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Abstract: In the recent technology advancements Pulsed electric field (PEF) is gaining more importance in the
field of food processing. This process not only aims in food processing it has also explored a remarkable
change in the field of microbial inactivation, sewage management and in certain medical process too. In the food
preservation it mainly aims in inactivation of small micro-organism that creates the changes in flavor of the food.
In this method the amount of heat evolved during this process is very less and hence it is considered as one
of the best method for food preservation and it is a non-thermal method too. And this process helps to improve
the shelf life period of the food items. PEF is mainly characterized by short duration pulses with higher
magnitude.
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INTRODUCTION between 2 electrodes. PEF process can be conducted at
various ambient, temperatures for less than 1 s and energy

In recent years, the pulsed electric field has been loss due to heating of foods is very minimum in nature [6].
applied to various fields. The applicable fields are For betterment of food quality attributes, PEF technology
developing into  green   technology,  biotechnology, is considered to be superior for other traditional heat
medical science and widely [1].  In particular high treatment of foods as they involve changes in the sensory
intensity pulsed electric field are used for  the  treatment and physical properties of foods. Although some studies
of  the  diseases and waste management. For example, have concluded that PEF preserves the nutritional
high intensity nanosecond pulsed electric field has been components of the food, effects of PEF on the chemical
applied for decontamination and bio-fouling [2, 3]. and nutritional aspects of foods must be understood
Apoptosis is induced in tumour cells by pulsed electric clearly [7].
field. Certain important aspects in pulsed electric field

As an application of high voltage in food processing, process are the generation of high electric field intensities,
high intensity short duration pulses are used for the design of  chambers  that  impart  uniform  treatment
preserving the foods. Exposing the microbial cells to high to foods with minimum increase in temperature and the
voltage pulsed electric field leads to the dielectric design of electrodes that minimize the effect of
breakdown of cell membrane [4]. This  breakdown might electrolysis [8, 9]. The large field intensities are achieved
be of two type’s reversible or irreversible breakdown. In through storing a large amount of energy in a capacitor
some applications the former is preferred and in some bank (a series of capacitors) from a DC power supply,
cases the later. Mostly the reversible breakdown is which is then discharged in the form of high voltage
required in the medical and biotechnological field. pulses [10].
Irreversible breakdown leads to the death of the micro-
organism [5]. Mechanism of Microbial Inactivation: There are two

High intensity pulsed electric field (PEF) processing methods involved in microbial inactivation:
involves the application of pulses of high voltage Electroporation
(typically 20 - 60 kV/cm) to foods that is being placed Dielectric rupture process
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Electroporation: Electroporation is the phenomenon in channels during metabolic activities. As a result, protein
which a cell exposed to high voltage electric field pulses channels are irreversibly denatured by joule heating. 
temporarily destabilizes the lipid bilayer and proteins of Thus, electroporation in the cell membrane occurs
cell membranes. The plasma membrane of cells become both in the protein channels and in the lipid bilayer
permeable to small molecules after being exposed to resulting in the inactivation of the cell fig 1 [11].
electric field and permeation then causes swelling and
eventual rupture of the cell membrane. A slight increase in membrane conductance.

The main effect of an electric field on a micro- Mechanical rupture of the cell wall or any structural
organism cell is to increase membrane permeability due to changes in the membrane.
membrane compression and poration. PEF is applied and Reversible electrical breakdown resulting in complete
many voltage sensitive protein channels open. Protein discharge of the membrane.
channels, once open, will experience current much larger Irreversible electrical breakdown when the intensity
than  the   current   normally experienced  by  the  protein of the electric field is raised.

Legend:  Electric field  Water  Cytoplasm
Fig. 1: Electroporation of a cell membrane

Dielectric Rupture Process: The cell membrane is when the longest axis of the cell is parallel to the electric
considered as a capacitor filled with dielectric material field to its maximum value when the longest axis of the cell
whose dielectric constant is of the order of two. Most is perpendicular to the field. The orientation is more
foods have a dielectric constant in the range of 60 to 80. pronounced for elongated cells while it is negligible for
As a result, free charges accumulate at both membrane spherical cells. A schematic representation of dielectric
surfaces. Exposure of the cell membrane to an electric field breakdown of cell membrane is shown in the Fig 2 [11, 12].
leads to an increase in TMP. The increase in TMP leads
to a reduction in the membrane thickness. The TMP of the
cell membrane is given as: 

U(t) = 1.5 r E cos

where
U(t) = Trans membrane potential (v)
r = Radius of the cell (mm) 
E = Applied electric field strength (v/mm)

= angle between a given membrane site and the
field direction (degrees)

At  = 0 and , U(t) = 1.5rE

Changing the orientation of the cells decreases the
induced trans membrane potential from its maximum value Fig. 2: Dielectric breakdown of cell membrane 
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Pef Processing of Food: PEF process mainly aims in physical and  chemical  properties  or  sensory attributes
maintaining the quality of food and helps in improved of  the  pea  soup  directly  after  PEF  processing or
shelf-life of foods like, milk, orange juice, eggs, apple during the 4 week of storage at refrigeration temperatures
juice, grape juice etc., [7, 15].

Processing of Apple Juice: Experimental studies reported Processing of Milk: Dunn and Pearlman conducted a
that apple juice (concentrate solution) when treated with challenge test and shelf-life study with homogenized milk
PEF at 50 kV/cm, 10 pulses, pulse width of 2µs and inoculated with Salmonella Dublin and treated with 36.7
maximum processing temperature of 45° /C had a shelf-life kV/cm and 40 pulses over a 25-min time period. Salmonella
of 28 days compared to a shelf-life of 21 days of fresh- Dublin was not detected after PEF treatment or after
squeezed apple juice [13]. There were no physical or storage at 7 - 9 °/ C for 8 days. The naturally occurring
chemical changes in ascorbic acid or sugars in the PEF- milk bacterial population increased to 10 cfu/ml in the
treated apple juice and the experiment proved that there untreated milk, whereas the treated milk showed
were no significant differences between untreated and approximately 4x102 cfu/ml. Further studies by Dunn
electric field treated juices. From this it was found that indicated less flavor degradation and no chemical or
PEF extended the shelf-life at 22 - 25° / C of fresh apple physical changes in milk quality attributes for cheese
juice there was no apparent change in its physicochemical making [16]. When Escherichia coli was used as the
and sensory properties [7, 14]. challenge bacteria, a 3-log reduction was achieved

Processing of Egg: Some of the studies in egg products others studied the shelf-life of raw skim milk (0.2% milk
were conducted in a static parallel electrode treatment fat), treated with PEF at 40 kV/cm, 30 pulses and treatment
chamber with 2-cm gap using 25 exponentially decaying time of 2 µs using exponential decaying pulses. The shelf-
pulses with peak voltages of around 36 kV. Tests were life of the milk was 2 wk stored at 4° / C; however,
carried out on liquid eggs, on heat-pasteurized liquid egg treatment of raw skim milk with 80 °/ C for 6 s followed by
products and on egg products with potassium sorbate PEF treatment at 30 kV/cm, 30 pulses and pulse width of
and citric acid added as preservatives. Comparisons were 2 µs increased the shelf-life up to 22 d, with a total aerobic
made with regular heat-pasteurized egg products with and plate count of 3.6-log cfu/ml and no coliform [19, 24].
without the addition of food preservatives when the eggs The processing temperature did not exceed 28 °/ C
were stored at low (4° / C) and high (10 °/ C) refrigeration during PEF treatment of the raw skim milk. Qin and others
temperatures. reported that milk (2% milk fat) subjected to 2 steps of 7

The study showed the importance of the hurdle pulses each and 1 step of 6 pulses with an electric field of
approach in shelf-life extension. Its effectiveness was 40 kV/cm achieved a shelf-life of 2 week at refrigeration
even more evident during storage at low temperatures, temperature. There was no apparent change in its physical
where egg products with a final count around 2.7 log and chemical properties and no significant differences in
cfu/ml stored at 10 °/ C and 4° / C maintained a low count sensory attributes between heat pasteurized and PEF
for 4 and 10 days, respectively, versus a few hours for the treated milk Calderon-Miranda studied the PEF
heat pasteurized samples [15, 16]. inactivation of Listeria innocua suspended in skim milk and

Other studies on liquid whole eggs (LWE) treated its subsequent sensitization to nisin [7].
with PEF showed that PEF treatment decreased the The microbial population of L. innocua was reduced
viscosity but increased the color (in terms of b -carotene by 2.5-log after PEF treatments at 30, 40 or 50 kV/cm. The
concentration) of liquid whole eggs compared to fresh same PEF intensities and subsequent exposure to 10 IU
eggs [7, 17]. nisin/ml achieved 2-, 2.7- or 3.4-log reduction cycles of L.

Processing of Green Pea Soup: A sample of pea soup inactivation effect as a result of exposure to nisin after
was exposed to 16 pulses at 35 kV/cm to prevent an PEF. Reina and others studied the inactivation of Listeria
increase in temperature beyond 55° / C during treatment. monocytogenes Scott A in pasteurized whole, 2% and skim
The shelf-life of the PEF-treated pea soup which was milk with PEF. Listeria monocytogenes was reduced 1- to 3-
stored at refrigeration temperature exceeded up to 4 log cycles at 25 °/ C and 4-log cycles at 50° / C, with no
weeks, while 22 or 32° / C were found inappropriate to significant differences being found among the 3 milks [7].
store the product. There were no apparent changes in the

immediately after the treatment. Fernandez-Molina and

innocua. It appears that there may be an additional
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Processing of Orange Juice: Experimental result reported increases with an increase in the electric field intensity,
on the reduction of the native microbial flora of freshly above the critical trans-membrane potential. This is
squeezed orange juice by 3-log cycles with an applied consistent with the electroporation theory, in which the
electric field of 15 kV/cm without significantly affecting its induced potential difference across the cell membrane is
quality. In evaluating the shelf-life of reconstituted orange proportional to the applied electric field. The critical
juice treated with an integrated PEF pilot plant system. electric field E  (electric field intensity below which
The PEF system consisted of a series of co-field inactivation does not occur) increases with the trans-
chambers. Temperatures were maintained near ambient membrane potential of the cell [7]. 
with cooling devices between chambers. Three wave
shape pulses were used to compare the effectiveness of Treatment Time: Treatment time is defined as the product
the processing conditions. Their results confirmed that of the number pulses and the pulse duration. An increase
the square wave is the most effective pulse shape. In in any of these variables increases microbial inactivation.
addition, the authors reported that total aerobic counts As noted above, pulse width influences microbial
were reduced by 3- to 4-log cycles under 32 kV/cm. When reduction by affecting E . Longer widths decrease E
stored at 4° /C, both heat- and PEF-treated juices had a which results in higher inactivation; however, an increase
shelf-life of more than 5 mo. Vitamin C losses were lower in pulse duration may also result in an undesirable food
and color was generally better preserved in PEF-treated temperature increase [8, 9]. Optimum processing
juices compared to the heat-treated ones up to 90 d conditions should therefore be established to obtain the
(storage temperature of 4 °/C or 22° /C) or 15 days highest inactivation rate with the lowest heating effect [7].
(storage temperature of 37 °/C) after processing [20].

Processing of Carrot Juice: PEF treatment (25kV/cm for the form of exponential decaying, square-wave,
200ìs at 1Hz) inactivated 37.35% and 52.14% of PME and oscillatory, bipolar, or instant reverse charges. Oscillatory
PPO activity in carrot juice respectively. The activity of pulses are the least efficient for microbial inactivation and
PPO and PME remained significantly constant when square wave pulses are more energy and lethally efficient
stored at 4ºC for 28 days (p>0.05) (Liming et al.). Thermal than exponential decaying pulses. Bipolar pulses are more
treatment inactivated much more PME than PEF treatment. lethal than mono-polar pulses because a PEF causes
However, the turbidity of PEF treated carrot juice movement of charged molecules in the cell membranes of
remained the same as the fresh-squeezed ones during 28 microorganisms and reversal in the orientation or polarity
days’ storage while the turbidity of thermally treated juice of the electric field causes a corresponding change in the
significantly increased after treatment. PEF treatment direction of charged molecules [7]. This difference was
decreased the non-enzymatic browning reaction and kept reported in Bacillus spp. Spores [22]. With bipolar pulses,
browning index almost stable throughout storage. After the alternating changes in the movement of charged
thermal treatment, color indices changed a lot. However, molecules cause a stress in the cell membrane and
color indices of PEF treated carrot juice had no significant enhance its electric breakdown. Bipolar pulses also offer
change and the change of ÄE was below 2 (p>0.05) [21]. the advantages of minimum energy utilization, reduced

Factors Accounted for Pef Process: Three types of decreased food electrolysis.
factors that affect the microbial inactivation with PEF have
been identified: factors depending on (1) the process Treatment Temperature: Experimental results have
(electric field intensity, pulse width, treatment time and demonstrated that both treatment temperatures and
temperature and pulse wave shapes), (2) microbial entity process temperatures impact microbial survival and
(type, concentration and growth stage of microorganism) recovery. PEF treatments at moderate temperatures (~ 50
and (3) treatment media (pH, antimicrobials and ionic to 60 / C) have been shown to exhibit synergistic effects
compounds, conductivity and medium ionic strength). on the inactivation of microorganisms [7]. With constant

Process Factor: Electric Field Intensity: Electric field increase in temperature. Because the application of
intensity is one of the main factors that influence electric field intensity does cause some increase in the
microbial inactivation. The microbial inactivation temperature  of  the  foods, proper cooling is necessary to

c

c c

Pulse Wave-shape: Electric field pulses may be applied in

deposition of solids on the electrode surface and

electric field strength, inactivation increases with an
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maintain food temperatures far below those generated by Limitations of Pef Process:
thermal pasteurization. A higher temperature also
increases the motion of the solvent molecules in both the
surrounding cortex and the core so that the molecules
could migrate from one electrode to the other. Additional
effects of high treatment temperatures causes changes in
cell membrane fluidity and permeability, which increases
the susceptibility of the cell to mechanical disruption.

Product Factors: The three important product factor are
conductivity, pH and ionic strength. The electrical
conductivity of a medium which is defined as the ability
to conduct electric current, is an important variable in PEF.
Electrical conductivity is the inverse of the resistivity,
which is defined by the letter r and measured in ohm-
meters (W.m). Foods with large electrical conductivities
generate smaller peak electric fields across the treatment
chamber and therefore are not feasible for PEF treatment.

Inactivation of Lactobacillus brevis with PEF showed
that as the conductivity of the fluid increased, the
resistance of the treatment chamber was reduced, which
in turn reduced the pulse width and decreased the rate of
inactivation. Because an increase in conductivity results
from increases the ionic strength of a liquid, an increase
in the ionic strength of a food results in a decrease in the
inactivation rate. Furthermore, an increase in the
difference between the conductivity of a medium and
microbial cytoplasm weakens the membrane structure due
to an increased flow ionic substance across the
membrane. Thus, the inactivation rate of microorganisms
increases with decreasing conductivity even with an
application of equal input energy [23].

Studies were done to find out the effect of pH and
ionic strength of the medium (SMFU) during PEF
treatment. The inactivation ratio increases from not
detectable to 2.5-log cycles when ionic strength solutions
were adjusted from 168 to 28mM. At 55 kV/cm (8 pulses),
as the pH was reduced from 6.8 to 5.7, the inactivation
ratio increased from 1.45- to 2.22-log cycles. The PEF
treatment and ionic strength were responsible for
electroporation and compression of the cell membrane,
whereas the pH of the medium affected the cytoplasm
when the electroporation was complete. The experimental
reported showed that, depending on the microorganism,
acidic pH enhanced microbial inactivation [21].

Microbial Factors: 
Type of microorganisms
Concentration of microorganisms. 
Growth stage of microorganisms.

Availability of PEF treatment units for food
processing.
The environment in which treatment process being
done must be taken into account.
Size of the food particle to be treated must be
considered as they are made to pause through the
electrode spacing.
Only limited food articles could be treated through
this method.
During the treatment of liquid foods it may lead to
partial discharges due to the formation of bubbles.
Bubble formation causes non-uniform treatment of
food articles.

CONCLUSION

Some of the possible applications of PEF as a non-
thermal food processing technique have been highlighted
in this overview. This technique is mainly highlighted for
its low energy consumption and the continuous operating
nature along with maintaining the sensory taste of the
treated food articles. Basic advantage of this technique
allows the further development of innovation in PEF
process, cost effective and sustainable processing
concepts in food industry as well as in the field of
biotechnology. An application of PEF for food
preservation provides a tremendous potential to preserve
high quality of food in low temperature with enriched
nutritional quality. And the achievement of this technique
involves in maintaining the above mentioned key factors
up to their level.This technique pave way in further
development in the field of medical science by
inactivating the tumor cell growth rate.
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