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Thermal processing is one of the oldest and most extensively used food processing 

methods for shelf-life enhancement and to ensure microbiological safety of the food 

products. Fresh fruits are highly perishable in nature due to high water activity therefore, 

it is necessary to apply some processing technology and convert them in some useful 

products to extent their shelf-life.  Apart from dried and canned, fresh fruits are largely 

processed into juices, smoothies, purees, nectar etc. and the thermal processing or aseptic 

processing is commonly used in industry to extent their shelf-life. Thermal processing is 

applied in many ways in food processing such as blanching, pasteurization, sterilization, 

thermal drying etc. Blanching, which is applied with an aim to inactivate quality 

degrading enzymes, as a pretreatment prior to canning, freezing and drying. It helps in 

retaining color and nutritional characteristics of the product.  

The pasteurization and sterilization are carried out as a finishing treatment to 

perishable foods to enhance the shelf-life by reducing the population of harmful 

microorganism under the safety margin. Among these the pasteurization is known as mild 

treatments and sterilization is a severe treatment (in terms of time temperature 

combination). However, thermal drying extent the shelf life of product by reducing the 

water content or water activity, with secondary benefits of reducing volume of the 

product, thereof decreases the cost of packaging, handling, storage and transportation 

[16]. 

Conventional thermal processing fundamentally depends on heat transfer by 

conduction and or convention mechanism, burning of fuels or electric resistive heater is 

used to produce heat outside the product to be heated [14]. Thereof, large temperature 

gradient (between the product and heating medium), non-uniform and slow heating 

during conventional heating process causes quality deterioration of food and additionally 

make it time and energy deficient. Thus, achieving uniform heating of a product is always 

a great concern and a major challenge to food processors, therefore modern methods of 

food processing are being developed to overcome the shortcomings of conventional 

thermal processing method [14]. The safety and quality of the quality, processing cost, 

convenience and environmental risks are the major factors considered while developing a 

novel method of food processing.  



Ohmic Heating of Mango Puree  Introduction 

2 
 

Novel methods of food processing are broadly categorized in to two categories viz 

Non-thermal and Thermal. Non-thermal methods includes pulsed electric field, high 

pressure processing, violet light/ pulsed light, ultrasound, ozone, cold plasma and 

oscillating magnetic field etc., whereas novel thermal processing include Microwave 

heating, Ohmic heating and Infrared heating [1, 7] 

Ohmic heating of food material is also reported to be one of the novel thermal food 

processing method. In this process, the electric current (I) is allowed to flow through a 

food material as a resistance (R) and its inherent resistance results in ohmic heating (I
2
.R) 

and the temperature of the food material raises quickly [5]. The diagramed depiction of 

OH process is shown in Fig.1. The concept of ohmic (or Joule effect) heating for flowable 

food materials has existed since the 19
th

 century, however lack of understanding of the 

basic and fundamental principles resulted in its irregular development. The understanding 

with time has helped to make successful commercial intrusion of this technology in in 

Europe and Japan, largely for fruit pieces in syrup or juice; although other products are 

also under investigation [19]. During the decade of 1993-2013, new improved OH 

equipment designs have become available. The modern ohmic sterilizers have cut down 

the process cost 10 times [4].  

Ohmic heating heats material rapidly and volumetrically hence, appears to offer an 

attractive substitute to the conventional thermal processing by minimizing fouling and 

corrosion, and less damage to the important components of the food material such as 

flavorings. Ohmic heating has got other advantages over conventional methods of thermal 

processing such as less damage to rheological, textural, organoleptic and nutritional 

properties, suitability for particulate foods, besides being energy efficient [9]. 

 

Fig. 1.1 Principle of ohmic heating 
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The basic parts of an OH equipment include, power supply, electrodes, heating 

chamber, temperature measurement and controller, transformer, data acquisition system, 

and computer. Many authors have developed and or designed various designs of OH 

setup for the research purpose, designs such as heating chambers made of stainless steel 

lined with teflon tape, Teflon and glass; electrodes of titanium, platinum coated titanium, 

copper or stainless steel and T-type or K type thermocouples has been widely used [12, 

11, 18, 20, 2]. The possibility of adverse electro-chemical reaction, power supply 

complexity and cost of OH process can be reduced by using low frequency (50-60 Hz) 

alternating current from domestic power supply. 

The meticulous interest in OH technology stems from ongoing food industry interest 

in aseptic processing of liquid-particulate foods. Conventional aseptic processing systems 

for particulates rely on heating of the liquid phase which then transfers heat to the solid 

phase. Ohmic heating apparently put forward an attractive substitute because it heats 

materials through internal heat generation [17]. During OH the material doesn’t 

experience too large gradient of the temperature, as occurs in conventional conduction 

heat transfer, the absence of heating surfaces reduces the chances of fouling thus mixing 

of burnt particle with the final product can be avoided. Electrical conductivity is one of 

the key parameter for the applicability of OH process, as most food materials contain 

sufficient amount of water with dissolved ionic salts which make joules effect possible by 

conducting the electric current. However there are some exceptions such as oil and fats, 

sugar rich products etc. 

The rate of energy generation during OH also depends on voltage gradient and EC 

of the material. The EC is the most critical property effecting energy generation, during 

conventional heating, EC increase sharply with temperature at around 60 °C as a result of 

break-down of cell wall materials. In case of OH, EC increases linearly with temperature, 

possibly due to electro-osmotic effect, which could increase the effective conductivity at 

low temperatures [13]. Since electrical conductivity is related to the concentration of 

ionic constituents, it is possible to alter porous solid property by infusion of salts. For 

liquids, EC-temperature relationship is linear regardless of the mode of heating used and 

electrical conductivity decreases with increasing pulp content, as a result of non-polar 

constituents in the pulp. The size of the suspended solid has also been shown to affect 

electrical conductivity, increase in particle size results in the decrease of the electrical 

conductivity [8]. 
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Mango (Mangifera indica L.) is an important source of micro-nutrients, vitamins 

and other phyto-chemicals as well as other vital food components, which are required for 

human health. Though it is processed by different methods into various forms; however 

thermal processing of mango pulp is the most commonly used commercial method. The 

processed mango pulp is used for preparing beverages, candies, as well as in dairy and 

confectionery industries. Conventional thermal processing of mango pulp is a time and 

energy deficient process, which raises the need for the development of a convenient and 

efficient alternative thermal processing method for mango pulp. Therefore various 

researchers have studied effects of novel processing methods on mango products such as, 

High Pressure [10], Pulse Electric Field [21], Ultra-violet Light [6], Cold Plasma [15], 

Microwave Heat [3] treatment. However to the best of the author’s knowledge, very 

limited literature is available on the OH studies of mango and or mango products. 

Therefore the present study has been proposed keeping in view the following objectives: 

 To design and develop a lab scale ohmic heating setup and its performance 

evaluation in heating of different fruits. 

 To characterize mango puree based on engineering properties (textural, 

rheological, thermal and ohmic heating) under different levels of TSS and acid 

content. 

 To optimize the process parameters of ohmic heating treatment of mango puree 

based on inactivation of enzymes and microbes and color change. 

 To model the enzyme and microbial inactivation kinetics during ohmic heating of 

mango puree. 

 To evaluate the changes in mango puree characteristics due to ohmic heating upon 

storage and its comparison with conventional heating. 
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