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DESCRIPTION
Pulsed Electric Field (PEF) technology is an emerging food-
processing method that uses short-duration electrical pulses to 
modify biological materials and control microorganisms. It is 
particularly relevant to liquid and semi-liquid foods because 
electrical energy can be delivered rapidly through a continuous 
treatment chamber. PEF has attracted scientific interest 
because it can support microbial inactivation, improve 
extraction efficiency and modify plant tissues while reducing 
dependence on prolonged thermal exposure.

The central mechanism of PEF is electroporation. When 
a sufficiently strong electric field is applied to biological 
cells, changes occur in the structure of cellular 
membranes. Temporary pores may form when treatment 
intensity is moderate, whereas stronger exposure can 
cause irreversible membrane disruption. The extent of 
electroporation depends on electric-field strength, pulse 
duration, number of pulses, temperature, conductivity and 
the characteristics of the cells being treated.

It has been investigated extensively for fruit and vegetable juices. 
Microbial inactivation can be achieved when appropriate 
electrical conditions are selected, potentially allowing processors 
to reduce the severity of thermal treatment. This can be useful 
for products in which color, aroma and heat-sensitive nutrients 
are commercially important. The actual effectiveness, however, 
depends on the food matrix and target microorganisms, 
so process validation remains essential.

Another important application is extraction enhancement. Plant 
cells contain valuable compounds within structures that can 
restrict their release during conventional processing. 
PEF-induced electroporation can increase cell permeability 
and facilitate the movement of intracellular components. 
This principle has been explored for improving juice yield, 
recovering pigments and extracting phenolic compounds 
and other functional constituents.

It can also act as a pretreatment before drying or pressing. 
Modification of plant tissue may improve mass transfer and

reduce the resistance encountered during subsequent processing. 
In some applications, this could shorten drying times or increase 
extraction yield. Such process intensification is particularly 
interesting for food manufacturers attempting to reduce energy 
use and improve raw-material utilization.

The electrical conductivity of a product is an important 
processing parameter. Foods with greater conductivity allow 
electrical current to pass more readily, whereas low-conductivity 
products may require different operating conditions. 
Conductivity can change during processing as temperature 
increases or as components are released from food tissues. 
Consequently, PEF systems must be designed to accommodate 
changes in electrical behavior.

Equipment design is another important consideration. 
Industrial PEF systems commonly operate in continuous flow, 
allowing products to pass between electrodes within a controlled 
treatment chamber. Electrode geometry, insulation, flow rate, 
electric-field distribution and treatment temperature influence 
performance. The design must also minimize unwanted 
electrical phenomena and maintain hygienic processing 
conditions.

PEF has several potential advantages over conventional 
processing. Very short treatment periods can reduce thermal 
exposure, while continuous operation may support high 
throughput. The technology can also be combined with other 
preservation methods. For example, it may be used as a 
pretreatment followed by mild heating or refrigeration. Such 
hurdle approaches can improve microbial control without 
relying excessively on one processing method.

Despite its promise, PEF has limitations. Highly viscous foods, 
products with large particles and materials with heterogeneous 
electrical properties can be difficult to process uniformly. Scale-
up from laboratory equipment to industrial systems can also 
introduce challenges related to fluid dynamics and electric-field 
distribution. Equipment cost and energy management must be 
considered when assessing commercial feasibility. Therefore, 
further research is needed to optimize processing parameters, 
improve equipment efficiency, and expand PEF.
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Food safety remains the primary requirement. Treatment
conditions must demonstrate adequate reduction of relevant
microorganisms under realistic commercial conditions.
Microbial resistance can vary with physiological state, growth
environment, acidity, water activity and food composition.
Therefore, laboratory measurements should be supported by
product-specific validation.

Future research may improve through better treatment
chambers, real-time monitoring, predictive modeling and
integration with other processing technologies. This may

ultimately contribute not only to preservation but also to
extraction, drying and process intensification.

In conclusion, pulsed electric field technology therefore
represents a multifunctional approach to modern food
processing. Its ability to interact directly with biological
structures provides opportunities for safer processing, improved
extraction and reduced processing intensity. Continued
technological development will be important for transforming
promising laboratory applications into reliable industrial
operations.

Tanaka H

J Food Process Technol, Vol.16 Iss.6 No:10001189 2


	Contents
	Pulsed Electric Field Technology for Innovative Food Processing
	DESCRIPTION


