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Abstract 
Reduction in the cost of energy in the food industry is an important challenge today due to increased prices. Drying 

process of plant material refers to the complex energy-intensive processes. Solution of this problem is the development of 
drying methods that would reduce energy consumption by the process. In the drying of plant material, another major factor 
is the quality indicators of the finished product, which depend mainly on the drying technology. Therefore, in the Institute 
of Technical Thermal Physics, energy-efficient drying modes of plant material that made it possible to reduce energy 
consumption at the drying process and to preserve the biologically active substances of the feedstock were developed. 
Research is devoted to developing energy-efficient drying modes of antioxidant materials based on table beet that provide 
betanin saving by 95 % and reducing energy consumption by 49 %. Today in Ukraine, there are not enough companies 
processing plant materials in powder, thus preserving the quality of the feedstock. 
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1. Definition of the problem to be solved. Considering the general trend of energy consumption, which leads to 
increased energy consumption in the world, the cost of energy is increasing continuously and its deficit is growing. 
Therefore, the issue of creating energy efficient drying modes that ensure the reduction of energy with maximum 
preservation of biologically active substances is quite pressing. This is especially topical for providing food to people 
because additional difficulty is that the production and processing of agricultural products results in high consumption 
of gas and other energy sources with low efficiency and large losses in the processing of plant materials. 

2. Analysis of the recent publications and research on the problem. In Ukraine, scientific research on the 
conservation of coloring substances of plant material in the processing of berries, fruit and vegetables which have 
antioxidant properties has been recently renewed. These areas are studied by the scientists of Kharkiv State 
University of Food Technology and Trade, Odessa National Academy of Food Technologies, Poltava University of 
Consumer Cooperation of Ukraine and others [1–3].  

During the beet juice solution heating, betanin and red-purple color decreases to the gradual accumulation of 
brown products. For example, heating beet juice solution for 30 minutes at 85 ºC leads to betanin losses of up to  
10 %, at 115 ºС –  80 %, at 120 ºС – 100 %.  Table beet blanching and juice processing results in betanin losses of 
20…40 % and 40 ... 50 %respectively [4]. 

Based on the above we can conclude that betanin is a thermolabile pigment that is destroyed during blanching, 
sterilization and other types of processing. 

3. The goal of the paper is the development of energy-efficient drying modes of antioxidant plant material based 
on the table beet with maximum preservation of betanin and reduction in energy consumption in the process. 

4. Presentation and discussion of the research results. Vegetables and fruit processing, during prolonged 
storage, results in  partial destruction of biologically active components and reduction in the functional value of the 
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finished product [5–6]. Maximum preservation of biologically active substances in the finished product is an 
important challenge. 

Plant combined compositions based on table beet are complex in structure, physico-chemical and biochemical 
composition. Beet  is the only culture which contains betanin – enzymatic decay product of choline, which plays an 
important role in metabolism of human body. Preservation of the maximum levels of betanin is achieved through a 
combination of table beet with plant material that contains organic acids, stabilizing betanin, which is a natural antioxidant. 

Antioxidants are natural or identical to natural, multifunctional substances involved in different levels of 
metabolism, synthesis and transformation of biologically active metabolites. They are themselves able to prevent 
oxidation of the active chemicals in the cells of the human body or provide the necessary activity of antioxidant 
systems of the body – universal control system which controls the level of free radical oxidation reactions and 
prevents the accumulation of toxic oxidation products [7]. 

 
a 

 
b 

Fig. 1. Drying curves (a) and drying rate (B) of antioxidant materials based on table beet in the layer 
δ = 10 mm; V = 1,5 m/с;  d = 10 g/kg to drying modes: 1 – 60 ºС; 2 – 100/60 ºС; 3 – 100 ºС 

Choice of the best drying method is always determined by the nature of the material and quality requirements of the 
final product. In most cases, the latter is the main factor, since obtaining the final product with desired characteristics (low 
moisture content, porosity, saving component of type substances, natural color stabilization, minimal loss of material during 
storage, etc.) can be efficiently implemented using only certain ways and dehydration modes. 

Convective drying processes refer to the most energy-intensive industrial processes. Cost of energy to remove 
moisture reaches 3000–5000 kJ / kg or more, therefore the issue of energy consumption reduction in drying is a 
relevant scientific and technical challenge. 
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One solution to this problem is the development of the energy efficient drying modes. Stepped drying modes of 
functional material were developed; they were tested on the research - industrial unit at the Institute of Technical of 
Thermal Physics NAS of Ukraine [8]. 

Drying kinetics curves of antioxidant raw materials based on table beet, on industrial dryer, are shown in Fig. 1. 
Increase in the heat carrier temperature from 60 to 100 ºС reduces the time of drying of antioxidant raw materials 

based on table beet by 1.5. Stepped drying mode is proposed to reduce the drying compared to drying mode at 60 ºС 
by 24 %. Stepped drying mode lasts for 30 min at 100 ºС, then temperature decreases to 60ºC and is maintained at 
this level until the end of the drying process. 

The curves of drying rate of antioxidant materials based on table beet showed that there is constant drying rate 
period (Fig. 1) and the falling drying rate period. Curves character in a period of falling drying rate of the drying 
mode does not change. 

Drying rate in the first period, the with the heat carrier temperature of 100 ºC, and stepped drying mode 100/60 ºC 
coincide, then drying intensity in stepped mode decreases with temperature drop to 60 ºC. The drying rate of the 
stepped mode as compared to 60 ºC mode increases by 1.4 times. 

Choice of the drying mode of antioxidant raw materials based on table beet was controlled based on betanin 
content change in the drying process (Fig. 2). 

 
The best betanin preservation (99.1 %) is observed at heat carrier temperature of 60 ºC, stepped drying mode 

provides lover betanin preservation by 4.1 %. At 100ºC, nearly half of betanin is destroyed (43 %), while the color of 
beet-lemon mixture changes from red to brown, which indicates betanin destruction. 

In the stepped mode 100/60 ºC, relative specific heat consumption amounts to 51 %, which is less than that of the drying 
mode with heat carrier temperature of 60 ºC by 30 % or less than that of the drying mode at 100ºC by 49 % (Fig. 3). 

 

Fig. 2. Betanin preservation in the 
antioxidant raw material based  

on table beet depending to the drying 
mode 

Fig. 3. The relative specific heat 
consumption depending on the drying mode 
of antioxidant raw materials based on table 

beet 
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At the beginning, in the stepped drying mode, during constant drying rate period, the heat carrier temperature is 
maximum – due to intensive evaporation of moisture from the material, and the specific energy consumption is 
minimal. In the second period of drying, moisture evaporation decreases and heat carrier temperature is reduced. 

On the basis of the conducted research, were designed energy-efficient drying modes which allowed reducing 
energy costs by 49% in comparison with the existing ones while saving betanin at 95 %. 

5. Conclusions 
1. Developed energy-efficient drying modes of antioxidant material based on table beet reduce energy 

consumption by 49 %. 
2. Due to optimum drying modes, losses of biologically active substances are 1–5 %. 
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Анотація 
Зниження затрат енергоносіїв у харчовій промисловості є актуальним завданням сьогодення у зв’язку з 

підвищенням цін на них. Процес сушіння рослинної сировини належить до складних енергоємних процесів. 
Одним із шляхів вирішення цієї проблеми є розробка таких способів сушіння, які б дали змогу знизити 
енергозатрати на процес. Під час сушіння рослинної сировини ще одним важливим фактором є якісні показники 
готового продукту, які залежать головно від технології сушіння. Тому в Інституті технічної теплофізики 
розроблено енергоефективні режими сушіння рослинної сировини, що дали можливість зменшити 
енерговитрати на процес сушіння та максимально зберегти біологічно активні речовини вихідної сировини. 
Досліджено розроблення енергоефективних режимів сушіння антиоксидантної сировини на основі буряку, які 
забезпечують збереження бетаніну на 95 % і зменшення витрат енергії на 49 %. Сьогодні в Україні недостатньо 
виробництва з переробки рослинної сировини в порошки, що дає змогу зберегти якість вихідної сировини. 
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