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Introduction. The research was conducted to substantiate 
the rational drying conditions of tomato seeds. The ratio and 
drying conditions of the composition from tomato waste with the 
addition of red beet were substantiated. 

Materials and methods. The tomato seeds were prepared 
according to the traditional methodology used in the industry. 
From red beet and tomato waste compositions with the ratios of 
components 4:1, 3:1, 2:1, 1:1 were created. Tomato seeds have 
been dried using the convective method at the air temperature t = 
50–80˚C, as well as the composition from red beets and pulp of 
tomatoes – at t = 60–100 ºС. The quality of dried seeds was 
estimated on the basis of its germinability, dried mixtures – on 
the content of betanin in them. 

Results and discussion. When the temperature of the air 
increases, the intensity of tomato seeds drying increases too. 
Thus, the drying time reduces by 2.5 times when the air 
temperature is raised from 50 to 80 °C. However, qualitative seed 
material, which gives the germinability of 98%, has been attained 
at the drying temperature of 50 ºС. 

Non-waste processing of tomatoes involves the creation of 
compositions of pulp tomatoes and sliced red beets, their drying, 
grinding and packing. In industrial conditions, red beets need to 
be cut into chips, which intensifies the drying process of the 
composition. The slicing of tomatoes in compositions does not 
affect the process speed. 

When the air temperature increases from 60 to 100 °C, the 
intensity of compositions drying is raised by 1,8 times. 
Maximum preservation of the useful substances in the finished 
product results from the choice of a soft drying condition and an 
air temperature of 60°С. 

pH = 3.9 is characteristic for the ratio of red beet-tomato 
components 3:1 in composition, which ensures the maximum 
preservation of betanin (94.7%) at drying. 

Conclusions. The heat carrier temperature substantially 
affects the tomato seeds germinability and antioxidant properties 
of tomato and beet processing products. 
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Introduction 
 
Nowadays, the need to substantiate the optimal conditions of energy-efficient non-

waste technological processes of seeds drying for sowing and complete processing of 
vegetables requires complex theoretical and experimental research. 

There is a risk of shelf life reduction if the moisture content in the seeds is  either too 
high or too low at storage [1]. At high moisture content in the seeds, the processes of 
metabolism and its breathing are sharply increased [2]. 

There is a low germinability in freshly collected seeds of many vegetables and flowers, 
they need a post-harvest maturation. Tomatoes at high humidity have the ability to sprout 
immediately after harvesting. Therefore, determining the modes of tomato seeds drying, 
which provide the required quality of seed material over a given time, is an urgent task. 

There are not so many scientific works on the drying of tomato seeds. Most thoroughly 
this problem was examined by Sogi D.S., Shivhare U.S., Garg S.K., Bawa A.S. [3] who 
investigated the drying of tomato seeds in cabinet/fluidised bed driers, but the effect of 
drying conditions on the quality of the seeds was not mentioned. 

The problem of processing of tomato pulp, which remains after removing the seed 
material is important too. 

Tomato products have a promising potential as functional food for liver health. Tomato 
extracts and pure compounds are able to decrease the reactive oxygen species (ROS) 
generation of HepG2 cells, the phenolic compounds being more effective than lycopene [4]. 
Consumption of tomatoes has oncoprophylaxis and antioxidant effects, the condition of the 
cardiovascular system improves. 

Another very useful vegetable is a red beet. Anthocyanin colorants, catechins, flavonol 
glycosides, vitamins, minerals contained in beets help cleanse the body, lower cholesterol 
levels in the blood, improve a fat metabolism, strengthen capillaries and blood vessels, 
promote hematopoiesis, increase hemoglobin content and increase the amount of 
erythrocytes, prevent oncological diseases, reduce blood pressure [5]. 

Betalains contained in red beet in vacuoles of cells are water soluble pigments that 
were previously referred to as anthocyanins. However, betalains are structurally and 
chemically different from the anthocyanins and have never been detected in the same plant 
simultaneously with them [6]. It is now known that betalains are aromatic indole 
compounds that are synthesized from tyrosine. They are not chemically similar to 
anthocyanins, as well as flavonoids [7]. Each betalain is a glycoside containing sugar and a 
dye component [8]. Important among betalains is betanin, which is glycoside. In the 
industry betanin, made from red beet, is used as a food colorant [9]. 

Vegetables contain a large amount of moisture (in some cases up to 95%), they are 
unstable when stored and their losses can reach up to 50%. So, it is important to create the 
proper conditions for their storage. According to statistics in the world about 20% of fruits 
and vegetables are dried [10]. At that different methods are used [11]: convective [12], 
vacuum [13], infrared [14], microwave drying [15], osmotic dehydration, freeze-drying, 
closed loop heat pump dryer [16], combined drying methods. 

The production of dry fruits and vegetables and their powders is a promising direction 
[17]. As a result of industrial processing of tomatoes, in particular drying, it is necessary to 
preserve maximum useful substances and antioxidant potential [18 – 22], so many studies 
are aimed at determining the rational conditions of dehydration [23; 24] that can provide 
the quality of the finished product.The content of ascorbic acid in tomatoes after drying, 
which is the least stable component to the thermal effect [24], the moisture diffusivity and 
activation energy, color parameters, chemical composition [25], including the content of 
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lycopene [26], taste were considered as quality indices in previous studies. For beet it is, 
first of all, the betanine content [27]. 

In addition to the temperature, the size of the particles of the drying material should 
also has been included to the drying conditions. This is relevant both for the drying of 
tomatoes [28], beets [29], and mixtures thereof. There is also a requirement for drying in a 
thin layer [30]. 

The purpose of the research is to substantiate the drying conditions of tomato seeds and 
compositions based on red beet and tomato waste, as well as content of composition, in 
which, after thermal treatment, the maximum content of betanin and antioxidant properties 
are preserved. 

 
 
Materials and methods 
 
Preparation of tomato seeds for drying 
 
To obtain high quality seeds, ripe and intact plum tomatoes were harvested in the 

middle of bearing of shrubs. The pulp of tomato prevents seeds from germination, and in 
damaged vegetables the seeds may germinate prematurely even during the drying process at 
low temperatures. The selected tomatoes were washed, cut and seeds were separated from 
the main pulp. The seeds fermented in tomato juice at an ambient temperature of 25 °C 
throughout the two days. After that, the liquid was drained and the seeds remaining on the 
bottom of the container were washed several times with water and supplied for drying [2]. 

 
Creation of beet-tomato composition [31] 
 
After removal of tomato seeds a large quantity of pulp remains, therefore the 

technology of their use was offered for the purpose of creating beet-tomato composition, 
which has therapeutic and prophylactic, in particular antioxidant, properties. 

To obtain an antioxidant powder, a composition of tomatoes and beets was created in 
appropriate ratios, dried below equilibrium humidity, cooled to ambient temperature, 
crushed, sifted and packed in kraft bags. 

The size and shape of the material substantially affect the kinetics of the drying 
process. To create the composition, tomatoes was cut into slices 5×5×5 mm and red beet – 
into chips 2×5×2 mm and plates 5×5×2 mm. The size of tomatoes was kept constant. The 
effect of the size of the crushed beet on the drying process was studied because its content 
in the composition is greater. 

 
Research of drying kinetics 
 
Studies on determining the drying kinetics of tomato seeds, as well as vegetable 

compositions of beet-tomato, were carried out on a test bench of convective drying  
equipped with an automatic system for processing and collecting information that allows 
more accurately characterize the drying process with the construction of graphic 
dependences [32]. 

The tomato seeds were dried in a layer of thickness  = 10 mm at a velocity of the air V 
= 1.5 m/s (the speed was chosen from the condition of more effective drying of the same 
material in existing modern dryers [33]) at a temperature t = 50–80 ºС to equilibrium 
moisture content 8%, and compositions of  beets and tomatoes pulp – at the air speed V = 
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3,5 m/s and in the temperature range of the air from 60 С to 100 °С to a residual moisture 
content of 3,0%. The drying processes lasted 12–100 min. 

 
Determination of the germinability of tomato seeds 
 
The germinability of tomato seeds after different drying conditions was analyzed at     

20 °C for 7 days, determining the percentage of sprouted seeds [2]. 
 
Evaluation of the quality of dried beet-tomato compositions 
 
The quality of the dried compositions was evaluated according to the content of 

betanin, which should be preserved as much as possible as compared to the raw material. 
The content of betanin in beet-tomato composition depends on its acidity. The method for 
determining the betanin content in the compositions is given in detail in [31]. 

 
 
Results and discussion 
 
As the air temperature increases, the intensity of the drying process of the  tomato 

seeds increases (Figure 1). Thus, drying at 50 ° C is a long process and takes 30 minutes, 
which is 2.5 times more than the drying time at a temperature of 80 °C. 
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Figure 1. Effect of the air temperature on the drying kinetics of tomato seeds,  

V = 1,5 м/с, δ = 10 мм: 
1 – 50°С; 2 – 60°С; 3 – 70°С; 4 – 80°С 
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However, it is the quality of the seed material rather than the duration of drying that 
determines the choice of rational temperature of the air. The quality of the seeds is 
determined by its ability to sprout. 

The air temperature significantly affects this index (Figure 2). 
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Figure 2. Germination of tomato seeds from the drying condition 

 
 
The temperature of 60 °C gives the seed germinability at the level of 92% of the initial 

seed germinability. The rational condition of tomato seeds drying is the air temperature of 
50 °C, the germinability at which is 98%. 

Five samples with different contents of the components were investigated to determine 
the required ratio of components of beet-tomato composition with optimum pH, which 
results in a high percentage of betanine preservation. At pH 3–4 maximum betanin is 
preserved during heat treatment. As can be seen from Figure 3, the required pH level is 
characteristic for the ratio of three parts of red beet and one part of tomato. It was this 
composition that was used in further research. 

The drying kinetics of beet-tomato composition with the change in the size of the cut 
beet into the chips 250.2 mm and into the plate 552 mm (figure 4) was studied. 

As can be seen from Figure 3, the duration of drying the composition with red beets, 
cut into chips, is 78 minutes, and into the plate is 100 minutes. 

The curves of drying the beet-tomato composition (Figure 5) show that the drying 
process occurs in falling-rate period, no constant-rate period of drying was observed. This 
is due to the peculiarities of composite raw materials. 
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Figure 3. The pH of the composition depending on the ratio of components: 

1 – red beet; 2 – beet-tomato (4: 1); 3 – beet-tomato (3:1); 
4 – beet-tomato (2:1); 5 – beet-tomato (1:1) 
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Figure 4. Effect of cutting beets on the drying kinetics 

 of the composition red beet-tomato (3: 1) t = 60 ° C, V = 3.5 m/s, δ = 10 mm: 
1 - plate; 2 – chips. 
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Figure 5. Effect of beets cutting on the drying speed of the composition 

red beet - tomato (3: 1) t = 60 ° С, V = 3,5 m/s, δ = 10 mm: 
1 – plate; 2 – chips. 

 
 

As the results show, the drying process of the composition with beets, cut into chips, is 
more intense than with those cut into plate, and the kind of slicing of tomato in the 
composition does not affect the speed of the process. Therefore, to intensify the drying 
process in industrial conditions, the red beet in the composition must be cut into chips. 

The air temperature changes the drying kinetics of the beet-tomato composition (Figure 
6) and the drying rate (Figure 7). 

The curves have the appearance typical of colloidal capillary-porous materials. With 
the increase in the air temperature, the intensity of the drying process of the composition 
increases. The duration of the process reduces by 1.8 times when the air temperature is 
raised from 60 to 100 °C. At an air temperature 60 ° С, the drying time is 100 minutes. 
However, the need to preserve as much as possible the useful substances in the finished 
product causes the choice of a soft drying condition and the air temperature 60 °. 

As the temperature rises, the material is heated more rapidly and the free moisture is 
removed faster, as a result of which the first critical drying point is shifted to the left. 

 
. 
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Figure 6. Effect of the air temperature on the drying kinetics of the red beet-tomato 
composition (3: 1) V = 3.5 m / s, δ = 10 mm: 
1 – 60 °C; 2 – 70 °C; 3 – 80 °C; 4 – 100 °C. 
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Figure 7. Effect of the air temperature on the drying rate  
of the composition red beet-tomato (3:1), V = 3,5 m/s, δ = 10 mm: 

1 – 60 °С; 2 – 70 °С; 3 – 80 °С; 4 – 100 °С. 
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The effect of the composition components on the drying kinetics is shown in Figure 8. 
The initial humidity of the components is different, it is the largest in tomato, the 

drying time of which is respectively 130 minutes, the duration of drying of beet is 85 
minutes, and of the composition is 100 minutes. 
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Figure 8. Influence of composition components on drying kinetics 

t = 60 ° С, V = 3,5 m / s, δ = 10 mm: 
1 – beet-tomato (3: 1), 2 – tomato; 3 – red beet 

 
 
From the curves of the drying speed of the composition components and the 

composition itself (Figure 9) it is evident that at the beginning of the drying process, the 
highest drying rate in beet is 2.8% / min, the lowest in tomatoes – 1.6% / min, for the 
composition its value is equal to 2.2% / min.The second period of drying is characterized 
by slowing down the drying rate of beet, and for a composition after reaching a moisture 
content of 35%, the process is quickened and the moisture evaporates intensively.This is 
due to the influence of organic acids of tomato on the cellular shell of red beet. 

The main requirement for beet-tomato composition is the conservation of betanin 
during the processing of raw materials. The drying of red beet itself destroys betanin by 
almost 62% (Figure 10), while the combination of red beet with tomato waste after the 
removal of seeds retains a high content of betanine after drying. Its maximum content is 
94.7% at an air temperature 60 °С and at a ratio of components 3: 1, which is due to the 
optimum pH value of the composition (see Figure 3). 
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Figure 9. Influence of the composition components on the drying rate 

t = 60 ° С, V = 3,5 m/s, δ = 10 mm: 
1 – red beet; 2 – beet-tomato (3: 1); 3 – tomato 
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Figure 10. Influence of compositions type on the content of betanin after drying at t = 60 °С: 

1 – red beet; 2 – beet-tomato (4: 1); 3 – beet-tomato (3:1) 
4 – beet-tomato (2: 1); 5 – beet-tomato (1:1) 
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Conclusions 
 
The waste-free technology of tomatoes processing involves the production of seeds and 

the use of tomato pulp to produce antioxidant powder based on beets and tomatoes. When 
using the convection method of drying 10-mm-thick layer: 

1. The greatest germinability of tomato seeds (98% in comparison with untreated) is 
provided at air temperature of 50 °C. 

2. Maximum preservation of the useful substances and antioxidant properties of the 
composition based on the waste of tomato and beet is achieved at a soft drying at air 
temperature of 60 °C. 

3. For the composition with the ratio of red beet and tomato components 3:1, the pH is 
3.9, which results in a high level of betanin content preservation (94.7%) at heat treatment. 

The novelty of the scientific research consists in obtaining new experimental data on 
the influence of drying conditions on the quality indices of tomato seed and the quality and 
antioxidant properties of tomato and red beet products. 
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