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We investigated saccharification process of bitter scaldings 
depending on the parameters of their preparation and estab-
lished that the largest intensity of sugar accumulation occurs 
within one hour of saccharification at a mass fraction of moisture 
in scalding of 78.0 %. The developed bitter sourdough is recom-
mended for the technology of rye-wheat bread with a small 
content of rye flour (10...12 %) or wheat bread from graded flour.

It is recommended using the four-phase technique of dough 
preparation according to the following scheme: “saccharized” 
“bitter” scalding → scalding soured with the homofermentative 
thermophilic lactic acid bacteria L. Delbrükii-76 → hop leaven, 
soured with yeast of the race S. cerevisiae L-1 and the homofer-
mentative mesophilic lactic acid bacteria L. Plantarum-30 → 
dough”. When using 25 % of sourdough, the acidity of dough 
and finished products is reduced by 2.0 degrees. That is why we 
recommend utilizing a given technique for making bakery prod-
ucts from wheat flour. This provides for the better fluffiness and 
state of the crumb, as well contributes to retaining the freshness 
of bakery products. The results of research allowed us to devise a 
technological scheme of production, which can be implemented at 
specialized lines.

Keywords: bitter scalding, hop leaven, sponge dough, lactic 
acid bacteria, bread, staling.
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The expediency of using the cryopowder “Amaranth” in the 
technology of molten cheese is substantiated. The cryopowder 
“Amaranth” contains necessary vitamins and microelements of 
natural origin. Applying the cryopowder “Amaranth” in the tech-
nology of molten cheese allows enriching it with vitamins, min-
eral nutrients and food fibers. The main factors for the introduc-
tion of cryopowder “Amaranth” were the normative organoleptic 
assessment of the product and the daily need in its consumption.

Based on the organoleptic characteristics of molten cheese 
with the cryopowder “Amaranth”, it was established that the 
examined samples of cheese retain delicate, elastic consistency. 
They have distinctive original taste and flavor (similar to but-
ter). The cut had a homogeneous pattern, the dough was colored 
from light-yellow to yellow with distinct inclusions of amaranth 
(black and red color). The surface of the examined samples was 
clean, shiny, which matches the standards.

The tested samples had attractive physical appearance. 
Adding the cryopowder “Amaranth” to molten cheese resulted 
in an increase in biological value. The molten cheese, produced 
with the use of cryopowder “Amaranth”, combines traditional 
consumer properties with the technological capabilities of func-
tional-technological ingredients of plant origin.

Keywords: molten cheese, energy value, cryopowder, physi-
cal-chemical characteristics, biological value.
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The influence of low-temperature refrigeration treatment 
on the structure and organoleptic parameters of milk-protein 
concentrates (MPC), obtained with the use of cranberry and 
viburnum purees, was determined and analyzed.

The study of low-temperature phase transitions and glass 
transition of the MPC structure was made during cooling at 
a rate of 200 °C/min by immersion of the samples in liquid ni-
trogen. It was found that the structure of concentrates is amor-
phous, it can be considered relatively stable in the solid state. It 
was determined that the leaps of heat absorption were larger for 
the concentrates obtained with the use of berry purees than for 
the control sample. This indicates a large amount of bound liquid 
in the products, what allows reducing crystallization and avoid-
ing significant structural changes.

The analysis of changes in the color-parametric charac-
teristics of MPC indicates an increase in the intensity of light 
reflection at 550...700 nm, that is, in the yellow-red area of the 
spectrum, after 30 days of low-temperature storage. There are 
gradual yellowing and darkening of the product.

The theoretical and experimental research allowed deter-
mining the rational periods of storage of MPC in the frozen state, 
which are not more than 30 days at temperatures not higher 
than –20 °С. The possibility of predicting changes in the quality 
of food products obtained with the use of MPC, if stored at low 
temperatures, was obtained.

Keywords: milk-protein concentrate, differential scanning 
calorimetry, color-parametric characteristics, storage time.
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Keywords: theoretical modeling, thermodynamic potential, 
ionic calcium, micellar calcium, phase equilibrium, coagulation, 
conditions of stability, decalcification, cottage cheese, sour milk 
cheese.
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A dependence is established between the amount and forms 
of calcium in milk and its technological purpose. It is proven that 
a controlled reduction in the content of calcium in milk (specifi-
cally, its ionic form) increases thermal stability of milk in the range 
of lowered values of pH, which resolves the task on compatible use 
of milk and acid-containing raw materials (concentrates of juices 
and puree) in the composition of beverages. The substantiated 
increase of ionic calcium in milk also implements the principles 
of optimization of technological processes for its processing, in 
particular when producing cottage cheese. We constructed a 
theoretical model of the controlled intensified technologies of 
dairy products, underlying which is the quantitative and qualita-
tive analysis of physical-chemical properties of the components 
of compounds in the system “milk”, specifically calcium. It was 
proven that in line with the devised model the process of stabiliza-
tion/destabilization of the colloidal state of the system “milk” is 
accompanied by the formation of a new phase under condition 
of introducing certain substances that can control the thermody-
namical potential of the system. The model developed was verified 
in the course of implementation of the technological process for 
manufacturing skimmed milk with controlled thermal stability. It 
was proven that the introduction of sodium alginate to the system 
“milk” leads to a reduction of the undesirable potential through 
lowering and redistribution of calcium by forms. 

It is shown that a given effect is the result of decomposition 
of casein micelles into submicelles and it manifests itself by an 
increase in the resistance of the system to thermal influence. We 
tested the devised model in the course of implementation of the 
technological process for manufacturing cottage cheese. It was 
proven that the controlled regulation of the content of ionized 
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high organoleptic properties. 
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Using the methods of mathematical modeling, we developed 
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tent of glutin within 1…5 %. In this case, the content of oxylizine 
and hydroxyproline, the source of which is glutin, was regulated 
within a range of 0.15… 0.2 g/100 g. The limiting value in math-
ematical modeling of the developed formulations was an energy 
value in fresh-mixes, which amounted to 60 kcal.

We determined biological activity of the obtained drinks. 
The fresh-mix “Potasium mix” has a biological activity of  
250 standard units, “Potasium-mix plus” – 1,596 standard 
units. When developing the fresh-mix “Potasium-mix plus”, we 
established the synergistic effect through the introduction to 
the formulation of the fresh-mix of spicy-aromatic raw material, 
turmeric, and the raw material of protein nature − glutin. 

Assessment of the quality of these products showed that the 
weight of significance of the fresh-mixes “Potasium-mix” and 
“Potasium-mix рlus “ amounted to 0.94 and 0.98 units, respec-
tively.

By employing the ALST test, we identified storage condi-
tions for the developed fresh-mixes. It was established that when 
storing the beverages can be stored for 5 days at a temperature of 
(5±1) °C in an air-tight container without changes in microbio-
logical and sensory indicators. 

Keywords: integrated quality assessment, immunostimulat-
ing beverage, nutritional value, shelf life.
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The relevance of creating a new dietary supplement based on 
the selenium-containing cultures of lacto- and bifidobacteria was 
proven. We have chosen the optimal source of selenium – sodium 
selenite (Na2SeO3), adding which to the cultivation medium 
of microorganisms ensures maximum accumulation of organic 
forms of selenium in the examined microorganisms.

We have established the effect of concentrations of sodium 
selenite on an increase in the biomass of lacto- and bifidobac-
teria. Concentrations of Na2SeO3 exceeding 8 µg/cm3 cause 
the inhibition of growth in the lactobacilli biomass when com-
pared with control. The growth of biomass of bifidobacteria is 
inhibited under the influence of the concentration of Na2SeO3 
above 5 µg/cm3. Applying the indicators of optical density, 
we determined values for a specific growth rate and the dura-
tion of generation of biomass of the examined microorgan-
isms. The dynamics of selenium accumulation by the cultures  
Lactobacillus acidophilus 412/307 and Bifidobacterium bifidum I  
was studied. A direct dependence was established between 
the quantitative content of inorganic selenium in the envi-
ronment of cultivation and the content of organic selenium in 
bacterial cells. Adding the concentration of sodium selenite 
equal to 0.5 µg/cm3 provides for obtaining 105 µg of organic 
selenium per one gram of dry biomass of lactobacilli; this in-
dicator for bifidobacteria is 97.5 µg/g. At a concentration of 
Na2SeO3 equal to 20 µg/cm3, 4,698 µg of organic selenium is 
biotransformed in the biomass of lactobacilli and 3,149 µg –in 
the biomass of bifidobacteria.

Based on the data derived, we have developed a technologi-
cal scheme for obtaining the dietary supplement with the quanti-
tative content of organic selenium at 202.5±1 µg/g. The content 
of lactobacilli was 1.0×109 CFU/cm3; that of bifidobacteria –  
1.2×108 CFU/cm3. 

Keywords: probiotics, dietary supplements, sodium selenite, 
bifidobacteria, lactobacilli, selenoproteins, optical density.
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this, within the framework of the proposed physical-mathe-
matical model for the process of crystallization, meat system 
is regarded as a colloidal capillary-porous body. In this case, a 
process of crystallization is considered as the superposition of 
two processes: freezing out free moisture (basic process) and a 
competing process for increasing binding energy for the bound 
moisture. It was established that the aforementioned processes 
differently depend on temperature: the speed of freezing out 
moisture decreases with a decrease in temperature while the 
rate of the competing process, on the contrary, increases. It was 
theoretically predicted and experimentally proven that a change 
in the information parameters of effective specific heat capacity 
is the criterion of reversibility of the process of low temperature 
treatment. As revealed by computer simulation, the proposed 
model more adequately reflects the actual character of depen-
dence of the effective specific heat capacity of meat systems with 
different composition and properties.

Based on the proposed physical-mathematical model for the 
crystallization of meat systems, we have developed a method for 
determining effective specific heat capacity (Ce) using the ther-
mograms of freezing-defrosting. Information parameters, which 
were derived from the temperature dependence of effective spe-
cific heat capacity, are: tcr/mel is the temperature of maximum rate 
of crystal formation (melting), oC; ∆tcr is the cryoscopic interval 
of temperatures, oC; ∆Нcr is the specific heat of phase transition 
in a cryoscopic interval of temperatures, J/K; ∆ω is the share 
of moisture, which changes its aggregate state in a cryoscopic 
interval of temperatures (the amount of free frozen out or melted 
moisture).

The study conducted became the basis for the scientific 
substantiation of technologies for manufacturing semi-finished 
frozen minced meat products for the criterion of reversibility.

Keywords: meat systems, freezing, crystallization, physical-
mathematical model, effective specific heat capacity.
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It is proven that the complex of processes that occur during 
freezing-defrosting of meat systems cannot be described within 
the framework of the theory of freezing out true solutions. A 
characteristic feature of meat systems is the heterogeneity in 
terms of chemical composition, structure and properties. Given 
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We report the results of research on the effect of food fibers 
on the fermentation process of whey – the base of beverages. By 
using the method of IR spectroscopy, we studied various forms 
of moisture bonds of apple pectin in fiber and orange fruit fibers 
Citri-Fi with water or whey. The results obtained show the ex-
istence of strong hydrogen bonds and high concentration of the 
movable proton. High sorption capacity for water is observed. 
This effect is important in terms of regulating the viscosity of 
wort. By employing mathematical modeling, we established 
conditions for the preparation and introduction of Citri-Fi to 
whey for obtaining beverages with enhanced viscosity. The visu-
alization is provided of the transformations of dry Citri-Fi when 
swelling in whey – an increase in the volume of tubular fibers. 
For the basic indicators of fermentation (the content of carbon 
dioxide, the amount of formed ethyl alcohol and yeast cells, the 
content of reducing sugars) we defined rational conditions for 
the fermentation of whey-plant wort with enhanced viscosity. 
During fermentation using the race Zygosaccharomyces lactis 
868-K, the most intensive growth of yeast cells at the level from 
42.3 to 71.3 mln/cm3 was observed over the interval of 6…24 
hours of fermentation. The dynamics of accumulation of carbon 
dioxide in wort is correlated to the indicators of growth in yeast 
cells. The data obtained indicate a certain oppression of yeast 
development in whey-plant wort. This is due to the presence of 
colloidal substances of whey and the residue of insoluble compo-
nents of food fibers. We established a fermentation temperature 
of whey-plant wort with enhanced viscosity − 30…32 °C, at 
which there is a sufficient accumulation of ethyl alcohol at the 
level of 0.64...0.69 % by volume. Further increase or decrease in 
temperature results in a decrease in the amount of alcohol, indi-
cating a decrease in the activity of cell enzymes. We have proven 
the possibility to apply the results obtained for developing a 
technology for manufacturing whey-based fermented beverages 
with enhanced viscosity.

Keywords: whey, food fibers, fermentation, yeast Zygo-
saccharomyces lactis 868-K, whey-plant wort with enhanced 
viscosity.

References 

1.	 Khramtsov, A. G. (2011). The phenomenon of milk whey. Saint 
Petersburg: Profession, 145–152.

2.	 Hinkova, A., Zidova, P., Pour, V., Bubnik, Z., Henke, S., Sa-
lova, A., Kadlec, P. (2012). Potential of Membrane Separation 
Processes in Cheese Whey Fractionation and Separation. 
Procedia Engineering, 42, 1425–1436. doi: 10.1016/j.proeng. 
2012.07.536 

3.	 Pan, K., Song, Q., Wang, L., Cao, B. (2011). A study of demin-
eralization of whey by nanofiltration membrane. Desalination,  
267 (2-3), 217–221. doi: 10.1016/j.desal.2010.09.029 

4.	 Rektor, A., Vatai, G. (2004). Membrane filtration of Mozza-
rella whey. Desalination, 162, 279–286. doi: 10.1016/s0011-
9164(04)00052-9 

5.	 Baldasso, C., Barros, T. C., Tessaro, I. C. (2011). Concentration 
and purification of whey proteins by ultrafiltration. Desalina-
tion, 278 (1-3), 381–386. doi: 10.1016/j.desal.2011.05.055 

6.	 Wu, L., Xu, C., Li, S., Liang, J., Xu, H., Xu, Z. (2017). Efficient 
production of lactulose from whey powder by cellobiose 2-epim-
erase in an enzymatic membrane reactor. Bioresource Technol-
ogy, 233, 305–312. doi: 10.1016/j.biortech.2017.02.089 

7.	 Zohri, A.-N. A., Gomah, N. H., Maysa, A. A. (2014). Utilization 
of cheese whey for bio-ethanol production. Universal Journal of 
Microbiology Research, 2 (4), 57–73. 

novative Food Science & Emerging Technologies, 23, 138–145. 
doi: 10.1016/j.ifset.2014.03.007 

8.	 Kim, Y. H. B., Liesse, C., Choe, J., Kemp, R. (2015). Effect of 
different freezing/thawing methods on meat quality charac-
teristics of pre-aged lamb loins. Meat Science, 101, 137–138.  
doi: 10.1016/j.meatsci.2014.09.090 

9.	 Yancheva, M. A., Dromenko, E. B., Potapov, V. A., Grinchen- 
ko, O. A. (2014). Influence of emulsion systems of cryoprotective 
action оn thermophysical properties of meat systems. Eastern-
European Journal of Enterprise Technologies, 3 (10 (69)), 34–39.  
doi: 10.15587/1729-4061.2014.24867 

10.	 Yancheva, M., Dromenko, O., Potapov, V., Grinchenko, O., 
Zhelievа, T. (2018). Study of influence of freezing-defrosting on 
thermophysical properties of meat systems. EUREKA: Life Sci-
ences, 1, 32–38. doi: 10.21303/2504-5695.2018.00537

11.	 Potapov, V. A. (2013). Kinetyka yavyshch perenosu v protsesi 
sushinnia. LAPLAMBERT AcademicPublishing, 319.

12.	 Churmak, I. G., Onistchenko, V. P. (1990). The peculiarities of 
calculation and accomplishing the refrigeration technology pro-
cesses in production lines. Progress in the science and technol-
ogy of refrigeration in food engineering, IIR (Commissions B2, 
C2, D1, D2/3), Dresden, 1990). Paris: IIR, 4, 361–366. 

13.	 Landau, L. D., Lifshits, E. M. (2002). Teoreticheskaya fіzika.  
Vol. X. Moscow: FIZMATLIT, 536.

14.	 Postol’ski, Ya., Gruda, Z. (1978). Zamorazhivanie pishchevyh 
produktov. Moscow: Pishchevaya promyshlennost’, 606.

DOI: 10.15587/1729-4061.2018.120803
STUDY INTO EFFECT OF FOOD FIBERS ON THE 
FERMENTATION PROCESS OF WHEY (p. 56-62)

Sergii Tsygankov 
Institute of Food Biotechnology and  

Genomics NAS of Ukraine, Kyiv, Ukraine
ORCID: http://orcid.org/0000-0002-4166-4124

Olena Grek
National University of Food Technologies, Kyiv, Ukraine

ORCID: http://orcid.org/0000-0002-5713-374X

Olena Krasulya
National University of Food Technologies, Kyiv, Ukraine

ORCID: http://orcid.org/0000-0001-6402-8959

Olena Onopriichuk 
National University of Food Technologies, Kyiv, Ukraine

ORCID: http://orcid.org/0000-0001-9111-0229

Larysa Chubenko 
National University of Food Technologies, Kyiv, Ukraine

ORCID: http://orcid.org/0000-0001-6062-0947

Oleksandr Savchenko 
National University of Life and  

Environmental Sciences of Ukraine, Kyiv, Ukraine
ORCID: http://orcid.org/0000-0002-3940-6679

Olha Snizhko 
National University of Life and  

Environmental Sciences of Ukraine, Kyiv, Ukraine
ORCID: http://orcid.org/0000-0002-1405-884X

Оlena Ochkolyas 
National University of Life and  

Environmental Sciences of Ukraine, Kyiv, Ukraine
ORCID: http://orcid.org/0000-0002-8483-578X



85

Abstract and References. Technology and equipment of food production

functionalization. LWT – Food Science and Technology, 56 (2), 
211–221. doi: 10.1016/j.lwt.2013.12.004 

26.	 Kohajdová, Z., Karovičová, J., Magala, M., Kuchtová, V. (2014). 
Effect of apple pomace powder addition on farinographic prop-
erties of wheat dough and biscuits quality. Chemical Papers,  
68 (8). doi: 10.2478/s11696-014-0567-1 

27.	 Min, B., Bae, I. Y., Lee, H. G., Yoo, S.-H., Lee, S. (2010). Uti-
lization of pectin-enriched materials from apple pomace as a 
fat replacer in a model food system. Bioresource Technology,  
101 (14), 5414–5418. doi: 10.1016/j.biortech.2010.02.022 

28.	 Spohner, S. C., Schaum, V., Quitmann, H., Czermak, P. (2016). 
Kluyveromyces lactis: An emerging tool in biotechnology. 
Journal of Biotechnology, 222, 104–116. doi: 10.1016/j.jbio-
tec.2016.02.023 

29.	 Rodrigues, B., Lima-Costa, M. E., Constantino, A., Raposo, S., 
Felizardo, C., Gonçalves, D. et. al. (2016). Growth kinetics and 
physiological behavior of co-cultures of Saccharomyces cerevisi-
ae and Kluyveromyces lactis, fermenting carob sugars extracted 
with whey. Enzyme and Microbial Technology, 92, 41–48.  
doi: 10.1016/j.enzmictec.2016.06.012 

30.	 Tsygankov, S., Grek, O., Krasulya, O., Onopriichuk, O., Chuben-
ko, L., Savchenko, O. et. al. (2018). Methods of determination of 
parameters of whey with food fibers. EUREKA: Life Sciences, 1, 
69–76. doi: 10.21303/2504-5695.2018.00534

31.	 Lima, A. F., Cavalcante, K. F., de Freitas, M. de F. M., Rodrigues, 
T. H. S., Rocha, M. V. P., Gonçalves, L. R. B. (2013). Compara-
tive biochemical characterization of soluble and chitosan im-
mobilized β-galactosidase from Kluyveromyces lactis NRRL 
Y1564. Process Biochemistry, 48 (3), 443–452. doi: 10.1016/ 
j.procbio.2013.02.002 

DOI: 10.15587/1729-4061.2018.120877
DETERMINATION OF THE ENZYME DESTRUCTION 
RATIONAL MODE OF BIOMASS AUTOLYSATE OF 
LACTIC ACID BACTERIA (p. 63-68)

Antonina Kapustian 
Odessa National Academy of Food Technologies,  

Odessa, Ukraine
ORCID: http://orcid.org/0000-0002-0644-3959

Natalia Cherno 
Odessa National Academy of Food Technologies,  

Odessa, Ukraine
ORCID: http://orcid.org/0000-0003-4851-1347

Georgii Stankevich 
Odessa National Academy of Food Technologies,  

Odessa, Ukraine
ORCID: http://orcid.org/0000-0002-0583-8174

Iryna Kolomiіets 
Stepan Gzhytskyi National University of Veterinary Medicine 

and Biotechnologies Lviv, Lviv, Ukraine
ORCID: http://orcid.org/0000-0001-8627-6021

Oksana Matsjuk 
Stepan Gzhytskyi National University of Veterinary Medicine 

and Biotechnologies Lviv, Lviv, Ukraine
ORCID: http://orcid.org/0000-0003-3914-9577 

Lubov Musiy 
Stepan Gzhytskyi National University of Veterinary Medicine 

and Biotechnologies Lviv, Lviv, Ukraine
ORCID: http://orcid.org/0000-0003-1847-3394

8.	 Bulatovic, M., Rakin, M., Mojovic, L., Nikolic, S., Vukasinovic-
Sekulic, M., Djukic-Vukovic, A. (2012). Whey as a raw material 
for the production of functional beverages. Hemijska Industrija, 
66 (4), 567–579. doi: 10.2298/hemind111124009b 

9.	 Jelicic, I., Bozanic, R., Tratnik, L. (2008). Whey based bever-
ages – new generation of dairy products. Mljekarstvo, 58 (3), 
257–274.

10.	 S. Gad, A., H. Emam, W., F. Mohamed, G., F. Sayd, A. (2013). 
Utilization Whey in Production of Functional Healthy Bever-
age “Whey-mango Beverages.” American Journal of Food Tech-
nology, 8 (3), 133–148. doi: 10.3923/ajft.2013.133.148 

11.	 Baccouche, A., Ennouri, M., Felfoul, I., Attia, H. (2013). A 
physical stability study of whey-based prickly pear bever-
ages. Food Hydrocolloids, 33 (2), 234–244. doi: 10.1016/j.food-
hyd.2013.03.007 

12.	 Tkachenko, N., Nekrasov, P., Vikul, S., Honcharuk, Y. (2017). 
Modelling formulae of strawberry whey drinks of prophylactic 
application. Food Science and Technology, 1 (11), 80–88. doi: 
10.15673/fst.v11i1.303 

13.	 Farah, J. S., Araujo, C. B., Melo, L. (2017). Analysis of yoghurts’, 
whey-based beverages’ and fermented milks’ labels and differ-
ences on their sensory profiles and acceptance. International 
Dairy Journal, 68, 17–22. doi: 10.1016/j.idairyj.2016.12.008 

14.	 Gallardo-Escamilla, F. J., Kelly, A. L., Delahunty, C. M. (2007). 
Mouthfeel and flavour of fermented whey with added hy-
drocolloids. International Dairy Journal, 17 (4), 308–315.  
doi: 10.1016/j.idairyj.2006.04.009 

15.	 Evdokimov, I. A., Volodin, D. N. (2016). Sovremennoe sostoya-
nie i perspektivy pererabotki molochnoy syvorotki. Pererabotka 
moloka, 8, 10–13.

16.	 Hramtsov, A. G., Nesterenko, P. G., Evdokimov, I. A. et. al. 
(2014). Al’ternativnye varianty promyshlennoy pererabotki 
molochnoy syvorotki. Molochnaya promyshlennost’, 11, 44–48.

17.	 Jelen, P. (2011). Whey Processing. Utilization and Products. 
Encyclopedia of Dairy Sciences, 731–737. doi: 10.1016/b0-12-
227235-8/00511-3 

18.	 Kumar, N., Vandna, Hati, S. (2015). Fermented and non fer-
mented whey beverages. Beverage & food world, 42 (4), 28–31.

19.	 Chavan, R. S., Shraddha, R. C., Kumar, A., Nalawade, T. (2015). 
Whey Based Beverage: Its Functionality, Formulations, Health 
Benefits and Applications. Journal of Food Processing & Tech-
nology, 6 (10). doi: 10.4172/2157-7110.1000495 

20.	 Suhih, S. А., Frolov, S. V. (2008). Technology of tonics based on 
the secondary raw milk. Achievements of Science and Technol-
ogy of AIC, 5, 54–55.

21.	 Pescuma, M., Hébert, E. M., Mozzi, F., Font de Valdez, G. 
(2010). Functional fermented whey-based beverage using lac-
tic acid bacteria. International Journal of Food Microbiology,  
141 (1-2), 73–81. doi: 10.1016/j.ijfoodmicro.2010.04.011 

22.	 Eltcova E. V. (2001). Development of technology for soft drinks 
based on fruit and berries with whey. Kemerovo University of 
Food Technology, 1–19.

23.	 Baccouche, A., Ennouri, M., Felfoul, I., Attia, H. (2013). A 
physical stability study of whey-based prickly pear bever-
ages. Food Hydrocolloids, 33 (2), 234–244. doi: 10.1016/j.food-
hyd.2013.03.007 

24.	 Grek, О., Krasulya, O. (2013). Study of effect fibers on the com-
munication forms of moisture in mixture with milk whey. Food 
chemistry and technology, 47, 15–21.

25.	 Prückler, M., Siebenhandl-Ehn, S., Apprich, S., Höltinger, S., 
Haas, C., Schmid, E., Kneifel, W. (2014). Wheat bran-based 
biorefinery 1: Composition of wheat bran and strategies of 



86

Eastern-European Journal of Enterprise Technologies ISSN 1729-3774 1/11 ( 91 ) 2018

5.	 Kapustyan, A. I., Cherno, N. K. (2015). Prospects for using 
bioactive bacterial hydrolysates for nutritional supplementa-
tion of people with immune system disorders. Journal of Food 
Science and Technology, 9 (2), 18–25. doi: 10.15673/2073-
8684.31/2015.44263 

6.	 Andronova, T. M., Pinegin, B. V., Kozlov, I. G. (2008). Likopid 
(GMPD) – sovremenniy otechestvenniy vysokoeffektivniy im-
munomodulyator. Moscow, 24.

7.	 Karaulov, A. V., Kalyuzhin, O. V., Likov, V. F. et. al. (2002). 
Proizvodnye muramildipeptida v klinike. Aktual’nye voprosy 
klinicheskoy meditsiny, 2, 93–100.

8.	 Barišić, L., Roščić, M., Kovačević, M., Semenčić, M. Č., Horvat, Š., 
Rapić, V. (2011). The first ferrocene analogues of muramyldipep-
tide. Carbohydrate Research, 346 (5), 678–684. doi: 10.1016/j.
carres.2011.01.006 

9.	 Shaphaev, E. G., Tsyrenov, V. Zh., Chebunina, E. I. (2015). Dez-
integratsiya kletok v biotekhnologii. Ulan-Ude, 96.

10.	 Humann, J., Lenz, L. L. (2008). Bacterial Peptidoglycan-Degrad-
ing Enzymes and Their Impact on Host Muropeptide Detection. 
Journal of Innate Immunity, 1 (2), 88–97. doi: 10.1159/000181181 

11.	 Kapustian, А. (2017). Characterization of the bacterial ori-
gin immunotropic functional ingredients obtained through a 
physical impact. Scientific Messenger of LNU of Veterinary 
Medicine and Biotechnologies, 19 (75), 13–18. doi: 10.15421/
nvlvet7503 

12.	 Gavrilin, M. V., Sen’chukova, G. V., Senchenko, S. P. (2007). 
Vybor optimal’nyh usloviy polucheniya gidrolizatov moloch-
nokislyh bakteriy termokislotnym sposobom. Himiko-farmat-
sevticheskiy zhurnal, 41 (2), 54–56.

13.	 Senchenko, S. P., Samoylov, V. A., Gostishcheva, N. M., 
Sen’chukova, G. V., Gavrilin, M. V. (2005). Izuchenie sostava 
preparata, poluchennogo na osnove gidrolizata molochnokislyh 
bakteriy. Himiko-farmatsevticheskiy zhurnal, 39 (3), 51–53.

14.	 Garanyan, G. S., Hanferyan, R. A., Oganesyan, E. T. (2010). Hi-
micheskoe obosnovanie i biologicheskoe issledovanie gidrolizata 
na osnove kul’tur molochnokislyh bakteriy. Himiko-farmat-
sevticheskiy zhurnal, 44 (8), 46–49.

15.	 Molohova, E. I., Sorokina, Yu. V. (2011). Razrabotki otechest-
vennyh metabolitnyh probiotikov i ih standartizatsiya. Sibirskiy 
meditsinskiy zhurnal, 26 (15), 29–33.

16.	 Glushanova, N. A. (2003). Biologicheskie svoystva laktobatsill. 
Byulleten’ sibirskoy meditsiny, 4, 50–58

17.	 Chapot-Chartier, M.-P., Kulakauskas, S. (2014). Cell wall struc-
ture and function in lactic acid bacteria. Microbial Cell Facto-
ries, 13 (Suppl 1), S9. doi: 10.1186/1475-2859-13-s1-s9 

18.	 Stoyanova, L. G., Ustyugova, E. A., Netrusov, A. I. (2012). An-
timikrobnye metabolity molochnokislyh bakteriy: raznoobrazie i 
svoystva (obzor). Prikladnaya biohimiya i mikrobiologiya, 48 (3), 
259–275.

19.	 Kapustian A., Cherno N. Obtaining and characteristic of the au-
tolysate of lactic acid bacteria // EUREKA: Life Sciences. 2018. 
Issue 1. P. 24–31. doi: 10.21303/2504-5695.2018.00558

20.	 Ostapchuk, N. V., Kaminskiy, V. D., Stankevich, G. N., Chuchuy, 
V. P.; Ostapchuk N. V. (Ed.) (1992). Matematicheskoe mod-
elirovanie protsessov pishhevykh proizvodstv.

21.	 Dvoretskiy, D. S., Dvoretskiy, S. I., Peshkova, E. V., Temnov, 
M. S. (2014). Matematicheskoe modelirovanie protsessov i ap-
paratov himicheskih i pishchevyh proizvodstv. Tambov: Izd-vo 
FGBOU VPO «TGTU», 80. 

22.	 Tarasevich, B. N. (2012). IK-spektry osnovnyh klassov or-
ganicheskih soedineniy. Moscow, 54.

Iryna Slyvka 
Stepan Gzhytskyi National University of Veterinary Medicine 

and Biotechnologies Lviv, Lviv, Ukraine
ORCID: http://orcid.org/0000-0002-3305-1862

It is shown that the degradation products of peptidoglycans 
of lactic acid bacteria cell walls that are related to the muramyl 
peptide series compounds are promising components of food 
ingredients and dietary supplements for the nutritional support 
of the population suffering from disorders of the immune system.

The expediency of autolysis of lactic acid bacteria biomass 
to increase the enzymatic degradation efficiency of peptido-
glycans of their cell walls has been proven. The accumulation 
of low molecular weight peptides in the enzymatic hydrolysis 
of biomass under rational parameters, which was not subject-
ed to autolysis, is 0.260 mg/cm3, in the enzymatic hydrolysis 
of biomass that was subjected to autolysis is 0.569 mg/cm3. 
Rational regimes of enzymatic hydrolysis of the composition 
of lactic acid bacteria (enzyme concentration of 12.5 mg/cm3, 
substrate concentration of 70.0 mg/cm3, duration of enzy-
matic hydrolysis of 245.6 min) were determined using math-
ematical planning methods of multifactorial experiments, 
which made it possible to significantly optimize and improve 
the work efficiency. 

The affiliation of low molecular weight peptides obtained 
under the rational conditions of enzymatic hydrolysis to im-
munological compounds of the muramyl peptide series has been 
proven by gel chromatography and IR spectroscopy methods. 
It is determined that the molecular weight of the obtained 
low molecular weight peptides is in the range of 294–650 Da, 
which, in fact, corresponds to the molecular weight of mur-
amyl dipeptide and glucosaminylmuramyl dipeptide. In the 
IR spectrum of low molecular weight peptides, the absorption 
bands are noted, which correspond to fluctuations of free amino 
groups, peptide bonds, which, in fact, occur in the structure of 
peptides, pyranose glucose forms that are part of muramic acid 
and N-acetylglucosamine of peptidoglycan, muramyl dipeptide 
and glucosaminylmuramyl dipeptide. Also, fluctuations of 
β-glycoside bonds, which binds the remains of muramic acid 
and N-acetylglucosamine in peptidoglycan and glucosaminyl-
muramyl dipeptide are marked in the IR spectrum of low mo-
lecular weight peptides.

Keywords: biomass, lactic acid bacteria, autolysate, enzy-
matic hydrolysis, pancreatin, peptidoglycan, muramyl peptide, 
immunotropic properties, mathematical modeling.
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We established the content of nitrates in vegetables and 
studied special features in the course of microbiological and 
denitrification processes during pickling of tomatoes with a 
different content of nitrates. It was found that 15 % on aver-
age of the samples of vegetable produce, grown in open ground, 
contained the amount of nitrates that exceeded MPC (maximum 
permissible concentration). For vegetables grown in green-
houses, the number of samples with the nitrate content above 
the norm reached 25−30 %. It was discovered that in the process 
of pickling tomatoes with the amount of nitrates at 137±10 mg/
kg (within MPC), there occurs an intensive growth of lactic 
acid microorganisms. As a result of the reproduction of lactic 
acid microflora, there happens a denitrification process with the 
amount of nitrates in pickled tomatoes reduced to 17±2 mg/kg. 
When pickling tomatoes with a nitrate content twice as large 
than MPC at 619±32 mg/kg, microbiological and denitrification 
processes slow down at the beginning. Then they are recovered 
with the amount of nitrates reduced to 134±5 mg/kg. When 
pickling tomatoes with the nitrate content five times larger than 
MPC (1,576±114 mg/kg), the pickling does not occur because of 
the inhibiting influence of nitrates on the growth of microflora.

Thus, the data obtained indicate that the tomatoes that con-
tain nitrates within 600−700 mg/kg can be used for the prepara-
tion of pickled products. Vegetable produce containing nitrates in 
the amount above 1,500 mg/kg must not be used in pickling due 
to the inhibiting influence of nitrates on lactic acid microflora.

Keywords: nitrates, vegetable produce, denitrification pro-
cess, microbiological process, lactic acid microflora.
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