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DESCRIPTION
Field of the invention

[0001] The present invention relates to a process for fast and homogeneously heating a liquid 
product to a heating temperature by means of resistive heating and to an apparatus suitable 
for such process.

Background of the invention

[0002] Pasteurisation and sterilisation of liquid food products such as milk or fruit juices is 
usually done by convective heating processes, such as a batch-wise retort cooking or 
continuous HTST (High Temperature Short Time) processes.

[0003] Heating of food products by means of an electric field treatment has been proposed.

[0004] In US 6,214,297 for example is disclosed an pulsed electric field (PEF) treatment of 
food products, wherein a food product in a treatment chamber that forms part of an electric 
circuit, is subjected to high-voltage bipolar pulses. The aim of the treatment is to induce stress 
and mortality in biological cells. The electric circuit used in the process of US 6,214,297 
comprises an energy storage component, typically a capacitor, for storing electrical energy that 
is discharged from time to time as an electrical pulse to the food product.

[0005] In WO2011/139144 is disclosed a method and system for treating a solid food product, 
wherein the food product is subjected to a pulsed electric field for the disruption of the cells of 
the food product (so-called e-cooking). As in the process of US 6,214,297, a pulsed electrical 
field is used. In the process of WO2011/139144, a relatively low field strength is used. Between 
the pulses, there is a pause time, typically of 0.1 seconds.

[0006] In H.L.M. Lelieveld, Encyclopedia of Biotechnology in Agriculture and Food (2011) p. 
575-578, is mentioned pulsed electric field processing of orange juice to achieve the same 
effect as in thermal pasteurisation.

[0007] In W02009/111640 is disclosed a system and method for electrically heating a liquid, 
wherein the liquid is subjected to alternating current or to pulsed direct current at a high 
frequency. In the method of W02009/111640 an electrical current is generated through the 
liquid to be treated that is sufficient to produce resistive heating of the liquid and to break at 
least some molecular bonds of molecules defining the liquid. The method of W02009/111640 
is used for heating and at the same time treating water of e.g. hot tubes and swimming pools. 
Both resistive heating and electrolysis occurs. The water is thus simultaneously heated and 
treated by the free oxygen obtained in electrolysis of the water or by free chlorine obtained in 
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the electrolysis of salt added to the water.

[0008] In US 5,863,580 is disclosed a method for resistive heating of liquid egg, wherein the 
product is pasteurised without substantial electrolysis. In the method of US 5, 863,580, the 
material to be treated has a high electrical resistance, i.e. at least 100, but preferably more 
than 1000 ohms, and the method is thus operated at low current levels. Also, electrical current 
of a low frequency is used, i.e. 400 Hz or lower, preferably below 100 Hz.

[0009] A disadvantage of using low frequencies is that this will lead to electrode degeneration 
and thus to undesired poisoning of the liquid product to be heated. In the method of US 
5,863,580, special measures are taken to lower the current density in the fluid close to the 
electrodes.

[0010] In GB 297,669 is disclosed an apparatus for heating a liquid product by means of 
resistive heating.

[0011] Although the concept of electrical heating of liquid products has been mentioned in the 
prior art, a process for electrical heating of liquid products has not yet been reduced to 
practice.

Summary of the invention

[0012] The present inventors have found an apparatus suitable for carrying out a novel 
process for very fast and homogeneous resistive heating of a liquid product in practice. The 
apparatus comprises at least two heating chambers in series. The novel process that can be 
carried out in the apparatus according to the invention does not use a pulsed electrical field, 
but instead a constant electrical field with continuous reversion of the direction of the electrical 
field at high frequency. The process can suitably be applied for heating liquid products, in 
particular for the pasteurization of liquid food products. The process is carried out in such a 
way that substantially no degeneration of electrodes and substantially no electrolysis occurs, 
thus avoiding undesired contamination. Moreover, the resulting heated liquid product has a 
product quality in terms of appearance, taste, flavour and nutrient content that is surprisingly 
close to the quality of the product prior to heating.

[0013] Accordingly, the invention relates to an apparatus for fast and homogeneously heating 
a liquid product to a heating temperature by means of resistive heating, the apparatus 
comprising at least two vertically mounted, longitudinal, heating chambers that are arranged in 
series in a vertical arrangement, each chamber having a lower end and an upper end and an 
inlet for liquid at one end and an outlet for liquid at the other end, wherein each heating 
chamber defines a longitudinal flow path for liquid between its inlet and its outlet and the 
arrangement of the at least two heating chambers in series defines a vertical liquid flow path 
through the at least two heating chambers,
wherein each heating chamber is provided with a first electrode at its lower end and a second 
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electrode at its upper end and the first and second electrode of each chamber are separated 
by an electrical insulator, and the second electrode of a preceding chamber is the first 
electrode of the next chamber in series and together form a connecting electrode, 
wherein the electrodes are arranged such that liquid flowing through the vertical liquid flow 
path through the at least two heating chambers during normal operation of the apparatus, is in 
contact with the first and with the second electrode of each heating chamber, 
wherein the first electrode of the lowest heating chamber of the vertical arrangement and the 
second electrode of the upper heating chamber of the vertical arrangement are electrically 
grounded,
wherein each connecting electrode is electrically connected to a direct current (DC) power 
source to apply an electrical charge to each connecting electrode,
wherein the connection to the DC power source is in such configuration that the polarity of the 
electrical charge of each connecting electrode can be continuously reversed at a frequency of 
at least 500 Hz and the electrical charge of adjacent connecting electrodes is opposite.

[0014] The apparatus is suitable for carrying out a novel process for electrical heating of a 
liquid product without the disadvantages of prior art electrical heating processes.

[0015] Accordingly, the invention further relates to a process for fast and homogeneously 
heating a liquid product to a heating temperature by means of resistive heating in an apparatus 
as hereinbefore defined, comprising

1. (a) continuously supplying the liquid product to the inlet of the first heating chamber in 
series and flowing the liquid product continuously through the vertical liquid flow path 
through the at least two heating chambers in such a way that the liquid product is in 
contact with the first and with the second electrode of each heating chamber;

2. (b) continuously generating an electrical current through the liquid product flowing 
through the heating chambers by continuously applying an electrical potential over the 
first and second electrode of each heating chamber, wherein the direction of the current 
is continuously alternated with a frequency of at least 500 Hz, to obtain heated liquid 
product; and

3. (c) continuously discharging heated liquid product from the last heating chamber in 
series via its outlet,

wherein the liquid product has an electrical conductivity of at least 0.03 S/m.

[0016] The process according to the invention is particularly suitable for pasteurisation of liquid 
food products such as fruit juices, dairy products, soups, sauces, and tomato puree. It has 
been found that by applying the process according to the invention, a liquid food product with 
an extended shelf life and improved quality in terms of taste, flavour, colour and nutrient 
content is obtained as compared to a product pasteurised by means of known pasteurisation 
methods including HTST processes.

[0017] An important advantage of the process according to the invention is that the heating is 
very fast and very homogeneous. Because the heating is so homogeneous, a lower heating 
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temperature is needed in order to achieve the same effect in terms of reduction of micro­
organisms. Moreover, no holding time is needed for evening out temperature differences, as is 
the case in the known convective heating processes.

Summary of the drawings

[0018] In Figure 1 is shown a diagram of the electrical potential applied over a heating 
chamber as a function of time.

[0019] In Figure 2 is shown a longitudinal section of a vertical arrangement of three vertically 
mounted heating chambers in series as applied in a preferred embodiment of the apparatus 
and process according to the invention.

Detailed description of the invention

[0020] The apparatus according to the invention comprises at least two vertically mounted, 
longitudinal, heating chambers that are arranged in series in a vertical arrangement. Each 
chamber has a lower end and an upper end and has an inlet for liquid at one end and an outlet 
for liquid at the other, i.e. the opposite, end. Each heating chamber defines a longitudinal flow 
path for liquid between its inlet and its outlet. The arrangement of the at least two heating 
chambers in series defines a vertical liquid flow path through the at least two heating 
chambers. The inlet of each heating chamber may be at its lower end or at its upper end, 
preferably at its lower end.

[0021] Each heating chamber is provided with a first electrode at its the lower end and a 
second electrode at its upper end. The first and second electrode of each chamber are 
separated by an electrical insulator. The second electrode of a preceding chamber is the first 
electrode of the next chamber in series. Thus, between two adjacent heating chambers there 
is a connecting electrode that is at the same time the second electrode of the preceding 
chamber and the first electrode of the next chamber in series. In case of three heating 
chambers in series the arrangement has two connecting electrodes, i.e. between the first and 
the second and between the second and the third heating chamber.

[0022] The electrodes are arranged such that if, during normal operation of the apparatus, 
liquid is supplied to the vertical arrangement and flows through the vertical liquid flow path 
through the at least two heating chambers, such liquid is in contact with the first and with the 
second electrode of each heating chamber.

[0023] The first electrode of the lowest heating chamber of the vertical arrangement and the 
second electrode of the upper heating chamber of the vertical arrangement, i.e. the electrodes 
at the lower end and at the upper end of the vertical arrangement, are grounded. Each 
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connecting electrode, i.e. each electrode between two adjacent chambers, is electrically 
connected to a direct current (DC) power source to apply an electrical charge to each 
connecting electrode. The connection to the DC power source is in such configuration that the 
polarity of the electrical charge of each connecting electrode can be continuously reversed at a 
frequency of at least 500 Hz, preferably at least 1 kHz, more preferably at least 2 kHz, even 
more preferably at least 10 kHz. In case of more than one connecting electrodes, the 
configuration is such that the electrical charge of adjacent connecting electrodes is opposite, 
i.e. if one electrode has a negative charge, the adjacent one(s) has a positive charge.

[0024] Preferably, the DC power source is connected to the interconnecting electrode(s) in a 
H-bridge configuration or a half-bridge configuration. In case of an apparatus with two heating 
chambers, the DC power source is preferably connected to the connecting electrode in a half­
bridge configuration. In case of at least three heating chambers, the DC power source is 
preferably connected to the interconnecting electrodes in an H-bridge configuration.

[0025] More preferably, the apparatus has at least three, even more preferably three vertically 
mounted, longitudinal, heating chambers and each electrode between two adjacent heating 
chambers is connected to the DC power source in H-bridge configuration. An H-bridge 
configuration is a very energy efficient way of alternating polarity. An H-bridge configuration is 
preferably provided by means of a full H-bridge connected to a single DC power source. 
Alternatively the H-bridge configuration may be provided by means of two half-bridges, each 
connected to a separate DC power source.

[0026] Reference herein to a longitudinal heating chamber is to a heating chamber having a 
length that is larger than its diameter. Reference herein to length of the heating chamber is to 
the distance between the first and the second electrode of the heating chamber. Reference 
herein to the diameter of the heating chamber is to its largest diameter. Preferably, each 
heating chamber has a length to diameter ratio of at least 1.3, more preferably at least 1.5, 
even more preferably in the range of from 2.0 to 5.0.

[0027] The heating chambers may have any suitable shape. Preferably, the heating chambers 
are cylindrical heating chambers. Preferably, each heating chamber has the same shape 
and/or size. In particular, the distance between the first and the second electrode of each 
heating chamber and the cross-sectional area of the flow path defined by each heating 
chamber is substantially the same. Reference herein to substantially the same is to distances 
or cross-sectional areas that deviate less than 10%, preferably less than 5%, more preferably 
less than 2% from each other. The dimensions of the heating chambers are preferably such 
that, during normal operation of the apparatus, liquid product flows in plug flow through the 
heating chambers. The heating chamber may have any suitable diameter. Preferably, the 
diameter is in the range of from 5 to 500 mm, more preferably of from 10 to 200 mm, even 
more preferably 20 to 100 mm. The length is preferably in the range of from 10 to 1,000 mm, 
more preferably of from 20 to 500 mm.

[0028] Preferably, the ratio of the distance between the first and the second electrode of each 
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heating chamber and the cross-sectional area of the flow path defined by each heating 

chamber is in the range of from 5 to 500 m’1, more preferably of from 25 to 100 m’1.

[0029] Preferably, the apparatus further comprises a cooler for cooling liquid product that is, 
during normal operation, discharged from the outlet of the last heating chamber in series. 
Preferably, such cooler is an indirect heat exchange cooler. Such cooler suitably comprises 
one or more heat exchange tubes comprising an inlet and an outlet, wherein the inlet of the 
one or more tubes is in fluid communication with the outlet of the last heating chamber. The 
cooler may comprise a single tube or a plurality of parallel tubes. Tubular heat exchange 
coolers are well-known in the art. The apparatus may comprise any suitable tubular heat 
exchanger cooler known in the art.

[0030] Preferably, the apparatus further comprises a preheater for preheating a liquid product 
prior to supplying such product to the inlet of the first heating chamber by means of indirect 
heat exchange. The preheater suitably comprises one or more heating tubes, the one or more 
tubes comprising an inlet and an outlet, wherein the outlet of the one or more tubes is in fluid 
communication with the inlet of the first heating chamber. The preheater may comprise a 
single tube or a plurality of parallel tubes. Tubular heat exchanger heaters are well-known in 
the art. The apparatus may comprise any suitable tubular heat exchanger heater known in the 
art.

[0031] In the process according to the invention, a liquid product with an electrical conductivity 
of at least 0.03 S/m is fast and homogeneously heated to a heating temperature by means of 
resistive heating in an apparatus as hereinbefore defined. The process comprises:

a) continuously supplying the liquid product to the inlet of the first heating chamber in series 
and flowing the liquid product continuously through the vertical liquid flow path through the at 
least two heating chambers in such a way that the liquid product is in contact with the first and 
with the second electrode of each heating chamber;

(b) continuously generating an electrical current through the liquid product flowing through the 
heating chambers by continuously applying an electrical potential over the electrodes of each 
heating chamber, wherein the direction of the current is continuously alternated with a 
frequency of at least 500 Hz, to obtain heated liquid product; and

(c) continuously discharging heated liquid product from the last heating chamber in series via 
its outlet.

[0032] The liquid product may flow in upward or in downward direction through the heating 
chambers. Preferably, in order to avoid or minimise the occurrence of gas bubbles, the liquid 
product is flowing upwards.

[0033] In the process according to the invention, a continuous electrical potential is applied 
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over the electrodes of each heating chamber and the liquid product has an electrical 
conductivity of at least 0.03 S/m. Thus, a continuous electrical current is generated through the 
liquid product flowing in each heating chamber between the first and the second electrode.

[0034] In order to minimize degeneration of the electrodes, the direction of the current is 
continuously alternated with a frequency in the range of at least 500 Hz, preferably at least 1 
kHz, more preferably at least 2 kHz, even more preferably at least 10 kHz. Such alternating of 
the current is done by continuously reversing the electrical charge applied to each connecting 
electrode and therewith reversing the electrical potential over the electrodes of each heating 
chamber. Reversing the potential, and therewith the current, may be done by any suitable 
means known in the art. Preferably, the potential is reversed by means of an H-bridge of half­
bridge configuration of the electrical circuit formed by the DC power source, the electrodes to 
which the source is connected and the conductive liquid product in contact with the electrodes. 
Preferably, the frequency of alternating of the direction of the current is at most 200 kHz, more 
preferably at most 100 kHz.

[0035] In the process according to the invention, a continuous electrical current is generated 
by applying a continuous electrical potential over the electrodes of each heating chamber. This 
is to be contrasted with the application of pulsed current wherein there is a pause time 
between current pulses applied. An advantage of applying a continuous electrical current 
instead of a pulsed current is that no capacitor or other energy storage element is needed.

[0036] In the process according to the invention, the direction of the electrical potential, and 
therewith of the current, is continuously alternated, preferably without changing the strength of 
the electrical field. Thus, the polarity is preferably reversed without changing the strength of the 
electrical potential applied. The shape of a diagram showing the electrical potential applied 
over the first and second electrode of each heating chamber as a function of time thus 
preferably is a block wave as shown in Figure 1 (block shape). This is to be contrasted with the 
sine shape of alternating current that is typically supplied by mains power systems. The polarity 
is preferably reversed within 10 milliseconds, more preferably within one millisecond.

[0037] The process according to the invention is preferably carried out in such way that the 
liquid product is heated in the heating chambers by means of resistive heating (ohmic heating) 
with substantially no electrolysis of molecules defining the liquid product occurring. Reference 
herein to substantially no electrolysis of molecules defining the liquid product occurring is to 
less than 0.1%, preferably less than 0.05 %, more preferably less than 0.01% of the molecular 
bonds of molecules defining the liquid product being broken by electrolysis.

[0038] In the process according to the invention, a liquid product is heated by means of 
resistive heating. In order to allow resistive heating to occur without substantial electrolysis of 
molecules of the liquid product, the liquid product has an electric conductivity of at least 0.03 
S/m, preferably at least 0.05 S/m, more preferably at least 0.1 S/m.

[0039] It will be appreciated that for a desired current through the liquid (desired in order to 
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effect resistive heating without substantial electrolysis occurring), the electrical potential to be 
applied over the electrodes will inter alia depend on the conductivity of the liquid product to be 
heated and the length and cross-sectional area of the heating chambers. Any suitable 
electrical potential can be used. Preferably, the electrical potential will be in the range of from 
500 to 10,000 volts, more preferably of from 1,000 to 5,000 volts.

[0040] If the electrical potential is given, the dimensions of the heating chamber will be chosen 
such that, given the conductivity of the product to be heated, resistive heating will occur.

[0041] Preferably, the ratio between length and cross-sectional area of the heating chamber is 

in the range of from 5 to 500 m’1, more preferably of from 25 to 100 m’1.

[0042] Preferably, the electrical potential applied over the electrodes of each heating chamber 
and the dimensions of the heating chamber are chosen such that the electrical field strength 
over the each heating chamber is in the range of from 0.1 to 20 kV/cm, more preferably of 
from 0.5 to 10 kV/cm, even more preferably of from 1 to 5 kV/cm.

[0043] Surprisingly, it has been found that the process according to the invention is capable of 
very fast and very homogeneously heating a continuously flowing liquid product. The heating is 
so fast that even at low residence times and relatively high liquid flow rates, the desired heating 
temperature is achieved. Preferably, the residence time of the liquid product in the (total of the) 
heating chambers is at most 1 second, more preferably at most 0.5 seconds, even more 
preferably at most 0.3 seconds, still more preferably at most 0.1 seconds, still more preferably 
at most 0.01 seconds. Preferably, the flow rate of the liquid product is at least 10 litres per 
hour, more preferably at least 50 liters per hour, even more preferably at least 100 litres per 
hour. Flow rates are preferably up to 50,000 litres per hour.

[0044] It has been found that by vertically mounting the heating chambers, the heating is 
substantially more homogeneous than with horizontally mounted heating chambers.

[0045] Homogeneity of heating is usually expressed as the deviation in temperature with 
respect to the average temperature at the outlet of a heating zone. In a conventional 
convective pasteurisation process with an average heating temperature of about 75 °C, the 
local temperature of a heated product at any location at the outlet of a heating tube can 
deviate as much as 20 °C from the average temperature (so-called cold or hot spots). Such 
deviations are due to differences in flow velocity of the liquid through the heating tubes and to 
the inherent slowness of convective heating. In view of the occurrence of cold spots in 
conventional processes, a higher average outlet temperature (set temperature) is need than 
would be needed without cold spots. Also, in convective heating processes, a holding zone is 
typically applied downstream of a heating zone, for evening out temperature differences and 
making sure that the required pasteurisation of sterilisation temperature is achieved throughout 
the product for a sufficient long time, prior to cooling the product.

[0046] In the process according to the invention, the deviation from the average temperature 
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at any point in the liquid product at the outlet of the last heating chamber in series is typically 
less than 3 °C, usually even less than 1 °C. Therefore, a lower set temperature can be used 
and no holding of the product in a holding tube or zone downstream of the heating chambers is 
needed. Preferably, the liquid product is cooled immediately after being discharged from the 
last heating chamber.

[0047] Cooling of the product discharged from the last heating chamber may be carried out by 
any suitable means known in the art, for example by means of indirect cooling such as 
convective heat exchange, or by means of direct cooling such as expansion of the product. 
Preferably, indirect cooling is used. The product may be cooled to any temperature desired for 
further processing or packaging. Preferably, the liquid product is cooled to a temperature below 
50 °C, more preferably below 25 °C.

[0048] An important advantage of the process according to the invention is that the product 
can be heated to a lower pasteurisation or sterilisation temperature to achieve the same effect 
in terms of killing of micro-organisms, as compared with conventional convective heating 
processes. Since the heating is so homogeneous, no or lower safety margins for the heating 
temperature need to be built in. By heating to a lower temperature, the product quality is 
improved, since less chemical degradation of compounds that will affect the flavour, taste, 
colour and nutrient content will occur.

[0049] Since the heating in the process according to the invention is very fast and very 
homogeneous, a product with a good product quality in combination with a shelf life that is 
increased compared to an untreated product, can be achieved. Therefore, the process 
according to the invention is particularly suitable for the heating of liquid food products. 
Reference herein to a liquid product is to a product having a viscosity such that the product is 
pumpable through the heating chamber. Such liquid product may comprise solid particles in a 
liquid continuous phase. Preferably, the liquid product is a product having a viscosity of at most 
0.3 Pa.s at 20 °C, more preferably at most 0.005 Pa.s at 20 °C . Examples of suitable liquid 
food products include, but are not limited to, fruit juices, liquid dairy products, soups, sauces, 
and tomato puree.

[0050] The process may be a process for thermalisation, pasteurisation, or sterilisation of a 
liquid food product. Preferably, the process is a process for the pasteurisation of a liquid food 
product. The liquid food product may be heated to any suitable heating temperature, 
preferably to a pasteurisation temperature in the range of from 60 to 90, more preferably in the 
range of from 70 to 85 °C.

[0051] The process according to the invention may be carried out at any suitable pressure. 
Preferably, the liquid product flowing through the heating chambers is at a pressure of at most 
100 bar (absolute), more preferably at most 50 bar (absolute), even more preferably at a 
pressure in the range of from 1 to 10 bar (absolute).

[0052] It is preferred to preheat the liquid product before supplying the liquid product to the 
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inlet of the first heating chamber. Preferably, the liquid product is preheated to a temperature in 
the range of from 30 to 50 °C. Suitably, the liquid product is preheated by means of convective 
heating, for example in a tubular heat exchanger having an outlet that is in fluid communication 
with the inlet of the first heating chamber. Preheating by means of convective heat exchange 
reduces the costs of the process, since convective heating is less expensive than electrical 
heating. For preheating up to temperatures of about 50 °C, there is no need to use very fast 
and homogeneous heating, since chemical degradation does not or hardly occur below 50 °C.

[0053] It will be appreciated that the process according to the invention can only be operated 
with the vertical flow path through the at least two heating chambers filled with liquid. In order 
to avoid contamination of any tubes downstream of the heating chambers, it is preferred to 
start the process according to the invention by filling the heating chambers and any liquid flow 
path upstream and downstream of the heating chambers with a sterile liquid having 
substantially the same conductivity and preferably also substantially the same pH as the liquid 
product to be heated. Therefore, the process preferably further comprises a start-up phase 
prior to carrying out process steps (a) to (c), the start-up phase comprising filling the heating 
chambers and any liquid flow path upstream and downstream of the heating chambers with a 
sterile liquid having substantially the same conductivity as the liquid product. Reference herein 
to substantially the same conductivity is to a conductivity that deviates at most 0.01 S/m or at 
most 10%, whichever is the largest, from the conductivity of the liquid product to be heated. 
More preferably, the sterile liquid has substantially the same conductivity and substantially the 
same pH value as the pH value of the liquid product. Reference herein to substantially the 
same pH value is to a pH value that deviates at most 1.0, preferably at most 0.5, more 
preferably at most 0.2 from the pH value of the liquid product to be heated. Reference herein 
to a sterile liquid is to a liquid that has less pathogenic micro-organisms per volume than the 
liquid product after having been treated by the process according to the invention. The sterile 
liquid may for example be heat-treated liquid product or a heat-treated salt solution, preferably 
a heat-treated salt solution. Preferably, the liquid is heat-treated by conventional heat 
exchange. Once the heating chamber and any further liquid flow path is filled with sterile liquid, 
the process is started by generating an electrical current as hereinbefore described through 
the sterile liquid. The sterile liquid is then replaced by the liquid product by continuously 
supplying liquid product to the inlet of the first heating chamber in series.

Detailed description of the drawings

[0054] In Figure 1 is shown a diagram of the electrical potential applied over the first and the 
second electrode of a single heating chamber as a function of time. The Figure shows that the 
diagram has the shape of a block wave.

[0055] In Figure 2 is schematically shown a longitudinal section of an arrangement of three 
heating chambers in series as applied in a preferred embodiment of the apparatus and 
process according to the invention. In Figure 2 is shown an arrangement 1 comprising three 
heating chambers 10, 20, and 30 in series. During normal operation of arrangement 1, 
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arrangement 1 is vertically mounted. The first heating chamber 10 in series has an inlet 11 for 
liquid at its lower end and an outlet 12 for liquid at its upper end. Heating chamber 10 has a 
first electrode 13 at its lower end and a second electrode 14 at its upper end. The second and 
third heating chambers 20 and 30 accordingly each have an inlet 21 and 31, respectively, and 
an outlet 22 and 32, respectively, for liquid and a first electrode 23 and 33, respectively, and a 
second electrode 24 and 34, respectively. The first and the second electrodes of each 
chamber 10, 20, and 30 are separated by an electrical insulator 15, 25, 35, respectively. The 
second electrode 14 of first chamber 10 is the same electrode as first electrode 23 of second 
heating chamber 20 and forms connecting electrode 36 between adjacent chambers 10 and 
20. Accordingly, the second electrode 24 of second chamber 20 is the same electrode as first 
electrode 33 of third heating chamber 30 and forms connecting electrode 37 between adjacent 
chambers 20 and 30. The first electrode 13 of the lowest chamber 10 and the second 
electrode 34 of the upper chamber 30 are electrically grounded. Connecting electrodes 36 and 
37 are electrically connected in an H-bridge configuration 38 to a DC power source.

[0056] Liquid product is flowing through vertical liquid flow path 39 defined by arrangement 1 
of the three heating chambers 10, 20 and 30 in the direction of arrow a.

[0057] The invention will further be illustrated by means of the following non-limiting examples.

Examples

EXAMPLE 1

[0058] Freshly squeezed orange juice having a conductivity of 0.37 S/m at 20 °C and having a 
temperature of 7 °C was pumped through a convective preheating section to achieve a 
preheating temperature between 35 and 38 °C. The preheated juice was supplied to a 
vertically mounted cylindrical heating chamber with a length of 20 mm and a diameter of 10 
mm at a flow rate of 120 L/h. An electrical field was applied over the heating chamber to 
generate an electrical current through the orange juice flowing through the chamber and the 
direction of the current was reversed with a frequency of 1 kHz. The residence time of the 
orange juice in the heating chamber was 0.1 seconds at a back-pressure of 2 bar (absolute).

[0059] Various experiments were carried out as described hereinabove, each with a different 
strength of the electrical field applied. The maximum voltage and current applied at an outlet 
temperature of 85°C yielded 1200V/5A. The field strength under these conditions was approx. 
600 V/cm. At lower voltage settings the current was reduced and the outlet temperature 
decreased. In this way the outlet temperature was controlled and samples were collected 
under stationary conditions for a series of outlet temperatures in the range of 60-85°C. After 
cooling, the orange juice was bottled at temperatures below 15°C and stored at a temperature 
of 7°C. Microbial shelf life, enzyme activity and quality parameters of the orange juice were 



DK/EP 2829156 T3

measured at indicated times for a period of four months and compared to the same 
parameters for untreated juice and for conventionally treated juice (convective heating for 300 
seconds at 80 °C).

[0060] In order to determine microbial shelf life, the amount of yeasts and moulds, and lactic 
acid bacteria were measured on days 0, 1,2, 6, 9, 12, 14, 21, 28, 35, 42, 49, 56, 63, 70, 77, 
84 and 150 for, according to ISO 21527-1 and ISO 15214, respectively.

[0061] The pectin methylesterase (PME) activity after two days storage was measured as 
described in L. Vervoort et al., Innovative Food Science and Emerging Technologies, 12 
(2011), p 466-477.

[0062] The colour of the different samples after two days of storage was determined by 
measuring Hunter values L*, a*, b* as described in R.A.H Timmermans et al, Innovative Food 
Science and Emerging Technologies, 12 (2011), p 235-243. The L, a and b values were used 
to calculate the ΔΕ value as follows:
ΔΕ = ((a -a0)2 + (b -b0)2 + (L -L0)2)1/2
wherein the subscript '0' indicates the colour of the untreated orange juice at a storage time of 
0 days.

[0063] For sensorial evaluation, the samples were scored by a panel on intenseness of citrus 
smell and on freshness on days 2, 6, 9, 12 14, 21, 28, 35, 42, 49, 56, 63, 70, 75, 77, 84, and 
150.

[0064] In Table 1 is shown the results of the sensorial evaluation. In Table 2 is shown the 
results of the PME activity measurements and of the colour measurements.
Table 1. Sensorial evaluation of untreated and treated orange juice samples

Exp. T 
heating i 
(°C)

Microbial 
shelflife 
(days)

Sensorial evaluation

A 85 At least
150 days

Directly after processing comparable to untreated i 
juice (taste, intensity, aftertaste and colour).
Fresh and citrus tones present until t = 35 days, 
then citrus intensity lowers a little, but is still 
present until t = 71 days, then deterioration. At t = 
150 days still good tasting, but not comparable to i 
'fresh'.

B 75 At least
84 days

As for experiment A, but at t = 84 days, juice B is 
preferred over juice A.

C 63 28 - 35
days

Directly after processing comparable to untreated 
juice (taste, intensity, aftertaste and colour). Very 
fresh and citrus tones until t = 28 days, then 
deterioration starts. At = 35 days insufficient.

untreated 6 - 9 days Most intense citrus tones and fresh taste at t = 0 
days. As from t = 2 days, deterioration starts.



DK/EP 2829156 T3

Exp. T 
heating i 
(°C) I

Microbial 
shelflife 
(days)

Sensorial evaluation

insufficient at t = 9 days.

conventional 80 At least
90 days

Directly after processing, a flattening of taste. No 
fresh citrus taste anymore, and 'processed' taste. 
Colour of the juice was browner, compared to 
untreated. Taste was stable over storage time

Table 2. PME activity and colour after two days of storage

Experiment T heating 
(°C)

PME 
activity

Colour at t = 2 days L*, 
a*, b*

ΔΕ value at t=2 
days

A 85 < 5% 54.42, 10.49, 60.20 2.7

B 75 <30% 54.23, 10.46, 59.31 2.5

C 63 >95% 53.80, 10.59, 59.94 2.1

untreated 100% 52.31, 10.55, 57.94 1.7

conventional 80 °C, 300s < 5%

EXAMPLE 2

[0065] Freshly squeezed orange juice having a conductivity of 0.35 S/m at 15°C and an inlet 
temperature of 7 °C was pumped through a convective preheating section. The preheated 
juice was supplied to three vertically mounted cylindrical heating chambers in series, each with 
a diameter of 26 mm and a length of 50 mm, at a flow rate of 1500 L/h. An electrical field was 
applied over the heating chamber to generate an electrical current through the orange juice 
flowing through the chamber and the direction of the current was reversed with a frequency of 
1 kHz. The outlet temperature was 85°C. The orange juice discharged from the heating 
chamber was cooled directly inline, and bottled at a temperature below 8°C and stored at a 
temperature of 4°C. Microbial shelf life, enzyme activity and other quality parameters of the 
treated orange juice were measured at indicated times during a period of 6 months and 
compared to the same quality parameters for untreated juice and for conventionally heat- 
treated juice (92°C, 15 seconds) from the same batch of freshly squeezed orange juice.

[0066] In order to determine microbial shelf life, the amount of yeast and moulds, and lactic 
acid bacteria were measured on days 3, 10, 28, 56, 90, 125, 153, 180 according to ISO 21527- 
1 and ISO 15214, respectively. On the same days, the pectin methyl esterase (PME) activity 
was measured as described by L. Vervoort et al, Innovative Food Science and Emerging 
Technologies, 12 (2011), p 466-477, and a sensorial evaluation by a panel, scoring on 
intenseness of citrus smell and on freshness on a scale ranging from very good (++) to very 
bad (—). The results are shown in Table 3.
Table 3. Evaluation of untreated, conventionally heated and electrically heated orange juice
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Treatment Storage 
at4°C

Microbiology PME 
activity

Sensorial

Yeast 
[cfu/mL]

Moulds 
[cfu/mL]

Lactic acid 
bacteria 
[cfu/mL]

Relative 
PME 
activity (%)

untreated 3 days 2.50E+04 1.50E+02 6.70E+03 100 % ++

conventional 3 days <10 <10 <100 <1% 0
electrical 
(invention) 3 days <10 <10 <100 <1%

+

electrical 
(invention) 28 days <10 <10 <100 <1%

+

electrical 
(invention) 56 days <10 <10 <100 <1%

+

electrical 
(invention) 90 days <10 <10 <100 <1%

+

electrical 
(invention)

125 
days <10 <10 <100 <1%

+

electrical 
(invention)

153 
days <10 <10 <100 <1%

+

electrical 
(invention)

180 
days <10 <10 <100 <1%

+
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Patentkrav

1. Indretning til hurtig og homogen opvarmning af et flydende produkt til en 
opvarmningstemperatur ved hjælp af modstandsopvarmning, hvilken indret­
ning omfatter mindst to vertikalt monterede, langsgående, varmekamre (10, 
20, 30), der er anbragt på række i en vertikal opstilling, hvor hvert kammer har 
en nedre ende og en øvre ende og et indløb (11, 21, 31) for væske ved den 
ene ende og et udløb (12, 22, 32) for væske ved den anden ende,
hvor hvert varmekammer (10, 20, 30) definerer en langsgående strømnings­
bane for væske mellem indløbet (11,21,31) og udløbet (12, 22, 32), og opstil­
lingen af de mindst to varmekamre (10, 20, 30) i række definerer en vertikal 
væskestrømningsbane (39) gennem de mindst to varmekamre (10, 20, 30), 
hvor hvert varmekammer er forsynet med en første elektrode (13, 23, 33) ved 
sin nedre ende og en anden elektrode (14, 24, 34) ved sin øvre ende, og den 
første (13, 23, 33) og anden elektrode (14, 24, 34) af hvert kammer (10, 20, 
30) er adskilt af en elektrisk isolator (15, 25, 35), og den anden elektrode (14, 
24) af et foregående kammer (10, 20) er den første elektrode (23, 33) af det 
næste kammer (20, 30) i rækken og sammen danner en forbindende elektrode 
(36, 37),
hvor elektroderne er anbragt således, at væske, der strømmer gennem den 
vertikale væskestrømningsbane (39) gennem de mindst to varmekamre (10, 
20, 30) under normal drift af indretningen, er i kontakt med den første (13, 23, 
33) og med den anden (14, 24, 34) elektrode af hvert varmekammer (10, 20, 
30),
hvor den første elektrode af det nederste varmekammer af den vertikale op­
stilling og den anden elektrode af det øvre varmekammer af den vertikale op­
stilling er elektrisk jordforbundet,
kendetegnet ved at hver forbindende elektrode (36, 37) er elektrisk forbundet 
med en jævnstrøms- (DC) kraftkilde til påføring af en elektrisk ladning på hver 
forbindende elektrode (36, 37),
hvor forbindelsen med jævnstrømskraftkilden er af en sådan udformning, at 
polariteten af den elektroniske ladning af hver forbindende elektrode (36, 37), 
i anvendelse, kontinuerligt vendes med en frekvens på mindst 500 Hz, og den 
elektriske ladning af naboliggende forbindende elektroder er modsat.
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2. Indretning ifølge krav 1 med to varmekamre (10, 20, 30) i række, og hvor 
elektroden (36, 37) mellem varmekamrene (10, 20, 30) er forbundet med jævn­
strømskraftkilden i halvbro-udformning.

3. Indretning ifølge krav 1, som har mindst tre vertikalt monterede, langsgå­
ende, varmekamre (10, 20, 30), og hvor hver elektrode mellem to nabolig­
gende varmekamre (36, 37) er forbundet med jævnstrømskraftkilden i H-bro- 
udformning (38).

4. Indretning ifølge krav 3 med mindst tre varmekamre (10, 20, 30) på række.

5. Indretning ifølge et hvilket som helst af de foregående krav, hvor afstanden 
mellem den første (13, 23, 33) og den anden elektrode (14, 24, 34) af hvert 
varmekammer (10, 20, 30) og tværsnitsområdet af strømningsbanen defineret 
af hvert varmekammer (10, 20, 30) er i det væsentlige den samme.

6. Indretning ifølge et hvilket som helst af de foregående krav, hvor forholdet 
mellem afstanden mellem den første (13, 23, 33) og den anden elektrode (14, 
24, 34) af hvert varmekammer (10, 20, 30) og tværsnitsområdet af strømnings­
banen defineret af hvert varmekammer (10, 20, 30) er i området fra 5 til 500 
rrr1.

7. Fremgangsmåde til hurtig og homogen opvarmning af et væskeprodukt til 
en opvarmningstemperatur ved hjælp af modstandsopvarmning i en indretning 
ifølge et hvilket som helst af de foregående krav, omfattende
(a) kontinuerligt at tilføre det flydende produkt til indløbet (11) af det første 
varmekammer (10) i rækken og få det flydende produkt til at strømme kontinu­
erligt gennem den vertikale væskestrømningsbane (39) gennem de mindst to 
varmekamre (10, 20, 30) på en sådan måde, at det flydende produkt er i kon­
takt med den første (13, 23, 33) og med den anden elektrode (14, 24, 34) af 
hvert varmekammer (10, 20, 30);
(b) kontinuerligt at generere en elektrisk strøm gennem det flydende produkt, 
der strømmer gennem varmekamrene (10, 20, 30) ved kontinuerligt at på­
trykke en elektrisk spænding over den første (13, 23, 33) og anden elektrode 
(14, 24, 34) af hvert varmekammer (10, 20, 30), hvor retningen af strømmen 
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kontinuerligt skiftes med en frekvens på mindst 500 Hz, til opnåelse af opvar­
met flydende produkt; og
(c) kontinuerligt at udlede opvarmet flydende produkt fra det sidste varmekam- 
mer (30) i rækken via dets udløb (32),
hvor det flydende produkt har en elektrisk ledeevne på mindst 0,03 S/m.

8. Fremgangsmåde ifølge krav 7, hvor der i det væsentlige ikke forekommer 
nogen elektrolyse af molekyler, der definerer det flydende produkt.

9. Fremgangsmåde ifølge krav 7 eller 8, hvor det flydende produkt har en elek­
trisk ledeevne på mindst 0,1 S/m.

10. Fremgangsmåde ifølge et hvilket som helst af kravene 7 til 9, hvor den 
elektriske spænding over den første (13, 23, 33) og anden elektrode (14, 24, 
34) af hvert varmekammer (10, 20, 30) er i området fra 500 til 10.000 volt.

11. Fremgangsmåde ifølge et hvilket som helst af kravene 7 til 10, hvor det 
flydende produkt flyder gennem varmekamrene (10, 20, 30) med en gennem­
strømning på mindst 10 liter pr. time.

12. Fremgangsmåde ifølge et hvilket som helst af kravene 7 til 11, hvor det 
flydende produkt er et flydende fødevareprodukt.

13. Fremgangsmåde ifølge krav 12, hvor fødevareproduktet er frugtjuice.

14. Fremgangsmåde ifølge krav 12, hvor fødevareproduktet er et flydende me­
jeriprodukt, en suppe eller en sovs.

15. Fremgangsmåde ifølge et hvilket som helst af kravene 7 til 14, hvor frem­
gangsmåden er en fremgangsmåde til pasteurisering af det flydende produkt, 
og opvarmningstemperaturen er i området 60 til 90 °C.

16. Fremgangsmåde ifølge et hvilket som helst af kravene 7 til 15, hvor det 
flydende produkt opvarmes til opvarmningstemperaturen inden for 1 sekund, 
fortrinsvis inden for 0,1 sekund, mere foretrukket inden for 0,01 sekund.
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17. Fremgangsmåde ifølge et hvilket som helst af kravene 7 til 16, hvor afvi­
gelsen fra den gennemsnitlige opvarmningstemperatur af det flydende produkt 
ved udløbet af det sidste varmekammer er højst 3 °C.

18. Fremgangsmåde ifølge et hvilket som helst af kravene 7 til 17, hvor væ­
sken forvarmes til en temperatur i området fra 30 til 50 °C, før den tilføres til 
det første varmekammer (10).

19. Fremgangsmåde ifølge et hvilket som helst af kravene 7 til 18, hvor det 
opvarmede flydende produkt afkøles umiddelbart efter, at det er udledt fra det 
sidste varmekammer.

20. Fremgangsmåde ifølge et hvilket som helst af de foregående krav, hvilken 
fremgangsmåde yderligere omfatter en opstartsfase før udførelse af frem­
gangsmådetrin (a) til (c), hvilken opstartsfase omfatter at fylde varmekamrene 
(10, 20, 30) og en hvilken som helst væskestrømningsbane opstrøms og ned- 
strøms for varmekamrene (10, 20, 30) med en steril væske, som har i det væ­
sentlige den samme ledeevne som det flydende produkt.

21. Fremgangsmåde ifølge krav 20, hvor den sterile væske har i det væsent­
lige den samme pH-værdi som pH-værdien af det flydende produkt.
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