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ABSTRACT

Increasing consumer demand for new products with high nutritional
qualities has spwrred a search for new alternatives to food preservation.
Pulsed Electric Fields (PEF) is an emerging technology for non thermal
Jood pasteurisation and could be an alternative preservation method of
Jood liguids compared to traditional heat pasteurisation preservation
method, where the main purpose is to inactive pathogenic bacteria.
Using this technology, enzymes, pathogenic and spoilage
microorganisms can be inactivated without affecting the colour, flavour,
and nutrients of the food.

Different studies indicate that pulsed electric fields could be a useful
method in liguid food preservation especially in the context of good
organoleptic and functional properties of final products. However, the
main assessment criterion of that method is the sufficient improvement of
microbiological safety especially in the context of spores inactivation.

PEF treatment may be provided by applying pulsed electric field to a
Jood product in a treatment zone between two electrodes at ambient, or
slightly above ambient temperature.

Exposure of microbial cells to the electric field induces a transmembrane
potential in the cell membrane, which results in electroporation (the
permeabilization of the membranes of cells and organelles) and/or
electrofusion (the connection of two separate membranes into one) of the
cells.

An innovative pulised electric fields (PEF) unit was developed and
constructed in Food Technology research Institute. The system consists
of main equipment, the high voltage pulse generator (20 — 80 kV} and the
treatment chamber.

(1) Agric. Eng. Dept., Faculty of Agriculture, Cairo University.

(2) Chief Researcher, Food Eng. and Pack. Res. Dept., Food Tech. Res. Inst., Agric. Res. Center.
(3) Researcher Assistant,, Food Eng. and Pack. Res. Dept., Food Fech. Res. Inst., Agric. Res. Center.

The 18™. Annual Conference of the Misr Soc. of Ag. Eng., 26-27 October, 2011 . 693 -



PROCESS ENGINEERING

The main focus of this work was to develope an innovative PEF system
that provides a uniform distribution of electric field, minimum increase in
liqguid temperature, minimum fouling of electrodes and an energy
efficient system and high safety.

Designed electric field intensity is in the range of (20-80 kV/cm) applied
with square pulses of 2 us duration at least.

The idea of PEF treatment, design of the unit and the treatment chambers
and the factors affecting microbial inactivation during PEF process were
described in the present paper.

INTRODUCTION
ost of the efforts of the conventional food processing aim to

the reduction or inactivation of microbial organisms, that can

be achieved by thermal processing (i.e. pasteurization,
sterilization, blanching) using water or steam as a means for heat transfer
[Knorr, 1998]. Non thermal methods enable the processing of food
below the used temperatures during thermal pasteurization, hence
flavours, essential nutrients and vitamins undergo minimal [Butz &
Tauscher, 2002]. In the past years such preservation methods like
aseptic processing, modified atmospheres, pulsed electric fields (PEF),
microwave energy were observed to become more popular [Cardello,
2003]. Many studies indicate microbiological effectiveness of these
methods at a good level of sensory characteristics of products [Sitzman,
1995]. A success of a food product depends on both product and
consumer factors including these social, cultural and attitudinal ones.
Consumers in many cases are afraid of some new technologies more than
others. Within this context, the application of novel food processing
technologies to commercial foods rises high concern among consumers.
The consumers’ concern is connected, to the greatest extent, with the
addition of genetic engineering, pulsed X-rays, and irradiation [Cardello,
2003). The lowest levels of consumers’ fear of food preservation
concerns old technologies like heat pasteurisation, cold preservation,
thermal energy but also some new technologies like radio-frequency
heating, microwave radiation, pulsed electric fields, ultrasounds and
oscillating magnetic field [Cardello, 2003]. The most investigated new
preservation technologies are non-thermal inactivation technologies such
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as high hydrostatic pressure (HHP) and pulsed electric fields (PEF), new
packaging systems such as modified atmosphere packaging (MAP) and
active packaging, natural antimicrobial compounds and biopreservation.
Ancther investigated inactivation technologies are ionisation radiation,
high pressurc homogenisation, UV decontamination, pulsed high
intensity light, high intensity laser, pulsed white light, high power
ultrasound, oscillating magnetic fields, high voltage arc discharge and
streamer plasma, but most studies is focused on HHP and PEF
[Devlieghere et al., 2004). One of these new non-thermal methods of
food preservation, i.e. pulsed electric fields (PEF), was described in the
present paper.

PULSED ELECTRIC FIELDS (PEF)

Idea of PEF treatment

The application of pulsed electric fields (PEF) seems to be an alternative
and profitable non-thermal method of food preservation. High intensity
Pulsed Electric Fields (PEF) processing involves the application of pulses
of high voltage (typically 20 - 80 kV/cm) to foods placed between 2
electrodes. PEF treatment is conducted at ambient, sub-ambient, or
slightly above ambient temperature for less than 1 s (in the range of
microseconds), and energy loss due to heating of foods is minimized. The
effect of PEF is related to the application of high voltage for very short
periods of time (in the range of microseconds). Exposure of bacterial
cells to the field changes of the sufficient amplitude affects the ejectrical
properties of the cell membrane, reflected in a decrease in its resistance
and an increase in conductance. Consequently permeability of the
membrane is aliered, which is known as electroporation [Knorr ef al,
2001; Heinz ef al., 2002]. That method is usually applied to liquid foods
like orange juice, liquid whole egg, milk, yoghurt. PEF preservation of
liquid food helps also to extend the shelf-life of a product. Some
important aspects in pulsed electric field technology are the generation of
high electric field intensities, the design of chambers that impart uniform
treatment to foods with minimum increase in temperature, and the design
of electrodes that minimize the effect of electrolysis. The large field
intensities are achieved through storing a large amount of energy in a
capacitor bank (a series of capacitors) from a DC power supply, which is
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then discharged in the form of high voltage pulses [Zhang et al, 1995].
Studies on energy requirements have concluded that PEF is an energy-
efficient process compared to thermal pasteurization, particularly when a
continuous system is used [Qin ef al., 1995a]. For food quality attributes,
PEF technology is considered superior to traditional heat treatment of
foods because it avoids or greatly reduces the detrimental changes of the
sensory and physical properties of foods [Quass 1997].

Processing of food using PEF

A continuous flow diagram for PEF processing of foods designed by
[Qin ef al., 1995] is illustrated in Fig. 1. The test apparatus consists of 5
major components: a high-voltage power supply, an energy storage
capacitor, a treatment chamber(s), a pump to conduct food though the
treatment chamber{(s), a cooling device, voltage, current, temperature
measurement devices, and a computer to control operations.

Fig. 1. Continuous PEF Process for Liquid Foods [Qin ef al., 1995]

The large field intensities are achieved through storing a large amount of
energy in a capacitor bank (a series of capacitors) from a DC power
supply, which is then discharged in the form of high voltage pulses
[Zhang et al., 1995].

A static treatment chamber designed by [Lubicki and Jayaram 1997| is
illustrated in Fig. 2 uses a glass coil surrounding the anode. The volume
of the chamber was 20 em’, which requires a filling liquid with high
conductivity and similar permittivity to the sample {(media NaCl solution,
o = 0.8 to 1.3 S/m, filling liquid water ~ 107 5/m) used because there is
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no inactivation with a non-conductive medium (that is, transformer
silicon oil).

Fig. 2. Static chamber with glass coil surrounding the anode

[Lubicki and Jayaram 1997]
A continuous chamber with ion conductive membrane designed by
[Dunn and Pearlman 1987] is illustrated in Fig. 3 consists of 2 parallel
plate electrodes and a dielectric spacer insulator. The electrodes are
separated from the food by conductive membranes made of sulfonated
polystyrene and acrylic acid copolymers. An electrolyte is used to
facilitate electrical conduction between electrodes and ion permeable
membranes.

Food Sxlut Eyoiei; Finld Trostmuk Zont
Hactrode
-—-———-:: ————————————— ::: l‘m
< e ——" sa——— 1 L...‘\“-"U'
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Food Ontlet

Fig. 3. Continuous-treatment chamber with ion-conductive
membranes separating the electrode and food
(Dunn and Pearlman 1987)]
PEF may be applied in the form of exponentially decaying, square wave,
bipolar, or oscillatory pulses. An exponential decay voltage wave is a
unidirectional voltage that rises rapidly to a maximum value and decays
slowly to zero. The circuit in Fig. 4 may be used to generate an
exponential decay waveform. A DC power supply charges a capacitor
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bank connected in series with a charging resistor (R,). When a trigger
signal is applied, the charge stored in the capacitor flows though the food
in the treatment chamber.

Fig. 4. Electrical circuit for the production of exponential decay waveforms
[U.S.FDA 2000}

Square puilse waveforms are more lethal and more energy efficient than
exponential decaying pulses. A square waveform can be obtained by
using a pulse-forming network (PFN) consisting of an array of capacitors
and inductors and solid state switching devices Fig. 5.
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Fig. 5. Square puise generator using a pulse-forming network of 3 capacitors
inductor units and a voltage trace across the treatment chamber
[U.S.FDA 2000]
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Mec;_hlnisms of microbial inactivation

Two mechanisms have been proposed as the mode of action of PEF on
microorganisms: electrical breakdown and electroporation.

Electrical breakdown

Zimmermann (1986), as shown in Fig. 6, explains what electrical
breakdown of cell membrane entails. The membrane can be considered
as a capacitor filled with a dielectric (a). The normal resisting potential
difference across the membrane V'm is 10 mV and leads to the build-up
of a membreane potential difference V due to charge separation across the
membrane. V is proportional to the field strength E and radius of the cell.
The increase in the membrane potential leads to reduction in the cell
membrane thickness. Breakdown of the membrane occurs if the critical
breakdown voltage Vc (on the order of 1 V) is reached by a further
increase in the external field strength (c). It is assumed that breakdown
causes the formation of transmembrane pores (filled with conductive
solution), which leads to an immediate discharge at the membrane and
thus decomposition of the membrane. Breakdown is reversible if the
product pores are small in relation to the total membrane surface. Above
critical field strengths and with long exposure times, larger areas of the
membrane are subjected to breakdown (d). If the size and number of
pores become large in relation to the total membrane surface, reversible
breakdown tumns into irreversible breakdown, which is associated with
mechanical destruction of the cell membrane.

The corresponding electric field is Egiticsl = Veritical /fh, Where a is the
radius of the cell and f is a form that depends on the shape of the cell. For
a spherical cell, fis 1.5; for cylindrical celis of length 1 and hemispheres
of diameter d at each end, the form factor is f = I(1 - d)¥/3. Typical values
of Vitical required for the lysing of E. coli are on the order of 1 V. The
critical field strength for the lysing of bacteria with a dimension of
approximately 1 pm and critical voltage of 1 V across the cell membrane
is therefore ‘on the order of 10 kV/cm for pulses of 10 microsecond to
millisecond duration [Schoenbach ez al., 1997].
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Fig. 6. Schematic diagram of reversible and irreversible breakdown. {a) cell
membrane with potential V'm, (b) membrane compression, (€} pore formation
with reversible breakdown, (d) large area of the membrane subjected to
irreversible breakdown with large pores
[Zimmermann, 1986]
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Electroporation

Exposure of bacterial cells to the field changes of the sufficient
amplitude affects the electrical properties of the cell membrane, reflected
in a decrease in its resistance and an inmcrease in conductance.
Consequently permeability of the membrane is altered, which is known
as electroporation [Knorr er al., 2001; Heinz ef al., 2002].
Electroporation is the phenomenon in which a cell exposed to high
voltage electric ficld pulses temporarily destabilizes the lipid bilayer and
proteins of cell membranes [Castro and others 1993]. The plasma
membranes of cells become permeable to small molecules after being
exposed to an electric field, and permeation then causes swelling and
eventual rupture of the cell membrane Fig. 7 [Vega- Mercado ef al.,
1997]. The main effect of an electric field on a microorganism cell is to
increase membrane permeability. due to membrane compression and
poration [Vega- Mercado et al., 1997]. Kinosita and Tsong (1977;
1979) demonstrated that an electric field of 2.2 kV/em induced pores in
human erythrocytes of approximately 1 nm in diameter. Kinosita and
Tsong (1977) suggested a 2-step mechanism for pore formation in which
the initial perforation is a response to an electrical suprathreshold
potential followed by a time-dependent expansion of the pore size (Fig.
7). Large pores are obtained by increasing the intensity of the electric
field and puise duration or reducing the ionic strength of the medium.

In a lipid model vesicle {liposome), the electrophoretic movement of ions
and water dipoles through the spontaneous hydrophobic pores is
postulated to be the first event of electroporation, after which lipid
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molecules rearrange to form more stable hydrophilic pores. This could
also take place in a cell membrane. In addition, protein channels, pores,
and pumps in these membranes are extremely sensitive to transmembrane
electric ficld and become initiation sites for the electropores [Tsong
1990). In the cell membrane charges to electric dipoles of lipids, proteins,
carbohydrates, and ions and the polarizability of these molecules make
up the electric field. Therefore, electroporation occurs both in the
liposomes and cell membranes, but the molecules affected by the applied
field are not necessarily the same in these 2 systems [Tsong 1990]. The
gating potentials to the channel constituted by the proteins are in the 50 -
mV range {Castro et al., 1993].

Pure Inbtlathen Water Influx Mavabrume Buptaxe

Fig. 7, Electroporation of a cell membrane
[Vega-Mercado, 1997]

Factors affecting microbial inactivation

Factors affecting microbial inactivation described below have been
provided by San Martin ef al. [2003]. The microbial inactivation is
determined by three main factors, i.e. electrical treatment, microorganism
and suspending medium. Factors dependent on the electrical treatment
are PEF pulse waveshape, electric field strength and treatment time. The
correlation between the microbial inactivation and electric field strength
is simply: the higher the electric field strength, the higher the inactivation
achieved [Grahl & Mirkl, 1996). Treatment time is equal to the number
of pulses applied times the pulse width. In general, the microbial
inactivation increases with an increasing number of puises, but the
significant heating of products is likely to occur. Factors dependent on
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the microorganism are cell size, growth stage, microbial concentration
and the presence of spores. Larger microbial cells will require less
intense field strengths to undergo.an equivalent inactivation as compared
to smaller cells. Cells in the exponential growth phase are more sensitive
to PEF treatment than the cells in lag or stationary phase [Alvarez,
2000). Although PEF treatment is rather not an effective method for
spore inactivation there are some research indicating that spores may be
inactivated by PEF and that the type of pulse may also play a key role
IMarguez, 1997]. Factors dependent on the suspending medium are
temperature, pH, ionic strength, conductivity and medium composition.
To achieve the same amount of inactivation, lower electric field strengths
are needed at higher temperatures. The effects of pH, ionic strength and
conductivity should be taken into consideration when selecting a
suspending medium, but these aspects need to be further investigated.
There is no general agreement about medium composition and PEF
treatment, nevertheless certain components of food, such as protein or
lipids, may have a protective effect over microorganisms [Barsotti &
Cheftel, 1999].

Effectiveness of PEF treatment in food preservation

The effectiveness of PEF treatment depends on many previously
described factors. Authors report the effectiveness of PEF for specified
processing conditions. Below there are described some examples for that
aspect of food preservation. The inactivation of Escherichia coli by PEF
was studied in liquid, solid and semisolid foods or model systems by
Manas ef al. [2001] where it was found that agitation of the inoculated
liquid samples (16 mmol/l. sodium phosphate buffer) during pulse
processing resulted in efficient microbial inactivation — $ log cycles at 33
kV/cm and about 250C after 261 ps of cumulated pulses. The highest
extent of Listeria innocua inactivation in liquid

whole egg (LWE) was 3.5 log cycles for an electric field intensity of 50

kV/em, 32 pulses and total time duration of 64 us [Calderon-Miranda,
1999]. The presence of 37 IU nisin/ ml in LWE under the same PEF
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conditions resulted in a better effectiveness of Listeria innocua
inactivation (4.4 log cycles). It points to better results achieved upon the
application of combined methods for food preservation, which was
confirmed in the next studies where liquid whole egg (LWE) with 0.15%
addition of citric acid and after PEF treatment (E=30 kV/cm, t=489 ms,
W=6331 J/ml) had the shelf-life of 20 days at 40C. The same LWE but
with 0.50% addition of citric acid and after a slightly different PEF
treatment (E=30 kV/cm, t=55 ms, W=357 J/ml) was characterized by 30-
day shelf-life at a temperature of 40C [Gongora-Nieto ez al, 2003]. The
above examples indicate that a skilful combination of preservation
methods results in a safer product with extended shelf-life. Although
some studies have concluded that PEF preserves the nutritional
components of the food, effects of PEF on the chemical and nutritional
aspects of specific foods should be better recognized [Qin er oL, 1995]).
The effectiveness of PEF treatment on different microorganisms and food
systems was shown in Table 1 [Vega-Mercado er al, 1997]. The
maximum microbial reduction of the presented examples was 6 log
cycles for Escherichia coli in liquid whole egg. We have also evaluated
the efficiency of pulsed electric field (PEF) against Escherichia coli
contaminating the liquid whole egg (LWE) in our studies [Malicki ez al.,
2004). The samples of LWE were inoculated with the test bacteria and
subsequently treated for 30 ps by the different number of pulses (20-180)
of PEF (32.89 kV x cm-1). The application of PEF resulted in a
statistically significant reduction of the test microorganisms, proportional
to the number of pulses used. Depending on the studied strain, the
treatment with 150-160 PEF pulses was required to obtain the reduction
of initial bacteria level by 4 log units. Considering the obtained results,
PEF seems to be an effective technique that improves the microbiological
status of LWE. Its industrial application is, therefore, highly advisable.
Moreover, we have studied functional and rheological properties of LWE
after the PEF treatment [Oziemblowski et al., 2005).
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Table 1 Parameters of PEF and effectiveness of microbial inactivation in

LWE was obtained from eggs of 27-week-old layer hens, Tetra SL.
Parameters of the treatment were chosen according to earlier
experimental results where a significant reduction of microflora was
observed at 32.89 kV/cm using 20, 60, 100 pulses. It was concluded that
the functional properties of liquid whole egg after PEF were not worse
than those of the control sample. Furthermore, foam ability and
emulsifying capacity of LWE after PEF were significantly better with an
increasing number of impulses compared to the control sample. Viscosity
of LWE at a shear rate 250 (1/s) was higher after the PEF treatment; 112
mPa s (20 pulses) and 106 mPa s (100 pulses). For the control sample,
the apparent viscosity was 102 mPa s. The results obtained indicate that

pulsed electric fields could be useful in the preservation of the liquid
whole egg, especially in the context of functional and rheological
properties. It is obvious, however, that the sufficient improvement of
microbiological safety was the main assessment criterion of that method.

CURRENT STUDY

A laboratory size prototype PEF treatment system shown in Fig. 8 was
developed and constructed at Food Technology Research Institute. The
test apparatus in the batch system consists of 3 major components: high
voltage generator, pulse shaper and triggering unit and static treatment
chamber. :
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The high voltage generator contains 8 groups of 10 kV each with a total
capacity of 80 kV, each group is assembled from 40 capacitors (400V
480N) shown in Fig. 9 and 40 diodes (1000V 6A) shown in Fig. 10
connected together as shown in Fig. 11 for generating a square pulses in
the pulse shaper and triggering unit of 2 us at least. The eight groups are
connected using high voltage reed switch. The generator was developed
to obtain higher volt and power factor.

The treatment chamber shown in Fig. 12 is made as designed by [Dunn
and Pearlman, 1987] consists of 2 electrodes of different materials
(stainless steel, copper and aluminum) and a cylindrical teflon spacer.
The chamber is 1 — 3 cm high with an inner diameter of 10 cm and the
electrode area is 78 cm?. The electrodes are polished to mirror surface.

Fig. 8. laboratory size prototype PEF treatment system

Fig. 9. Capacitors
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™~
Fig. 10. Diodes

Fig. 11. Groups of capacitors and diodes

Filling Port

U

Fluid Food

Fig. 12, Static treatment chamber
[Dunn and Peariman, 1987]

The apparatus was constructed for applying the study of the effect of
pulsed electric fields (PEF) as a non-thermal method of food preservation
on different liquid foods (milk and juices) against different types of
microorganisms using different voltages up to 80 kV/cm) with square
pulses of (2, 3 and 4 ps) in a static treatment chamber with different
volumes and different electrodes materials (stainless steel, copper and

aluminum).

The 18", Annual Conference of the Misr Soc. of Ag. Eng., 26-27 October, 2011 = 706 -



PROCESS ENGINEERING

, REFERNCES
Alvarez 1. 2000. Influence of different factors on the inactivation of
Salmonella senftenberg by pulsed electric fields. Int. J. Food
Microbiol., 55, 143-146.

Barsotti L., Cheftel J.C. 1999. Food processing by pulsed clectric
fields, II: Biological aspects. Food Rev. Int., 15, 181-213.

Butz P., Tauschrer B. 2002. Emerging technologies: chemical aspects.
Food Res. Int., 35, 279-284.

Calderon-Miranda M.L., Barbosa-Canovas G.V., Swanson B.G.
1999. Inactivation of Listeria innocua in liquid whole egg by
pulsed electric ficlds and nisin. Int. J. Food Microbiol., 51, 7-17.

Cardello A.V. 2003. Consumer concerns and expectations about novel
food processing technologies: effects on product liking. Appetite,
40, 217-233. _

Castro, A. J., Barbosa-Cénovas, G. V. and Swanson, B. G, 1993.
Microbial inactivation of foods by pulsed electric fields., J Food
Process Pres., 17:47-73.

Devlieghere F., Vermeiren L., Debevere J. 2004. New preservation
technologies: Possibilities and limitations. Int. Dairy J., 14, 273~
285,

Dunn, J. E. and Pearlman, J. §. 1987. Methods and apparatus for
extending the shelf-life of fluid food products. Maxwell
Laboratories, Inc. U, 8. Patent, 4,695,472,

Gongora-Nieto M.M., Pedrow P.D., Swanson B.G., Barbosa-Canovas
G.V. 2003, Energy analysis of liquid whole eggpasteurised by
pulsed electric fields. J. Food Engin., 57, 209-216.

Grahl T., Markl H. 1996. Killing of microorganisms by pulsed electric
fields. Appl. Microbiol. Biotechnol., 45, 148-157.

Heinz V., Alvarez L., Angersbach A., Knorr D. 2002, Preservation of
liquid foods by high intensity pulsed electric fields — basic concepts
for process design. Trends Food Sci. Technol., 12, 103-111.

Kinosita, K. J. and Tsong, T. Y. 1977. Voltage induced pore formation
and haemolysis erythrocytes. Biochim Biophys Acta., 471:227-242.

The 18%. Annual Conference of the Misr Soc. of Ag. Eng., 26-27 October, 2011  _ 707 -



PROCESS ENGINEERING

Kinosita, K. J. and Tsong, T. Y. 1979. Voltagg-induced conductance in
human erythrocyte membranes. Biochim Biophys Acta., 554:479-
497.

Knorr D. 1998. Technology aspects related to microorganism in
functional foods. Trends Food Sci. Technol., 9, 295-306.

Knorr D., Angersbach A., Eshtiaghi M.N.,, Heinz V., Lee D.U. 2001.
Processing concepts based on high intensity electric field pulses.
Trends Food Sci. Tech,, 12, 129-135,

Lubicki, P. and Jayaram, S. 1997. High voltage pulse application for
the destruction of the Gram-negative bacterium Yersinia
enterocolitica. Bioelectrochemistry and Bioenergetics., 43:135-141.

Malicki A., Oziemblowski M., Molenda J., Trziszka T., Bruewicz S.
2004. Effect of pulsed electric field (PEF) on Escherichia coli
within the liquid whole egg. Bull Vet. Inst. Pulawy, 48, 371-373.

Manas P., Barsotti L., Cheftel J.C. 2001. Microbial inactivation by
pulsed electric fields in a batch treatment chamber: effect of some
electrical parameters and food constituents. Innov. Food
Sci.Emerg. Tech,, 2, 4, 239-249,

Marquez V.0. 1997. Destruction and inhibition of bacterial spores by
high voltage pulsed electric field. J. Food Sci., 62, 399-401.

Oziemblowski M., Malicki A., Kopeft W., Trzszka T. 2005.
Functional and rheological properties of liquid whole egg after
pulsed electric field treatment. in: Proceed. Of XIth European
Symposium on the Quality of Eggs and Egg Products, 23-26 May,
2005; Doorwerth, The Netherlands, pp. 27-31.

Qin B., Pothaksmury U.R,, Vega H., Martin O., Barbosa-Canovas
G.V,, Swanson B.G. 1995. Food pasteurization using high
intensity pulsed electric fields. J. Food Tech., 49, 12, 55-60.

Quass, D. W. 1997. Pulsed electric field processing in the food industry,
A status report on PEF. Palo Alto, CA. Electric Power Research
Institute., CR-109742.

San-Martin M.F., Barbosa-Canovas G.V., Swanson B.G. 2003.
Innovations in food processing. CEP Magazine, 3, 54-60.

The 18", Annual Conference of the Misr Soc. of Ag. Eng., 26-27 October, 2011 . 708 -



PROCESS ENGINEERING

Schoenback, K. H,, Peterkin, F. E., Alden, R. W. and Beebe, S. J.

) 1997. The effect of pulsed electric fields on biological cells:
Experiments and applications. IEEE Trans Plasma Sci., 25(2):284-
292

Sitzmann V. 1995. High voltage pulse techniques for food preservation.
in: New Methods for Food Preservation (ed. G.W.Gould). Blackie
Academic and Professional,

London, pp. 236-252.

Tsong, T. Y. 1990. Electrical modulation of membrane proteins:
Enforced conformational oscillations and biological energy signals.
Annu Rev Biophys Chem., 19:83-106.

Vega-Mercado H., Martin-Belloso O., Quin B.L., Cahng F.J,,
Gondora-Nieto M.M., Barbosa-Canovas G.V., Swanson B.G.
1997. Non-thermal food preservation: pulsed electric fields. Trends
Food Sci. Tech.,, 8, 151-157.

Zhang, Q. H., Qin, B.-L., Barbosa-Cénovas, G. V. and Swanson, B.
G. 1995. Inactivation of E. coli for food pasteurization by high-
strength pulsed electric fields. J Food Process Preserv., 19(2):103-
118.

Zimmermann, U. 1986. Electrical breakdown, electropermeabilization
and electrofusion. Rev Physiol Biochem Pharmacol., 105:175-256.

ot padlall
oA Bhall (350 ol cladll il Sakll e Ay <l CNlpal) pladiug
ALl 3880 45 5 5a il A%l

Tl daal sl Tay ;s deaa e “’all-lpwg” \ﬁhﬁu-\m
waigs Ayl adl cOldeall daituls 5 sl Al 4300 A ddall cllee (¢ i
2 GEAN Dl Sl o oLl y a3 dee Syl (kb op iadl AL
5 Aa0 o el Balall g oad G Cua ¢ il g (el a0 Agpaddl il g Sl
L.jll_,l_nnllMalﬁ&,nq.lj‘543353!,?!34&.3*&55)&1&5}

g

. . L PAUN dndiy _ doi 520 - Loy 30 Lustigl pued (V)
— Y Ll gl Gigay agra - LAY LipRTy Dy gt Lusih Sy pudy Sy Oa) (V)

X ) A a3 Cagadlt 38
~ L3891 LalelSS Sugay agna — L3801 LGy Lpaly pieal Latih Sigay pusdy Sobuna Sty (Y)

o530 Sigadll 58 5a

The 18®. Annual Conference of the Misr Soc. of Ag. Eng., 26-27 October, 2011 709 -



PROCESS ENGINEERING

O Gl et N Aad pal) A003AN Lol C43 400N Claiall o Galladl 3 53 ol S
Al 5 050 Ll (do B3 Y Biall ol e 3k

Jsdall it aad daaglh <3 05N Ale Ry seH WM pladdialy Jiadl o gl iy
zﬁmﬂﬁﬂgﬁ‘,iﬂ“%ﬁ&ﬁ@léﬁps%\*ﬂ&l&”
LAl g o gl B Aguealt ailasd g L3N Al o pBS 090 Sl y gt 3N

S R Y LN B a3 (3 sha e A S il Al A0 1 Adles o
arst 9o B el o daadlt golt 5 5o da o Se (o 56S cuadell IS 5 g pally adi s
LYy Gl Cigan ) Gol Ladl RSt e sluadd 6 oUall 138 pladind il

LGN K Sl Cagan 9 Zyladt

Bl Atte 4y ¢S i¥laal 45355 Jang Slen gotiead 3 ok g Auat 2l 03a e gl
3 dpall L@ o Siall U3 5 2o 0 ab) 0 Al L0 5 gl el <3
L e ¥l @lakidy b siundl 3o g psiead o Caga ¢ 4y el Jown Giad ga d50500)
Av = Yo) alige 2 Gob gd Sl dge o LT AT U S Bigny aguas
e 3 Sl A0e Ay peSH il laall 3 gall g pad g e Ladlaa i 6 5 (sl

Ay S () ga las AW dng s

The 18%. Annval Conference of the Misr Soc. of Ag. Eng., 26-27 October, 2011 - 710 -





