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Method for preparing a food product and pulsed electric field cooking device

The invention relates to a method for preparing a food product to be suitable for
human consumption, comprising the steps of: placing an amount of food product,
optionally in an electrically conductive surrounding medium, in a treatment chamber
comprising at least two opposing electrodes such that the food product and/or the
surrounding medium is in electrical contact with the electrodes, and subjecting the
food product to a pulsed electric field by applying a sequence of electric pulses
generated by a pulsed electric field generator to the at least two electrodes,
wherein an electric pulse sequence has a predetermined pulse profile defining,
among others, a pulse frequency, a pulse duration and a time between two
consecutive pulses. Additionally, the offered power may be controlled. The
invention further relates to a pulsed electric field cooking device configured for
performing such a method.

The use of pulsed electric fields is well-known in providing antimicrobial treatment
for food products. During such treatment, pulsed electric fields with high electrical
field strengths are applied to the food product to be treated, thereby avoiding the
heat-up of the food product as such heating could have damaging effects upon the
food product’s characteristics such as taste and colour. However, in order to make
food products sufficiently digestible and safe for consumption, in addition to killing
contaminant micro-organisms, starch may for example need to be sufficiently
gelatinised and enzymes and other proteins need to be sufficiently denatured. This
requires heating up the food product to a certain extent, wherein the extent to which
the food product needs to be heated before one can speak about a “cooked” food
strongly depends on the food product to be prepared as well as on prevailing
regulatory requirements. As the mentioned antimicrobial treatments do not involve
significant heating, they therefore cannot be qualified as cooking wherein a ready-
to-eat food product is obtained.

Preparing or “cooking” a food product to make it suitable for direct and safe human
consumption by subjecting it to a pulsed electric field is only a recent development,
reflected by for example the recent patent application WO 2016/008868 wherein a
method is disclosed for cooking a food product by subjecting it to a low field
strength pulsed electric field. This method involves ohmic heating of the food
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product, wherein the temperature raise of the food product is accomplished by the
application of a pulsed electric field. Favourable results can be achieved by this
method in terms of the characteristics of the prepared food product including the
taste, structure and nutritional value of the food. In addition, the time and energy
needed to prepare the food product using a pulsed electric field can be significantly
reduced. With a variation of the total treatment time and the pulse profile of the
pulsed electric field, the cooking process can be tailored to a specific food product.
Controlling the process is however difficult due to the fact that the exact amount
and characteristics of the food product, even between food products of the same
type, differ on a case-to-case basis. Therefore, each food product will react
differently to the exposure to a pulsed electric field, thereby altering both the course

and the final result of the cooking process.

The present invention has for its object to provide a way to control the cooking
process such that the results of the cooking process in terms of characteristics of
the prepared food product are predictable and consistent.

The invention thereto proposes a method for preparing a food product to be
suitable for human consumption according to the introduction, wherein during the
subjection of the food product to the pulsed electric field the following process
parameters are monitored and controlled: the electric potential difference between
the opposing electrodes; the current through the food product and/or the
surrounding medium; the temperature of the food product and/or the surrounding
medium; and optionally, the temperature difference between the food product and
the surrounding medium; wherein the pulse frequency, the pulse duration and the
time between two consecutive pulses and/or the offered power are changed based
on these process parameters. The food product may be any liquid or solid food
product, including any composed food product consisting of both liquid and solid
components, that needs to be heated in order for it to be consumable. The term
*suitable for human consumption” must herein be understood as being ready to eat
in terms of palatability, digestibility and safety. In case the food product is a solid
food product, the food product is preferably placed in a surrounding medium
between the electrodes. The surrounding medium hereby ensures the electrical
contact between the food product and the electrodes, for which the surrounding
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medium has an electric conductivity within a required range which is typically
between 0,01 and 10 S/m.
Said surrounding medium is commonly a liquid suitable for cooking the food

product in, such as water, a salt solution, a broth or stock, a soup or a sauce.

The monitoring of the process parameters entails the ongoing measurement of said
parameters during the cooking process, which measurement may either be
performed continuously or at specific intervals or moments in time throughout the
cooking process. The temperature of the food product is commonly measured by
placing a thermometer in the centre of the food product such that the core
temperature of the food product can be measured reliably and precisely. In case
the food product is placed in a surrounding medium, the temperature of the
surrounding medium is commonly measured separately through the use of a
separate thermometer. With the mentioned process parameters monitored, the
condition of the food product, and where applicable the surrounding medium, as
well as the state of the system can be determined at any moment during the
cooking process. The condition of the food product may amongst others be
expressed in terms of its temperature and conductivity. The degree of cooking of
the food product and therewith the amount of transformation of the food
components can be derived from the temperature progression of the food product
during the cooking process. Starch may for example need to be sufficiently
gelatinised and proteins need to be sufficiently denatured for the food product to be
considered digestible, both of which conversions require the food product to be
kept at a certain temperature for a certain amount of time. The durations of the time
periods spent by the food product at certain temperatures may hereby be
determined from said measured temperature progression. By determining the
conductivity of the food product, and possible the surrounding medium, during the
cooking process, one can derive whether and to what extent electroporation of the
cell membranes has taken place. During electroporation, the permeability of the cell
membranes increase, leading to a release of ions that increases the conductivity of
food product and where applicable the surrounding medium. The electroporation of
the cell membranes thus has a direct effect on capability of the food product to
absorb energy, therewith significantly changing the electrical characteristics and
behaviour of the system. The system must be understood as the assembly

comprising the electrodes, pulsed electric field generator and power supply. The
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state of the system is typically expressed by its electrical parameters, comprising
the power draw of the pulsed electric field generator, the current through the
electrodes and the potential difference over the electrodes determining the electric
field strength.

By changing the pulse profile of the pulsed electric field (which is amongst others
defined terms of pulse frequency, pulse duration and time between two consecutive
puises) based on the value of the process parameters, the process can be adjusted
to make sure that process parameters, and therewith the state of the system and
the condition of the food product stay within a predetermined range at any point in
time during the preparation of the food product. Specifically, an increase in the
puise frequency and the pulse duration and a decrease in the time between two
consecutive pulses increases the rate at which energy is dissipated in the food
product and/or the optional surrounding medium. The opposite applies when the
puise frequency and the pulse duration are decreased and the time between two
consecutive pulses is increased. The amount of energy dissipated relates directly
to the change in energy density of the food product and/or the optional surrounding
medium and therewith the temperature of the food product and/or the surrounding
medium. The controlling of the pulse profile of the pulsed electric field is commonly
performed by a controller. The controller hereto receives the process parameter
data and based on a set of instructions using past and/or present process
parameter data controls the pulse profile. With the changing of the pulse profile of
the pulsed electric field based on the value of the monitored process parameters it
is ensured that the system stays within its operational limits during the cooking
process. Moreover it is ensured that the prepared food product meets the desired
characteristics, independent on the exact amount and properties of the food
product. With the method according to the invention the quality of the cooked
product can thus be guaranteed and easily reproduced.

In a further embodiment of the method according to the invention the pulse duration
and/or the pulse frequency are decreased when A) the temperature of the food
product and/or the surrounding medium, and/or B) the temperature difference
between the food product and the surrounding medium, and/or C) the peak current
through the food product and/or the surrounding medium reaches a predetermined

value, whichever occurs first. A peak current according to the present invention
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corresponds to the common definition of this wording, being a maximum absolute
value of a current. Reference is made to this peak current here, because a pulsed
electric field leads to transient phenomena, and such field does not necessarily

fead to a constant current.

By decreasing the pulse duration and/or the pulse frequency the rate at which
energy is dissipated in the food product and/or the optional surrounding medium is
decreased. It is herewith prevented that any one of the temperature of the food
product and/or the surrounding medium, the temperature difference between the
food product and the surrounding medium, and the peak current through the food
product and/or the surrounding medium exceeds a pre-set limit. The maximum
peak current is set to allow the cooking device to work within the electrical
requirements of an ordinary kitchen appliance and to avoid that the electrical
components of the cooking device are loaded beyond their operational limits,
thereby risking an electrical failure of said electrical components. The
predetermined peak current hereto typically has a maximum value of 1000 A. The
temperature of the food product and/or the surrounding medium is maximized in
order to retain as much of the nutritional value of the food product as possible,
which nutritional value typically reduces with an increased maximum temperature.
Conversely, from a food-safety point of view, the food product should be heated to
such an extent that microorganisms are sufficiently inactivated, which typically
requires heating the food product and the optional surrounding medium to above
45 °C. Ideally, the food product and the optional surrounding medium should only
be heated to relatively low cooking temperatures at which a structure change of the
food product in terms of proteins, starch, pectins and fibres takes place but at which
the vitamins and other nutrients are retained. The predetermined maximum
temperature of the food product and/or the surrounding medium hereto typically lies
between 45 - 100 °C, and more specifically between 50 - 95 °C. If a surrounding
medium is present, the predetermined temperature difference between the food
product and the surrounding medium preferably lies between 1 - 40 °C in order to
avoid an uneven heating of the food product relative to the surrounding medium.
With said uneven heating comes the risk of cross-contamination between the food
product and the surrounding medium, as one or the other may not be heated to a
high enough temperature for the microorganisms to be inactivated. The
temperature of the medium may also be an indication for the temperature of the
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outer surface of the food product. For that reason an minimum absolute value of
the medium, or a maximum difference between the medium temperature and the

food product temperature may be set.

in a common instance the predetermined temperature of the food product and/or
the surrounding medium, and optionally the predetermined temperature difference
between the food product and the surrounding medium are set before subjecting
the food product to the pulsed electric field. This allows for the control of the pulse
protile within the boundaries of the predetermined maximum temperatures and
maximum temperature difference from the onset of the cooking process. These
predetermined values may be set by the user of a cooking device able to perform a
method according to the present invention, either directly or through the selection of
a cooking program wherein certain predetermined temperature values and
temperature differences are implemented as boundary conditions. In the latter
case, the user preferably has the choice between a number of different cooking
programs that are tailored for a specific product category or type or preferred
method of preparation in terms of the outcome of the cooking process.

in a further embodiment of the method according to the invention the sequence of
electric pulses comprises an initialization phase, in which initialization phase a
limited number of pulses, preferably less than 100 pulses, more preferably 2 - 10
pulses, is applied to the at least two opposing electrodes, and during which
initialisation phase the peak current is measured, wherein the electric pulse
sequence is terminated when the peak current measured during the initialization
phase exceeds a predetermined maximum. Said initialization phase serves to
screen the contents of the treatment chamber based on the conductivity of said
contents before the onset of the cooking process. In case the treatment chamber
contains a foreign object, such as a highly conductive packaging material, the
initialization phase will prevent the system from an electric overload. Alternatively,
the initialization phase allows the system to pick up the situation wherein the
cooking process is started without any food product present in the treatment
chamber. As the initialization phase involves the applying only a limited number of
puises to the electrodes from which the conductivity of the contents of the treatment
chamber is derived, no electric overload will occur during the initialization phase,
even if the treatment chamber should contain a highly conductive object.
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The predetermined peak current during the initialization phase should preferably
not exceed a maximum of 1000 A, and more preferably lies between 500 - 600 A.
The maximum of 1000 A ensures that the food product inside the treatment
chamber may be subjected to a sequence of pulses as part of the cooking process
without exceeding a predefined maximum power draw of the electrical system of
the cooking device. The predefined maximum power draw hereby typically lies
within the electrical requirements of an ordinary kitchen appliance, such that safe
home use of the cooking device is possible. It is however preferred that the
predetermined peak current during the initialization phase lies between 500 - 600
A, as this would leave room for increasing the pulse duration and/or the pulse
frequency beyond those during the initialization phase without overloading the
electrical system of the cooking device.

It is preferred that during the initialization phase the pulse duration is less than 100
us, preferably less than 50 us. By keeping the pulse duration below these values,
only a limited amount of energy is dissipated in the food product and/or the optional
surrounding medium while subjecting the food product and the optional surrounding
medium to the limited number of electric pulses of the initialization phase. In case
that the conductivity of the contents of the treatment chamber lies outside a
predefined range of acceptable values, it is herewith ensured that no damage is
incurred by the cooking device and electrical system thereof. It is for similar
reasons preferred that during the initialization phase the pulse frequency is less
than 200 Hz, and preferably less than 100 Hz. By limiting the pulse frequency, the
amount of energy per unit of time that is dissipated in the food product and/or the
optional surrounding medium is limited. This ensures that the electrical load on the
cooking device and electrical system thereof stays within bounds, even if the
conductivity of the contents of the treatment chamber lies outside a predefined

range of acceptable values.

in a further embodiment of the method according to the invention the electric puise
seqguence comprises a warm-up phase wherein the puise duration and the pulse
frequency are increased. An increase in the pulse duration and/or the pulse
frequency goes together with an increase in the rate at which energy is dissipated
in the food product and/or the optional surrounding medium. This would thus
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increase the change in temperature of the food product and/or the surrounding
medium, accelerating the cooking process. The warm-up phase typically comprises
an electroporation phase wherein the duration of the electrical pulses applied to the
at least two electrodes is increased. During the electroporation phase the
permeability of the cell membranes increases, which results in a release of ions
that increases the conductivity of food product, thereby further increasing the rate
at which energy is dissipated in the food product and/or the optional surrounding
medium. The warm-up phase may typically follow directly after the initialization
phase. As an effective way of increasing the energy dissipation in the food product
and/or the optional surrounding medium, during the warm-up phase the pulse
duration may initially be increased at a constant pulse frequency, after which the
puise frequency may be increased while keeping the pulse duration constant at the
last set value. The pulse duration during the warm-up phase may hereby typically
be increased to 20 - 400 ps. The pulse frequency during the warm-up phase may
typically be increased to 100 - 1000 Hz, and preferably to 100 - 500 Hz. Through
experimentation it is found that increasing the pulse duration and pulse frequency
up to these values, the food product is heated up quickly while allowing the food
product to react to the temperature increase without negatively affecting to the
quality of the product. The exact increase in pulse duration and pulse frequency is
hereby dependent on the type and characteristics of the food product and if
applicable, the optional surrounding medium. At the same time the maximum
increase in pulse duration and pulse frequency is bound by the operational limits of
the electrical system of the cooking device.

During the warm-up phase the food product may at least be heated to a
predetermined minimum temperature for the specific food product. The minimum
temperature may be sufficient for cooking the specific food product, and as a result
there is no need to exceed the minimum temperature. In order to cook the food
product to a predetermined degree and to assure that the food product is not
underdone, the warm-up phase may be followed by a constant-temperature-phase,
in which the pulsed electric field is controlled such that the food product remains its
minimum temperature for a predetermined time or until a predetermined amount of
energy is transferred to the food product, in order to allow the product to become
cooked. Constant temperature in this case means constant withing certain margins,
depending for instance but not limited to the accuracy and speed of the controller.
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There is no need to overcook the product, so after the predetermined time the
puilsed electric field may be stopped. Preferably, during the constant-temperature
phase, the pulsed electric field is controlled such that it transfers just the amount of
heat needed to cook the product (that is, the energy needed for the chemical
process to cook the product to the desired degree), with the amount of energy that
is lost to the environment, which could be very low or almost neglectable.

The method according to the invention may comprise a step of providing a
minimum temperature and a minimum time or amount of energy for one or more
food products, which data may be used to set the pulsed electric field parameters.
Figure 2 comprises an example of such table.

Not all process parameters may be measured accurately if the measurement is
performed while subjecting the food product to an electric pulse. The functioning of
the thermometers for measuring the temperature of the food product and where
applicable the surrounding medium is for example affected while placed in a pulsed
electric field. 1t is therefore advantageous if the measurement of at least one
process parameter, preferably including the temperature of the food product and/or
the surrounding medium, is performed between two consecutive pulses. As a way
of controlling and adjusting the cooking process, the pulse profile may be changed
after each pulse based on the measured value of at least one of the process
parameters. It is however also possible that the pulse profile is changed after
multiple consecutive pulses are applied to the at least two electrodes. The process
parameters may hereby be measured after each pulse, but may also be measured

once every given number of pulses.

The food product may commonly be subjected to a pulsed electric field having a
field strength of 10 - 350 V/cm. An advantage associated with the use of such
relatively low field strengths compared to those used in the field of pulsed electric
fields applied solely for antimicrobial treatment, is that it allows the method
according to the invention to be applied in household cooking devices suitable for
pulsed electric field cooking without the need for extensive safety precautions.

The exact field strength of the pulsed electric field may normally be set based on
the characteristics of the type of food product to be prepared. The field strength of
the puised electric field may be set to 30 - 130 V/cm, and preferably between 90 -
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110 V/em if the food product is a meat, including seafood, poultry and other meat. If
on the other hand the food product is a vegetable, the field strength of the pulsed
electric field may be set to 125 - 225 V/cm, and preferably between 165 — 185
Viem.

The invention further relates to a pulsed electric field cooking device configured for
performing a method for preparing a food product to be suitable for human
consumption according to the invention. The advantages of such a pulsed electric
field cooking device are closely related to those already mentioned in the
discussion of the method for preparing a food product to be suitable for human
consumption, one of the most important of which is that the quality of the cooked
product in terms of taste and appearance can be easily controlled and kept

constant between cooking instances without any user intervention.

In order to further elucidate the invention, exemplary, non-limitative embodiments
will be described with reference to the following figures wherein:
- Figure 1 shows a general outline of cooking process involving a method for
preparing a food product according to the invention is shown; and
- Figure 2 shows a table with minimum temperatures and duration times for

the constant temperature phase for a number of examples of food.

Figure 1 shows a general outline of a cooking process involving a method for
preparing a food product according to the invention. The method comprises a
preparation phase 1, wherein a food product is placed inside a treatment chamber
of a pulsed electric field cooking device. If the food product is a solid food product,
the treatment chamber is typically also filled up with a surrounding medium, which
is commonly a consumable and conductive liquid, that at least partially but
preferably fully surrounds the solid food product. The surrounding medium hereby
ensures that the food product is in conductive contact with opposing electrodes of
the treatment chamber. After the treatment chamber is loaded, a temperature
sensor is placed inside the food product, preferably in such a way that the core
temperature of the food product can be measured. In case a surrounding medium
is present in the treatment chamber, another temperature sensor is placed inside
said surrounding medium. In case the treatment chamber is fitted with a lid, this lid
is then closed at the end of the preparation phase 1.
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After the preparation phase 1, the predetermined process parameters are set as a
following method step 2. The set value of these process parameters is then used
as input for the controller 7 that changes the pulse profile based on these values
and the values of the process parameters measured during cooking. The process
parameters to be predetermined are amongst others the maximum temperature of
the food product and, in case a surrounding medium is present in the treatment
chamber, the maximum temperature of the surrounding medium. In the latter case
the maximum temperature difference between the food product and the
surrounding medium is set as well. These temperature values are dependent on
the food product to be prepared. As such, a user of the pulsed electric field cooking
device typically does not set those values directly, but choses a certain
preprogrammed cooking program that includes the setting of these values based
on the type of food product. The maximum peak current through the food product
and/or the surrounding medium is also set during method step 2. This process
parameter may likewise be set through the use of a preprogrammed cooking
program. It is however also possible that the maximum peak current is set at a
constant value independent from any preprogrammed cooking program or food
product type for safety reasons. In addition to the already mentioned process
parameters, method step 2 allows the user to set the cooking time, which is
generally the time between reaching a certain predetermined maximum
temperature of the food product and/or optionally the surrounding medium and the
termination of the cooking process. During the cooking time, the temperature of the
food product and/or the surrounding medium is thus normally held constant. As the
cooking time is related to the type of food product, it is possible that the cooking
time is set as part of selecting a preprogrammed cooking program for a certain food
product type. However, it is also possible that the cooking time is set directly by the
user based on personal preference regarding the result of the cooking process.
Finally, the food product type present in the treatment chamber may be manually
determined during this step to be used by the controller for controlling the cooking
process in dependency of the food product type. The food product type may hereby

be selected separately or as part of a preprogrammed cooking program.

Following the setting of the predetermined (maximum) process parameters in step
2 of the method, the initialization phase 3 is started. During the initialization phase
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3, a limited number of pulses is applied to the electrodes of the treatment chamber
and the peak current is measured. After subjecting the contents of the treatment
chamber to said limited number of electric pulses, the cooking process is either
terminated when the peak current measured exceeds the predetermined maximum
or continued when the peak current measured stays within the predetermined

maximum.

if the peak current measured during the initialization phase 3 stays within the
predetermined maximum, the main cooking process is commenced in method step
4 wherein the food product, and when applicable the surrounding medium, are
subjected to one or more pulses. After subjecting the contents of the treatment
chamber to the one or more pulses, at least one of the process parameters, and
preferably all of the process parameters are measured during method step 5. The
process parameters values resulting from these measurements are then fed to the
controller 7. The controller 7 subsequently compares these values with their
predetermined maximum values as determined during method step 2. This is
followed by the controller acting on the outcome of this comparison by changing or
maintaining the current profile of the electric pulses by manipulating the pulse
frequency, the pulse duration and the time between two consecutive pulses. This
process of manipulating the pulse profile is depicted as method step 6 in the figure.
In a first scenario, method step 4 is then repeated wherein the contents of the
treatment chamber are again subjected to one or more pulses with the newly
determined puise profile. In a second scenario, the controller 7 then determines
that the food product inside the treatment chamber satisfies the conditions for being
fully prepared, after which the cooking process is terminated as depicted by method
step 8. This decision to terminate the cooking process is based on the comparison
of certain predetermined values of the process parameters, including the food
product type and the total cocking time, with the history of registered values of the
process parameters measured during method step 5. Both the predetermined
values of the process parameters as well as the values of the process parameters
measured during method step 5 are hereto stored into a memory module

accessible by the controller 7.

Figure 2 shows a table comprising minimum temperatures of various food products,

to which temperature the food products should be heated during the heat-up phase



WO 2020/032796 PCT/NL2019/050520
13

and duration times for keeping the specific food products at these temperatures
during the constant-temperature phase.
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Claims

1. Method for cooking a food product to a predetermined degree, in particular a
method for preparing a food product to be suitable for human consumption,
comprising the steps of:

— placing an amount of food product, optionally in an electrically conductive
surrounding medium, in a treatment chamber comprising at least two
opposing electrodes such that the food product and/or the surrounding
medium is in electrical contact with the electrodes, and

subjecting the food product to a pulsed electric field by applying a sequence of
electric pulses generated by a pulsed electric field generator to the at least two
electrodes, wherein an electric pulse sequence has a predetermined pulse profile
defining, among others, a pulse frequency, a pulse duration and a time between
two consecutive pulses,

wherein the method comprises a warm-up phase for electroporation of the food
product, comprising:

- setting the field strength of the pulsed electric field based on the
characteristics of the type of food product to be prepared;
starting at a constant pulse frequency, initially increasing pulse duration;

— increasing the pulse frequency while keeping the pulse duration constant at
the last set value;

wherein during the subjection of the food product to the pulsed electric field the
following process parameters are monitored:

— the electric potential difference between the opposing electrodes,

- the current through the food product and/or the surrounding medium,

the temperature of the food product and/or the surrounding medium, wherein the
puise frequency, the pulse duration and the time between two consecutive pulses
are changed based on these process parameters, bound by operational limits of
the electrical system of the cooking device, in particular controlling the maximum
increase in pulse duration and pulse frequency such that the field strength of the
pulsed electric field does not decrease below the field strength set for the food
product and such that the current through the food product and/or the surrounding
medium does not exceed a predetermined peak current.
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2. Method according to claim 1, wherein the pulse duration and/or the pulse
frequency are decreased when
A) the temperature of the food product and/or the surrounding medium,
and/or
B) the temperature difference between the food product and the surrounding
medium, and/or
C) the peak current through the food product and/or the surrounding
medium

reaches a predetermined value, whichever occurs first.

3. Method according to claim 1 or 2 wherein the pulse duration and/or the
pulse frequency are decreased when the field strength of the pulsed electric field
decreases below the value set based on the characteristics of the type of food
product to be prepared.

4. Method according to claim 2, wherein the predetermined peak current
through the food product and/or the surrounding medium, the predetermined
temperature of the food product and/or the surrounding medium, are set before
subjecting the food product to the pulsed electric field.

5. Method according to any of the preceding claims, comprising providing a
minimum temperature and a minimum time or amount of energy for one or more

food products, which data may be used to set the pulsed electric field parameters.

6. Method according to claim 5, comprising a constant-temperature-phase
following the warm-up phase, in which the pulsed electric field is controlled such
that the food product remains its minimum temperature for a predetermined time or
until a predetermined amount of energy is transferred to the food product, in order
to allow the product to become cooked.

7. Method according to claim 6, wherein, during the constant-temperature
phase, the pulsed electric field is controlled such that it transfers just the amount of
energy needed to cook the product, in particular the energy needed for the
chemical process to cook the product to the desired degree.
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8. Method according to claim 6 or 7, wherein during the warm-up phase, the
food product may at least be heated to a predetermined minimum temperature for

the specific food product.

9. Method according to any of the preceding claims, comprising a surrounding
medium, wherein the predetermined temperature difference between the food

product and the surrounding medium lies between 1 - 40 °C.

10.  Method according to any of the preceding claims, wherein the sequence of
electric pulses comprises an initialization phase, in which initialization phase a
limited number of pulses, preferably less than 100 pulses, more preferably 2 - 10
puilses, is applied to the at least two opposing electrodes, and during which
initialisation phase the peak current is measured, wherein the electric pulse
sequence is terminated when the peak current measured during the initialization

phase exceeds a predetermined maximum.

11.  Method according to claim 10, wherein the predetermined peak current has
a maximum of 1000 A, and preferably lies between 500 - 600 A.

12. Method according to claim 10 or 11, wherein during the initialization phase

the pulse duration is less than 100 ps, preferably less than 50 ps.

13.  Method according any of the claims 10 - 12, wherein during the initialization
phase the pulse frequency is less than 200 Hz, preferably less than 100 Hz.

14.  Method according to any of the preceding, wherein the pulse duration during
the warm-up phase is increased to 20 - 400 ps, and/or, wherein the pulse
frequency during the warm-up phase is increased to 100 - 1000 Hz, preferably to
100 - 500 Hz.

15.  Method according to any of the preceding claims, wherein the food product
is subjected to a pulsed electric field having a field strength of 10 - 350 V/cm, in
particular wherein the field strength of the pulsed electric field is set to 30 - 130
V/em, and preferably between 90 - 110 V/cm if the food product is a meat, including

seafood, poultry and other meat, and/or wherein the field strength of the pulsed
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electric field is set to 125 - 225 V/cm, and preferably between 165 — 185 V/cm if the

food product is a vegetable or a potato.

16.  Pulsed electric field cooking device configured for performing a method for
preparing a food product to be suitable for human consumption according to any of

the preceding claims.
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