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Abstract: This article compares the efficiency of the traditional thermal evaporation method and the modern reverse 

osmosis (RO) process in the production of tomato paste. The study examines the advantages of reverse osmosis technology in 

maintaining product quality and its cost-effectiveness in reducing energy consumption. The results show that the reverse osmosis 

process minimizes damage to heat-sensitive components and requires significantly less energy than traditional methods. The 

article also highlights the prospects for using a hybrid method that combines reverse osmosis and vacuum evaporation to achieve 

high-quality concentrates. 
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Introduction. Tomatoes are one of the most important agricultural products, used 

both in their natural ripe state and as processed products, as well as as an additive to food 

products. The requirements for the quality and varieties of tomatoes used for the 

production of tomatoes, juices, purees and pastes as an additive to food products are 

significantly different from the requirements for tomatoes used for consumption. 

Technically ripe tomato products are more important than marketable varieties in terms 

of shape and appearance, in terms of indicators such as sugar, acidity and organo-mineral 

substances. The content of sugar and dry matter in technically ripe tomato products 

depends on the conditions of their ripening and also on the conditions of product 

processing. 

Methods: In the process of concentrating tomato juice, it is also possible to use filters 

that operate without thermal treatment, such as reverse osmosis, microfiltration and 

ultrafiltration. Filtration processes are distinguished by their energy efficiency compared 

to evaporation processes, and no heat agent is used in the filtration process. Since the 

process is carried out at low temperatures in the filtration process, it is possible to 

preserve the products that are not resistant to high temperatures in the product, while 

maintaining its natural characteristics such as color, smell, consistency and taste. 

Filtration is the process of separating liquids based on the size of the product 

molecules. In the food industry, filtration is often used to separate fruit juices and 

alcoholic beverages, and it also allows microorganisms to be removed from the product 

being concentrated. This, in turn, reduces the factors that contribute to product spoilage. 
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Ultrafiltration separates molecules smaller than those obtained by microfiltration, 

ranging from 0.1 to 100 nm. Filtration is used in the production of juices and alcoholic 

beverages, as well as in the separation of whey from dairy products. Reverse osmosis is 

an important filtration process for effectively separating the smallest molecules, and is 

commonly used to purify drinking water and seawater. Microfiltration, ultrafiltration, 

and reverse osmosis are widely used in various industries, but they have only recently 

begun to be used in the food industry for concentration and separation of products. 

The osmosis filtration process is used to concentrate heat-sensitive products and is 

more widely used in the production of medical products. In the production of food 

products, the filtration process was initially proposed in the wine industry for the 

separation and concentration of clear grape juice and was later put into practice. In the 

current food industry, the filtration-concentration process is used for specific products 

and is not fully explored, limited by its capabilities. This research work includes the study 

of the possibilities of using filtration (reverse osmosis) processes in the production of 

tomato paste, increasing the concentration of tomato juice, and the development of 

appropriate production strategies. Alternative low-temperature concentration processes, 

such as microfiltration, ultrafiltration, reverse osmosis, and isothermal membrane 

distillation, require less energy than heat exchange processes, but can also be 

concentrated without causing drastic changes in the color, taste, and odor characteristics 

of the final concentrates. The advantages of using a membrane process for tomato juice 

concentration include: low labor costs, operating costs (no column required since no 

evaporation process occurs), recovery, increased product yield, reduced energy 

requirements, and minimal waste generation. 

When using the evaporation process in the production of tomato paste, the process 

is carried out in the following sequence: tomatoes are brought from the fields and sent 

directly to production or storage warehouses. The product is washed, sorted and cleaned 

using washing belts. The washed, clean tomato fruits are mechanically processed and 

blanched. The blanched tomatoes are crushed and the juice is separated from the pulp 

and seeds in 2 stages. The separated tomato juice is concentrated in a three-stage 

circulating evaporator. The tomato paste leaving the evaporator is pasteurized in a tube-

type heat exchanger in a tube-type heat exchanger, and the cooling process is also carried 

out in the same type of heat exchanger. The tomato paste that has undergone these 

processes is sent for packaging (Figure 1). 

Fruits and vegetables contain a high amount of water, and humidity and 

temperature are important indicators for the development of microorganisms, which 

limit the storage conditions of fruits and vegetables. This increases transportation and 

storage costs. Therefore, fruits and vegetables are often stored by cooling and drying. 

Evaporation does not help to completely remove the moisture in fruits and vegetables. 

Drying, on the other hand, partially or completely removes moisture. 
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Figure 1. Technological scheme for the production of tomato paste 

 

Results: The technological parameters and economic costs of increasing the 

concentration of tomato juice using multi-stage evaporators have been studied by many 

researchers. 

In this study, the advantages and disadvantages of the filtration (reverse osmosis) 

process in the production of tomato paste were studied compared to the three-stage 

evaporation process, and the following results were obtained. Evaporators require both 

electrical and thermal energy to increase the concentration of tomato juice. The reverse 

osmosis process, on the other hand, requires only electrical energy. Since the evaporators 

are three-stage, it was found that the consumption of electrical energy is twice as high as 

that of reverse osmosis. While the process duration in the reverse osmosis process is 2-4 

hours, in the evaporators the process lasts 6-18 hours, depending on the heat exchange 

surface (Table 1). 
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Table 1. Electricity consumption required for the process 
 

PROCESS 
Type of 

energy 

Average energy 

consumption 

(kW/m3) 

Duration of the 

procedure 

Thermal energy 

consumption 

Reverse osmos 

 

electricity 

 

3.0-6.0 kW/m3 2-4 hour Not required 

Multistage 

distillation 

 

thermal- 

electricity 

 

7.0-12.0 kW/m3 

6-18 hours 

depending on 

temperature, surface 

and volume 

2500–2700 kJ/kg 

 

The study compared the economic, technological and organic aspects of 

evaporation plants with reverse osmosis, and also introduced alternative filtration 

processes. The cost analysis mainly included capital costs, labor, fuel, steam, cooling 

water and electricity costs. It was found that reverse osmosis consumes less energy than 

evaporation and is more suitable for preserving its natural state. 

Filtration processes involve the selective separation of components in a liquid or 

gaseous stream through a semipermeable barrier. Membrane separation is a physical 

process that involves the retention of a concentrate and the passage of moisture through 

a membrane. The driving force for the separation is pressure. 

 

Table 2. Technical and economic and comparative analysis of indicators 

Indicator Evaporation (Distillation) Reverse Osmos (RO) 

The main mechanism 
Heat  

(Phase change) 

Mechanical pressure 

(Membrane) 

Degree of desalination Very high (99.9%) high (95-99%) 

Cleaning from microorganisms Sterile (due to boiling) 
Full  

(due to small membrane pores) 

Energy consumption High  Low/Medium 

Volatile organic substances It may pass Holds well 

 

During the evaporation process, volatile organic compounds, which indicate the 

naturalness of the product, can evaporate together with water vapor during the 

evaporation process. In the reverse osmosis process, the product remains concentrated 

due to the absence of evaporation and thermal treatment. The microbiological state of the 

product during the evaporation process is completely sterile (Table 2). 

Discussion: Evaporation and reverse osmosis are the two most common 

technologies for liquid purification. When comparing them, attention is paid to the 

efficiency of the process, the quality of the final product and the economic aspects. 
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The results of the study show that the use of the reverse osmosis process in the 

production of tomato paste is a revolutionary solution not only in economic terms, but 

also in terms of quality. These results can be analyzed in the following three main areas: 

1. Minimization of thermal effects and quality preservation: in traditional 

evaporation methods, tomato juice is heated. As a result of such heat treatment, 

thermolabile (heat-sensitive) substances inherent in tomatoes, such as the lycopene 

pigment and vitamin C, are significantly destroyed. The reverse osmosis process under 

discussion is carried out at room temperature. This allows you to preserve the natural 

color and nutritional value of the product by almost 100%. Aromatic volatile substances 

(essential oils) that evaporate during evaporation are completely retained on the reverse 

osmosis membrane, which ensures a richer taste of the final product. 

2. Energy efficiency and resource conservation: reverse osmosis uses 50-60% less 

energy than evaporation. The main reason for this is that reverse osmosis does not 

involve a phase transition (water turning into steam). The heat energy required to 

evaporate water is very high, which increases production costs. In membrane technology, 

the main energy is spent only on driving high-pressure pumps. This is important in the 

current global energy crisis and the transition to a “green economy”. 

3. Technological limitations and hybrid solutions: The reverse osmosis process has 

its own technical limitation - this is the increase in osmotic pressure. As tomato juice 

thickens, its osmotic pressure increases and at a certain point the process stops. Standard 

tomato paste is usually in a thick state. 

Based on the above research results, the “Filtration (reverse osmosis)-single-stage 

evaporation” model was determined as the most optimal. 

Conclusion. Studies have shown that the use of the “Filtration (reverse osmosis)-

single-stage evaporation” process in the production of tomato paste has several 

advantages over the circulating three-stage evaporation process, and the low 

temperature of the process allows for the full preservation of the natural color, aroma and 

vitamins (especially vitamin C) of tomatoes. Economically, “Filtration (reverse osmosis)-

single-stage evaporation” is quite economical compared to the full evaporation method 

due to its low energy consumption. In order to obtain a high-quality product in the 

industry, the most optimal solution was considered to be the introduction of a technology 

that first uses reverse osmosis and then short-term vacuum evaporation. 
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