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(57) Abstract: The invention relates to a process for cooking of a food
product in a treatment chamber, wherein the treatment chamber com-

prises two opposite walls each forming an electrode. The process com-

prises the steps: (a) placing an amount of the food product, optionally
in a surrounding liquid, in the treatment chamber between the two
electrodes such that the food product and/or the surrounding liquid is
in direct contact with the electrodes; and (b) applying electric pulses
generated by a pulsed electric field generator to the electrodes such
that the food product is subjected to a pulsed electric field having a
field strength of 10 - 180 V/cm, and the total cooking time is 0.5 -
1000 seconds. Preferably, the number of pulses 7 is 1 - 2000000 and
the pulses each have a duration 4 of 1 - 20000 pseconds. The food
product and, if present, the surrounding liquid, has an electric conduct-
ivity of 0.01 - 10 S/m. The invention also relates to a cooking system
suitable for cooking a food product according to such process.
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Low field strength PEF cooking

FIELD OF THE INVENTION
[0001] The present invention relates to a process for cooking of a food product by
subjecting the food product to a pulsed electric field treatment and to a cooking system

suitable for such process.

Background
[0002] The use of pulsed clectric fields (PEF) for the treatment of food products is

known. It is in particularly known to destroy micro-organisms with high voltage bipolar
pulses. In US 5,549,041 for example is disclosed a method for inactivating
microorganisms in solid and semi-solid food products by treating the food products
with high voltage electric pulses of 20 — 100 kV/cm. In the process of US 5,549,041,
the food product is placed in a treatment chamber with horizontal electrodes and the
pulses have a very high frequency, i.e. a short pause time between two pulses, and are
preferably changing polarity. In US 5,690,978 is disclosed a process wherein a
continuous flow of liquid food product is subjected to a high voltage electric field
treatment in order to inactivate vegetative and bacterial spore microorganisms.

[0003] It is further known to use PEF as a non-thermal treatment for altering the texture
of food products. In WO 2006/121397 a process for the treatment of potatoes and other
root vegetables with electric pulses is disclosed, wherein the strength of the electric
field applied is such that pores are created in the membranes of the plant cellular
material (electroporation). Thus, the mechanical stress during a subsequent cutting or
slicing step is reduced. The process of WO 2006/121397 is a continuous process using
a relatively low electric field strengths of 0.2 — 10 kV/cm, low number of pulses of 1 —
500, and relatively low temperatures. Under these process conditions, starch does not
yet gelatinise, such that no cooking is accomplished. WO 2011/139144 describes PEF
cooking using field strengths of 0.2 — 20 kV/cm and up to 10000 pulses.

[0004] Using PEF to cause electroporation of cell membranes of potatoes is also known
from Lebkova et al. (J. Food Eng 2005, 69, 177-184). PEF is performed in the absence
of ohmic heating, and no cooking to obtain a ready-to-cat food product is

accomplished.
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Summary of the invention

[0005] It has now surprisingly be found that PEF cooking of food products may also be
achieved using significantly reduced field strength, i.c. a field strength of 10 V/cm —
180 V/cm. Such reduced field strengths greatly improve the safety of the process of
PEF cooking, as well as the cooking system and the use thereof for performing the
process of PEF cooking. Also a reduction in energy consumption is achieved with the
PEF cooking process according to the invention. PEF cooking using such reduced field
strengths is accomplished by using a total cooking time of 0.5 — 1000 seconds. The
total cooking time is the complete duration of step (b), i.e. the sum of the total
treatment time and the total pause time, wherein the total treatment time is defined as
the number of pulses # x the duration of individual pulses 7;, and the total pause time as
the number of pauses p % the duration of individual pauses 7,. Especially promising
results have been obtained in the PEF cooking of meat and fish.

[0006] In a first aspect, the invention thus relates to a process for cooking a food

product in a treatment chamber, wherein the treatment chamber comprises two opposite

walls each forming an electrode, the process comprising:

(a) placing an amount of the food product, optionally in a surrounding liquid, in the
treatment chamber between the two electrodes such that the food product and/or
the surrounding liquid is in direct contact with the electrodes; and

(b) applying electric pulses generated by a pulsed electric field generator to the
electrodes such that the food product is subjected to a pulsed electric field having a
field strength of 10 — 180 V/cm, wherein the total cooking time is 0.5 — 1000
seconds.

Herein, the food product and, if present, the surrounding liquid, has an electric
conductivity of 0.01 — 10 S/m.
[0007] A second aspect of the invention concerns a cooking system suitable for
cooking a food product according to the process as hereinbefore described, the cooking
device comprising a PEF generator and a coupling station containing or adapted to
receive one or more treatment chambers as hereinbefore defined, wherein the coupling
station is electrically connected to the PEF generator and comprises means for
electrically connecting at least one of the electrodes of cach of the one or more
treatment chambers to the PEF generator.

[0008] The major advantage associated with the present invention is the reduced field

strengths that are needed to accomplish appropriate cooking (i.e. treating the product
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until it is considered as ready-to-eat in terms of digestibility and safety) of the food
product. As such, PEF cooking and cooking systems suitable for PEF cooking become
available for many houschold applications and the extent of safety measures that need
to be taken for safe PEF cooking is greatly reduced. A further advantage of the process
and system according to the invention is the reduced energy consumption to
accomplish appropriate cooking. Generally, PEF cooking requires less energy as
conventional cooking, which may be attributed to the greatly reduced cooking times.
As such, PEF cooking becomes available for mobile application, in which the cooking
system is run on the energy of a (rechargeable) battery, such as the one used in
vehicles. As the PEF cooking system is compact in size and may easily be applied or
built in a vehicle, it is ideally suited for mobile applications, such as cooking system for
cars, trucks, campers, sailing boats, motor boats and the like. A particular advantage for
application in sailing boats is that the PEF system according to the invention may be
designed as such that spillage of liquid from the food product and/or the surrounding
liquid during cooking is reduced to a minimum or even completely prevented when
sailing at an acute angle with the water surface for prolonged periods, which disables
the use of conventional cooking techniques.

[0009] A further advantage of the process according to the invention is that cooking of
food products is accomplished within the food safety requirements (i.e. sufficient
heating and microorganism inactivation) while keeping the weight loss of the food
product at a minimum. Such reduced weight loss is highly desirable in view of the
improved quality (e.g. tenderness) of the cooked food product, but also for economic
reasons, reducing loss in material during cooking. Weight loss is considerably reduced
when cooking according to the present invention. Typically, up to 25 % of the weight
or more is lost during conventional cooking process, while cooking according to the

present invention typically shows a weight loss of 5 — 15 %.

Detailed description

[0010] The invention relates to a process for cooking a food product by means of a
Pulsed Electric Field (PEF) treatment. In step (a) of the process according to the
invention, an amount of the food product, optionally in a surrounding liquid, is placed
in the treatment chamber between the two electrodes such that the food product and/or
the surrounding liquid is in direct contact with the electrodes. The food product may be

a liquid food product or a solid food product. In case the food product is a solid food
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product, the food product is preferably placed in a surrounding liquid between the
electrodes.

[0011] The food product has an electric conductivity in the range of from 0.01 to 10
S/m, preferably of from 0.1 to 5 S/m, more preferably of from 0.3 to 3 S/m. In case the
food product is a solid food product and is placed in a surrounding liquid between the
electrodes, both the food product and the surrounding liquid have an electric
conductivity (o) in the range of from 0.01 to 10 S/m, preferably of from 0.1 to 5 S/m,
more preferably of from 0.3 to 3 S/m. The eclectric conductivity is preferably
determined at the initial temperature of the food product. The surrounding liquid, if
used, is surrounding the food product, i.e. the food product is fully immersed in the
liquid. The surrounding liquid may be any liquid suitable for cooking the food product
in, for example water, milk, a sauce, broth or stock, a soup, a salt solution or any other
suitable cooking liquid. The surrounding liquid is typically water-based, i.e. it consists
of water as liquid component with suitably components dissolved therein, such that the
electric conductivity is in the required range.

[0012] The food product may be any liquid or solid food product that needs to be
heated in order to prepare a ready-to-cat product. Examples of suitable food products
are raw meat, poultry, fish, in particular pieces of braising meat, uncooked vegetables,
raw potatoes or potato products, raw eggs or egg products, meat substitutes or
composed food product comprising two or more of such food components (e.g. sauces,
soups). Preferred food products that may be used in the process according to the
invention is raw meat, raw fish or meat substitutes, more preferable raw meat or raw
fish. Most preferably, the food product is or contains meat and/or fish. The inventors
have obtained excellent results, particularly in terms of excellent homogeneity at
desired low temperatures and short times, in cooking meat and fish using the process
according to the invention, while these specific food products are generally considered
most difficult to cook well, in particular homogenous, using conventional methods.
Moreover, such homogeneity has not been observed with PEF cooking of meat and fish
with higher field strengths. In one embodiment, the process according to the invention
is used to cook (or to prepare) a complete meal, preferably a nutritionally balanced
meal. Different components of the complete meal are conveniently cooked
consecutively. In this respect, the system according to the invention as described
further below comprising two or more treatment chambers is particularly useful, as

multiple food products may be placed in different treatment chambers, and the PEF
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treatment of step (b) is performed simultancously (when each treatment chamber is
connected to a separate PEF generator) or consecutively or parallel (when a single PEF
generator is connected to all treatment chambers). Preferably, the different components
are cooked consecutively and a single PEF generator is comprised in the system
according to the invention. Reference herein to “cooking” is to heating the food product
to such extent that it considered as ready-to-cat in terms of palatability, digestibility and
safety. The process is typically intended to prepare food products for human
consumption. In order to make food products sufficiently digestible and safe for
consumption, starch may for example need to be sufficiently gelatinised, enzymes and
other proteins to be sufficiently denatured, contaminant micro-organisms to be killed. It
will be appreciated that the extent to which a product needs to be heated to be
considered as sufficiently cooked, will strongly depend on the food product to be
cooked and on prevailing regulatory requirements. Even food products that may be
consumed safely without cooking may be cooked using the process according to the
invention. The skilled person knows how to determine whether a feed product is
cooked, in terms of palatability, digestibility and safety. Although some leakage of
traces of components (e.g. molecules) from the food product (e.g. from cells to the
surroundings) during the present process cannot be completely excluded, the process
aims to retain as many components as possible in order to ensure a full taste of the
cooked food product and to keep its nutritional value as high as possible. The inventors
found that when using the process parameters as defined herein, in particular the
electric field strength and the total cooking time, the cooked food products have
optimal taste and appearance, in terms of colour, natural taste and smell, flakiness,
tenderness, juiciness, structure and chewability, even for meat and fish products. The
quality of these food products, cooked using the process according to the invention,
was considered equal to or even superior to the quality of the same food products
cooked by professional cooks using conventional methods.

[0013] In the process according to the invention, electric pulses generated by a pulsed
electric field generator are applied to the electrodes of the treatment chamber once the
food product and optionally the surrounding liquid have been placed in the treatment
chamber. Thus, the food product and, if present, the surrounding liquid are subjected to
a pulsed electric field. The electric field thus applied between the electrodes has a
strength £ in the range of from 10 V/cm to 180 V/cm, preferably from 12 V/cm to 150
V/cm, more preferably from 20 V/em to 100 V/em. In a preferred embodiment, the
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polarity of the electric field that is established between the two electrodes is reversed
for every pulse, which reduces the chance of damage to the electrodes during operation.
The total treatment time and the total pause time may be freely chosen, as long as the
sum thereof (i.e. the total cooking time) is in the range of 0.5 — 1000 seconds,
preferably 1 — 600 seconds, more preferably 2 — 300 seconds, even more preferably 5 —
180 seconds, most preferably 10 — 120 seconds. Likewise, the number of pulses (x), the
pulse duration (7;) and the time of individual pauses (7,) may be freely chosen within
the requirements set for the total cooking time. It will be understood that between each
set of two pulses there is a pause. Thus, the total number of pauses (p) is one less than
the total number of pulses, which is conveniently approximated as p = n. The total
cooking time may thus be calculated by n x (7; + 7).

[0014] Preferably, n ranges from 1 to 2000000, more preferably from 5000 to 1000000,
even more preferably from 10000 to 500000, even more preferably from 50000 to
250000, most preferably from 70000 to 150000. Preferably, 7 is in the range of 1 to
20000 pseconds, more preferable of from 5 to 10000 useconds, even more preferable
of from 10 to 1000 useconds, most preferable of from 20 to 100 useconds. As will be
understood, some variation in the duration of individual pulses may occur, but the
spread in pulse duration generated by a PEF generator is usually very narrow.
Preferably, 7 is substantially constant, i.e. the variation in pulse time is less than 10 %
of the pulse time. To account for some slight spread in pulse duration, 7; may also be
referred to as the “average pulse duration”. Between two pulses there is a pause time.
The duration of the pause time (7,) may be any suitable time, preferably in the range of
10 useconds to 500 ms, more preferable of from 100 useconds to 100 ms, even more
preferable of from 250 useconds to 25 ms, most preferable of from 0.5 to 1 ms. 7, may
vary during the total duration of the PEF treatment in step (b), but preferably it is
substantially constant, i.c. the variation in pause time is less than 10 % of the pause
time. The total treatment time, i.e. n X 1, preferably is 0.5 — 500 s, more preferably 0.5
— 100 s, even more preferably 1 — 25 s, most preferably 2 — 5 s. Such small 7, values
not only enable short cooking times as defined herein, but in combination with the total
treatment time also render the cooking process according to the invention highly
flexible in controlling the microscale processes that occur within the food product. The

amount of heating and structural deformation (e.g. denaturation of proteins,
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gelatinization of starch) may be carefully controlled by adjusting the process
parameters, while at the same time keeping the total cooking time desirably short.

[0015] A total duration of step (b), i.c. the total cooking time, in the range of from 10
seconds to 2 minutes is particularly preferred. It will be appreciated that the total
treatment time as well as the total duration of step (b) needed for cooking the food
product will strongly depend on the food product to be cooked. Gelatinization of potato
starch for example, needs a longer treatment time than denaturation of proteins or
killing of micro-organisms. It will be appreciated that the optimum for the strength of
the electric field, the total treatment time and the total duration of step (b) will strongly
depend on the type and size of the food product to be cooked. For a specific food
product, the combination of parameters will have to be optimized in order to obtain a
ready-to-cat product with the desired degree of cooking. It is within the skills of the
skilled person to optimize the PEF treatment. For a piece of meat to be braised for
example, it is preferred to cook until the meat has obtained a temperature in the range
of from 45 to 85 °C. For raw potatoes or a product comprising raw potatoes, the
cooking treatment should be such that starch gelatinization has taken place to the extent
that the product is ready-to-cat.

[0016] The process according to the invention causes an increase in energy density of
the food product and optionally surrounding liquid. The increase in energy density
(AU) is conveniently calculated as the electrical input, according to: AU = o x E* X n X
T, = o x E* x total treatment time. Herein, o is the electric conductivity of the food
product and optional surrounding liquid and £ is the electric field strength. Preferably,
the process according to the invention imparts an energy density increase of AU = 10
kJ/L — 1 MJ/L on the food product and the optional surrounding liquid, more preferably
AU = 100 — 500 kJ/L, most preferably AU = 125 — 420 kJ/L. Preferably, the cooking
process according to the invention comprises heating the food product to achieve a
temperature increase of the product of at least 20 °C, preferably at least 30 °C, more
preferably at least 40 °C. Typically, the temperature increase is not more than 140 °C,
preferably not more than 125 °C, more preferably not more than 100 °C. For solid food
products, reference is made to the core temperature. Such heating of the food product is
a direct consequence of the energy density increase. Conveniently, the initial
temperature of the food product and optionally the surrounding liquid is at or near
fridge temperature (i.e. 0 — 10 °C) or at or near room temperature (i.e. 18 — 25 °C),

preferably at or near fridge temperature. The initial temperature is thus preferably 0 —
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30 °C, more preferably 2 — 25 °C, even more preferably 3 — 10 °C, most preferably 4 —
7 °C. As will be appreciated by the skilled person, the desired temperature of the food
product at the end of step (b) highly depends on the type of food product. Typically, the
end temperature is at least 50 °C, such as 55 — 100 °C, more preferably 65 — 85 °C.
Lower end-temperatures are undesirable from a food-safety point of view, as sufficient
inactivation of microorganisms only occurs above 50 °C. It should be noted that the
temperature raise is accomplished by the application of the pulsed electric fields in step
(b), referred to as ohmic heating, and no separate (thermal) heating of the food product
is required. Thus, it is preferred that the cooking process according to the invention
comprises ohmic heating the food product to achieve a temperature increase of the
product of at least 20 °C, preferably at least 30 °C, more preferably at least 40 °C.
[0017] When step (b) is terminated, the cooked food product is conveniently
discharged from the treatment chamber. If used, the surrounding liquid may also be
discharged from the treatment chamber. Alternatively, all or part of the surrounding
liquid is retained in the treatment chamber and used as surrounding liquid for another
solid food product that will be cooked in the treatment chamber. If an amount of food
product is to be cooked using the process according to the invention that exceeds the
size of the treatment chamber, a discrete amount of the food product is placed in the
treatment chamber in step (a), cooked by subjecting the food product, optionally in a
surrounding liquid, to a pulsed electric field in step (b) and the cooked food product is
subsequently discharged from the treatment chamber, after which the next discrete
amount of the food product is subjected to the process according to the invention. Thus,
in a particular embodiment, the process according to the invention is a batch-wise
process. In one embodiment, the process according to the invention is for consecutively
(parallel) cooking of two or more food products, wherein each of the food products is
placed in a separate treatment chamber and cooked according to the process of the
invention.

[0018] The process according to the invention may comprise an additional step
between steps (a), i.e. placing the food product and optionally surrounding liquid in the
treatment chamber, and step (b), i.e. cooking the food product by means of a pulsed
electric field treatment. In the additional step, the food product placed in the treatment
chamber is subjected to a pretreatment wherein it is subjected to a pulsed electric field
under such conditions that electroporation but no substantial heating takes place.

Reference herein to no substantial heating is to less than 15 °C temperature increase of
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the food product, preferably less than 10 °C temperature increase, more preferably less
than 5 °C temperature increase.

[0019] In a preferred embodiment of the invention, two or more food products are
separately cooked in separate treatment chambers. Each of the two or more food
products is cooked according to the process according to the invention. Thus, two or
more treatment chambers are needed. Each of the separate treatment chambers is a
treatment chamber as defined below. Each of the two or more food products is placed
in a separate treatment chamber. Preferably, the two or more treatment chambers are
contained adjacent to each other in a common housing. The food products in the
separate chambers may be cooked parallel, i.e. simultancously, by subjected the food
products at the same time to a pulsed electric field by simultancously applying electric
pulses to the electrodes of each treatment chamber. It will be appreciated that parallel
cooking can only be achieved by connecting at least one of electrodes of each treatment
chamber to a separate PEF generator, such that electric pulses can be applied to the
electrodes of cach treatment chamber simultancously. Preferably, a common PEF
generator is used and at least one electrode of each pair of electrodes, i.e. of one
treatment chamber, is connected to the common PEF generator. When using a common
PEF generator, the two or more food products are cooked consecutively, ie. by
applying electric pulses to the electrodes of one chamber until the product in the
chamber is sufficiently cooked and then applying electric pulses to the electrodes of
another chamber until the product in that chamber is sufficiently cooked, etc. Since the
treatment time for each food product is relatively short, i.e. typically within minutes,
different components of a meal can suitably be cooked serially in order to prepare a
complete meal. Preferably, each of the two or more food products is a component of a
meal and the two or more food products together form a meal.

[0020] The process according to the invention employs the treatment chamber as
described below. Preferably, the treatment chamber is comprised in the system

according to the invention as described below.

Treatment chamber

[0021] The treatment chamber which is used in the process or the system according to
the invention has two opposite side walls that each form an electrode. The two opposite
electrode side walls may or may not be parallel to each other. In one embodiment, the

two opposite electrode side walls are substantially parallel to each other, i.e. they have
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an angle with each other of at most 5°, more preferably at most 1°, most preferably they
are completely parallel to each other. In an alternative embodiment, the two opposite
electrode side walls are slightly off-parallel to each other, i.c. they have an angle with
cach other of 1° — 30°, more preferably 5° — 15°, most preferably about 10°. In one
embodiment, each of the two opposite electrode side walls has an angle with the
vertical plane of at most 45°, preferably at most 30°, more preferably at most 10°, most
preferably at most 5°. Such configuration of the electrodes is referred to as
“substantially vertical”. In a preferred embodiment the treatment chamber has two
opposite vertically-extending electrodes. In an alternative embodiment, each of the two
opposite electrode side walls has an angle with the horizontal plane of at most 45°,
preferably at most 30°, more preferably at most 10°, most preferably at most 5°. Such
configuration of the electrodes is referred to as “substantially horizontal”. In a preferred
embodiment the treatment chamber has two opposite horizontally-extending electrodes.
Thus, in a particularly preferred embodiment, the electrode walls are vertically-
extending or horizontally-extending, most preferably they are vertically-extending. In
case the electrode side walls are substantially vertical, it is preferred that the electrode
side walls are slightly off-parallel, i.c. they have an angle with each other of 1° — 30°,
more preferably 5° — 15°, most preferably about 10°. In case the treatment chamber has
such slightly off-parallel substantially vertical electrodes, it is preferred that the
distance between the electrodes at the lower end of the chamber is smaller than the
distance between the electrodes at the upper end of the treatment chamber. Thus, the
electric field applied over the electrodes is stronger at the lower end than at the upper
end, thus compensating for heat losses through convection at the lower end of the
treatment chamber. As such, ohmic heating occurs uniformly over the entire treatment
chamber. A further advantage of such configuration of the electrode walls is that the
placing and discharging of the food product and optionally the surrounding liquid
in/from the treatment chamber in step (a) is greatly facilitated.

[0022] The configuration of the treatment chamber and the electrodes should be such
that all of the food product and, if present, the surrounding liquid is subjected to the
pulsed electric field. Thus, in step (a) all of the food product and optionally the
surrounding liquid is placed between the two electrodes. In case the treatment chamber
contains two vertically-extending electrodes, the liquid level in the treatment chamber
when the food product, optionally in the surrounding liquid, is placed in the chamber,

should be below the upper end of the electrodes. In case the treatment chamber contains
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two horizontally-extending electrodes, the treatment chamber when the food product,
optionally in the surrounding liquid, is placed in the chamber, should be filled with
liquid such that the liquid levels is in contact with the upper electrode. The presence of
air bubbles should preferably be avoided. Thus, while the amount of food product and
optionally surrounding liquid, which is placed in the treatment chamber in step (a), is
casily varied when employing substantially vertical electrodes, the use of substantially
horizontal electrodes typically limits the total volume of food product and optionally
surrounding liquid to the total volume of the treatment chamber. Hence, the use of
substantially vertical electrodes is preferred.

[0023] The treatment chamber may be of any form and size. Conveniently, differently
formed and sized treatment chambers are designed as such that they fit in the same
system as described further below. It will be appreciated that the size of the treatment
chamber is preferably adapted to the size of the food product to be cooked. In a
particularly preferred embodiment, the treatment chamber has a rectangular cuboid
shape, defined by four vertically-extending side walls and a rectangular bottom. It is
particularly preferred that two opposite side walls of the four vertically-extending side
walls each form a vertically-extending electrode. Thus, the treatment chamber is
provided with two parallel, spaced-apart, vertically-extending electrodes. Generally, the
space between the two electrodes is 0.5 — 50 cm, preferably 1 — 20 cm, more preferably
1 — 10 cm, even more preferably 2 — 10 cm, most preferably 3 — 7 cm. In case of a
larger distance, the strength of the voltage pulses to be applied to the electrodes in order
to achieve the desired field strength would become undesirably high. In order to have a
sufficiently large treatment chamber for cooking typical sizes of food products, the
distance between the side walls defining the treatment chamber that are not forming
electrodes, is typically larger than the distance between the two electrode side walls.
Preferably, the distance between opposite side walls without electrodes is at least two
times, more preferably at least three times, the distance between the two electrodes.
Nevertheless, the distance between the opposite electrode walls should be sufficient for
interposition of typical food products, such as chicken or fish filet, preferably with no
or minimal need for cutting of the food product to reduce its size. Hence, distances of at
least 2 cm or even at least 3 cm are preferred. The total volume of the treatment
chamber is preferably 100 mL — 10 L, more preferably 500 mL — 5 L, most preferably 1
-2L.



10

15

20

25

30

WO 2016/008868 PCT/EP2015/066021

12

[0024] Any further surfaces, other than the two electrode walls, that are defining the
treatment chamber, typically two other side walls and a bottom, are made of electrically
insulating material, i.e. a material that does not conduct an electric current, under the
influence of an electric field. The upper end of the treatment chamber is preferably
covered, more preferably by a removable top cover, i.¢. a top cover that can be lifted or
removed when filling the treatment chamber with food product and/or surrounding
liquid, and closed when the PEF cooking system is operating.

[0025] In the process according to the invention, one of the two electrodes of the
treatment chamber, referred to as the “voltage electrode”, may be electrically connected
to the pulsed electric field generator. The other electrode is then a grounded electrode
and the electric field generator applies voltage pulses to the voltage electrode.
Alternatively and preferably, both electrodes are connected to the pulsed electric field
generator. The generator is then applying, in pulses, an electric potential difference
over the two electrodes. The pulsed electric field generator applies thus electric voltage
pulses to the electrode(s) such that the food product and the surrounding liquid placed
between the two electrodes are subjected to a pulsed electric field. During these pulses,
the electric field between the two electrodes has a strength in the range from 10 V/ecm
to 180 V/cm, preferably from 12 V/em to 150 V/cm, more preferably from 20 V/cm to
100 V/ecm. In a preferred embodiment, the polarity of the electric field that is
established between the two electrodes is not reversible. The area of a single electrode
wall is conveniently adapted to the size and shape of the treatment chamber. It will for
example be understood that for a treatment chamber with a given volume the electrode
arca increases when the distance between the electrodes decreases. To establish a stable
electric field between the two electrodes of the treatment chamber, it is preferred that
the electrodes have substantially the same area. Preferably, each of the two electrode
walls has an area of 50 — 1000 cm’, more preferably 100 — 500 cm’, most preferably
250 — 350 cm’. An electrode area of about 300 cm’ is particularly suitable for a
treatment chamber with a volume of about 1 L.

[0026] Preferably, the treatment chamber is comprised in the system according to the
invention as described below. Preferably, the treatment chamber within said system
comprises a top cover, more preferably a removable top cover, for example a hinged
cover lid, such that food product and surrounding liquid can be placed in the treatment

chamber via the upper end of the chamber. A removable top cover refers to a cover
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capable of covering the upper end of the treatment chamber that may be removed from

the upper end, typically by lifting the cover.

System

[0027] The invention also concerns a cooking system suitable for cooking a food

product according to the process of the invention. The cooking system comprises:

(a) a PEF generator;

(b) a coupling station (1) containing or adapted to receive one or more treatment
chambers (8) as hereinbefore described; and,

(c) in case the coupling station (1) is a coupling station (1) adapted to receive one or
more treatment chambers (8), one or more treatment chambers (8) as hereinbefore
described adapted to be placed in and removed from the coupling station (1).

[0028] The coupling station (1) is electrically connected to the PEF generator,

preferably via a cable (4), and comprises means for electrically connecting at least one

of the electrodes (9) and (9’) of each of the one or more treatment chambers (8), when
contained in the coupling station (1), to the PEF generator. The coupling station (1) is
thus a station capable to make an electric connection between the PEF generator and
the electrode(s) (9) and (9°) of the one or more treatment chambers (8). In case the
coupling station (1) contains or is adapted to receive two or more treatment chambers
(8), the coupling station (1) comprises means for electrically connecting the
electrode(s) (9) and (9°) of each of the two or more treatment chambers (8) to the PEF
generator. The process according to the invention does not require the system to cope
with high electric potentials, i.e. potentials of 600 V or higher, so it is preferred that the
electric wiring and connections are conventionally isolated, e.g. using PVC, cross-
linked polyethylene or silicone isolation. The operating voltage of the system is
preferably limited to 600 V, more preferably to 500 V. Such low operating voltage
limits cannot be employed in known systems for cooking a food product using PEF.
Since heating of the food product is preferably accomplished by ohmic heating, the
system of the invention does not require a means for thermal heating of the food
product, such as a boiler, furnace, heat pump or radiator. In a preferred embodiment the
system of the invention does not comprise a means for thermal heating of the food
product, such as a boiler, furnace, heat pump or radiator. It is preferred that the
treatment chamber is thermally isolated in order to minimize the amount of heath loss

during step (b). In case of two or more treatment chambers (8), the coupling station (1)
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preferably comprises switching means for switching on and off the electrical
connection between a set of electrodes (9) and (9°) of an individual treatment chamber
(8) and the PEF generator.

[0029] Preferably, the coupling station comprises a removable top cover (3) capable of
covering the one or more treatment chambers (8), when contained in the coupling
station (1). More preferably, the removable top cover (3) is adapted to close the
electrical circuit or provided with means to close the electrical circuit only when the top
cover (3) is closed. Preferably, such means are present for each treatment chamber
present in the system. It will be understood that the electrical circuit is only closed in
case a food product and optionally an appropriate surrounding liquid is present in the
treatment chamber (8). Conveniently, this is accomplished by including contact
elements (10) in the top cover (3) that are part of the electrical circuit or by including a
non-conductive element (11) that upon closure of the top cover (3) presses two contact
elements (12) and (12°) together that are part of the electrical circuit. As such, the
electric circuit is closed and the system operable only when the top cover (3) is
covering the treatment chamber(s) (8), while no electric field can be generated when
the top cover (3) is not covering the treatment chamber(s) (8), which greatly increases
the safety of the system. Contact elements typically are an elongated contact elements
that contacts the electrode or another contact element over its length (when the top
cover (3) is covering the treatment chamber (8)), such that a sufficient contact arca
between the contact clement and the eclectrode or the further contact element is
provided for applying the desired electric current pulses to the electrodes and to prevent
undesired phenomena such as for example arching. It is especially preferred that the
user of the system has to exert an amount of force to close the top cover (3), wherein
the amount of force exceeds the force exerted on the top cover (3) by gravity (i.e. the
user has to press the top cover shut). It is also preferred that a safety system is in place,
which ensures that the top cover (3) is not easily (e.g. by accident) opened when the
system is in use. Such a safety system suitably contains a switch or handle that needs to
be switched or a button that needs to be pressed to open the top cover. Preferably, this
means for opening the top cover is disabled when the system is in use.

[0030] Thus, in a first especially preferred embodiment, the removable top cover (3)
comprises one or more contact elements (10) as hereinbefore described, wherein each
of the one or more the contacts elements (10) is electrically connected to the PEF

generator and adapted to contact one of the electrodes (9) of the one or more treatment
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chambers (8) when the top cover (3) covers the one or more treatment chambers (8),
such that the electrode(s) (9) are then electrically connected to the PEF generator.
Preferably, the top cover (3) comprises one or more scts of two contact elements (10)
and (10°) as hereinbefore described. The contact elements (10) and optionally (10”) are
suitably placed on the inside of the removable top cover (3), i.e. the side which forms
the top side of the treatment chamber(s) (8) when the top cover (8) is covering or
closing the treatment chamber (8). Each contact element (10) or (10°) of a set is
adapted to contact the other electrode (9) and (9’) of one treatment chamber (8). In case
of two or more treatment chambers (8), the top preferably comprises one contact
element (10) or, preferable, one set of two contact elements (10) and (10°) for each
treatment chamber (8).

[0031] In an second especially preferred embodiment, the removable top cover
comprises a non-conductive element (11) and at least one of the walls of the treatment
chamber (8) forming an electrode (9) is electrically connected to or equipped with a
first contact element (12) and the coupling station (1) comprises a second contact
element (12°) in electric connection with the PEF generator. The non-conductive
element (11) is suitably placed on the inside of the removable top cover (3), i.c. the side
which forms the top side of the treatment chamber(s) (8) when the top cover (8) is
covering or closing the treatment chamber (8), and the top cover (3) is not part of the
electric circuit connecting the electrodes (9) and (9”) with the PEF generator. At least
one of the contact elements (12) or (12°) is of resilient nature and the other contact
element (12) or (12°) may be resilient or rigid, and the non-conductive element (11) is
preferably designed as such that it pushes the resilient contact element (12) or (127)
against the second contact element (12) or (12”) or that it pushes two resilient contact
elements (12) and (12°) together upon closing of the top cover (3) (i.e. covering the
treatment chamber (8)), thereby contacting both contact elements (12) and (12°) and as
such bringing the electrode (9) connected to or equipped with a contact element (12) in
electric connection with the PEF generator. Preferably, both electrodes (9) and (9°) of
the treatment chamber (8) are electrically connected to or equipped with a first contact
element (12) which is brought in contact with the second contact element (12°) in
electric connection with the PEF generator by the non-conductive element (11) upon
closing of the top cover (3). In case of two or more treatment chambers (8), a pair of
contact elements (12) and (12”) as described hereinabove is present for at least one,

preferably two, of the electrodes (9) and (9°) of each treatment chamber (8). For proper
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functioning of the system, it is irrelevant which of the contact elements is connected to
the PEF generator and which is connected to an electrode. Likewise, it is irrelevant for
proper functioning which of the electrodes is connected to or equipped with a contact
element. In case of two or more treatment chambers (8), a non-conductive element (11)
as described hereinabove is present for at least one, preferably two, of the electrodes (9)
and (9’) of each treatment chamber (8). The force needed for the non-conductive
element (11) to bend the one or two resilient contact elements is suitably provided by
the user of the system by closing the removable top cover (3). A further advantage
associated with the design of the system according to this embodiment is that the top
cover (3) does not need to be connected to the PEF generator, such as via cable (4),
which is preferable in view of the removable nature of the top cover (3).

[0032] In case of two or more adjacent treatment chambers (8), the two or more
treatment chambers (8) are preferably covered by a common removable top cover (3).
More preferably, the removable top cover (3) comprises two or more contact elements
(10), preferably two or more sets of two contact elements (10) and (10”) or two or more
non-conductive elements (11) as hereinbefore described, i.e. one (or one set) for each
treatment chamber (8). If present, each contact element (10) is contacting one of the
electrodes (9) of one treatment chamber (8) when covering the treatment chamber (8),
more preferably the removable top cover (3) comprises two or more sets of two contact
elements (10) and (10’) as hereinbefore described, each contact element (10) and (10°)
of one set contacting the other of the two electrodes (9) and (9”) of one treatment
chamber (8) when the top cover (3) covers the treatment chamber(s) (8) and thus
electrically connecting each of the electrodes (9) and (9°) to the PEF generator. In case
of two or more treatment chambers (8) and a removable top cover (3) with two or more
(sets of) contact elements (10) and (10°), the coupling station (1), preferably the top
cover (3) preferably comprises switching means for switching on and off the electrical
connection between a set of contact element (10) and (10°) and the PEF generator. If
present, each non-conductive elements (11) pushes a resilient contact element (12) or
(12°) against a second contact element (12) or (12°) or pushes two resilient contact
elements (12) and (12’) together, thereby bringing both contact elements (12) and (12”)
in contact with each other.

[0033] In a preferred embodiment, the coupling station (1) is adapted to receive the one
or more treatment chambers (8) and the system further comprises the one or more

treatment chambers (8), adapted to be placed in and removed from the coupling station
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(1). To this effect, the coupling station (1) preferably contains a housing (2) comprising
compartments (6) adapted to receive the one or more treatment chambers (8). All
treatment chambers (8) may be comprised in a single unit (7), adapted to be placed in
and removed from the coupling station (1), preferably in the compartments (6) of the
housing (2). Alternatively, the one or more treatment chambers (8) may be individual
entities that may individually be placed in the coupling station (1), preferably in a
compartment (6) of the housing (2). The advantage of a system with such removable
treatment chamber(s) (8) and/or a removable unit (7) with one or more treatment
chambers (8), is that the food product(s), optionally together with surrounding liquid,
can be placed in the treatment chamber(s) (8), optionally contained in the unit (7) prior
to placing such unit in the coupling station (1). In addition, the size and/or shape of an
individual treatment chamber (8) may be adapted to the size and/or type of food
product. The treatment chamber (8) may for example be smaller than the space in the
coupling station (1), e.g. a compartment (6) of the housing (2), that is available for
receiving the treatment chamber (8), which may be convenient for smaller food
products. Likewise, the treatment chamber (8) may be cuboidly shaped or may be of
any other shape, as long as the treatment chamber comprises two opposite side walls
that each form electrodes (9) and (9’). The other walls (16) and bottom (17) of
electrically insulating material may give any form to the treatment chamber, as long as
it fits in the space in the coupling station (1) that is available for receiving the treatment
chamber (8). As such, differently sized and/or formed treatment chambers (8) may be
used in combination within the same coupling station (1), without the need of changing
the entire system.

[0034] At least a wall defining the one or more treatment chambers in such removable
unit may be perforated. Reference herein to a perforated wall is to a wall comprising
one or more openings through which liquid can enter the treatment chamber, whilst
solid food product is retained in the chamber (8). An advantage of a cooking system
comprising with perforated treatment chambers (8) (baskets), preferably contained in a
removable unit, is that a solid food product to be cooked may be placed in the treatment
chamber without surrounding liquid and that the surrounding liquid may be placed
either directly in a chamber of the coupling station (1) adapted to receive one of the
treatment chambers (8) or, preferably, in a separate housing (2) adapted to receive the
unit, in a compartment (6). It is preferred that said housing (2) is fixedly contained in

the coupling station (1), but in an alternative embodiment, said housing (2) is adapted
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to be placed in and removed from the coupling station (1). In a preferred embodiment,
the system comprises a removable unit (7) comprising one or more perforated treatment
chambers (8) and a housing (2) for receiving such unit (7), which housing (2) is
adapted to be placed in and removed from the coupling station (1). It is especially
preferred that one or more treatment chambers (8) are individually adapted to be placed
in the coupling station (1), preferably in the compartments (6) contained in housing (2).
Such individually removable treatment chambers (8) provide great ease of using the
system, especially in case more than one treatment chamber is present. Single treatment
chambers may be filled with food product and optionally surrounding liquid and placed
in the coupling station, without the need of removing other treatment chambers from
the coupling station or placing other treatment chambers in the coupling station.
Moreover, during step (b) of the process according to the invention, the individual
treatment chambers may conveniently be controlled, i.e. the parameters (e.g. total
cooking time, total treatment time, E, n, 7, AU, 15, e¢tc) may be adjusted for optimal
cooking results of the food product in question. The walls of such individually
removable treatment chambers (8) may be perforated or not. In case the process
according to the invention is carried out in a cooking system with one or more
removable treatment chambers (8), optionally contained in a unit (7) and a separate
housing (2) for receiving such unit, step (a) of the process according to the invention
preferably comprises placing the food product and optionally the surrounding liquid in
the treatment chamber (8), said treatment chamber (8) being adapted to be placed in the
coupling station (1), is placed in the coupling station (1), in particular in a compartment
(6) contained in housing (2). In case the process according to the invention is carried
out in a cooking system with one or more removable treatment chambers (8),
preferably contained in a unit (7) and a separate housing (2) for receiving such unit,
step (a) of the process according to the invention preferably comprises placing the
surrounding liquid in the housing (2), in particular in a compartment (6) therein, said
housing (2) being adapted to receiving the one or more perforated treatment chambers
(8), preferably contained in the unit (7), and placing the solid food product in the one or
more treatment chambers (8). The treatment chamber(s) (8) or the unit (7) is then
placed in the housing (2) such that the solid food product is immersed in the
surrounding liquid. In case the food product is not fully immersed in surrounding
liquid, additional surrounding liquid is added such that the liquid level is above the
upper end of the food product. In order to subject the food product to the pulsed electric
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field, housing (2) and treatment chamber(s) (8) or unit (7) are placed in the coupling
station (1) and the electrodes (9) and (9’) are electrically connected to the PEF
generator. It will be appreciated that the treatment chamber(s) (8) or the unit (7) may be
placed in the housing (2) prior to or after the housing (2) has been placed in the
coupling station (1).

[0035] The treatment chamber(s) (8), the unit (7) and/or the housing (2) may be
provided with handles or other means for holding the treatment chamber(s), unit and/or
housing to facilitate placing them in or removing them from the coupling station (1).

Such means are well-known in the art.

Figures

[0036] In Figure 1 is schematically shown a perspective view of a coupling station (1)
according to the invention, showing the housing (2) comprising three compartments (6)
adapted to receive a unit (7) comprising three treatment chambers (8), and a hinged top
cover (3). The coupling station (1) is electrically connected to a PEF generator (not
shown) via a cable (4). Unit (7) is adapted to be placed in housing (2). Each treatment
chamber (8) has two opposite side walls that each form a pair of two parallel vertically-
extending electrodes (9) and (9°). The bottom and the two other side walls of each
treatment chamber (8) are made of electrically insulating material. Hinged top cover (3)
is capable of closing the system by covering unit (7) and treatment chambers (8).
Preferably, coupling station (1) is connected to a single PEF gencrator and the
electrodes (9) and (9°) of one treatment chamber (8) are connected to the PEF generator
when unit (7) with treatment chambers (8) is placed in housing (2), i.e. the treatment
chambers (8) are contained in coupling station (1). The system, preferably the coupling
station (1), is then provided with switching means able to connect the different
treatment chambers (8) consecutively, i.e. one after the other, to the PEF generator.
[0037] In Figure 2a is shown a preferred embodiment of the top cover (3), provided
with three sets of contact elements (10) and (10°). When unit (7) with treatment
chambers (8), or when three individual treatment chambers (8), is/are placed in housing
(2), 1.e. the treatment chambers (8) are contained in coupling station (1), and top cover
(3) is closing housing (2) of coupling station (1), contact elements (10) and (10”) are
contacting electrodes (9) and (9’), respectively, such that electrodes (9) and (9°) are

each connected via coupling station (1) and cable (4) to the PEF generator.
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[0038] In Figure 2b is shown a preferred embodiment of the top cover (3), provided
with three non-conductive elements (11). When unit (7) with treatment chambers (8),
or when three individual treatment chambers (8), is/are placed in housing (2), i.c. the
treatment chambers (8) are contained in coupling station (1), and cover lid (3) is closing
housing (2) of coupling station (1), contact elements (12) connected to electrodes (9)
and (9’), are contacting contact elements (12”), such that electrodes (9) and (9°) are
each connected via coupling station (1) and cable (4) to the PEF generator.

[0039] In Figure 3 is shown in more detail how contact element (10) contacts electrode
(9) of a treatment chamber (8). Treatment chamber (8) has two side walls forming
electrodes, of which only one (9) is visible, two further side walls of which only one
(16) is visible, and a bottom (17) of insulating material. In closed position of top cover
(3), contact elements (10) and (10°) are contacting electrodes (9) and (9°), respectively.
Between each pair of contact elements (10) and (10°), is placed a block of insulating
material (14) that serves to position contact elements (10) and (10°) in the proper
position to make good contact with electrodes (9) and (9°).

[0040] Figure 4 shows a longitudinal section of coupling station (1) and top cover (3)
as shown in figure 2a, in closed position, wherein three treatment chambers (8) are
placed in housing (2). Each treatment chamber (8) contains a food product (15) and
liquid that is surrounding food product (15). Contact elements (10) and (10’) make
contact with electrodes (9) and (9°), respectively.

[0041] Figure 5 shows a longitudinal section of coupling station (1) and top cover (3),
as shown in figure 2b, in closed position, wherein three treatment chambers (8) are
placed in housing (2). Each treatment chamber (8) contains a food product (15) and
liquid that is surrounding food product (15). Non-conductive elements (11) push
contact elements (12) provided on electrodes (9) and (9°) against contact elements

(12°), respectively.

Examples
[0042] Experiment la: 100 g fish (haddock with skin) having a temperature of about 5

°C was placed together with 200 g of broth having a NaCl concentration of 3.5 g/L in a
treatment chamber. The fish was subjected to PEF, wherein a potential difference of
390 V was placed over the electrodes spaced 4 cm apart, thus giving rise to a field
strength of 97.5 V/ecm. Cooking was accomplished within a total cooking time of 55 s,

using » = 70000, 7; = 30 ps and 7, = 0.75 ms. The core temperature of the cooked
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product was 68 °C. The resulting fish scored excellent with respect to colour, natural
taste, flakiness and appearance.

[0043] Experiment 2a: 120 g meat (chicken filet) having a temperature of about 5 °C
was placed together with 200 g of broth having a NaCl concentration of 5.0 g/L in a
treatment chamber. The meat was subjected to PEF, wherein a potential difference of
390 V was placed over the electrodes spaced 4 cm apart, thus giving rise to a field
strength of 97.5 V/ecm. Cooking was accomplished within a total cooking time of 70 s,
using » = 90000, 7; = 30 ps and 7, = 0.75 ms. The core temperature of the cooked
product was 72 °C. The resulting chicken filet scored excellent with respect to
tenderness, juiciness, taste and structure and was nicely chewable.

[0044] In a parallel experiments, the same raw products (experiment 1b: haddock with
skin; experiment 2b: chicken filet) were prepared according to conventional cooking
methods using a combi steamer. The food products prepared according to the invention
and with the conventional cooking method were judged by an independent panel of 30

persons. The results are given in the table below:

Fish filet Fish filet Chicken filet Chicken filet
(exp. la) (exp. 1b) (exp. 2a) (exp. 2b)
Colour Excellent Average No browning Standard
browning
Natural Excellent Good Good Slight Maillard
smell/taste smell and taste
Flakiness Excellent Average - -
Appearance | Beautiful white | White Cooked meat Maillard colour
Tenderness - - Excellent Acceptable
Juiciness Excellent Slightly dry Excellent Acceptable
Structure Very good Good Excellent Acceptable
Chewability | Very good Good Very easy to Some resistance
chew cutting/chewing
outside layer




WO 2016/008868 PCT/EP2015/066021
22

Claims

1. Process for cooking a food product in a treatment chamber, wherein the treatment
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chamber comprises two opposite walls each forming an electrode, the process
comprising:

(a) placing an amount of the food product, optionally in a surrounding liquid, in
the treatment chamber between the two electrodes such that the food product
and/or the surrounding liquid is in direct contact with the electrodes; and

(b) applying electric pulses generated by a pulsed electric field generator to the
electrodes such that the food product is subjected to a pulsed electric field
having a field strength of 10 — 180 V/cm, wherein the total cooking time is
0.5 — 1000 seconds,

wherein the food product and, if present, the surrounding liquid, has an electric
conductivity of 0.01 — 10 S/m.

Process according to claim 1, wherein the food product is meat or fish.

Process according to any one of the preceding claims, wherein there is a pause
between the pulses applied in step (b) each with a duration (7,) of 100 useconds —
100 ms.

Process according to any one of the preceding claims, wherein the pulsed electric
field imparts an increase in energy density in the food product and optionally the
surrounding liquid of 10 kJ/L. — 1 MJ/L.

Process according to any one of the preceding claims, wherein the number of
pulses (n) is 5000 — 2000000.

Process according to any one of the preceding claims, wherein the pulses each
have a duration (7;) of 1 — 20000 useconds.

Process according to any one of the preceding claims, wherein the two opposite
side walls forming the electrodes are placed at a distance from each other of 1 — 10
cm.

Process according to any one of the preceding claims, wherein the treatment
chamber has a rectangular cuboid shape, defined by four vertically-extending side
walls and a rectangular bottom, wherein two of the side walls each form an
electrode.

Process according to any one of the preceding claims, wherein the process is for

parallel or consecutively cooking of two or more food products, wherein each of
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the food products is placed in a separate treatment chamber as defined in any one
of the preceding claims.

Cooking system suitable for cooking a food product according to the process of
any one of the preceding claims, the cooking system comprising:

(a) a PEF generator;

(b) a coupling station (1) containing or adapted to receive one or more treatment
chambers (8); and,

(¢) in case the coupling station adapted to receive one or more treatment
chambers, one or more treatment chambers adapted to be placed in and
removed from the coupling station,

wherein each of the one or more treatment chamber comprises two opposite walls
cach forming an electrode (9) and (9’) and wherein the coupling station is
electrically connected to the PEF generator and comprises means for electrically
connecting at least one of the electrodes of each of the one or more treatment
chambers to the PEF generator when the one or more treatment chambers are
contained in the coupling station, wherein the operating voltage of the system is
limited to 600 V.

Cooking system according to claim 10, wherein the coupling station (1) comprises
a removable top cover (3) capable of covering the one or more treatment chambers
(8) when contained in the coupling station.

Cooking system according to claim 11, wherein the removable top cover (3)
comprises means for closing the electrical circuit when the top cover (3) covers the
treatment chambers.

Cooking system according to any one of claims 10 to 12, wherein the coupling
station is adapted to receive one or more treatment chambers and wherein each of
the one or more treatment chamber is individually removable from the coupling
station.

Cooking system according to any one of claims 10 to 13, wherein the coupling
station (1) comprises switching means for switching on and off the electrical
connection between a set of electrodes (9) and (9°) of an individual treatment
chamber (8) and the PEF generator.

Cooking system according to any one of claims 10 to 13, wherein opposite walls

cach forming an electrode (9) and (9°) of each of the one or more treatment
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chambers (8) have an angle with the vertical plane of at most 45°, and an angle

with each other of 1° — 30°.
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