the dough 

depends mainly on active acidity. The change in the 

active acidity of the dough during maturation 

indicates that it is significantly influenced by both the 

duration of the fermentation and the dough 

composition (Katina et al., 2006; Różyło ey al., 

2014). Changes in pH of the various test samples are 

presented in Table 1. The measured values of the 

active acidity immediately after kneading range from 

pH 5.8 to pH 6.1 in the test samples. Active acidity 

of the dough prepared without the addition of starter 

cultures and mineral substances, immediately after 

the kneading was   pH 6.0. At the end of maturation, 

the pH value is lowered to pH 5.5. It may be noted 

that the simultaneous incorporation in the dough of 

the lactic acid starter cultures and mineral substances 

leads to a significant change relative to the control 

sample. The pH in these samples is 5.2. This is 

probably due to the hydrolysis of the imported salts. 

Table 1 also shows the results of volume changes 

during fermentation. The quality of the bread is 

directly related to the increase in the dough volume. 

In the control sample prepared according to the 

traditional formula (yeast only), after fermentation 

for 2h the dough increased its volume by 1.4 times. 

Then the gasification continues and its maximum is 

recorded at the 4th h of kneading - 3.3 times. After 6h 

of fermentation, there is a decrease in volume over 

the previous measurement. When the prescribed 

amounts of ZnSO4.7H2O and Na2SeO3.5H2O and 

lactic acid starter cultures are added to the 

formulation, there is more intensive gasification. The 

highest volume is measured at the 4thh of kneading 

when the volume of the dough increases 3.7 times the 

initial. This establishes the same tendency observed 

during fermentation as in the control dough sample. 

After the end of the fermentation, a decrease in 

volume was also recorded, however, it is observed 

that the enriched sample exhibits a better gas 

retention capacity than the control.  

Fermentation losses depend on the dynamics and 

intensity of biochemical processes during the 

maturation of the dough and the production of 

gaseous and volatile products. Table 1 shows the 

changes occurring in the fermentation losses of 

samples of different composition. In all samples, 

fermentation losses increase with increasing 

fermentation duration, with the highest loss rate after 

6h. In the combined use of BR Z3 and mineral salts 

of zinc and selenium, the fermentation losses are the 

highest compared to the other samples. At the end of 

the fermentation, they were 1.66%, which exceeded 

by 0.31 percentage points the values obtained on the 

control sample fermented at the same time. These 

results of the study of changes in the degree of 

increase in dough volume and fermentation losses are 

in correlation with those obtained from other authors 

using mineral supplements (Naumova et al., 2016). 

Arendt et al. (2007) highlight the positive effect on 

the quality of bread due to the development of lactic 

acid bacteria. It has been found that more intense 

formation of organic acids in the dough causes 

changes in its rheological properties, and this 

determines its greater fermentation during fermen-

tation, respectively the higher degree of increase in 

volume. Due to the fact that zinc and selenium 

microelements are involved in the complex system of 

biocatalysts, i.e. enzymes, we can assume their influ-

ence on the microflora during fermentation. Due to 

the presence of the elements, the biochemical 

processes during the maturing of the dough are 

intensified and a more pronounced increase in 

volume is observed.  

It has been found that the inclusion of zinc and 

selenium-containing salts and lactic acid starter 

cultures in the composition of the dough has a 

significant impact on its properties. It is interesting to 

examine the changes occurring in the main dough 

with the simultaneous use of the aforementioned 

additives. The results of determining the properties 

of the main dough are given in Table 2. With the main 

dough prepared from a control yeast dough fermen-

ted for 2h, the titratable acidity is 2.10оН. By increa-

sing the fermentation time of the dough to 6 hours, 

the values reach 2.52оН, i.e. acidity increases by 

20%. Both the yeast dough and the main dough 

prepared by it have higher titratable acidity levels 

when the specified amounts of ZnSO4.7H2O and  

Na2SeO3.5Н2О salts and lactic acid starter have been 

added to the formulation. If a comparison between 

the samples is made, it will be evident that the highest 

acidity is presented in the main dough implicated 

with yeast dough fermented for six hours, including 

zinc salts and selenium and BR Z3 starter. The estab-

lished titratable acidity is 3.10оН, which is 23% 

higher than the acidity measured in the control 

sample. Table 2 also shows the results obtained by 

testing the active acidity of the main dough. In the 

control sample prepared without additives and 

fermentation of the yeast dough for six hours, the 

http://www.sciencedirect.com/science/article/pii/S0733521013001872
http://www.sciencedirect.com/science/article/pii/S0733521013001872
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measured pH value is 5.4. With the simultaneous use 

of salts of zinc and selenium and lactic acid starter 

cultures, a more significant increase in active acidity 

is achieved. As the fermentation duration increases, 

the pH values of the enriched samples change more 

significantly than those of the control sample. From 

the results shown in the table, we can conclude that 

the highest values of active acidity are recorded in the 

sample kneaded with yeast dough fermented for six 

hours, the composition of which contains lactic acid 

BR Z3. zinc and selenium. The value of the active 

acidity is pH 5.1. As a result of the addition of 

ZnSO4.7H2O, Na2SeO3.5Н2О and lactic acid starter 

culture, an increase in the active acidity of the dough 

is achieved. It is known that it has a direct relation to 

the properties of the bread dough and it reflected 

positively on its rheological properties. This 

inevitably reflects on the quality of the ready-made 

bread.  

Table 2 presents the results obtained by testing the 

fermentation losses of the main dough involved with 

the prepared yeast dough samples fermented for 2. 4 

and 6h. From the data shown in the table, we can 

conclude that the changes in the fermentation losses 

of the yeast dough are more noticeable than those of 

the main dough. It is obvious that the results obtained 

in the individual samples of the main dough are 

comparable, but despite the close values, the 

influence of the fermentation duration of the yeast 

dough as well as of the additives added is observed 

again. From the above results it is seen that the 

highest percentage of fermentation losses in all 

formulations is reported when during the kneading is 

used yeast dough fermented for 6h, involved with 

mineral salts and BR Z3 starter. Reported losses are 

0.68%, i.e. 8.00% more than in the dough prepared 

according to traditional formula.  

It was found that the combined incorporation of 

ZnSO4.7H2O, Na2SeO3.5Н2О and lactic acid starter 

cultures improves the properties of the pasta 

semifinished products. This would improve the 

consumer properties of bread. In this respect, it is 

interesting to trace the changes that occur in the 

quality of bread, taking into account: acid content, 

porosity and shape stability. The results of these 

studies are presented in Table 3. From the results 

obtained, it can be seen that in the case of bread 

impregnated of dough without included mineral salts 

and lactic acid starter, the titratable acidity is 1.38 оН. 

Acidification is more active when ZnSO4.7H2O, 

Na2SeO3.5Н2О and lactic acid starter cultures are 

simultaneously included in the composition. The 

highest titratable acidity was found in bread made 

with starter BR Z3 and mineral salts of zinc and 

selenium. It is 1.90 оН, i.e. 37.7% higher than that of 

unfortified bread. It is known that the accumulation 

of higher amounts of acid in the bread is a preventive 

factor against microbiological deterioration, especi-

ally during the summer months when the risk is 

higher. Table 3 presents the results obtained by 

testing the active acidity of the tested bread 

samples.The detected acidity value in the control 

sample of bread is pH 5.9. The presence of additives 

alters the active acidity more clearly. The lowest pH 

value was measured on bread prepared with zinc salts 

and selenium and lactic acid starter culture BR Z3 -   

pH 5.4. More intense acidification, proven by 

changes in total titratable acidity and active acidity of 

the bread, activates microbiological and chemical 

processes, promotes dough maturation and improves 

bread quality.  

The porosity of the bread crumb determines the 

volume and contributes to the good digestibility of 

the bread. The porosity of the medium depends both 

on the ingredients used in the formulation and on the 

conditions and duration of the fermentation. The 

results of the performed studies are presented in 

Table 3. In the control sample of bread prepared 

without additives, the porosity is 75.93%. If we 

compare the data obtained for bread loaf porosity in 

the various bread samples, it can be noted that in the 

control sample the porosity is less developed than in 

the other samples. It is clear from the data in the table 

where the bread prepared only with yeast, is 

compared with those in which zinc and selenium salts 

and lactic acid starter cultures are additionally 

included.  The highest values are obtained in the 

bread made with BR Z3 starter and mineral 

substances, where the porosity is 79.88% (i.e. 5.2% 

higher than the control sample). Ayusheeva et al. 

(2010) examine the consumer properties of bread 

enriched with seleniumcontaining additive “Selelen-

pionix”. The additive is in the form of a lactic acid 

product containing selenium in biologically active 

form and viable propionic acid bacteria. Those 

results are close to our results. The authors found that 

the bread crumb porosity increased by 4-6% and the 

bread increased its volume to 10-13%.  

The data in the table shows that the use of additives 

leads to a better shape stability of the finished bread. 

It is found that the bread prepared with BR Z3. gives 

better results.  

The positive effect of the additives is pronounced 

mostly in the bread prepared simultaneously with 
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zinc sulphate heptahydrate, sodium selenite 

pentahydrate and lactic acid starter culture BR Z3 –  

0.773. i.e. 6.1% more than the control sample and 

1.7% more than the BR Z1 and mineral salts. These 

data are supported by the results obtained in a study 

by Naumova (2008). She found that the introduction 

of a selenium-containing enriching additive in 

quantities of 50 and 100 μg.100g-1. influences the 

intensity of the fermentation processes, respectively, 

contributing to the increase in volume and improves 

the form resistance of the bread. These values are in 

correlation with the already obtained in the study of 

the properties of the semifinished products, in 

particular, the effect of the addition of mineral salts 

and lactic acid bacteria on the increase in the dough 

volume. The bread is distinguished by a more 

developed porosity and a higher formability. This is 

a prerequisite for the enriched bread to be more 

digestible and at the same time to improve its 

appearance.  

  

Conclusions  

In conclusion, it can be concluded that the addition 

of ZnSO4.7H2O and Na2SeO3.5Н2О and lactic acid 

starter cultures intensifies the acidification processes 

during the fermentation of the dough, which 

inevitably affects the finished bread. As a result, it 

has higher acidity, higher volume and improved 

porosity. From the studies carried out and the results 

obtained it can be concluded that the simultaneous 

use of the lactic acid starter cultures and mineral salts 

(ZnSO4.7H2O and Na2SeO3.5Н2О) improves the 

quality of bread and increases its biological value 

reaching quantities of trace elements close to the 

recommended norms for zinc and selenium.  
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Тable 1. Properties of sourdough 

Sample Duration of fermentation, h  

 
Before 

fermentation 
2 4 6 

 Total titratable acidity, (°Н)   

Control sample  1.48  2.00  2.54  2.60  

Sample №1   1.52  2.34  2.74  2.86  

Sample №2  1.54  2.68  2.86  3.21  

 Active acidity, (рН)   

Control sample  6.00  5.70  5.60  5.5  

Sample №1   5.90  5.60  5.40  5.2  

Sample №2  6.10  5.6 0 5.40  5.2  

 The degree of increase in the volume, at times   

Control sample    1.40  3.30  3.0  

Sample №1     1.60  3.70  3.3  

Sample №2    1.60 3.70  3.4  

 Fermentation losses, %   

Control sample    0.27  0.30  1.35  

Sample №1     0.42  0.50  1.61  

Sample №2    0.47  0.53  1.66  
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Тable 2. Properties of main dough 

Sample  Duration of fermentation of sourdough, h 

  2 4 6 

 Total titratable acidity, (°Н) 

Control sample  2.1 2.5 2.52 

Sample №1   2.28 2.66 2.68 

Sample №2  2.54 2.76 2.9 

 Active acidity, (рН) 

Control sample  5.5 5.4 5.4 

Sample №1   5.5 5.3 5.2 

Sample №2  5.5 5.3 5.1 

 Fermentation losses, % 

Control sample  0.6 0.62 0.63 

Sample №1   0.63 0.65 0.66 

Sample №2  0.63 0.65 0.68 

  

  

Тable 3. Properties of wheat bread 

Sample   

 Total titratable acidity, (°Н) 

Control sample  1.38 

Sample №1   1.75 

Sample №2  1.9 

 Active acidity, (рН) 

Control sample  5.9 

Sample №1   5.5 

Sample №2  5.4 

 Porosity of the bread crumb, % 

Control sample  75.93 

Sample №1   79,58 

Sample №2  79,88 

 Form resistance of the bread, H/D 

Control sample  0.728 

Sample №1   0.760 

Sample №2  0.773 
  


