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ABSTRACT 

Ohmic heating is a novel thermal processing technique that utilizes electrical conductivity to generate heat within 

liquid foods. This study investigates the dynamic changes in electrical conductivity during the ohmic heating of liquid 

foods and their implications on the overall thermal processing efficiency and product quality. Experimental 

investigations were conducted on various liquid food matrices, assessing the influence of factors such as composition, 

temperature, and processing time on electrical conductivity variations. The results reveal intricate conductivity 

patterns, shedding light on the underlying mechanisms of ion mobility and structural changes in the food matrix. 

Understanding these dynamic changes provides valuable insights into optimizing ohmic heating processes for 

enhanced energy efficiency and preservation of product attributes. This research contributes to the broader field of 

food processing by elucidating the complex interplay between electrical conductivity, thermal dynamics, and food 

quality preservation. 
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In recent years, there has been a growing interest in 

innovative thermal processing technologies that can 

efficiently and effectively treat liquid foods while 

preserving their nutritional value, flavor, and texture. 

One such technology that has gained attention is 

ohmic heating, a method that employs electrical 

conductivity to directly generate heat within food 

matrices. Ohmic heating offers advantages over 

traditional heating methods by enabling rapid and 

uniform heating, which can lead to improved product 

quality and reduced processing times. 

Central to the effectiveness of ohmic heating is the 

modulation of electrical conductivity in liquid foods 

during the heating process. Electrical conductivity is a 

fundamental property of materials, and its changes 

during ohmic heating are influenced by various factors, 

including the composition of the food matrix, its ion 

content, and the application of electric current. 

Understanding the dynamic changes in electrical 

conductivity during ohmic heating is crucial for 

optimizing the efficiency and effectiveness of this 

novel thermal processing technique. 

This study aims to explore the intricate relationship 

between electrical conductivity and the thermal 

processing of liquid foods during ohmic heating. By 

investigating the dynamic changes in electrical 

conductivity and their implications for food quality, 

energy efficiency, and process optimization, this 

research contributes to the advancement of both the 

scientific knowledge and practical applications of 

ohmic heating. 

In this paper, we present an in-depth analysis of the 

underlying mechanisms driving changes in electrical 

conductivity during ohmic heating. We investigate the 

effects of key factors such as composition, 

temperature, and processing time on the electrical 

conductivity of different liquid food matrices. The 

obtained insights will shed light on ion mobility, 

structural modifications, and other fundamental 

processes occurring within the food matrix during 

ohmic heating. 

By bridging the gap between fundamental 

understanding and practical application, this study 

seeks to pave the way for the efficient adoption of 

ohmic heating in the food processing industry. The 

results presented here will contribute to enhancing our 

ability to tailor ohmic heating parameters for specific 

liquid food products, resulting in improved thermal 

processing efficiency, energy utilization, and product 

quality maintenance. 

METHOD 

Electrical Conductivity Modulation in Liquid Foods 

During Ohmic Heating 

Selection of Liquid Food Matrices: 

Choose a variety of liquid food matrices with different 

compositions and properties, including water-based 

beverages, fruit juices, dairy products, and sauces. 

Ensure representative samples that cover a range of 

ion concentrations, viscosities, and pH levels. 

Experimental Setup: 

Set up an ohmic heating system comprising a power 

supply, electrodes, and a temperature-controlled 

vessel to hold the liquid samples.Use appropriate food-

grade electrodes that minimize contamination and 

interference with electrical conductivity 

measurements. 

Sample Preparation: 

Homogenize and filter the liquid food samples to 

eliminate any particulates or sediments. 
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Measure initial electrical conductivity of each sample 

using a conductivity meter. 

Ohmic Heating Protocol: 

Preheat the liquid samples to a desired initial 

temperature. 

Apply a controlled electric current through the 

electrodes to initiate ohmic heating. 

Monitor and record the electrical current, voltage, and 

temperature of the samples throughout the heating 

process. 

Data Collection: 

Measure the electrical conductivity of the samples at 

regular intervals during the ohmic heating process. 

Record the time, temperature, and electrical 

conductivity values for each measurement. 

Analysis of Dynamic Changes: 

Plot electrical conductivity profiles over time for each 

liquid food matrix. 

Analyze the rate of change in electrical conductivity 

during different stages of ohmic heating. 

Correlate electrical conductivity changes with 

temperature variations and process duration. 

Characterization of Ion Mobility: 

Analyze the effect of ion concentration and 

composition on electrical conductivity changes. 

Investigate the impact of pH and temperature on ion 

mobility within the liquid food matrix. 

Structural Changes and Quality Assessment: 

Assess the impact of dynamic electrical conductivity 

changes on the structural integrity of the liquid food 

products. 

Evaluate changes in taste, color, texture, and 

nutritional content due to ohmic heating. 

Statistical Analysis: 

Perform statistical tests to determine significant 

differences in electrical conductivity changes among 

different liquid food matrices. 

Conduct correlation analysis to identify relationships 

between electrical conductivity changes and process 

parameters. 

Interpretation and Discussion: 

Interpret the results in the context of ion mobility, 

structural modifications, and other relevant physical 

and chemical processes occurring during ohmic 

heating. 

Discuss the implications of dynamic electrical 

conductivity changes on energy efficiency, processing 

time, and product quality. 

Conclusion and Future Directions: 

Summarize the findings regarding electrical 

conductivity modulation during ohmic heating. 

Highlight the potential applications of the study's 

outcomes for optimizing ohmic heating processes in 

the food industry. 

Identify areas for further research and exploration, 

such as the development of predictive models for 

electrical conductivity changes based on food matrix 

characteristics. 
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The combination of these methodological steps will 

facilitate a comprehensive investigation into the 

dynamic changes in electrical conductivity during 

ohmic heating of various liquid food matrices, 

contributing to a deeper understanding of the 

underlying mechanisms and practical implications of 

this innovative thermal processing technique. 

RESULTS 

The investigation into electrical conductivity 

modulation in liquid foods during ohmic heating 

yielded insightful findings. Electrical conductivity 

profiles over time were obtained for different liquid 

food matrices, revealing distinct patterns of change. 

The rate of electrical conductivity change was 

observed to vary during different stages of ohmic 

heating. Additionally, the influence of factors such as 

ion concentration, composition, pH, and temperature 

on electrical conductivity variations was thoroughly 

analyzed. 

DISCUSSION 

The observed dynamic changes in electrical 

conductivity can be attributed to several underlying 

mechanisms. Ion mobility within the liquid food matrix 

plays a crucial role in electrical conductivity 

modulation. As temperature rises, ion mobility 

increases, leading to enhanced electrical conductivity. 

The composition of the food matrix also affects ion 

concentration and mobility, contributing to 

conductivity variations. pH shifts during ohmic heating 

can further influence ion dissociation and 

recombination, impacting electrical conductivity 

changes. 

Structural changes within the liquid food products 

were found to correlate with electrical conductivity 

alterations. The heat generated through ohmic heating 

can cause denaturation of proteins, breakdown of 

complex molecules, and alteration of viscosity, all of 

which can affect ion mobility and subsequently 

electrical conductivity. The impact of these changes on 

product quality, including taste, color, and texture, was 

evident and requires careful consideration during 

process optimization. 

CONCLUSION 

In conclusion, this study provided valuable insights into 

the dynamic changes in electrical conductivity during 

ohmic heating of liquid foods. The investigation shed 

light on the complex interplay between ion mobility, 

temperature, composition, and structural 

modifications. The obtained knowledge can be 

leveraged for optimizing ohmic heating processes in 

the food industry. By tailoring processing parameters 

based on the observed electrical conductivity patterns, 

energy efficiency can be improved while maintaining or 

enhancing product quality. 

The study's outcomes open avenues for future 

research, including the development of predictive 

models that relate electrical conductivity changes to 

specific food matrix characteristics. Further 

exploration of how these conductivity variations 

impact nutritional content and shelf life could provide 

a more comprehensive understanding of the broader 

implications of ohmic heating. Overall, this research 

contributes to the advancement of thermal processing 

techniques and their practical implementation in the 

realm of liquid food products. 
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