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We have determined the uniformity of heat flow distribu-

tion over the heating surface of the model design of the improved  

unit (60.3...60.5 °C) and at the reflective surface of the hinged 

blade with a cutting edge (60.0...60.3 °C). The total thickness of 

a liquid layer has been established depending on the shaft rota-

tion frequency of the proposed hinged blade with a cutting edge: 

at 50 min–1 – 1–2.65 mm, at 350 min–1 – 1.5 mm, compared with a 

standard hinge blade (a layer thickness is from 5.0 mm to 1.5 mm), in 

terms of product consumption W=50 l/h. The improved scraper heat 

exchanger is characterized by a 1.48-time decrease in the specific 

energy consumption (170.4 kJ/kg), used to heat a product volume 

unit, compared to the heater with a steam shell – 252.6 kJ/kg. The 

research result is the confirmed efficiency of using the improved 

scraper heat exchanger, as well as its proposed structural scheme.

Keywords: heating, scraper heat exchanger, cutting blade, heat 

removal, flexible film resistive electric heater of the radiating type.
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When heating liquid and paste-type products, enterprises in the 

food industry commonly use scraper heat exchangers, which, given 

their high heat treatment intensity, make it possible to retain the 

original properties of the treated raw materials. Most heat exchang-

ers demonstrate an unstable stabilizing effect: the vapor pressure ‒ 
the temperature that leads to damage to raw materials, under condi-

tions of significant energy- and metal capacity. It is possible to elimi-

nate these drawbacks by using a temperature-stable flexible film re-

sistive electric heater of the radiating type as a heater in an improved 

scraper heat exchanger. We have proposed applying a hinged blade 

with a cutting edge (with a reflective heating surface) as a stirring 

element of the heat exchanger to obtain the uniform distribution of 

a product layer thickness at the working surface and to addition-

ally heat by the blade’s reflective surface. The heat exchanger can 

be supplemented with a cooling shell with ring channels to pass the 

refrigerant, which is placed on the outer surface of the non-thermally 

insulated flexible electric heater. Such a solution provides the possi-

bility of cooling to −15 °C and it simultaneously serves the additional 

air thermal insulation in the absence of the carrier in it.
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cells of plant raw materials by increasing the concentration of solids. 

The advanced technology involves the use of the process of osmotic 

dehydration in 70 % sugar solution of the temperature of 50 °C as an 

alternative to the process of blanching. This ensures the reduction of 

drying time up to 1 hour due to the partial transition of water from 

root cells into the sugar solution. Inactivation of enzymes, which oc-

curs during dehydration, positively influences the organoleptic qual-

ity indicators of candied vegetables. Candied vegetables have a good 

smell, characteristic natural color, and can be used as a ready-made 

dessert dish and fillers in the production of fermented milk products 

and confectionery.

The influence of the traditional methods for processing plant raw 

materials on its nutritional and biological value was analyzed. The 

methods of making candied vegetables were studied and the short-

comings of these methods were revealed. A dataset on the modes of 

maintenance of dehydration and drying processes was obtained. The 

technology which includes: crushing raw material, osmotic dehydra-

tion, drying in vacuum drying chambers was proposed. The technol-

ogy involves crushing raw material into cubes with the dimensions 

of 5/5/5 mm. Osmotic dehydration of raw materials occurs in the 

oversaturated sugar solution for 2.5 hours at the temperature of 

50 °C with subsequent drying in vacuum drying chambers for 1 hour 

at 50 °C.

The design of the apparatus for osmotic dehydration, which 

ensures maintenance of the assigned temperature mode, preparation, 

and stirring the sugar solution, constant stirring of raw materials 

with the purpose of mass exchange intensification was developed.

The organoleptic (appearance, consistency, taste, smell, color) 

and physical and chemical quality indicators (mass fraction of 

sucrose, moisture, total ash) of candied table beets manufactured 

according to the improved technology were analyzed. Their compli-

ance with the requirements of DSTU 6075:2009 was established.

Keywords: osmotic dehydration, vacuum drying chambers, can-

died table beets, root vegetables, mass fraction of sucrose.
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acidification of the medium increases the viscosity of the emulsion 

system, therefore it is advisable to use SPCLLW in the composition 

of salty sauces of the emulsion type. There is a direct relationship 

between the manifestations of inversion instability and the increase 

in temperature of the emulsification process. The research reveals 

the inversely proportional effect of the rotation speed of the work-

ing body of the mixer on the increase in viscosity of the studied 

systems. Mathematical optimization is carried out for certain ranges 

of numerical values of parameters of separate indicators of the tech-

nological process. Rational parameters of the emulsification process 

are determined: temperature index – 18 °С, emulsification rate – 

0.09…0.11 ml/s, pH from 5.0 to 5.5, rotation speed of the working or-

ganism of the mixer – 500 rpm. The research confirms the possibility 

of using SPCLLW as a part of emulsion systems, in particular sauces 

of emulsion type. 

Keywords: low-lactose condensed semi-finished product, emul-

sifying properties, effective viscosity, inversion resistance.
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of emulsification of a semi-finished product based on condensed 
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of egg proteins while the magnitude of the temperature of visible 

coagulation depends on the concentration of egg mass in the model 

systems. A 15 % concentration of egg mass in the system with the 

content of 1.0...1.5 % of sodium chloride and the system’s pH  

of 4.2...4.3 was found to be the most rational.

It has been determined that the introduction of sugar stabilizes 

the system increasing the coagulation temperature of egg proteins 

and affects the sensory assessment of the homogeneity of the studied 

model systems after heating them to 100 °C.

It has been proven that the stabilizing effect of sucrose at pH 4.8 

is more pronounced compared to a neutral medium. With an increase 

in the active acidity of the studied model systems, the stabilizing 

effect of the comprehensive influence of the medium pH and the 

concentration of sucrose on the coagulation of egg mass proteins is 

enhanced.

Based on the above results, the content of 15...20 % of egg mass 

and 20...25 % of sugar in the system was determined to be the most 

rational for milk and egg protein concentrates, which allows the pas-

teurization of the mixture at 85...90 °C without stratification.

Keywords: milk and egg concentrate, viscosity of food system, 

sucrose, sodium chloride, active acidity.
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The comprehensive influence of the medium pH and the concen-

tration of sugar or sodium chloride on the process of coagulation of 

egg proteins has been established and analyzed.

It has been determined that sodium chloride in low concentra-

tions reduces the viscosity of the colloidal solution of egg mass and 

increases the heat resistance of egg proteins by 6...8 degrees. It has 

been established that when the active acidity is shifted to the acid 

side, the egg coagulation temperature shifts by 10...12 degrees above 

the egg protein coagulation temperature in a neutral medium. A pH 

shift towards neutral values reduces the temperature of coagulation 

and the formation of a protein clot by 5...8 degrees.

It has been established that the combined use of sodium chloride 

and medium pH leads to a synergistic effect on the heat resistance 
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from the meat of Peking duck is 1.22 g/100 g of fat, which satisfies 

the daily recommended need in essential FA by 27 %. The ratio be-

tween the families of the FA ω-3/ω-6 in the developed products is at 

least 1:11 at the recommended physiological norms of the perfect fat 

composition in a meat product of 1:10.

The current study has confirmed the high antioxidant activity 

of rosemary extract and the effective inhibition of the process of 

lipid oxidation in meat-containing sausages. Introducing a rosemary 

extract in the amount of 0.02–0.06 % slows down the hydrolytic oxi-

dation of minced meat lipids by 29.13–35.00 %, inhibits the peroxi-

dation of lipids in the meat-containing semi-smoked sausage, thereby 

reducing the number of peroxides by almost five times.

It has been confirmed that stabilizing the peroxidation of lipids 

in the meat-containing semi-smoked sausage made from Peking duck 

meat with a high concentration of unsaturated fatty acids should, 

as a consequence, reduce the concentration of secondary oxidation 

products. The number of aldehydes and ketones was least at the end of 

shelf-life of the finished products and was 0.38–0.80 mg MA/kg of the 

product, which is 2.54–3.94 times lower than that of control sample. 

The greatest stabilizing effect has been achieved when introducing a 

rosemary extract in the amount of 0.06 %, which makes it possible to 

reduce the indicators of oxidative spoilage of fat by more than twice.

Keywords: meat-containing semi-smoked sausage, duck meat, 

unsaturated fatty acids, rosemary extract.
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This paper reports a study of the fatty acid composition of a 

meat-containing semi-smoked sausage with Peking duck meat that 

established the biological effectiveness of the product’s fat. The 

rosemary extract application efficiency has been investigated for the 

course of oxidation processes in a semi-smoked sausage with a high 

content of unsaturated fatty acids.

The high content of the monounsaturated FA C18:1 ω-9 (oleic) 

has been determined experimentally, 40.37 g/100 g fat. The content 

of the PUFA ω-3 in a meat-containing semi-smoked sausage made 
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The possibility of using flour from soybean and chickpea grains, 

which are germinated in solutions of mineral salts, has been consid-

ered. The feasibility of its use in the production of cooked-smoked 

sausages by reducing meat raw materials has been investigated. The 

obtained patterns will be used in the development of the technology 

of cooked-smoked sausage enriched with iodine and selenium, the 

deficit of which is observed in 17 % of the world’s population.

The reported study has established that all experimental samples 

demonstrated an improvement in the structural and rheological 

characteristics compared with the control. It has been found that the 

use of legume flour, germinated in solutions of mineral salts, affects a 

change in the pH of minced meat. The samples containing them have 

a less pH, by 0.2; 0.4; 0.7 °T. The samples change color from dark red 

(control) to yellow-pink and yellow-gray. The content of the mass 

fraction of iodine and selenium in the samples containing the flour 

of legumes sprouted in the solutions of mineral salts of 5, 10, 15 %, 

was 13; 26; 39 μg by iodine, and 12.5; 25; 37.5 μg by selenium con-

tent. The content of essential amino acids increases by 1.609; 2.756; 

4.012 mg/100 g compared with the samples where legume flour was 

used, sprouted in water; by 2.134; 5.594; 8.468 mg/100 g compared 

with the control sample. The total content of essential amino acids 

increases by 3.128; 6.254; 9.380 mg/100 g compared with the control 

sample, and by 1.054; 2.100; 3.150 mg/100 g in comparison with 

samples in which the legume flour sprouted in water was used.

The established patterns are the scientific basis for the develop-

ment of the production technology of cooked smoked sausages en-

36.	 Bozhko, N., Tischenko, V., Pasichnyi, V., Marynin, A., Polumbryk, 

M. (2017). Study of oxidation processes in duck meat with applica-

tion of rosemary and grape seed extracts. EUREKA: Life Sciences,  

4, 10–15. doi: https://doi.org/10.21303/2504-5695.2017.00374 

37.	 Biswas, S., Banerjee, R., Bhattacharyya, D., Patra, G., Das, A. K.,  

Das, S. K. (2019). Technological investigation into duck meat and 

its products - a potential alternative to chicken. World’s Poultry 

Science Journal, 75 (4), 609–620. doi: https://doi.org/10.1017/

s004393391900062x 

38.	 Baéza, E. (2006). Effects of genotype, age and nutrition on intramus-

cular lipids and meat quality. Proceedings of the 2006 Symposium 

COA/INRA Scientific Cooperation in Agriculture. Tainan, 79–82. 

Available at: http://www.angrin.tlri.gov.tw/%5C/INRA/o5.pdf

39.	 Ali, M. S., Kang, G.-H., Yang, H.-S., Jeong, J.-Y., Hwang, Y.-H.,  

Park, G.-B., Joo, S.-T. (2007). A Comparison of Meat Characteristics 

between Duck and Chicken Breast. Asian-Australasian Journal of 

Animal Sciences, 20 (6), 1002–1006. doi: https://doi.org/10.5713/

ajas.2007.1002 

40.	 Chartrin, P., Méteau, K., Juin, H., Bernadet, M. D., Guy, G., Larz-

ul, C. et. al. (2006). Effects of Intramuscular Fat Levels on Sensory 

Characteristics of Duck Breast Meat. Poultry Science, 85 (5), 914–

922. doi: https://doi.org/10.1093/ps/85.5.914 

41.	 Stender, S., Astrup, A., Dyerberg, J. (2012). A trans European Union 

difference in the decline intransfatty acids in popular foods: a mar-

ket basket investigation. BMJ Open, 2 (5), e000859. doi: https:// 

doi.org/10.1136/bmjopen-2012-000859 

42.	 Gayet-Boyer, C., Tenenhaus-Aziza, F., Prunet, C., Marmonier, C., 

Malpuech-Brugère, C., Lamarche, B., Chardigny, J.-M. (2014). Is 

there a linear relationship between the dose of ruminant trans-

fatty acids and cardiovascular risk markers in healthy subjects: re-

sults from a systematic review and meta-regression of randomised 

clinical trials. British Journal of Nutrition, 112 (12), 1914–1922. 

doi: https://doi.org/10.1017/s0007114514002578 

43.	 De Souza, R. J., Mente, A., Maroleanu, A., Cozma, A. I., Ha, V., 

Kishibe, T. et. al. (2015). Intake of saturated and trans unsatu-

rated fatty acids and risk of all cause mortality, cardiovascular dis-

ease, and type 2 diabetes: systematic review and meta-analysis of 

observational studies. BMJ, h3978. doi: https://doi.org/10.1136/

bmj.h3978 

44.	 Fernández-Ginés, J. M., Fernández-López, J., Sayas-Barberá, E., 

Pérez-Alvarez, J. A. (2005). Meat Products as Functional Foods: 

A Review. Journal of Food Science, 70 (2), R37–R43. doi: https:// 

doi.org/10.1111/j.1365-2621.2005.tb07110.x 

45.	 Remacle, C., Reusens, B. (Eds.) (2004). Functional foods, ageing 

and degenerative disease. Woodhead Publishing, 792. doi: https:// 

doi.org/10.1533/9781855739017 

46.	 Movileanu, I., Núñez de González, M. T., Hafley, B., Miller, R. K., 

Keeton, J. T. (2013). Comparison of Dried Plum Puree, Rosemary 

Extract, and BHA/BHT as Antioxidants in Irradiated Ground 

Beef Patties. International Journal of Food Science, 2013, 1–7.  

doi: https://doi.org/10.1155/2013/360732 

47.	 Shah, M. A., Bosco, S. J. D., Mir, S. A. (2014). Plant extracts as natu-

ral antioxidants in meat and meat products. Meat Science, 98 (1), 

21–33. doi: https://doi.org/10.1016/j.meatsci.2014.03.020 

48.	 Domínguez, R., Pateiro, M., Gagaoua, M., Barba, F. J., Zhang, W., 

Lorenzo, J. M. (2019). A Comprehensive Review on Lipid Oxidation 

in Meat and Meat Products. Antioxidants, 8 (10), 429. doi: https://

doi.org/10.3390/antiox8100429 



98

Eastern-European Journal of Enterprise Technologies ISSN 1729-3774 3/11 ( 105 ) 2020

15.	 Shalimova, T. A. (2016). The use of biomedical to improve the 

functional properties of bean flour for use in meat stuffing sys-

tems. Vse o myase, 1, 36–38. Available at: https://cyberleninka.ru/

article/n/primenenie-biomodifikatsii-dlya-uluchsheniya-funktsion-

alnyh-svoystv-muki-bobovyh-s-tselyu-ispolzovaniya-v-myasnyh-

farshevyh-sistemah

16.	 Paska, M., Markovych, I. (2014). Histological characteristics smoked 

sausages using different content of flour lentils. Naukovyi visnyk 

Lvivskoho natsionalnoho universytetu veterynarnoi medytsyny ta 

biotekhnolohiy im. Gzhytskoho, 16 (2 (59)), 156–163.

17.	 Markovych, I. (2014). Research on the amino acid composition 

in semi-smoked sausages containing lentils, juniper and thyme. 

Eastern-European Journal of Enterprise Technologies, 6 (10 (72)), 

38–43. doi: https://doi.org/10.15587/1729-4061.2014.28725 

18.	 Kazymov, S. A., Prudnikova, T. N. (2012). Germination influence on 

amino acids composition of mash beans. Izvestiya vysshih uchebnyh 

zavedeniy. Pishchevaya tehnologiya, 5-6, 25–26.

19.	 Biletska, Y., Bilovska, O., Zaitseva, А. (2019). Design of new food 

for diet purposes according to consumer preferences. Technology 

Audit and Production Reserves, 6 (4 (50)), 21–25. doi: https:// 

doi.org/10.15587/2312-8372.2019.185931 

20.	 Peresichnyi, M. I., Fedorova, D. V., Palamarek, K. V. (2013). Proek-

tuvannia bilkovo-roslynnykh past iz pidvyshchenym umistom yodu. 

Obladnannia ta tekhnolohiyi kharchovykh vyrobnytstv, 30, 135–143.  

Available at: http://journals.uran.ua/index.php/2079-4827/article/

view/22232/19750

21.	 Dzakhmisheva, I. S. (2013). Prevention yododefitsita function-

al food. Fundamental research, 10, 2418–2421, 10, 2418–2421. 

Available at: https://www.fundamental-research.ru/ru/article/

view?id=32806

22.	 Fakty dlia zhyttia. Dovidkovyi posibnyk (2018). Kyiv-Minsk-Mos-

cow, 192. 

23.	 Karanikas, G., Schuetz, M., Kontur, S., Duan, H., Kommata, S., 

Schoen, R. et. al. (2008). No Immunological Benefit of Selenium 

in Consecutive Patients with Autoimmune Thyroiditis. Thyroid,  

18 (1), 7–12. doi: https://doi.org/10.1089/thy.2007.0127 

24.	 Kryvoruchko, M. Y., Antonenko, A. V., Pohrebna, T. V., Pop, T. M., 

Kravchenko, M. F. (2012). Pat. No. 74155 UA. Method for production 

meal of soybeans germinated in an aqueous extract of laminaria, in par-

ticular Laminaria japonica or Laminaria saccharina. No. u201201490; 

declareted: 13.02.2012; published: 25.10.2012, Bul. No. 20.

25.	 Gorlach, E. A., Stepanova, N. Yu. (2016). Ispol’zovanie netrad-

itsionnogo rastitel’nogo syr’ya v proizvodstve varenyh kolbas. 

Izvestiya Sankt-Peterburgskogo gosudarstvennogo agrarnogo uni-

versiteta, 82–87. 

26.	 Harybina, K. E. (2001). Razrabotka sostava i tehnologii proizvodstva 

varenyh kolbas s ispol’zovaniem belkovoyodirovannogo kompleksa. 

Moscow, 164. Available at: http://www.dslib.net/texnologia-mjasa/

razrabotka-sostava-i-tehnologii-proizvodstva-varenyh-kolbas-s-

ispolzovaniem.html

27.	 Biletska, Y., Plotnikova, R., Danko, N., Bakirov, M., Chuiko, M., 

Perepelytsia, A. (2019). Substantiation of the expediency to use 

iodine-enriched soya flour in the production of bread for special 

dietary consumption. Eastern-European Journal of Enterprise Tech-

nologies, 5 (11 (101)), 48–55. doi: https://doi.org/10.15587/1729-

4061.2019.179809 

28.	 Biletska, Y., Plotnikova, R., Skyrda, O., Bakirov, M., Iurchenko, S.,  

Botshtein, B. (2020). Devising a technology for making flour 

riched with iodine, selenium, and amino acids. The developed product 

could adjust the structure of people’s nutrition, thereby eliminating 

significant deviations in the consumption of microelements.

Keywords: legume flour, cooked-smoked sausages, iodine defi-

ciency, selenium deficiency, soybeans, chickpeas, amino acids.

References 

1.	 Platonova, N. M. (2015). Iodine deficiency: current status. Clini-

cal and Experimental Thyroidology, 11 (1), 12–21. doi: https:// 

doi.org/10.14341/ket2015112-21 

2.	 Ryzhkova, T., Bondarenko, T., Dyukareva, G., Biletskaya, Y. 

(2017). Development of a technology with an iodine-containing 

additive to produce kefir from goat milk. Eastern-European Jour-

nal of Enterprise Technologies, 3 (11 (87)), 37–44. doi: https:// 

doi.org/10.15587/1729-4061.2017.103824 

3.	 Williams, P. A., Phillips, G. O. (2009). Introduction to food hy-

drocolloids. Handbook of Hydrocolloids, 1–22. doi: https:// 

doi.org/10.1533/9781845695873.1 

4.	 Bochkaryova, Z. A. (2016). Improvement of the meat stuffed semi-

finished products, based on minced meat-vegetable masses. XXI vek: 

itogi proshlogo i problemy nastoyashchego plyus, 1, 137–143.

5.	 Lisitsyn, A. B. (2010). The main trends of fundamental research 

VNIIMP. Meat industry, 11, 5–9.

6.	 Paska, M., Markovych, I., Simonov, R. (2014). Functional techno-

logical indicators smoked sausages with partial replacement of meat 

raw lentil flour. Naukovyi visnyk Lvivskoho natsionalnoho univer-

sytetu veterynarnoi medytsyny ta biotekhnolohiy im. Gzhytskoho,  

16 (3 (4)), 119–128.

7.	 Abd-Elhak, Nasra, A., Safaa, E. A., Nahed, L. Z. (2014). Innovative 

modification of traditional burger. Egypt. J. Agric. Res., 92 (3), 

995–1008.

8.	 Pietrasich, Z., Yants, Y. A. M. (2010). The use of pea flour, rich in 

starch and fiber, low fat Bologna in sausage. Food Res. Int., 43 (2), 

602–608.

9.	 Vinauskienė, R., Eisinaitė, V., Jasutienė, I., Leskauskaitė, D. (2014). 

Composition and functional properties of meat products with a 

lyophilised vegetable additive. Food Chemistry and Technology,  

48 (1), 78–86.

10.	 Shimokomaki, M., Ida, E. I., Kato, T., Pedrão, M. R., Coró, F. A. G., 

Hernández-Blazquez, F. J. (2012). Meat and meat products micro-

structure and their eating quality. Current microscopy contributions 

to Advances in Science and Technology, 23, 486–495.

11.	 Tornberg, E., Sjöholm, I. (2004). Pat. No. WO 2005107500 A1. 

Vegetable fat replacement in meat products. declareted: 07.05.2004; 

published: 17.11.2005.

12.	 Biletska, Ya., Plotnikova, R. (2019). Research of the chemical com-

position and the content of the accumulated iodine in soybeans. 

Prohresyvni tekhnika ta tekhnolohiyi kharchovykh vyrobnytstv 

restorannoho hospodarstva i torhivli, 2 (30), 111–121. Available at: 

http://elib.hduht.edu.ua/bitstream/123456789/5060/1/9.pdf

13.	 Biletska, Y., Plotnikova, R. (2020). Research of the phytoes-

trogens content in soybean and chickpea flour. Technology Au-

dit and Production Reserves, 1 (3 (51)), 58–60. doi: https:// 

doi.org/10.15587/2312-8372.2020.192603 

14.	 Biletska, Y., Bakirov, M. (2019). Identification of promising 

chickpea varieties for enrichment with selen. Technology Au-

dit and Production Reserves, 5 (3 (49)), 41–44. doi: https:// 

doi.org/10.15587/2312-8372.2019.185137 



99

Abstract and References. Technology and equipment of food production

Viktor Zorunko 
Odessa State Agricultural Experimental Station of the National 

Academy of Agrarian Sciences of Ukraine, smt. Khlebodar, 
Belyaevsky dist., Odessa reg

ORCID: http://orcid.org/0000-0001-9512-0985

Oleksandr Balabak
The National Dendrological Park «Sofiyivka» of the National 

Academy of Sciences of Ukraine , Uman, Ukraine
ORCID: http://orcid.org/0000-0002-7435-9783 

Valentyn Moskalets
Institute of Horticulture of the National Academy of Agrarian 

Sciences, vill. Novosilky, Ukraine
ORCID: http://orcid.org/0000-0002-0831-056X 

Tatiana Moskalets
Institute of Horticulture of the National Academy of Agrarian 

Sciences, vill. Novosilky, Ukraine
ORCID: http://orcid.org/0000-0003-4373-4648 

The influence of hydrothermal treatment (grain moistening) and 

dehulling duration on the yield and quality of groats from different 

fractions of triticale grain was studied. Comparative analysis of groats 

yield and its culinary quality at different grain moisture, depending on 

its fractions, was performed. The degree of the influence of the studied 

factors on the yield and quality of triticale groats was determined. The 

influence of dehulling duration, the size of a triticale caryopsis and grain 

moisture content is reliable. These factors significantly influenced the 

groats yield and quality. In addition, the influence of the duration of 

grain dehulling was the highest. The highest groats yield was obtained 

at the dehulling duration of 20 s, the lowest – at dehulling for 180 s.

The social survey was conducted and the main priorities for 

buyers of cereal products were established. It was proved that while 

choosing food, consumers pay the most attention to culinary charac-

teristics of the finished product.

It was established that it is optimal to dehull triticale grain for 

100 s. The application of such parameters of treatment makes it pos-

sible to obtain the yield of whole groats of 88.8 % with the culinary 

quality of 6.7 points. The groats quality meets the requirements of 

DSTU 76992015 “Wheat Groats. Technical specifications”.

Based on the research, it was established that the separation of 

the triticale grain into fractions that differ in their geometric proper-

ties, in particular, thickness, is effective. The peculiarities of groats 

yield, depending on the triticale grain fraction, were determined. 

Application of hydrothermal treatment of triticale grain (moisten-

ing up to 14.0 %) makes it possible to increase the groats yield up to 

88.7 %. The treatment of the fractions with grain thickness less than 

2.4 mm ensures the groats yield up to 87.8 %. The groats yield dur-

ing dehulling the grain, which has a thickness of more than 2.4 mm, 

is from 88.8 to 89.1 %.

To produce the groats from triticale grain, it is advisable to use 

the grains that have a thickness of 2.8 mm or more. The optimum 

duration of dehulling is 100 s. To increase the overall culinary as-

sessment by 1 point, it is recommended to increase the duration of 

dehulling a large grain up to 140 s. This method differs from the 

classical one by the fact that it uses a large grain fraction with the 

lower moisture content. 

The developed recommendations can be used by grain process-

ing enterprises during processing triticale with the view to intensify-

ing the production.
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triticale, groats yield, culinary assessment.

from chickpea enriched with selenium. Eastern-European Journal 

of Enterprise Technologies, 1 (11 (103)), 50–58. doi: https:// 

doi.org/10.15587/1729-4061.2020.193515 

29.	 Gorbatov, A. V. (1979). Reologiya myasnyh i molochnyh produktov. 

Moscow Pishchevaya promyshlennost’, 383. 

30.	 Vysshiy pilotazh kontrolya tsveta. Available at: http://machouse.ua/

press-center/s1/news/vycshij-pilotazh-kontrolja-tsveta.html

31.	 Spektrofotometrychne kilkisne vyznachennia likarskykh zasobiv u 

varianti metodu pokaznyka pohlynannia. Available at: http://sphu.

org/wp-content/uploads/2019/06/Validation_chapter_07_-_SPU-

ukr_1-130619.pdf

32.	 Pasichnyi, V. M., Moroz, O. O., Mitiaieva, S. M. (2009). Stabili-

zatsiya pokaznykiv napivkopchenykh kovbas z miasom ptytsi. Nau-

kovyi visnyk Lvivskoho natsionalnoho universytetu veterynarnoi 

medytsyny ta biotekhnolohiy imeni S.Z. Gzhytskoho, 11 (3 (42)), 

284–288.

33.	 Sokolov, A. A. (1965). Fiziko-himicheskie i biohimicheskie osnovy 

tehnologii myasoproduktov. Moscow: Pishchevaya promyshlen-

nost’, 511.

34.	 Vlasenko, I., Semko, T. (2019). Craft technology of smoked sausages. 

Commodities and markets, 2, 98–107. doi: https://doi.org/10.31617/

tr.knute.2019(30)09 

35.	 Biletska, Ya. O., Chuiko, A. M., Sidorov, V. I., Danko, N. I., Husliev, A. P.,  

Babenko, V. A. (2019). Pat. No. 139154 UA. Sposib oderzhannia solo-

du. No. u201905816; declareted: 27.05.2019; published: 26.12.2019, 

Bul. No. 24.

36.	 Biletska, Y., Semeniuk, A., Perepelytsia, A. (2020). Research of 

the influence of soybean germination on changes in the amino 

acid composition and the content of phytic acid. Technology Au-

dit and Production Reserves, 2 (3 (52)), 35–37. doi: https:// 

doi.org/10.15587/2312-8372.2020.199524 

DOI: 10.15587/1729-4061.2020.203737
IMPROVING THE PROCESS OF HYDROTHERMAL 
TREATMENT AND DEHULLING OF DIFFERENT 
TRITICALE GRAIN FRACTIONS IN THE PRODUCTION 
OF GROATS (p. 55–65)

Vitalii Liubych
Uman National University of Horticulture, Uman, Ukraine

ORCID: http://orcid.org/0000-0003-4100-9063

Volodymyr Novikov
Uman National University of Horticulture, Uman, Ukraine

ORCID: http://orcid.org/0000-0003-3052-8407

Valeriia Zheliezna
Uman National University of Horticulture, Uman, Ukraine

ORCID: http://orcid.org/0000-0002-1874-2155

Vitalii Prykhodko
Uman National University of Horticulture, Uman, Ukraine 

ORCID: http://orcid.org/0000-0002-6076-3208

Vasyl Petrenko
Institute of Food Resources of National Academy  

of Agrarian Sciences, Kyiv, Ukraine
ORCID: http://orcid.org/0000-0002-5849-0589

Svitlana Khomenko
The V.M. Remeslo Myronivka Institute of Wheat of National 

Academy of Agrarian Sciences of Ukraine,  
vil. Tsentralne, Kyivska reg., Ukraine

ORCID: http://orcid.org/0000-0002-6047-7711 



100

Eastern-European Journal of Enterprise Technologies ISSN 1729-3774 3/11 ( 105 ) 2020

15.	 Laskowski, W., Górska-Warsewicz, H., Rejman, K., Czeczotko, M., 

Zwolińska, J. (2019). How Important are Cereals and Cereal Prod-

ucts in the Average Polish Diet? Nutrients, 11 (3), 679. doi: https://

doi.org/10.3390/nu11030679 

16.	 Liubych, V., Novikov, V., Polianetska, I., Usyk, S., Petrenko, V., Kho-

menko, S. et. al. (2019). Improvement of the process of hydrothermal 

treatment and peeling of spelt wheat grain during cereal production. 

Eastern-European Journal of Enterprise Technologies, 3 (11 (99)), 

40–51. doi: https://doi.org/10.15587/1729-4061.2019.170297 

17.	 Lorenz, K., Lee, V. A., Jackel, S. S. (1977). The nutritional and physi-

ological impact of cereal products in human nutrition. C R C Critical 

Reviews in Food Science and Nutrition, 8 (4), 383–456. doi: https://

doi.org/10.1080/10408397709527227 

18.	 Petrenko, V., Liubich, V., Bondar, V. (2017). Baking quality of wheat 

grain as influenced by agriculture systems, weather and storing con-

ditions. Romanian Agricultural Research, 34, 69–76. Available at: 

https://www.cabdirect.org/cabdirect/abstract/20183008263

19.	 Hospodarenko, H., Prokopchuk, I., Nikitina, O., Liubych, V. 

(2019). Assessment of the Contamination Level of a Podzol-

ized Chernozem with Nuclides in a Long-term Land Use. Ag-

riculture (Pol’nohospodárstvo), 65 (3), 128–135. doi: https:// 

doi.org/10.2478/agri-2019-0013 

20.	 Osokina, N., Liubych, V., Novak, L., Pushkarova-Bezdil, T., Priss, O., 

Verkholantseva, V. et. al. (2018). Elucidation of the mechanism that 

forms breadbaking properties of the spelt grain. Eastern-European 

Journal of Enterprise Technologies, 2 (11 (92)), 39–47. doi: https://

doi.org/10.15587/1729-4061.2018.126372 

21.	 Panasiewicz, M. (2007). Influence of hydrothermal processes on final 

moisture content of barley grain. Pol. J. Food Nutr. Sci., 57 (2A), 

129–135.

22.	 Jones, D., Chinnaswamy, R., Tan, Y., Hanna, M. (2000). Physico-

chemical properties of ready to eat breakfast cereals. Cereal Foods 

Word, 45 (4), 164–168.

23.	 Dmytruk, Ye. A., Liubych, V. V., Novikov, V. V. (2015). Vykhid 

krupy pliushchenoi iz zerna trytykale zalezhno vid stupenia yoho 

lushchinnia ta rezhymu vodno-teplovoi obrobky. Zernovi produkty 

i kombikormy, 1 (59), 23–27. doi: https://doi.org/10.15673/2313-

478x.59/2015.51151 

24.	 Liubych, V. V., Novikov, V. V., Polianetska, I. O. (2015). Matema-

tychne modeliuvannia vodno-teplovoi obrobky zerna trytykale. 

Visnyk Zhytomyrskoho natsionalnoho ahroekolohichnoho univer-

sytetu, 1 (2), 385–391.

25.	 Dulaev, V. G. (1999). Scientific and technical aspects of creating a 

new generation of grain products with a given content of basic nu-

trient and biologically active substances. Storage and processing of 

agricultural raw materials, 1, 25–27.

26.	 Lyubych, V. V., Novikov, V. V. (2014). Fractional composition of 

triticale grain winter and its technical characteristics depending on 

variety. Vestnik Prikaspiya, 1 (4), 21–24.

27.	 Fredlund, K., Bergman, E.-L., Rossander-Hulthén, L., Isaksson, M., 

Almgren, A., Sandberg, A.-S. (2003). Hydrothermal treatment and 

malting of barley improved zinc absorption but not calcium absorp-

tion in humans. European Journal of Clinical Nutrition, 57 (12), 

1507–1513. doi: https://doi.org/10.1038/sj.ejcn.1601718 

28.	 Brouns, F., Hemery, Y., Price, R., Anson, N. M. (2012). Wheat Al-

eurone: Separation, Composition, Health Aspects, and Potential 

Food Use. Critical Reviews in Food Science and Nutrition, 52 (6), 

553–568. doi: https://doi.org/10.1080/10408398.2011.589540 

References 

1.	 Agriculture, Forestry and Fishery Statistics. 2016 Edition (2016). 

Luxembourg: Publications Office of the European Union. doi: http:// 

doi.org/10.2785/147560

2.	 Ploshchi, valovi zbory ta urozhainist silskohospodarskykh kultur 

za yikh vydamy ta po rehionakh u 2019 rotsi. Available at: http:// 

www.ukrstat.gov.ua/operativ/operativ2017/sg/pvzu/arch_pvxu.htm

3.	 Burdo, O., Bandura, V., Zykov, A., Zozulyak, I., Levtrinskaya, J., 

Marenchenko, E. (2017). Development of wave technologies to 

intensify heat and mass transfer processes. Eastern-European Jour-

nal of Enterprise Technologies, 4 (11 (88)), 34–42. doi: https:// 

doi.org/10.15587/1729-4061.2017.108843 

4.	 Iorgachova, K., Makarova, O., Khvostenko, K. (2018). Effect of 

flour made from waxy wheat on the structural–mechanical prop-

erties of dough for hardtacks without sugar. Eastern-European 

Journal of Enterprise Technologies, 5 (11 (95)), 63–70. doi: https:// 

doi.org/10.15587/1729-4061.2018.143053 

5.	 Furman, B. J. (2016). Triticale. Reference Module in Food Science. 

doi: https://doi.org/10.1016/b978-0-08-100596-5.00019-6 

6.	 Kiseleva, M. I., Kolomiets, T. M., Paholkova, E. V., Zhemchuzhina, N. S.,  

Lyubich, V. V. (2016). Differentsiatsiya sortov ozimoy myagkoy 

pshenitsy (triticum aestivum l.) po ustoychivosti k naibolee vredon-

osnym vozbuditelyam gribnyh bolezney. Agricultural Вiology, 51 (3), 

299–309. doi: https://doi.org/10.15389/agrobiology.2016.3.299rus 

7.	 Morales-Osorio, A., Gutierrez Martinez, M. de G., Osorio Avalos, J., 

Robles Jimenez, L. E., González Ronquillo, M., Castelan Ortega, O. A.  

(2018). Forage yield, chemical composition and in vitro gas pro-

duction of triticale varieties (x Triticosecale Wittmack) preserved 

by silage or hay. Acta Agronómica, 67 (3), 431–437. doi: https:// 

doi.org/10.15446/acag.v67n3.68127 

8.	 Daribayeva, G., Magomedov, G. O., Iztaev, B., Zhexenbay, N., Ty-

ussyupova, B. (2019). Preparation of triticale flour by ion-ozone 

treatment for pasta quality improvement. Eastern-European Jour-

nal of Enterprise Technologies, 4 (11 (100)), 64–73. doi: https:// 

doi.org/10.15587/1729-4061.2019.174805 

9.	 Liubych, V. V., Polianetska, I. O., Novikov, V. V. (2014). Fizychni 

vlastyvosti zerna trytykale ozymoho zalezhno vid yoho rozmiriv. 

Naukovi pratsi ONAKhT, 1 (46), 23–26. Available at: http:// 

journals.uran.ua/swonaft/article/view/40508/36683

10.	 Mergoum, M., Singh, P. K., Peña, R. J., Lozano-del Río, A. J., Cooper, K. V.,  

Salmon, D. F., Gómez Macpherson, H. (2009). Triticale: A “New” 

Crop with Old Challenges. Cereals, 267–287. doi: https:// 

doi.org/10.1007/978-0-387-72297-9_9 

11.	 Kaplan, M., Kökten, K., Akçura, M. (2014). Determination of 

silage characteristics and nutritional values of some triticale geno-

types. Turkish Journal of Agricultural and Natural Sciences, 1 (2),  

102–107. Available at: https://www.researchgate.net/publica-

tion/301549379_Determination_of_Silage_Characteristics_and_

Nutritional_Values_of_Some_Triticale_Genotypes

12.	 Tiefenbacher, K. F. (2017). Technology of Main Ingredients – Water 

and Flours. Wafer and Waffle, 15–121. doi: https://doi.org/10.1016/

b978-0-12-809438-9.00002-8 

13.	 Wrigley, C., Bushuk, W. (2017). Triticale: Grain-Quality Charac-

teristics and Management of Quality Requirements. Cereal Grains, 

179–194. doi: https://doi.org/10.1016/b978-0-08-100719-8.00008-5 

14.	 Salmon, D. F., Mergoum, M., Macpherson, H. (2004). Triticale pro-

duction and management. FAO Plant Production and Protection 

Paper. No. 179, 27–36. 



101

Abstract and References. Technology and equipment of food production

Tatiana Matveeva 
Ukrainian Scientific Research Institute of Oils and Fats of the 

National Academy of Agricultural Sciences of Ukraine,  
Kharkіv, Ukraine

ORCID: http://orcid.org/0000-0002-3867-8146

Sergiy Bochkarev
National Technical University «Kharkiv Polytechnic Institute», 

Kharkiv, Ukraine
ORCID: http://orcid.org/0000-0003-4399-7907 

Anna Belinska
Ukrainian Scientific Research Institute of Oils and Fats of the 

National Academy of Agricultural Sciences of Ukraine,  
Kharkіv, Ukraine

ORCID: http://orcid.org/0000-0001-5795-2799 

Ekaterina Kunitsia
Kharkiv Institute of Trade and Economics of Kyiv National 

University of Trade and Economics, Kharkiv, Ukraine
ORCID: http://orcid.org/0000-0001-5577-7026 

Anton Chernukha 
National University of Civil Defence of Ukraine, Kharkiv, Ukraine

ORCID: http://orcid.org/0000-0002-0365-3205 

Oleg Bezuglov
National University of Civil Defence of Ukraine, Kharkiv, Ukraine

ORCID: http://orcid.org/0000-0002-8619-9174 

Oleg Bogatov
Kharkiv National Automobile and Highway University,  

Kharkiv, Ukraine
ORCID: http://orcid.org/0000-0001-7342-7556 

Dmytro Polkovnychenko
National University of Civil Defence of Ukraine, Kharkiv, Ukraine

ORCID: http://orcid.org/0000-0001-7875-3350 

Sergey Shcherbak
National University of Civil Defence of Ukraine, Kharkiv, Ukraine

ORCID: http://orcid.org/0000-0003-1133-0120 

The analysis of the main methods of increasing the nutritional 

and biological value of wheat flour has been conducted. Consider-

able attention is paid to the issue of adjusting the protein content 

in flour due to additives. The relevance of improving the amino acid 

composition of flour protein is emphasized. The feasibility of com-

prehensive studies for the development of food system formulations 

with a balanced amino acid composition based on wheat flour and 

oilseed meal is substantiated.

The amino acid content has been experimentally determined and 

the biological value of raw materials proteins for food systems which 

are sunflower and soybean meal has been calculated. The mixture 

composition of sunflower and soybean meal with an improved amino 

acid composition has been scientifically substantiated. It has been 

found that the protein composition of the meal mixture is maximally 

close to the reference in terms of the content of leucine, lysine and 

the amount of sulfur-containing amino acids (methionine, cystine). 

The score of isoleucine, tryptophan, phenylalanine and tyrosine in 

the protein composition of oilseed meal is 1.1–1.47 times higher than 

the reference.

The amino acid composition has been calculated and the biologi-

cal value of the protein of food systems containing 80–90 % wheat 

flour and 10–20 % composition of soybean and sunflower meal with 

improved amino acid composition has been determined. It has been 
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composition of meal mixture and 80 % of wheat flour has the greatest 

biological value in comparison with wheat flour. In this food system, 

the limited amino acids – lysine and sulfur-containing (methionine 

and cystine) are the closest to the reference one and are 67.68 % and 

70.12 %.

The fatty acid composition has been experimentally determined. 

The biological effectiveness of the fats of the developed food systems 

has been calculated. The closest to the fatty acid ratio recommended 

by nutritionists is the food system with a ratio of meal mixture: 

wheat flour of 20:80.

The resulting formulations of food systems will be useful in tech-

nologies of flour products with high biological value.

Keywords: wheat flour, sunflower meal, soybean meal, essential 

amino acids, amino acid score, fatty acids, food systems.
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We have studied the proteolytic, α-galactosidase, and 

β-glucosidase activities of the consortia Lactobacillus acidophilus 

317/402 with Bifidobacterium longum-Ya3 and Вifidobacterium 

adolescentis-С52 in the process of soy milk fermentation. It has been 

established that the studied cultures possess active enzyme appara-

tuses and help minimize those factors that limit the use of soy milk 

for the production of functional foods ‒ the presence of indigestible 

oligosaccharides and a legume taste. In terms of the proteolytic 

activity, which was 30 mU in 6 hours, the consortium Lactobacillus 

acidophilus 317/402 with Bifidobacterium adolescentis-С52 was 

the leader. The largest α-galactosidase and β-glucosidase activities, 

98 U/mg and 81 U/mg, respectively, were demonstrated by the 

consortium Lactobacillus acidophilus 317/402 with Bifidobacterium 

longum-Ya3. At the same time, the amount of daidzin, glycitin, and 

genistin decreased by 93 %, 75 %, and 99.6%, respectively, while 

the amount of relevant aglycones increased by 278 %, 153 %, and 

338 %. The specified enzyme activities of Lactobacillus acidophilus 

317/402 with Вifidobacterium adolescentis-С52 did not exceed 78 

and 75 U/mg, respectively, while the biotransformation processes of 

isoflavones were less intensive. It has been shown that certain sym-

biotic relationships between the selected strains of Bifidobacterium 

and Lactobacillus acidophilus are formed in soybean milk, which 

makes it possible to obtain high titers of probiotic cultures in the 

finished product, with the predominance of Bifidobacterium. After 

9 hours of fermentation, the average number of Bifidobacterium and 

lactobacillus cells for both consortia was (0.9–2)·108 CFU/cm3 and 

(0.8–4)·109 CFU/cm3, respectively. We have proven the increase 

in the probiotic and estrogenic activity of fermented drinks based 

on soy while reducing the amount of galactooligosaccharides by 

50‒70 % on average.

Keywords:  fermentation, soy milk, Lactobacillus, Bifidobac-

terium, probiotics, oligosaccharides, isoflavones, α-galactosidase, 

β-glucosidase.
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