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Summary: Recently the development of intermediate moisture food products has received
huge attention due to the consumer demand for minimally processed products. The removal
of moisture is a very important unit operation in food processing, since it enables to stabilize
food products and improve their quality retention during storage. Osmotic dehydration (OD)
is a useful technology to partially remove water from food material such as fruit and vegetables
prior to other stabilising techniques e.g. drying or freezing, at the same time a counter-current
solute inflow into the tissue takes place. Unfortunately the cellular membrane exerts high
resistances to transfers, therefore the OD is a very long process. There are many pre-treatments
that can be used in order to accelerate the mass transfers. Pulsed electric field (PEF) has been
recently considered as an alternative pre-treatment method allowing non-thermal damage the
cell membranes prior to OD. PEF treatment leads to the electroporation of the cell membrane
by applying an external electric field, in the form of short pulses, to the cellular tissue placed
between two electrodes. Electroporation of the cell membranes could promote reversible or
irreversible pore formation and cell disintegration, depending on both the intensity of the
electric field strength applied and the characteristics of the raw materials. The formation of the
pores facilitates the water removal from the tissue. Moreover, since PEF is a non-thermal
technology it allows to maintain a high quality level in terms of colour and the nutritional
value of the final product.

Keywords: fruit quality, PEF, osmotic dehydration, mass transfer.

Streszczenie: W ostatnich latach duzy nacisk jest kladziony na otrzymywanie produktéw
spozywczych o zredukowanej wilgotnosci z uwagi na zainteresowanie konsumentow
produktami o matym stopniu przetworzenia. Usuwanie wilgoci jest bardzo wazng operacja
jednostkowa w przetwarzaniu zywnosci, poniewaz umozliwia stabilizacje produktow
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spozywczych i poprawe ich jakosci podczas przechowywania. Odwadnianie osmotyczne
(OD) jest przydatna technologia do czeSciowego usuwania wody z artykutu spozywczego, jak
owoce i warzywa, jako obrobka wstepna przed procesami takimi jak suszenie lub zamrazanie.
Jednoczesnie nastgpuje przeptyw substancji osmotycznej do tkanki. Niestety, blona
komorkowa ma wysoka opornos¢ na przeptyw wody czy substancji osmotycznej, dlatego tez
OD jest bardzo dlugim procesem. Istnieje wiele operacji wstepnych, ktore mozna wykorzystaé
w celu przyspieszenia przeptywu masy. Pulsacyjne pole elektryczne (PEF) zostato ostatnio
zaproponowane jako alternatywna metoda wstegpnej obrobki pozwalajaca na uszkodzenie
membran komérkowych przed OD, bez udziatu wysokich temperatur. Aplikacja PEF prowadzi
do elektroporacji btony komodrkowej przez zastosowanie zewngtrznego pola elektrycznego,
w postaci krotkich impulsow, na tkanke komorkowa umieszczong migdzy dwiema elektrodami.
Elektroporacja blon komoérkowych moze sprzyja¢ odwracalnemu lub nieodwracalnemu
tworzeniu si¢ porow i dezintegracji komorkowej, ktora zalezy zaréwno od natezenia
zastosowanego pola elektrycznego, jak i charakterystyki surowcow. Tworzenie si¢ porow
utatwia usuwanie wody z tkanki. Ponadto, bioragc pod uwage, iz PEF jest technologia
nietermiczng, pozwala ona zachowa¢ wysoka jakos¢ (kolor i warto$¢ odzywceza) produktu
koncowego.

Stowa kluczowe: jako$¢ owocow, PEF, odwadnianie osmotyczne, wymiana masy.

1. Osmotic dehydration (OD) process

Osmotic dehydration (OD) is a partial dewatering of plant tissue, which allows
reducing the water activity (a ) of the products without a phase change. During OD
treatment there is an deployment of a hypertonic solution, which leads to the removal
of water due to the differences in osmotic pressure between the solution and the fruit
tissue. Together with water there is the counter-current migration of solutes into the
plant tissue. This process is commonly applied in industry in order to obtain
minimally processed fruit products with intermediate moisture content or as a pre-
treatment for further processes such as drying or freezing [Khan 2012; Yadav, Singh
2014]. This could be considered as one of the most important treatments for food
preservation, since it presents some benefits such as the retention of flavour, colour,
texture, inhibiting the enzymatic browning and the energy costs decrease [Tylewicz
et al. 2009; Tylewicz et al. 2011; Khan 2012; Panarese et al. 2012].

The efficiency of the osmotic dehydration process is influenced by a number of
factors such as temperature, sample sizes and geometry, concentration of osmotic
solution, ratio between material to solution, and agitation.

Temperature is an important factor because the increase of this parameter causes
the reduction of the viscosity of the solution and the mass exchange process is
intensified [Segui et al. 2010]. When increasing the temperature from 25 to 45°C,
a higher mass transfer was observed in kiwifruit samples dehydrated in sucrose
solution [Tylewicz et al. 2011]. Also Falade et al. [2007] observed that water loss and
solid gain increase with the increase of solution concentration and temperature
during osmotic dehydration of watermelon. The porous structure of tissue influences



68 Urszula Tylewicz

the release of trapped air from the tissue resulting in the more effective removal of
water by osmotic pressure.

The type of osmotic substance also affects the quality of the final product.
Substances used for osmotic dehydration are solutions of sugars, sodium chloride,
sorbitol, or other substances acceptable for the consumer, which can produce high
osmotic pressure allowing for the reduction of water activity of the dehydrated
material [Ciurzynska et al. 2016].

The shape of the material is very important, too big samples could slower the
dehydrate rate because the length of diffusion path is higher. Similarly, the increase
in the agitation level, higher solution concentration and high enough product mass to
solution ratio which permit to maintain the constant driving force, increase the rate
of dehydration [Rastogi et al. 2002]. However, in general the OD treatment is a time-
-consuming process, therefore many other pre-treatments could be used before OD
in order to increase the velocity of mass transfer kinetics, one of them could be the
pulsed electric field.

2. Pulsed electric field (PEF)

Pulsed electric field is a non-thermal technology which leads to the electroporation
of the cell membrane by applying an external electric field to the cellular tissue
placed between two electrodes. The electric field could be applied in the form of
short pulses (from several nanoseconds to several milliseconds) with an electric field
strength from 100-300 V/cm to 20-80 kV/cm [Barba et al. 2015]. Electroporation
generally involves the polarization of membranes, the creation of pores and their
expansion. Electroporation of the cell membranes could promote reversible or
irreversible pore formation and cell disintegration, depending on both the intensity
of the electric field strength applied and the characteristics of the raw materials. The
reversible electroporation (the created pores reseal immediately after removing the
electrical field) could be used to incorporate different functional substances into the
vegetal tissue, assuring the survival of the electrically stimulated cells. Higher
intensities of PEF promote, instead, irreversible tissue permeabilization (permanent
membrane damage) and consequently cell death [Donsi et al. 2010].

In the last few years the use of pulsed electric field technology for food processing
has been widely studied. PEF processing offers several advantages: to improve the
extraction process [Barba et al. 2015], to enhance the mass transport phenomena
[Donsi et al. 2010; Wiktor et al. 2013] and to inactivate enzymes [Elez-Martinez
et al. 2007] and microorganisms [Saldana et al. 2014]. Therefore, the potential of the
PEF applications in the food industry is huge and has been reviewed by [Barba et al.
2015]. Since the effects of PEF are strictly related to the applied process parameters,
namely pulse shape, number, duration, frequency and electric field strength, their
accurate control is fundamental for industrial implementation.



Effect of pulsed electric field (PEF) on mass transfer and quality parameters... 69

2.1. Low intensity PEF application

In particular, low intensity PEF treatments could be used to induce an effect on mass
transport phenomena or to have an impact on cell structure modification. PEF
pretreatment could enhance the performance of processes such as osmotic
dehydration, drying, freeze-drying, freezing, extraction, etc., reducing processing
time and saving energy [Traffano-Schiffo et al. 2016; Tylewicz et al. 2016; Wiktor
et al. 2013].

PEF promotes the structural changes on a cellular level and water redistribution
between different cellular compartment, thus resulting in changes in tissue material
properties. In fact, several studies reported the changes in texture and colour
parameters of different plant tissues subjected to the PEF processing, which could
consequently affect the final product quality characteristics [Siemer et al. 2014].

The PEF process is designated as a gentle and waste-free technology. Its use has
the potential for continuous application, instant distribution throughout an
electrically-conductive food, short treatment time, low energy requirements and
allows food to retain its colour, flavour and nutritive value. This technology offers
great potential to the food industry because it can be applied to a wide range of
products, as well as being an effective pre-processing technology, to improve heat
and mass transfers [Knorr et al. 2002].

In general the benefits of PEF treatment for fruit and vegetable processing can be
summarised as follows: improve process yield and process velocity, improve food
quality (e.g. reduce fat uptake during frying, reduce impact on sensory properties,
increase health-related compounds), decrease the intensity of other processing
variables (e.g. temperature, grinding degree), and/or increase the cost efficiency of
the operation (e.g. reduce energy consumption) [Hui 2007].

3. Effect of PEF on mass transfer in fruits during OD

During the osmotic dehydration, due to the differences in osmotic pressure between
food and osmotic solution, important mass transfer phenomena take place. There is an
important water flow from the tissue into the osmotic solution, while at the same time
occurs counter flow diffusion of solutes from osmotic solution into the fruit tissue.

PEF has been reported to increase the permeability of plant cells with a positive
influence on mass transfer in further processes. The first work demonstrating the
potential of PEF in accelerating mass transfer rates during OD of carrots was
performed by [Rastogi etal. 1999]. They stated that the effective diffusion coefficients
of water and solute increased exponentially with the increase of electric field strength.

Since then, PEF treatment has been widely studied to evaluate its effect on mass
transfer phenomena in different fruit and vegetables. The response of the different
tissue to the PEF treatment at low intensities (100 V/cm) has been shown to be
strongly influenced by tissue microstructure.
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In kiwifruit slices treated with sucrose osmotic solution at 61.5 % (w/w) it was able
to substantially increase the water losses by about 10 % [Traffano-Schiffo et al. 2016].
In strawberry half subjected to the osmotic treatment in sucrose and trehalose at
the same concentration of 40% (w/w) the water loss increase was also observed,
which was higher at the end of the process (120 min) for samples dehydrated in
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The same letter on the same column means no significant difference between the samples by the
Duncan test (p < 0.05).
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Fig. 1. Kinetics of water loss and solutes uptake during OD of strawberries in trehalose solution,
modelled according to Peleg’s equation

Rys. 1. Kinetyka usuwania wody i wnikania suchej substancji (na podstawie modelu Peleg)
podczas OD truskawek w roztworze trehalozy

Source: adapted from [Tylewicz et al. 2017].
Zrodto: dostosowane z [Tylewicz i in. 2017].
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trehalose solution [Tylewicz et al. 2017]. Figure 1 shows the kinetics of water loss
and solutes uptake during OD, modelled according to Peleg’s equation using the data
presented in [Tylewicz et al. 2017], in a trehalose solution.

Comparing the observed and calculated values of mass fraction in the figures and
considering that R* values ranged between 0.852 and 0.997, the model confirmed to
be able to efficiently describe the mass transfer phenomena during OD. Water loss in
the trehalose-based solution was characterized by a high initial rate with equilibrium
values of 0.56 kg/kg for water. At the end of the treatment the samples treated at 200
and 400 V cm! reached the highest WL of about 50 % with an equilibrium value of
respectively 0.39 and 0.35 kg/kg.

Instead, for apple cylinders, no effect on mass transfer was observed during OD
treatment performed for 60 min in a sucrose solution, while presenting an increase
only at the end of the process (120 min) [Dellarosa et al. 2016]. Moreover, the
different response of apple tissue to the electric field could be due to the differences
in conductivity of the samples as well as the total energy input delivered to the
samples. The application of a higher electric field strength such as 250 V/cm increased
the water loss, while the application of 400 V/cm did not further improve this
parameter in the kiwifruit samples [Traffano-Schiffo et al. 2016], and strawberries
[Tylewicz et al. 2017), while promoting an increase of water loss proportional to the
electric field applied in apple tissue [Dellarosa et al. 2016].

Interesting results were obtained concerning the solid gain. In the apple samples
treated in sucrose, the PEF pre-treatment promoted an increase of solutes uptake
[Dellarosa et al. 2016], while in kiwifruit the PEF pre-treated samples at 100 V/em
presented a lower sucrose mass gain in comparison to these untreated, opening an
amazing opportunity in the design of new fruit products with a high dehydration
level and lower sugar content [ Traffano-Schiffo et al. 2016]. Concerning strawberries,
in samples treated in the sucrose solution the PEF pre-treatment promoted an increase
of solutes, while in the trehalose solution samples treated with 400 V/cm presented
a lower solid uptake after 120 min of treatment [Tylewicz et al. 2017].

Yu et al. [2018] showed higher rates of water loss and a solid gain during osmotic
dehydration of blueberries by PEF pre-treatment (3 kV/cm field strength, 1 us pulse
width, 200 pulses per second, and a total treatment time of 5 min) reducing the
dehydration time from 130 to 48 h.

Amami et al. [2006] studied the osmotic dehydration mechanism of an apple
sample pre-treated by PEF at 0.9 kV/cm over a range of 44.5-65° Brix sucrose
concentrations. They observed that the increase of the initial solute concentration
and the PEF treatment resulted in an acceleration of the osmotic dehydration in terms
of higher water loss (WL) and higher solid gain (SG) than the untreated samples. The
coefficients of the effective diffusion of water and solute were higher for samples
pre-treated electrically.
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Amami et al. [2014] applied PEF pre-treatment on tissues of apple (0.90 kV/cm),
carrot (0.30 kV/cm) and banana (0.60 kV/cm) prior to being osmotically dehydrated
in an agitated flask at an ambient temperature using a 65% sucrose solution as
osmotic medium. The dehydration was more pronounced in carrot probably due to
the higher initial water content than the fresh banana and apple. Under atmospheric
pressure, samples treated by PEF dehydrated in five agitation speeds displayed a
higher water loss (4-35%) than untreated samples. After 4 h of OD process, the PEF
treated samples had a 15-60% greater solid gain more than the untreated samples.
Indeed, when membranes lose their functionality under PEF, external solutes diffuse
freely to all parts of the tissue, not only to the open intercellular spaces. For bananas,
water loss increased with treatment time. About 45% of the water loss occurred after
240 min for the highest speed of agitation of PEF conditions.

In another paper Amami et al. [2007] studied the centrifugal osmotic dehydration
and rehydration of carrot tissue treated by a pulsed electric field. Water loss was
higher while solid gain decreased with the increase of centrifugal acceleration and
with the application of PEF at 0.6 kV/cm. For instance, after 4 h of OD, the WL was
42% and 49.4% in the absence of centrifugal acceleration, while it increased to 63%
and 72.5% at 5430g, respectively for the untreated and PEF treated samples.
Concerning the SG, it was 4.8% and 6.31% in the absence of centrifugal acceleration,
while it decreased to 3% and 4.33% at 5430g, respectively for untreated and PEF
treated samples. This behaviour of mass transfer reveal that the application of PEF
in combination with centrifugal OD could be used when the maximal dehydration of
the product is required, while the solids uptake should be limited. In this work the
PEF pre-treatment also resulted as effective for an increase of the rehydration
capacity of osmotically dehydrated carrot samples.

Ade-Omowaye et al. [2003] studied the application of different intensities of
PEF (1, 1.5 and 2 kV/cm) with a constant pulse number of 20 at a pulse duration of
400 ps on diffusion rates during osmotic dehydration of red bell peppers in two
different solutions. The water loss using sucrose/sodium chloride solution for the
untreated samples was 24% while with the application of PEF, 35-37% of water loss
was recorded. With the second solution (sucrose at 50°Brix), the untreated sample
lost about 39% water, while an improvement of between 24-25% in the amount of
water released by the PEF pre-treated samples compared to the untreated ones was
observed. However, the increase of the intensity of the electric field strength did not
promote an increase in the water loss of the samples. The authors explained that this
was probably due to the accumulation of solutes in the superficial layer caused by the
initial fast rate, thus presenting a great barrier to water outflow from the cell. In
general, a low enhancement in the solute infusion with PEF pre-treatment was
observed, which could be associated in part to the molecular size of the osmotic
solute in comparison to the pore area induced within the cell membrane by the PEF
treatment.
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4. Effect of PEF on fruit tissue colour during OD

The colour of plant tissue is one of the key food parameter, which is important from
the consumer’s point of view. During the technological processes the colour of food
could be affected by the physical and chemical changes.

For the strawberries samples no change in L* parameters was observed by
[Tylewicz et al. 2017]. The application of PEF at the intensity of 100 V/cm promoted
a significant increase of this parameter, and a decrease due to the application of PEF
at highest intensity. The darkening of the PEF treated samples at 400 V/cm could be
related to the higher release of enzymes such as peroxidase (POD) and polyphenol
oxidase (PPO) and their substrates after the electroporation of the strawberry cells
membrane. Concerning the hue angle-h® colour parameter, OD in trehalose solution
promoted a decrease of this parameter. The application of PEF promoted a further
decrease of the red hue in comparison to the untreated samples (Figure 2).
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Fig. 2. Hue angle (h° colour parameter) of untreated and PEF pre-treated strawberry samples,

as a function of the osmotic dehydration time in trehalose-based solution

Rys. 2. Odcien koloru (parametr barwy h°) probek truskawek poddanych lub nie obrobce wstepnej
przy pomocy PEF-u, jako funkcja czasu odwadniania osmotycznego w roztworze trehalozy

Source: own elaboration based on data presented in [Tylewicz et al. 2017].
Zrédto: opracowanie whasne na podstawie danych przedstawionych w [Tylewicz et al. 2017].

The reduction of hue angle (h°) colorimetric parameter could be due to both the
solubilisation of pigments in the osmotic solution and the degradation of anthocyanin
induced by PEF-treatment [Fathi et al. 2011]. Wiktor et al. [2015] observed that the
effect of PEF treatment strongly depends on the raw material properties and the
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treatment conditions. In fact the authors noticed the different behaviour of the carrot
and apple tissue subjected to the electric field at different intensities. In both cases
browning of the tissue was observed, however in carrots it was more pronounced
when the low voltage treatment was applied, while in apple when high voltage was
used.

The colour of osmotically dehydrated carrot and banana was also studied by
Amami et al. [2014]. Regarding the agitation speed progresses, the carrot became
darker, due to enzymatic browning. Compared to the fresh sample, the increase in
redness (a* > 0) and yellowness (b* > 0) was evident for the osmotically dehydrated
carrot. PEF increased the brightness of carrot samples (as reflected by positive L*
values with a higher Re number) while the colour of static sample darkened (as
reflected by negative L* values). The carrot after PEF treatment and osmotic
dehydration had colour characteristics close to those of the fresh natural colour. The
PEF pre-treated banana instead had the highest L* values compared to the untreated
one (which increased with Re number), implying greater product brightness which
might be a result of greater pigment leaching. Ade-Omowaye [2001] reported that a
prolonged pulse application induced reactions leading to darker products showing
lower L values (L* < 0). However, the relative increase in redness displayed for all
osmotically PEF pre-treated samples was small compared to the significant increase
for untreated samples.

5. Effect of PEF on fruit tissue structure during OD

It is well known that OD induces plasmolysis, shrinkage of the vacuole compartment,
changes in the size and structure of the cell walls of outer pericarp and dissolution of
the middle lamella, which could be translated in a decreasing of the firmness of the
plant tissue [Chiralt, Talens 2005; Panarese et al. 2012]. OD of untreated samples
promoted a decrease of strawberry firmness, already 15 min after the treatment, and
increased slightly during the OD treatment. PEF pre-treatment drastically reduced
the hardness of strawberry samples; further, the PEF treated samples remained below
the untreated ones during the whole OD process and the effect was proportional to
the electric field strength applied [Tylewicz et al. 2017]. Also, Taiwo et al. [2003]
observed the decrease in firmness of strawberry halves treated with PEF (1200 V
cm_1; 350 ms) and then osmodehydrated for 4 h in binary (sucrose, NaCl) solution.
The reduction of firmness of PEF treated samples could be due to the alteration of
the membrane permeability due to the pores creation and the rupture of the internal
structure, which promotes the softening of the tissue. The slight increase of the
texture observed after longer OD times could be probably due to the penetration of
Ca* into the strawberry tissue, which interact with pectic acid polymers to form
cross bridges that reinforce the cell adhesion, thereby reducing cell separation, which
is one of the major causes of plant tissue softening. This increase has not been
observed in the samples treated at 400 V cm’!, probably because the tissue was
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already completely disintegrated after the PEF treatment, and did not permit the
incorporation of calcium ions in the cell walls. When the strawberry samples were
dehydrated in the trehalose solution the decrease of firmness following the OD
process was less marked. This behaviour could probably be due to the protective
effect of trehalose on the tissue structure.

Amami et al. [2007] studied the texture in terms of relaxation curves of untreated
and treated by PEF, and subsequently dehydrated/rehydrated, carrot samples. All
samples demonstrated the viscoelastic behaviour. However, the rehydrated samples
subjected to OD before drying presented a noticeably firmer structure than the
samples that were directly dried without OD. This was probably due to the fact that
osmotically dehydrated samples contain more solids than directly dried samples.
The PEF pre-treatment promoted a slight decrease in the firmness of the rehydrated
samples. However, the PEF treatment and OD under centrifugation somewhat
decrease the elasticity of the samples compared to the untreated samples subjected to
the OD under stirring. The textural study and the rehydration capacity showed that
the products obtained with OD was less affected by the thermal treatment than the
directly dried product.

6. Effect of PEF on fruit bioactive compound content during OD

Yu et al. [2018] observed that PEF pre-treatment of the samples did not have any
effect on the total phenolics content in blueberry fruits in comparison to the untreated
or thermal treated samples. However, after osmotic dehydration the samples treated
with PEF showed lower loss (66%) in comparison to the control (79%), but a higher
loss of polyphenols in comparison to the blanched samples (53%). By the end of
osmotic dehydration when all the samples reached 3.5 C3G g/g i.d.m., PEF-50
samples had the lowest degradation loss and control samples had the highest degradation
loss of all anthocyanins, chlorogenic acid, and three predominant flavonols (quercetin
3-galactoside, quercetin 3-glucoside, and myricetin 3-arabinoside). The inactivation
of PPO during pre-treatment significantly increased the retention of anthocyanins,
predominantly phenolic acids and flavonols, total phenolics, and antioxidant activity
in the dehydrated blueberries. In contrast, control samples had the least migration
loss, and PEF-50 samples had the most migration loss. Similarly to total phenolics,
these four compounds physically migrated to the syrup solution during the dehy-
dration process.

The OD time has a significant influence on the vitamin C content of the pre-
treated samples. The longer the OD time, the lower the vitamin content was noted.
[Taiwo et al. 2001] observed that the vitamin C content of PEF pre-treated apple at
2 h of OD treatment was 4.7 mg/100 g fresh sample while it was reduced to 0.5 mg
at the 6th hour of OD.

A gradual increase in the retention of the vitamin C with an increase of field
strength during osmotic dehydration of bell peppers was reported [Ade-Omowaye
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et al. 2003]. Though all the PEF treated samples had a vitamin C content lower than
the untreated one due to the faster leaching of this compound (as a result of cell
desintegration) into osmotic solution. The increase of vitamin C retention with
increasing field strength was, however, attributed partly to the barrier created by the
enhanced solute uptake during the OD using sucrose and sodium chloride [Ade-
-Omowaye et al. 2002]. The vitamin C retention consistently decreased until the
application of 20 pulses after which the retention increased in samples pre-treated
with 50 pulses. The trend recorded for vitamin C retention in this case was consistent
with the trend observed for the conductivity values of osmotic solutions containing
the pre-treated samples. The increase in this case was more than the value recorded
for 10 pulses. The reduction in the vitamin retention was attributed to the electrical
disruption of cells after PEF treatment and subsequent leaching of the cellular
contents, including vitamin C, into the osmotic solutions. The vitamin C contents in
all these studies were determined at the end of the OD process in which the moisture
contents of PEF pre-treated samples were consistently lower than the untreated
samples. The loss of ascorbic acid has been attributed to two main phenomena: the
diffusion of fruit solutes (e.g. ascorbic acid) toward the dehydration solution, and
chemical deterioration. Consequently it may be possible that untreated samples, if
allowed to dehydrate to a moisture content similar to those of the PEF treated
samples, may lose equal or higher quantities of vitamin C [Ade-Omowaye et al.
2001].

7. Conclusions

PEF has been demonstrated to have potential as a non-thermal technology in the
processing of minimally processed foods or intermediate moisture foods. The
application of PEF resulted in cell membrane permeablization which increase the
mass transfer phenomena. In fact the use of PEF as a pre-treatment showed to
facilitate enhanced water loss during OD with a limited solute uptake resulting in
healthier products with minimal alteration in product taste. Moreover, it allows to
maintain the high quality of processed fruits. However, further studies are necessary
in order to thoroughly understand the quality changes in the coupled PEF+ OD
process, as well as the kinetics of nutrients degradation during these treatments.
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