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Electroporation of cellular membranes for the
enhancement of mass transfer in biological media:

mechanism and technological applications
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Cellular membranes serve as selective barriers for regulation of molecular transport between interior and
exterior of cells. Under the effect of electric field pulses of very short duration (from several hundred of
nanoseconds to several milliseconds) with pulse amplitude from 100-300 V/cm to 100-300 kV/cm, the biologi-
cal membrane is electrically pierced and loses its semi-permeability temporarily or permanently. The electri-
cal permeabilization of biological membranes (called electroporation) may be reversible or irreversible. It was
shown that electroporation can serve to introduce into cells or extract from cells small and/or large molecules.
This phenomenon has been applied to amplify the insertion of nucleic acid molecules in genetic modifications,
to enhance drug transport in cancer treatment or for the killing of microorganisms. Electroporation can also
be used to enhance extraction of valuable cell compounds (polyphenols, carbohydrates, proteins,..) from bio-
logical media (plant tissue and biomass materials). Biological tissue with electroporated cell membranes, but
with a preserved cell wall network, is selectively permeable. For the purpose of mass transport, electroporated
cell tissue presents a porous network with improved permeability and diffusivity characteristics.

This lecture presents the mechanisms of cell electroporation, its impact on the physical properties of biological
media, and gives examples of mass transfer enhancement in electroporated cell network. Different methods to
detect and quantify electroporation phenomena in porous network of biological tissue are presented. Impacts
of electroporation on the mechanical, diffusional and electrophysical properties of biological media are illus-
trated by numerous examples. Physical models of liquid expression and compounds diffusion in compressible
electroporated biological tissue are presented. Several innovative green technologies based on the pulsed
electric energy induced electroporation are presented, including selective extraction, filtration, pressing, and
drying of plant materials and biomass.
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