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from 100 °C to 374°C). Extraction was performed in a laboratory reactor under 
steady state conditions with the following process parameters: temperature T = 
1400C, 1600C, pressure P = 12 MPa, holding time = 30, 60, 90 min. The hydronic 
modules are 1:5 and 1:10. Filtration was carried out on a Buchner funnel, 
identification of furfural was performed on NMR. 

Results. The electron density distribution along the molecule on the resulting 
spectrum is almost identical to the reference. This suggests that the isolate was indeed 
a furfural. 

Scientific novelty. Proposed a new method for producing furfural from dry 
grape marc by the subcritical water extraction. 

Practical importance. Developed method for producing furfural can be the 
basis of technological production lines. 
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DEVELOPMENT OF AN EXPERIMENTAL APPARATUS TO 
INVESTIGATE THE EFFECT OF THE MTS-TECHNOLOGY ON FOOD 

PRODUCTS 
 

Objectives. The objectives of this paper were the substantiation of hardware 
methods of experimental investigations in the use of combined technologies in the 
food industry. 

Methods. In the course of investigations a literature search aimed at 
clarification of the modern state of the problem of the use in the food production of 
the combined processes, processing of food raw materials and food products, which 
combine high-pressure processing with additional influence of physical factors, such 
as ultrasound and other disturbing factors were conducted. To a successful 
combination of physical factors corresponds one of the latest technology, which is 
developing rapidly in the developed countries – the so-called MTS-technology 
(manothermosonication). Manothermosonication is a method of combining 
ultrasonication with thermal and pressure treatment. This technology combines the 
best effects of particular factors, which allows obtaining food products with a high 
content of nutrients at a significantly extended storage periods. 

Results. Based on these investigations the design layout of the experimental 
apparatus to investigate the combined action of high pressure and ultrasound on food 
raw materials and food products was developed. The purpose of separate modules 
was revealed and an automated control system for the research process was 
developed. 

Scientific novelty. The scientific-methodological approach of the 
investigations in the use of combined technologies based on the using of high 
pressure was improved. The temperature values of the sample with labels of 
thermocouples location are recorded in real-time mode. Data documentation is 
conducted graphically and in the form of a text file which is automatically created by 
the control programme of the experimental investigations. The prescribed 
temperature of the sample is created, maintained and controlled automatically. 
Hydraulic fluid pressure in the chamber at the prescribed temperature is automatically 
generated by a pump with a hydraulic intensifier. Hydraulic fluid pressure is 
controlled with the pressure indicator.  

Practical importance. Based on these investigations the recommendations for 
the creation of the appropriate research equipment and the development of the 
automated control system for the experimental trial process in the use of high 
pressure and ultrasound for the treatment of food raw materials and products were 
given. The temperature values of the sample with labels of thermocouples location 
are recorded in real-time mode. Data documentation is conducted graphically and in 
the form of a text file which is automatically created by the control programme of the 
experimental investigations. The prescribed temperature of the sample is created, is 
maintained and controlled automatically. 

Keywords: high pressure, ultrasound, hybrid press, temperature pattern. 
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The greater negative changes associated with the reduction in rations of the 
essential nutrients such as vitamins, proteins, etc. in the structure of nutrition of the 
Ukrainian population are observed during recent years. A nutrition problem has never 
needed as much attention as in the past 10 years because the people’s present desire 
to live a healthy life surely involves the right attitude to food. It is known that the 
food contains nutrients that provide energy and are necessary for the growth and 
support of vital activity of tissues which the human body cannot produce on its own 
and, therefore, must receive from outside. That is why one of the priorities of the 
food industry is to supply the population with high-quality, nutrient-enriched and safe 
food products. The main way of increasing the usefulness of domestic food 
productions is the use in the modern food technology of solutions which enable to 
minimize the negative impact on the nutrients not only of separate used operations 
but also the whole process. This requires a search for new approaches, which should 
be based on fundamental investigations in food chemistry, biotechnology, 
microbiology, food hygiene, which will reveal the essence of the processes that are 
responsible for changes in the quality of products during their production and further 
storage. 

Currently, in order to extend a period of product storage there are variety of 
methods of their treatment such as thermal pasteurization and sterilization, the use of 
chemicals and preservatives, ultrafiltration, electrophysical treatment methods 
(electromagnetic fields treatment of high- and ultra-high-frequency fields, 
radiopasteurization, ultraviolet irradiation, elastic waves treatment, the use of electric 
fields of low and high voltages, the use of AC and DC magnetic fields). Each of these 
methods has certain limits of application, their advantages and disadvantages. 

Almost all the innovative technology [1] have been discussed by the 
International Association of scientific institutes and universities collaborating in the 
area of food safety (The European Association for Food Safety or The SAFE 
Consortium), which works on the entire range of issues related to safety and 
nutritional value of food. Three major trends in research on new technologies have 
been identified. The first trend is associated with the effectiveness of technology 
concerning to the microbiological well-being of products and study of inactivation 
mechanisms. The second trend is connected with the use of combined techniques that 
can combine the best of the individual technologies, but at the same time their 
combination reduces their own negative factors. The third trend describes the 
importance of commercialization of these technologies. It is extremely important to 
make sure that the process is working properly and process goals have been achieved 
in the development of any new technology. Therefore, the introduction of any new 
technology requires careful investigations to which the development of 
methodological and experimental support is necessary. 

To a successful combination of physical factors corresponds one of the latest 
technology, which is developing rapidly in the developed countries – the so-called 
MTS-technology (manothermosonication). Manothermosonication is a method of 
combining ultrasonication with thermal and pressure treatment [2,3]. This technology 
combines the best effects of particular factors, which allows obtaining food products 
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with a high content of nutrients at a significantly extended storage periods. 
This work was devoted to the development of the experimental apparatus to 

investigate the combined effect of high pressure up to 200 MPa, as well as ultrasound 
and temperature.  

The schematic diagram of the apparatus for carrying out of investigations of 
the effect of the MTS treatment (MTSA) on the food products is shown in Figure 1. 

In Figure 1 the following units are shown: Hydraulic fluid channels are shown 
with thin continuous single lines; Electrical connections of electromechanical and 
electronic devices of the MTSA are shown with thin continuous triple lines; Low- 
and high-pressure cylinders of the hydraulic intensifier (HI) are circled with a dotted 
line.  

 

 

Figure 1 - The schematic diagram of the MTSA 

A MTSA low-pressure passage consists of a gear oil pump (P) with 16 MPa 
nominal pressure, 2 kW electrical motor drive (EMD), 10 micrometre filter (F), an oil 
catcher (OC), 16 MPa pressure gauge (G), 16 MPa safety valve (SV), a hydraulic 
throttle (HT), and a blocking valve BV).  

A high-pressure passage consists of a high-pressure chamber and 200 MPa 
pressure gauge (PG). 

An outline drawing of the high-pressure chamber with ultrasonic transducers 
and the heater is shown in Figure 2. 

The gear oil pump (P) is used to convert the mechanical energy of the electrical 
motor drive (EMD) into the hydraulic power of the low-pressure hydraulic fluid. The 
belt drive is used as an energy transmitter.  Pressure magnitude of the low-pressure 
hydraulic fluid (LPHF) at the pump outlet is specified by the rotary speed of the 
pump male rotor connected to the EMD rotor. 

Pump rated duty provides EMD power parameters and a belt drive gear ratio, 
and supports hydraulic load on both passages. The pump operates in the nominal 
capacity mode at the rated load and output current pressure of the LPHF (P) equals to 
rated pressure (Pnp, np - «nominal pressure») P=pnp. In this way, the maximum 
duration of the pump operating life is reached. At nominal pressure the hydraulic 
power of the LPHF has an enough value for creating the maximum pressure of the 
high-pressure hydraulic fluid (HPHF) acting directly on the sample in a high-pressure 
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chamber (Ch). 
The LPHF passes from the output of the pump (P) through a filter (F), which is 

designed to remove heterogeneous solid particles larger than 10 micrometre. The 
indicating pressure gage (G), the safety valve (SV), the blocking valve (BV), and the 
hydraulic throttle (HT) are connected in parallel with the filter (F).  

Pressure (P) is controlled by manometer indicators (M1). Depending on the 
total hydraulic resistance of devices of the low-pressure passage, P can vary from the 
minimum pressure (Pmin) to the maximum one (Pmax). The Pmin is a constant value 
which is determined by the total lowest hydraulic flow resistance of the LPHF, and 
the Pmax is variable and depends on the highest regulated hydraulic resistance. When 
the P=Pmin the pump operates with the minimal load, almost at idle mode, and when 
the P=Pmax – the pump is maximum loaded. Running the pump at maximum load 
corresponds to its nominal mode of operation, and the maximum output pressure 
Pmax equals to Pnp. LPHF pressure range from Pmin to Pmax is a working range for 
a low-pressure passage of the apparatus. 

 

 

Figure 2 - High-pressure chamber with ultrasonic transmitters and a heater 
    B1 - top ultrasonic transmitter, HPHF – high-pressure hydraulic fluid, B2 - lower 

ultrasonic transmitter, CH - chamber heater 

The safety valve is to achieve the required experimental value of the LPHF 
Pmax maximum pressure. Its principle of operation is based on balancing the 
compressive closing spring force (Fsf, sf – “spring force”) and the pressure force of 
the LPHF (FP) at current pressure P. When FP = Fsf, the hydraulic force of the LPHF 
acquires its maximum value FP = Fpmax and current pressure equals to the maximum 
pressure P = Pmax. The safety valve adjustment to Pmax is implemented by the 
compression force control of the closing spring with screw pair. The safety valve is 
closed when the current pressure force of the LPHF in the pipeline less than the 
closing spring compression force. As soon as the LPHF pressure force will be more 
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than the closing spring compression force, the safety valve opens, and a part of the 
hydraulic fluid is discharged into the oil catcher (OC) through the valve. As a result, 
the LPHF pressure force in the pipeline begins to fall, and when it again becomes less 
than the closing spring elastic force, the safety valve closes. The process of balancing 
the closing spring compressive force and the LPHF pressure forces is automatic. The 
blocking valve (BV) can be in the two extreme positions of its flow passage – “open” 
or “closed”, and is designed for a complete open/shutoff of the hydraulic fluid flow 
which is supplied under pressure in the low-pressure cylinder (LPC) of the hydraulic 
intensifier (HI). Depending on the BV states the two basic modes of MTSA operation 
are possible: 

− At constant pressure, when the BV is in the “closed” position;  
− At variable pressure, when the BV is in the “open” position.  
The fixation of the current values of LPHF and HPHF pressure, and, thus, the 

fixation of the hydrostatic pressure value acting on the sample are implemented with 
the help of the BV. 

The hydraulic throttle (HT) is a device with an adjustable value of its flow 
passage and designed to change the total flow hydraulic resistance of the LPHF in the 
low-pressure passage.  

When the hydraulic throttle is completely opened, its flow passage takes its 
maximum value. In this case, the LPHF flow resistance is determined by the smallest 
possible total resistance of the hydraulic equipment in the passage, and LPHF 
pressure at the outlet of the pump is equal to the minimum P = Pmin. The LPHF is 
pumped by the pump through hydraulic throttle to the oil catcher (the pump operates 
with minimal load at idle mode). When the hydraulic throttle is completely closed, 
the LPHF flow through the throttle stops. In this case, the pump operates at maximum 
load, creating at its output the predetermined maximum pressure specified by the 
safety valve. 

The pressure gauge (PG) is used for monitoring the hydrostatic pressure values 
effecting on the sample. This pressure is created by the hydraulic fluid (PES-3) of the 
high-pressure passage. 

According to our calculations the LPHF maximum possible pressure is Pmax = 
Pnp = 16 MPa, the HPHF maximum pressure (the maximum pressure which effects 
on the sample) is 200 MPa. In this case, the intensifier ratio is m = 200/16 = 12.5. 
However, with account of the friction force of piston grommets on the inner surface 
of the HPC and the LPC, the intensifier ratio equals to 20. At this, LPHF nominal 
pressure at the pump outlet can create LPHF pressure more than 200 MPa. It is 
possible to provide the horizontal and vertical placement of the pressure chamber. 

The parameter of liquid food products which are to be measured is the 
temperature distribution over the sample volume. An outline drawing of the 
thermocouple unit (the temperature sensor unit) is shown in Figure 3. Copper-
constant thermocouples were used in the investigation. Seven cylindrical 
thermocouples (1, 2, 3, 4, 5, 6 and 7) are placed in the three horizontal planes (Pl. 1, 2 
and 3). In the measurements the thermocouple unit together with the sample (Smp) is 
isolated from the high-pressure hydraulic fluid by the insulation (I). The layout 
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drawing of the sample and the thermocouple unit in a high-pressure chamber with 
transducers and ultrasonic unit are shown in Figure 4. 

The temperature values of the sample with labels of thermocouples location are 
recorded in real-time mode. Data documentation is conducted graphically and in the 
form of a text file which is automatically created by the control programme of the 
experimental investigations. The prescribed temperature of the sample is created, 
maintained and controlled automatically. Hydraulic fluid pressure in the chamber at 
the prescribed temperature is automatically generated by a pump with a hydraulic 
intensifier. 

 

Figure 3 – The outline drawing of the thermocouple unit 

 

Figure 4 – The layout drawing of the sample and the thermocouple unit in a 
high-pressure chamber 
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Hydraulic fluid pressure is controlled with the pressure indicator. A block 
diagram of the apparatus control interface is shown in Figure 5.  

 

Figure 5 – The block diagram of the apparatus control interface 

The following conclusions can be made from the above: The authors have 
conducted a literature search aimed at clarification of the modern state of the problem 
of the use in the food production of the combined processes, processing of food raw 
materials and food products, the substantiation of hardware methods of experimental 
investigations in the use of combined technologies in the food industry, the design 
layout of the experimental apparatus to investigate the combined action of high 
pressure and ultrasound on food raw material and products was developed, purpose of 
separate modules was revealed and an automated control system for the research 
process was developed. 

The direction of future investigations will be the creation of the appropriate 
research equipment and the development of the automated control system for the 
experimental trial process in the use of high pressure and ultrasound for the treatment 
of food raw materials and products, carrying out of the research of temperature 
distribution in different points of the food product sample. 
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Цель. Цель статьи - обоснование методико-аппаратурного обеспечения 

экспериментальных исследований в отрасли использования комбинированных 
технологий в пищевой промышленности. 

Методика. В процессе исследований проведен литературный поиск, 
направленный на выяснение современного состояния проблемы использования 
в пищевых производствах комбинированных процессов, обработки пищевого 
сырья и продуктов, которые совмещают в себе обработку высоким давлением с 
дополнительным влиянием физических факторов, таких, как ультразвук и 
другие возмущающие факторы. Удачному сочетанию физических факторов 
отвечает одна из новейших технологий, которая стремительно развивается в 
развитых странах мира, - так называемая MTS- технология 
(manothermosonication), это метод, который объединяет обработки 
ультразвуком, теплом и давлением. В этой технологии соединены наилучшие 
эффекты отдельных факторов, что позволяет получать продукты с 
повышенным содержанием полезных веществ при значительно продленных 
сроках хранения. 

Результаты. На основании проведенных исследований разработана 
проектная схема экспериментальной установки для исследований 
комбинированного действия высокого давления и ультразвука на пищевое 
сырье и продукты. Обнаружено назначение отдельных модулей и разработана  
система автоматизированного управления процессом исследований. 

Научная новизна. Усовершенствован научно-методический подход 
исследований в отрасли применения комбинированных технологий на основе 
использования высокого давления.  Значения температур образца с метками 
расположения термопар регистрируются в режиме реального времени. 
Документирование данных ведется графически и в виде текстового файла, 
который автоматически создается программой управления 
экспериментальными исследованиями. Заданная температура образца 
создается, поддерживается и контролируется автоматически. При заданной 
температуре давление рабочей жидкости в камере создается автоматически 
насосом с гидравлическим мультипликатором. Контроль величины давления 
рабочей жидкости осуществляется по показаниям датчика давления. 

Практическая значимость. На основании проведенных исследований 
даны рекомендации по созданию соответствующего исследовательского 

http://www.research-europe.com/
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оборудования и разработке систем автоматического управления процессом 
экспериментальных испытаний в отрасли использования высокого давления и 
ультразвука для обработки пищевого сырья и продуктов.  Значения температур 
образца с метками расположения термопар регистрируются в режиме реального 
времени. Документирование данных ведется графически и в виде текстового 
файла, который автоматически создается программой управления 
экспериментальными исследованиями. Заданная температура образца 
создается, поддерживается и контролируется автоматически. 

Ключевые слова: высокое давление, ультразвук, комбинированный 
процесс, температурное поле. 
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