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eating food to make it safe has been part of human life for as long as fire has existed. 

Early civilizations boiled, roasted, cooked and smoked food to survive. As societies 

industrialized, new thermal methods emerged: canning, retorting, pasteurization and ultra-

high-temperature processing. These advances protected millions from foodborne illnesses and 

made global food trade possible. Yet, although traditional heating has shaped food security, it 

has also come with a persistent compromise: the hotter and longer food is processed, the 

more its natural qualities fade. Texture softens, colours dull and delicate flavours flatten. 

Nutrients such as vitamin C, folates, and natural antioxidants may degrade under prolonged 

exposure to heat. For decades, food scientists have worked to balance two goals: safety and 

quality, but conventional heating often forces one to be sacrificed for the other. Today, ohmic 

heating is emerging as a technology capable of changing that balance. Sometimes described 

as electrical resistance heating, ohmic processing works in a radically different way from 

traditional thermal systems. Instead of applying heat from the outside and waiting for it to 

gradually penetrate through a food product, ohmic technology heats the food internally. The 

electrical current travels through the product itself, and the food, because it contains water, 

minerals and ions, becomes the heating medium. Heat forms instantly and uniformly inside 

the product, not around it. This method significantly reduces the time needed to reach 

sterilization temperatures, and because heating is rapid and even, the food undergoes less 

thermal damage. This shift in how food is heated represents more than just a technological 

improvement. It signals a new philosophy in food sterilization, one where food safety is 

achieved without sacrificing sensory and nutritional integrity. In an era where consumers 

seek fresher flavours, natural ingredients, and fewer chemical preservatives, ohmic heating 

fits well with the future direction of 

food innovation. A cover-style 

concept, Figure 1 shows a food 

product being heated electrically 

instead of by flame or steam. 

Why Traditional Heating Is 

Reaching Its Limits 
To appreciate why ohmic 

technology matters, it helps to 

understand the limitations of 

conventional heating. Standard 

thermal processes rely on 

conduction, convection, or radiation. 

A good example is heating a pot of 

vegetable soup on a stove. The soup 

H 

Figure 1. Ohmic Heating: Modern Technology 

Meeting Food Processing 
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at the bottom warms first, absorbing heat from the metal surface. Gradually, heat moves 

upward through liquid motion and eventually through solid components like beans, potatoes, 

or carrots. This takes time, and because different ingredients conduct heat differently, the 

warming process is rarely uniform. The outside layers often become hotter while the center 

remains cool. Industrial processing faces the same challenge on a larger scale. Ready-to-eat 

meals, cream sauces, protein beverages, fruit preparations, and plant-based foods contain 

ingredients that heat inconsistently. To guarantee safety, processors must heat longer than the 

required microbial kill time to ensure the coldest point reaches a target temperature. That 

extra heating is where quality loss begins: texture breaks down, pigments fade, emulsion 

stability weakens, and flavour compounds evaporate or degrade. For a long time, the industry 

accepted this trade-off because there was no other reliable way to guarantee safety at scale. 

But as expectations shift toward “fresh-like” shelf-stable products, the industry is seeking 

smarter thermal strategies, and ohmic heating is one of the most promising answers. A simple 

scientific comparison showing conventional heat transfer moving slowly from outside to 

inside versus ohmic technology heating evenly throughout the product shown in the Figure 2. 

 
Figure 2. Comparison of Traditional vs Ohmic Heating 

How Ohmic Heating Works: Heating From Within Instead of From Outside 
Ohmic heating is built on a very simple principle: when electricity passes through a material 

that contains ions, that material generates heat due to electrical resistance. Foods naturally 

contain electrolyte minerals like sodium, potassium, calcium and organic acids. As electrical 

current flows through the food, these charged particles move and produce heat inside the 

entire matrix. Because the energy is distributed evenly, the heating is remarkably uniform. 

There are no hotspots near contact surfaces and no slow-to-heat internal areas. Foods with 

suspended solids for example, strawberry pieces in puree, pasta in sauce or meat chunks in 

broth, heat almost simultaneously with their surrounding liquid. The entire mixture reaches 

sterilization temperature faster than conventional systems can achieve. This internal heating 

mechanism also reduces thermal gradients. Since everything heats at nearly the same rate, 

there is no need to compensate for lagging cold spots by overheating the rest. Shorter heating 

time means better retention of texture, colour, aroma and nutrients. A scientific illustration in 

Figure 3 shows how electrical current flows through food, heating liquid and solid 

components uniformly from the inside. 
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Figure 3. Internal Heating Mechanism in Ohmic Processing 

Where Ohmic Technology Fits in Modern Food Systems 
Ohmic heating is especially valuable for complex foods that were once difficult to sterilize 

without compromising quality. Products such as thick soups, sauces containing pieces, dairy-

based beverages and fruit preparations are ideal examples. Traditional methods sometimes 

resulted in mushy vegetables or broken emulsions because different ingredients heated 

unevenly. Ohmic heating helps maintain the structure of vegetables, making them firmer, 

fruit retains chunkiness, and proteins remain smooth rather than grainy. Industries producing 

shelf-stable speciality foods have shown strong interest. Manufacturers of plant-based 

products and functional beverages sectors, known for heat-sensitive ingredients, see ohmic 

heating as a way to maintain nutritional claims while ensuring food safety. Companies 

working with tropical fruit preparations have also explored the technology, noticing brighter 

colours and fresher flavours compared with conventionally heated equivalents. A visual 

representation in Figure 4 of various products processed using ohmic technology, including 

soups with particulates, dairy beverages, fruit pulps, and ready-to-eat meals. In research 

environments, ohmic heating is being tested for egg-based products, cultural stews, infant 

food, and ready-to-eat meals. Foods that previously had to choose between long shelf life and 

high sensory quality may now have the opportunity to offer both. 

 
Figure 4. Examples of Foods Suitable for Ohmic Heating 
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Energy Efficiency, Sustainability and Cleaner Processing 
The benefits of ohmic heating extend beyond product quality. The method aligns with 

growing sustainability goals. Since energy goes directly into heating the food and not the 

surrounding equipment, ohmic systems can operate with notable efficiency. Conventional 

steam or hot-surface equipment often requires additional energy to heat metal surfaces, pipes, 

or jackets before food even begins to warm. Ohmic heating bypasses these losses by 

transferring energy instantly into the product. This efficiency also helps reduce processing 

time. Faster heating means shorter sterilization cycles, fewer operational hours, and in many 

cases, lower energy use per batch. Facilities working toward carbon-reduction goals or 

renewable integration see this as an attractive benefit. Sanitation is another area where ohmic 

heating supports cleaner operations. Because the food does not rely on physical scraping, 

stirring, or intense mechanical mixing for heat transfer, equipment design can be smoother 

and easier to clean. This reduces the risk of buildup or microbial harborage zones and 

supports more hygienic processing lines. 

Food Safety and Process Control 
Safety is the foundation of any food processing method, and ohmic heating offers a level of 

control well-suited for sterilization. Uniform heating eliminates the risk associated with 

uneven temperature distribution. Many ohmic systems incorporate precise monitoring tools to 

ensure that heating follows strict temperature curves required for microbial destruction. Real-

time digital controls can track changes in food conductivity, temperature ramps, hold times, 

and cooling phases. These capabilities support modern traceability expectations, where data-

driven processing builds confidence in compliance with global food safety regulations. 

Challenges and What Still Needs Refinement 
Although the promise of ohmic heating is strong, there are practical considerations. Some 

foods do not naturally conduct electricity well enough to heat efficiently. In these cases, 

processors may need to adjust formulations slightly for example, by modifying salt levels. 

Equipment cost remains higher than traditional systems, particularly for large industrial 

setups, although scale and manufacturing improvements continue to reduce price barriers. 

Another ongoing area of development is regulatory alignment. While ohmic heating has been 

recognized as safe in many regions, some markets are still building official frameworks. As 

more commercial products reach shelves and generate performance data, acceptance is 

expected to grow steadily. Finally, workforce familiarity is an important factor. Introducing 

ohmic processing often means training staff to operate and maintain systems that behave 

differently from conventional equipment. As with past industry innovations, such as high-

pressure processing or aseptic packaging, learning curves shrink as technology becomes 

widespread. 

The Future of Ohmic Heating and Sterilization Technology 
The future of food sterilization is likely to look smarter, more precise, and more connected, 

and ohmic heating fits well within this evolution. A futuristic concept image of an automated 

ohmic heating line equipped with sensors, monitoring screens, and real-time quality control is 

shown in Figure 5. Researchers expect that ohmic systems will increasingly pair with digital 

sensors, artificial intelligence, and automated filling lines. With real-time control, heating can 

be adjusted mid-process based on product properties, something traditional thermal systems 

cannot do easily. There is growing interest in hybrid systems that combine ohmic heating 

with other emerging methods. Technologies such as pulsed electric fields, vacuum-assisted 

sterilization, or rapid cooling systems may enhance the advantages of ohmic processing 

further. These combinations could help create foods with long shelf life yet sensory profiles 

much closer to fresh, minimally processed products. Looking further ahead, ohmic heating 

may also expand beyond sterilization into extraction, enzyme control, and fermentation 

support. Because it heats so gently and precisely, the technology could unlock new 

processing possibilities that respect the biological complexity of food ingredients. 
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Figure 5. Smart Ohmic Heating System Integrated with Digital Controls 

As global demand for high-quality packaged foods grows, the ability to heat smarter not 

harsher, becomes increasingly valuable. Consumers want longer shelf life, but they no longer 

accept processed products that look or taste industrial. They want freshness, flavour, colour 

and nutrition. Ohmic heating offers one of the most promising ways to provide all of these 

simultaneously. A conceptual visual shown in Figure 6, shelf-stable packaged foods maintain 

a fresh-like appearance and colour due to ohmic heating. 

 
Figure 6. Future Vision: Fresh-Quality Shelf-Stable Foods 

Conclusion 
Food sterilization will always be essential for safety, trade, and convenience. The question is 

no longer whether heat is needed but how it is applied. Ohmic heating offers a more 

intelligent approach, one where electricity gently and uniformly warms the product from 

within. By shortening exposure to high temperatures and eliminating uneven heating, the 

method protects quality while ensuring safety. As food processing continues evolving to meet 

modern expectations, technologies like ohmic heating will likely play an increasingly 

important role. They reduce waste, support sustainability targets, enhance sensory quality and 

make it possible for packaged products to taste closer to fresh. In a world where consumers 

want both protection and authenticity, ohmic heating represents an encouraging step toward 

food that is not only safe but enjoyable, nutritious and closer to nature. 
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