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Abstract: Ohmic heating, also called ‘Joule heating’ or ‘resistive heating’, is a novel technique for heating the food 

products for the purpose of processing. In this process electric current is allowed to pass through the food sample and 

heating occurs due to inherent resistance of sample. The heat produced is proportional to the square of applied current. It 

is highly efficient technology and provides rapid and uniform heating. This technique is also useful for pre-heating of 

products before canning process. Apart from the advantages ohmic heating has many applications such as pasteurization, 

fermentation, blanching, thawing, enzyme stabilization, starch gelatinizing and heating the food stuff. In this study, ohmic 

heating treatment was applied to different concentrations (100, 80 and 60%) of tomato puree. The puree was ohmically 

heated from room temperature to 70⁰C at four different voltage gradients of 8, 6, 4 and 2V/cm for different concentrations. 

The whole experiment was repeated thrice for each voltage gradient and at each concentration. The voltage gradient has 

significant effect on electrical conductivity of tomato puree. Electrical conductivity shows a linear trend with temperature. 

Other parameters like pH and TSS are also noted before and after the ohmic heating treatment. pH is defined as the degree 

of acidity or alkalinity of a substance which is usually measured on a scale of 0 to 14. The measurement of pH in food 

processing is done for the production of products with consistent well defined properties and to meet regulatory 

requirements. TSS is the index of refraction determines the total soluble solids content of a solution. Refractometer 

measures total soluble solids content of a solution and 0Brix is the unit of TSS. Statistical analysis has been conducted for 

pH and TSS measurements and observed that this treatment has no significant effect on pH and TSS values. This 

concludes that the quality parameters are preserved during ohmic heating.  
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1. INTRODUCTION  

In ancient times, the agricultural products which were available for consumer were unprocessed. Nowadays food is 

processed to destroy the enzymes that deteriorate the food and make it microbiologically safe. Processing makes the food 

attractive, salable and extended the shelf life of product. In traditional food processing, the main aim was to maintain a 

continuous supply for hungry periods. But with the changing times, maintenance of nutritional value of food materials 

also became very important. Since, conventional processing method leads to a degradation of nutrients and change of 

flavor. It therefore attracts the great interest of people for development of advanced technologies of food processing to 

produce the high quality food products. There are two processing technologies one is thermal while another is non- 

thermal. In non- thermal processing the properties of food or its environment are change without the use of heat where as 

in thermal processing, food is heated for particular time period in an air tight container at specific temperature. 

Conventional heating also called Indirect heating heat transfer takes place by radiation, convection and conduction which 

heats the food sample externally and reduce the quality of the product.  In order to overcome these disadvantages there is 

a need for alternative technologies that will perform uniform and rapid heating without degrading the overall food quality. 

Ohmic heating is one among those alternative processing technique.  
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Ohmic heating derives its name from Ohm’s law. It is also called as Joule heating, electrical resistance heating, electro-

heating or electro-conductive heating in which material enclosed between two electrodes behaves as an electrical resistor 

(Icier and llicali 2005). Food acts as electrolyte that allows electric current to pass through food and heat is generated 

inside the food. The amount of heat produced is directly related to current induced by the voltage gradient in the field 

(Shirsat et al 2004). Ohmic heating is efficient than other techniques due to certain reasons such as uniformity in heating, 

maintaining the nutritive value, low operating frequency, high energy efficiency and many more.  

Ohmic heating has many applications in various processes such as blanching, evaporation, dehydration, fermentation, 

extraction, sterilization, pasteurization and heating foods upto serving temperature. The most significant factor in ohmic 

heating is electrical conductivity (Darvishi et al 2012). Electrical conductivity is the measure of a materials ability to 

allow the transport of an electric charge. For a material to be ohmically heated, it must be capable of conducting 

electricity. When food product conduct electricity by electrolytic conduction, the moving ions within it collide with other 

molecules and these collisions lead to momentum transfer to these molecules, which in turn increases the kinetic energy, 

thereby heating the product (Kemp and Fryer 2007).Various parameters such as temperature, applied voltage gradient, 

frequency and concentration of electrolytes greatly affect electrical conductivity of liquid foods (Icier and Ilicali 2005, Ye 

et al 2004). 

II. MATERIALS AND METHODS 

Tomato puree purchased from a local market was selected. Branded tomato puree was preferred over the fresh puree 

mainly due to two facts, firstly processed puree have the long shelf life and secondly to minimize the error in measuring 

parameters as electrical conductivity due to variation in raw materials used to prepare puree. Packed puree was assumed to 

be pure or of 100% concentration. The puree was diluted with distilled water in order to prepare the other four 

concentrations. Distilled water was taken for dilution because it does not contain ions and hence there will be no 

conduction because of it and the entire conductivity will be due to the puree sample. The samples were prepared by 

dilution with distilled water in the volume/volume ratio. The concentrations selected for the study were (60, 80 and 

100%).  

For making concentration of 80% by volume of puree sample, 80ml of puree was mixed in a beaker with 20ml of distilled 

water to make a total volume of puree to be 100ml. In the similar manner, other concentrations of tomato puree were 

prepared. The purpose of choosing different concentrations of puree was to study the effect of changes in concentrations 

of puree on conductivity and heating rate. The concentrations obtained were prepared by volume by volume mode. Four 

different voltage gradients (8, 6, 4 and2V/cm) were applied on each concentration. Experiment was repeated thrice for 

each voltage gradient and for each concentration. 

2.1 Measurement of electrical conductivity 

Electrical conductivity was measured with the help of voltage and current data. Tomato puree of known concentration was 

poured in the ohmic heating tube and the required connections were made as shown in above figure. A constant voltage 

was set with the help of variac whose value was noted from the voltmeter. With no loss of time stop watch was started and 

current and temperature readings were noted with the help of ammeter and thermocouples respectively at regular intervals 

of time. From this recorded data, the electrical conductivity values were calculated with the help of the equation which is 

mentioned as-                                                            

                                                                σ = IL/VA 

Where, I is current, V is voltage, L is length of ohmic heating tube and A is the area of cross section of the steel 

electrodes. 

2.2 Measurement of pH and TSS 

Hanna’s pH meter was used to find the pH value of tomato puree. The meter was calibrated before use with buffers of pH 

4 and 7. Then it was dipped into the puree sample of known concentration and reading was noted after it became stable. 

pH was measured before and after the ohmic heating of sample at each concentration and voltage gradient. 

Hand-held refractrometer was used to measure the total soluble solids (TSS) of tomato puree. It was calibrated with 

distilled water and the reading comes out to be 0. Then drop of sample was poured on its prism and reading was noted. 

Data was recorded before and after the heating treatment of sample for different concentrations and voltage gradients.  
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III. RESULT AND DISCUSSION 

3.1 Effect of temperature, concentration and voltage gradient on electrical conductivity  

 Electrical conductivity increased linearly with increase in voltage gradient and concentration. The electrical conductivity 

for 100 % was slightly higher than that 80 % and similar trend was followed for 60%. At particular voltage gradient 

(8V/cm) and concentration (100%) the electrical conductivity increased (1.782 to 2.628S/m) with temperature (30-70˚C) 

.The increase in electrical conductivity with temperature is due to reduced drag of ion movement. The increase of 

concentration of tomato puree has highly significant effect on the increasing electrical conductivity. This is due to the fact 

that the solid particles increase with the elevation in concentration of tomato puree. The increased solid particles 

accelerate more electric current through the juice at high concentration than low concentrated puree. Thus the 

concentrations of soluble solid particles explain the change in electrical conductivity. Bubble formation was observed 

when the temperature of puree was about 70⁰C as the tomato puree is acidic in nature and release of gas in liquid due to 

some electro-chemical reactions results in the potential electrolytic hydrogen bubble formation in puree. The variation of 

electrical conductivity with time at 8V/cm had been shown in figure 1 and similar trends were observed for other voltage 

gradients. 

  
Figure 1 Change in the electrical conductivity with temperature for three concentrations of tomato puree at 8 V/cm 

voltage gradient 

 

3.2 Effect of ohmic heating on pH and TSS  

The maximum and minimum value of pH before and after ohmic heating is 4.26, 4.20 and after ohmic heating 4.40, 4.22 

respectively. Statistical analysis using paired t-test has been carried out for the pH values of tomato puree before and after 

the ohmic heating treatment and the resulted values has been represented in the Table 1. It can be observed that the change 

in the pH of tomato puree before and after ohmic heating for various voltage gradients came out to be overall non-

significant (p>0.05). For pure sample the heating rate is very low at 2V/cm so there is maximum change in pH value. This 

result is in agreement with the results given by Darvishi et al 2012.  
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               Table 1   t-values for  pH for applied voltage gradients to three concentrations of tomato puree. 

Concentration    

   (v/v) 

                                     Voltage Gradient (V/cm) 

8 6 4 2 

100%     12.095** 10.583** 3.024 NS 14.000** 

         80% 1.000NS 0.000 NS 1.732 NS 0.000 NS 

60% 1.000 NS 0.000 NS 0.500 NS 4.000 NS 

*t-values were significant at 5% level of significance. 

  ** t-values were significant at 10% level of significance. 

NS t-value is non-significant. 

 

TSS content in tomato is mainly due to sugar (fructose). After the heating treatment, maximum value for TSS is 7.0⁰brix 

for pure tomato puree while minimum value is 3.4⁰brix corresponding to 60%. Moreover TSS value increases with rise in 

concentration due to increasing number of solid particle in the sample. Paired t-test has applied for statistical analysis and 

the results were listed in table 2. The variation in TSS value of tomato puree before and after treatment shows significant 

result only at 8V/cm for 80% concentration and for rest of the concentrations and voltage gradients changes are non-

significant. As there is no significant change in TSS value so the quality parameters are preserved during treatment. This 

is an important advantage of ohmic heating treatment. 

               Table 2   t-values for TSS for applied voltage gradients to three concentrations of tomato puree. 

Concentration    

   (v/v) 

                                     Voltage Gradient (V/cm) 

8 6 4 2 

100%         NS NS            NS            NS 

80%      7.000* NS    1.732 NS 2.000 NS 

60% 3.462 NS 7.000 NS   2.500 NS NS 

*t-values were significant at 5% level of significance. 

NS t-value is non-significant. 

NS shows that t value cannot be computed as the standard error of difference is zero. 

IV. CONCLUSION 

Ohmic heating derives its name from Ohm’s law. In this the food material is placed between electrodes acts as resistance 

in the circuit. The tomato puree was heated on a laboratory scale by applying voltage gradients in the range of 8-2V/cm. 

The electrical conductivity of tomato puree during ohmic heating showed a general increasing trend with the increase in 

concentration as well as voltage gradient. The electrical conductivity also increased linearly with increase in temperature. 

Statistical analysis has been conducted for pH and TSS measurements and observed that this treatment has no significant 

effect on pH and TSS values. This concludes that the quality parameters are preserved during ohmic heating and this is a 

major advantage of ohmic heating. 
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