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ABSTRACT

It is possible to solve selenium (Se) deficiency among the population
by using bread enriched with selenium; the goal of this study was to calculate
the optimal dosage of selexen for this purpose. It was established for the first
time that selenium losses during the production of bakery products using pre-
ferment and accelerated methods are within 45-55% of the applied dosage. One
day after baking, Se losses in unpackaged articles obtained by the accelerated
method are equal to 2-24%, and those obtained through pre-ferment - 2-28 %.
With an increase in the initial dosage of selenium, the percentage of loss
decreases. With 50 and 100 ug 100 g’ of Se in packaged products obtained
from pre-ferment, the content of the microelement does not change on the
third day of storage; with other dosages of selenium, the losses are 9-19%;
in packaged products obtained by the accelerated method, the Se losses are
from 4 to 24% with the highest trace element retained at the initial dosages
of 50 and 100 ug 100 g'. Our recommendations are: in the production of
bakery products without packaging - the accelerated production method
for the introduction of 174 ug 100 g’ or the pre-ferment method for 220 ug
100 g'; in the production of packaged goods - the pre-ferment production
method for 174 ug 100 g’ selenium or the accelerated production method for
220 ug 100 g
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INTRODUCTION

Hyperselenosis most often develops in individuals living in areas with
a pronounced lack of selenium in soil, water, and food (Natasha et al., 2018).
Biogeochemical regions with a lack of selenium are often found in the Non-
Black Earth region stretching from the northeastern borders of the USA across
the whole of Europe - the north of Germany, Holland, Denmark, Poland, through
the Baltic countries, and Central Russia - to the Urals, then across Siberia to the
eastern borders of Russia (Burtseva, 2012; Fordyce, 2013; Erdenetsogt et al.,
2014; Stoffaneller and Morse, 2015; Zhang et al., 2018). Natural geochemical
features of the territories, being a constant influence on the human body, can
cause the development of endemic diseases.

Selenium is an essential micronutrient and is of paramount importance in
protecting the body from oxidative stress (Fairweather-Tait et al., 2011; Sobolev
et al., 2018). Its immunostimulating properties have been established, and the
positive influence on human reproductive function has been proved (Mahlapuu
et al., 2014, Roman et al., 2014; Aryee and Boye, 2015). Selenium compounds
are effective as anti-cancer agents (Hu et al., 2012; Jablonska and Vinceti, 2015;
Nociek et al., 2015; Vinceti et al., 2018). Health risks associated with selenium
deficiency can pose a serious threat to the human body.

It is possible to use bakery products obtained from wheat grain with high
(natural) selenium content (Hart et al., 2011; Burtseva et al., 2012; Glotova et al.,
2013; Gupta and Gupta, 2016) or bakery products enriched with this trace element
to solve selenium deficiency. Due to their high nutritional value, excellent taste
and aromatic proper-ties, good digestibility and saturation, ease of preparation,
and cheapness, bakery products are the most popular products and can serve as
the most convenient objects with which to adjust the nutritional value of finished
products (Ilyina, 2012; Spirichev et al., 2012; Ilyina et al., 2013; Tarasova, 2014;
Lazo-Vélez et al., 2015).

The purpose of this research was to calculate the optimum dosages for
enriching bakery products with selenium.

MATERIALS AND METHODS

Preliminary experiment calculation

The daily requirements for selenium (Se) were taken from the current
standards (Tutelyan, 2009), according to which the physiological need (PN) for
an adult is 70 pg day' and the upper permissible level of consumption is 300 pg
day'. In Russia, the additional dose of selenium intake per day is 100 pg, and in
the US and other countries - 200 or 300 pg (EFSA Panel on Dietetic Products,
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2014; Rayman et al., 2018). The safe upper limit for selenium compound
consumption for adults long-term is 8§19 + 126 pg day'. The response increase
in glutathione peroxidase activity to selenium intake occurs when the micro-
element is introduced in an amount of 40 pg per day' and higher (EFSA Panel
on Dietetic Products, 2014).

Since products with less than 30% of the daily requirement of a
particular mineral cannot effectively correct dietary deficiencies (Kodentsova
and Vrzhesinskaya, 2008; Kodentsova et al., 2010; Skalickova et al., 2017), the
selexen dosages were selected in such a way that the consumption of the average
daily portion of the enriched product would satisfy 30-50% of the physio-logical
needs of the adult organism in selenium (Table 1).

Table 1. Levels of enrichment of the bakery product.

Amount of selexen, pug 100 g'of product

87 130 174 220 435
Amount of selentum added 20 30 40 50 100
with selexen

Parameter

Applied research materials

A Dbasic ‘Gorodskaya’ roll recipe was used for the control sample
(composition: wheat flour, pressed yeast, salt, granulated sugar, margarine,
water), made with traditional pre-ferment and accelerated (using concentrated
lactic acid fermenter and the ‘Mazhimiks’ enhancer) production methods, and for
the experiment — the same recipe with the introduction of a selenium-containing
additive - selexen.

Selexen (produced by Medbiopharm, Obninsk, Kaluga region) is a
synthetic heterocyclic organic selenium compound (containing no less than
95% selenopyran) and is a stable beige-colored crystalline powder with a weak
specific smell, soluble in dairy cream. Selexen has a selenium con-tent of 23-
24%. Selexen can be used as an antioxidant drug with a wide spectrum of action,
modeling and stimulating the immune system and acting as an adaptogenic,
anti-stress, anti-carcinogenic, antimutagenic, and antiviral drug (Report on the
study of the functional suitability of the domestic organic compound selenium-
selexen, 2000).

Specifics of production and storage of model samples of bakery products

Selexen was dissolved in melted margarine and added in the kneading
stage of production. The weight of the finished loaves was 150+5 g. Some of the
ready-made rolls were packed in perforated polypropylene film. Roll samples
were stored at an air temperature of 20+2°C and a relative humidity of air no
more than 75%.
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Applied research methods

The selenium content was determined through the fluorimetric method.
The method involves sample mineralization with the aim of transferring selenium
from organic and inorganic forms to selenite ion, carrying out the reaction of
selenite ion with 2, 3-diaminonaphthalene reagent in an acidic medium to form
4, 5-benzopiazoselenol extracted with hexane, and measuring the fluorescence
intensity extract on ‘Fluorat-2’ fluid analyzer (Skurikhin and Tutelyan, 1998).

Statistical analysis was performed in Microsoft Excel XP and Statistica
8.0. Statistical error did not exceed 5% (95% confidence level). Regression
analysis was completed on the results using the Statgraphics Centurion package.

RESULTS

One of the most significant indicators of quality for an enriched product
is its ability to maintain its functional properties throughout its shelf life. Many
micronutrients are destroyed by thermal treatment and by light and oxygen,
so one of the tasks of our study was to research the safety of selenium in the
production and storage of bakery products enriched with this trace element and
to determine the optimal dosage. Selenium content was determined by taking
the regulated shelf life of products into account — 24 hours for products without
packaging, and 72 for those in packaging. The results of studies on selenium
safety in the production and storage of the analyzed products are presented in
Table 2.

Se content was not determined in the control samples of bakery products
at the end of the storage period because of its low concentration in freshly
prepared products, 150 g of which satisfies just 1.5% of the physiological
requirement for this microelement.
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Table 2. Changes in selenium content in ‘Gorodskaya’ roll samples.

Amount Selenium content in the tested products, pg 100 g!

of

selenium In the production process During storage

iggf d (after baking) 24 hours 72 hours
Selel"(f(;" . without in % of PN  without % of PN in % of PN
He g package package package package

Accelerated method:

control 0.7+0.1 1.0 not - not -
detected detected
20 11.0+0.2 15.7 8.9+0.2 12.7 9.0+0.2 12.8
30 17.0+0.4 24.3 12.8+0.4 18.3 12.9+0.4 18.4
40 19.0+0.4 27.1 17.0+0.3 24.3 15.0+0.2 214
50 23.0+0.5 32.8 20.0+0.4 28.6 21.0+0.3 30.0
100 46.1£0.7 65.8 45.0+0.3 64.3 44.0+£0.4 62.8
Pre-ferment method:
control 0.7+0.1 1.0 not - not -
detected detected
20 10.0£0.6 14.3 8.4+0.2 12.0 8.8+0.2 12.6
30 17.0£0.3 24.3 12.7+0.4 18.1 13.7+0.4 19.6
40 21.0+0.2 30.0 15.0+0.4 214 19.0+0.3 27.1
50 22.0+0.4 314 21.0+0.2 30.0 22.0+0.4 314
100 45.0+0.5 64.3 44.0+0.4 62.8 45.0+0.2 64.3

When investigating the relationship between Se content after baking and
the applied dosage (Figure 1), as well as Se content during storage of unpackaged
(Figure 3) and packaged products (Figure 5) and the applied dosage in both
methods of production, a significant and adequate correlation was established
between the variables. The constructed linear models describe 99% of variability
of variables with a statistically significant correlation coefficient of 0.99, which
indicates a close linear relationship between the parameters studied.

When comparing the concentrations of Se in the rolls of both methods
of production, a nonparametric Kolmogorov-Smirnov test was used (Byuyul
and Cephil, 2005), showed no statistically significant differences between the
distributions of the observed results at a significance level of 0.05 (Figures 2, 4,
6).
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Figure 1. Dependence of selenium content in the finished product (after baking)
on the dosage of the microelement.
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Figure 2. Comparative analysis of the selenium content in finished products
(after baking) of the accelerated and pre-ferment production methods.
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Figure 3. Dependence of the selenium content in the finished product (during
storage without packaging) on the initial microelement dosage.
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Figure 4. Comparative analysis of selenium content in finished products (during

storage with-out packaging) of the accelerated and pre-ferment
production methods.
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Figure 5. Dependence of the selenium content in the finished product (during
storage in pack-age) on the initial microelement dosage.
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Figure 6. Dependence of the selenium content in the finished product (during
storage in pack-age) on the initial microelement dosage.

When investigating the relationship between Se losses during the
production process and the dose introduced, a pronounced positive correlation
was found between these variables with significant correlation coefficients (0.76
for the accelerated production method and 0.64 for the pre-ferment method).
Nonlinear regression dependencies (Figure 7) accumulate 57% and 41%
variability of variables, respectively, which requires some caution when using
these models for forecasting (Byuyul and Cephil, 2005).
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Figure 7. Dependence of losses of selenium in the process of production of
bakery products on the initial microelement dosage.
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The average values of Se lost during production depending on the dosage
for the rolls of both production methods were also compare. At a significance
level of 0.05, the Mann-Whitney criterion (Byuyul and Cephil, 2005) confirmed
the absence of statistically significant differences between these parameters,
therefore, there are no grounds for concluding that there are differences in similar
indicators of the investigated production methods.

Investigation of the relationship between Se losses during the storage of
unpackaged products and the dosage of the microelement (Figure 8) showed a
significant and adequate correlation in both production methods.
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Figure 8. Dependence of losses of selenium during storage of unpackaged
products on the dosage of the microelement.

The constructed models describe 98% (for the accelerated method) and
90% (for the pre-ferment method) variability of the variables with statistically
significant correlation coefficients of 0.99 and 0.95, respectively.

Comparison of the average values of selenium content in the unpackaged
products of both methods of production by the Mann-Whitney test confirmed
the absence of statistically significant differences between the distributions of
the studied indicators at a significance level of 0.05. Thus, there are no grounds
for concluding that there are significant differences in losses of selenium in the
storage of unpackaged articles of the investigated methods of production.

Studying the relationship between Se losses during the storage of
packaged rolls and the initial dose in the accelerated production method
established a significant and adequate correlation relationship. The constructed
model describes 68% variability of the variables with a correlation coefficient of
0.83, which indicates a close relationship (Figure 9).
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Figure 9. Dependence of selenium loss during storage of packaged products on
the initial microelement dosage.

However, the model constructed for the pre-ferment method
describes only 57% variability of the variables with a significant correlation
coefficient of -0.75 (Figure 9), which also requires discussion when using
the model obtained for the forecast (Byuyul and Cephil, 2005).

Comparing the average values of Se in the packaged products of both
methods of production with the Mann-Whitney test showed the presence of
statistically significant differences between their distributions at a significance
level of 0.05. Thus, it has been established that there are significant differences
in Se losses during storage of packaged products of comparable production
methods.

When comparing the average values of total Se losses in unpackaged
rolls produced through the accelerated and pre-ferment production methods, the
Mann-Whitney test showed no statistically significant differences between the
distributions of the observed results at a significance level of 0.05.

Comparison of the average values of total losses of Se in the packaged
products of both production methods by the Mann-Whitney criterion showed
the presence of statistically significant differences between the distributions of
the studied indicators (Figure 10) at a significance level of 0.1. In this case, the
products of the pre-ferment production method have less Se losses during 72
hours of storage.
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Figure 10. Comparison of the average values of total losses of selenium in
packaged products of the accelerated and pre-ferment production
methods.

DISCUSSION

It was established for the first time that when using selexen in the
production of baked goods by the pre-ferment and accelerated methods, Se losses
are within 45-55% of the applied dosage. These results do not contradict the
data previously obtained by specialists from different countries. For instance, at
Kemerovo Technological Institute of Food Science and Technology (Russia), Se
losses during baking wheat bread cooked on baking yeast enriched with selenium
(using Na SeO,) are determined at the level of 50-60% of its initial amount
(Mayurnikova et al., 2009). Scientists of the National Technical University
(Ukraine) also determined the loss of Se, which is part of Na,SeO, used in the
production of enriched wheat bread and sliced loaf, within 60% (Ovsyannikova
and Krichkovskaya, 2016).

In his book 'Selenium in Food and Health' (2006), C. Reilly explains
selenium loss in the cooking process, stating that any heat treatment of organic
products containing selenium is the main contributing factor to its loss. The
evaporation temperature of selenium lies in the range of 180-230°C (at a pressure
of 750-770 mm Hg), which corresponds to a baking temperature of 205+2°C.
Selenium losses can be attributed to the formation of volatile alkylselenides
(Kudryavtsev, 1968; Zefirov, 1995).

A day after baking, unpacked goods obtained by the accelerated method
see 2-24% Se losses, and those obtained by the pre-ferment method - 2-28%. No
statistically significant differences were established. By increasing initial dosage
of selenium in the composition of selexen, the percentage of losses decreases.
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It was found that in packaged rolls produced through the pre-ferment
method using initial selenium doses of 50 and 100 ug 100 g, the selenium
content at the end of the product shelf life (72 hours) does not change. With
the remaining doses of selenium, losses are 9-19%, and in packaged products
obtained by the accelerated method, the Se losses are from 4 to 24% (when
comparing selenium content immediately after baking) with the highest retention
of the microelement at the initial dosages of 50 and 100 pg 100 g

CONCLUSION

Considering the lowest percentage of total Se losses, the optimal level
of meeting adult daily requirements in selenium, and preferring the absence or
presence of a package, we have established the following recommendations:
in the production of baked goods without packaging, we recommend 40 ug
100 g selenium (selexen dosage of 174 pg 100 g') for the accelerated method
of production and 50 pg 100 g!' selenium (220 pg 100 g of selexen) for the
pre-ferment method; in the manufacture of packaged baked goods - 40 ug 100 g™
selenium (174 pg 100 g selexen dosage) for the pre-ferment production method
and 50 pug 100 g’ selenium (220 pg 100 g' selexen) for the accelerated production
method.
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