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Title Method of and Apparatus for Food Processing

Field of the invention

This invention relates generally to a method of and

- apparatus for food processing. More particularly, the
invention relates to a method of and apparatus for
processing a particular class of solid foodstuffs using a
particular class of heating methods. In this
specification and the appended claims the term "“solid
foodstuffs" is used to define foods containing water which
do not have a flow capability, but whilst having a shape-
defining structure contain or through a cooking process
develop pathways enabling passage of a fluid from one part
of the structure to another. Exambles are chicken meat,

'fcourgetteé'and carrots. Additionally, the class of
heatingumethods with which the invention is concerned is
referred to in the specification ahd claims as a mass
heating.method, being a method in which the entire mass of
the solid foodstuff (as hereinbefore defined) is subject
to the effect of applied heat, as distinct from a method
in which heat applied to the exterior is transmitted by
conduction to the intefior; Examples of mass heating
methods are ohmic heating and microwave heating; retort
heating is not an-gzamplé of sach a mass heating method.

g, _ :

Background to the invention

A number of food processing methods comprise the steps of
heating to an elevated temperature to effect cooking
and/or sterilisation and then COOling_prio;_to~aseptic
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packaging. For any particular foodstuff, the maximum
target temperature to be attained by heating, and
generally held for a short period to achieve
8terilisation, is quite critical, as it affects the
quality of the finished product. Especially in the case
of a solid foodstuff, it has proved very difficult with
known methods to achieve the target temperature uniformly
throughout the mass of the foodstuff, with the result that
localised overcooking or undercooking occurs and/or the
quality of the finished product is impaired.

The invention

According to one aspect of the invention there is provided
a method of processing a solid foodstuff using a mass
heating method, according to which, during at least part
of the heating step, the environmental pressure of the
foodstuff being heated is so controlled in relation to the
saturated vapour pressure of the foodstuff as to achieve a
substantially uniform temperature throughout the solid
foodstuff at the maximum target temperature to be
attained.

Ohmic heating and microwave heating are two examples of
the mass heating method which may be emploved, but these
examples are not exhaustive.

In a preferred method, the heating step includes a major
phase in which the temperature of the foodstuff is raised
nominally to achieve the maximum target temperature and a
holding phase in which the temperature of the foodstuff is
held at the nominally attained maximum target

temperature:
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The environmental pressure during the major phase may be
held constant or giveq a rising profile if appropriate so
that uniform heating can be effected to a temperature in
excess of 100 degrees C. During at least an initial part
of the holding phase, when heating is maintained but
optionally at reduced power, the environmental pfessure is
controlled to be equal to the saturated vapour pressure
{svp) of the water in the foodstuff at the maximum target
temperature. It is at this time that, primarily due to
transfer of water, transiently in the vapour phase,
occurring from the hottest parts of the solid foodstuff
(above the maximum target temperature) to the coolest
parts (below the maximum target temperature), that all
parts of the foodstuff are brought to the maxirum target
temperature. Subsequently, possibly with application of
heat discontinued, the foodstuff may be held at the
maximum target temperature to achieve a regquired effect
such as sterilisation.

In practice, the environmental pressure may be kept
substantially equal to the said SVP at the maximum target
temperature throughout heating, or it may have an
increasing value to be eqgual to the rising saturated
vapour pressure of the water in the foodstuff as its
temperature increases. Moreover, it is conceivable that
an environmental pressure related to but slightly
different from the saturated vapour pressure of the
foodstuff, for example slightly higher than the SVP, may
achieve an acceptable result.

A preferred method of heating is ohmic heating, in one
procedure for which the foodstuff is immersed in a
solution of an electrically conductive fluid, conveniently
a saline solution, and an alternating voltage is applied
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between immersed electrodes. In some instances it may be
possible to dispense with the conductive fluid and place
the electrodes in direct contact with the foodstuff.

Subsequent to heating, a preferred method@ of cooling, for
example prior to sterile packaging, is cooling by
evaporation, achieved by applying a partial vacuum to the
foodstuff (after separation from the saline solution).
Bowever, other possible methods of cooling are by use of
chilled water or cryogens; the method of cooling is not
directly related to the invention.

according to another aspect of the invention, there is
provided apparatus for processing a foodstuff (as
hereinbefore defined) by a mass heating method (as herein
defined), characterised by a container for the foodstuff
to be heated, means for heating the foodstuff in the
container by a mass heating method in order nominally to
raise the temperature of the solid to a maximum target
temperature and means for controlling the pressure within
the container during heating, in relation to the saturated
vapour pressure of the foodstuff, to cause all parts of
the solid foodstuff to attain the said maximum target
temperature.

The container preferably accommodates a saline solution
with immersed electrodes, and in use the foodstuff is
immersed in the solution and an alternating voltage is
applied to the electrodes to cause an electric current to
pass through the solution and the foodstuff in order to
heat the foodstuff (ohmic heating).

Preferably, the pressure control means comprises means
firstly for maintaining a chosen fixed or varying pressure

S
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in the container throughout a major phase of heating
during which the temperature of the foodstuff is raised
nominally to attain the maximum target temperature and,
secondly, for at least part of a holding phase during
which the temperature of the foodstuff is held at the
nominally attained maximum target temperature, for
maintaining a pressure in the container substantially
equal to the saturated vapour pressure (SVP) of the
foodstuff at said critical maximum temperature.

Description of embodiment

Processing method and apparatus in accordance with the
invention, as practised in the laboratory, is exemplified
in the following description, making reference to the
accompanying drawings, in which:-

Figure 1 shows a laboratory test rig for practising
the method of the invention; and

Figures 2 to 4 are graphs for demonstrating the
results of the method when applied to three
different solid foodstuffs.

Figure 1 shows a laboratory test rig comprising a cell 10
of plastics material for accommodating the foodstuff (not
shown) to be processed. The cell 10 can be filled with a
conductive fluid solution, for example a saline solution,
and accommodates electrodes 14, conveniently of titanium
coated with platinum, which in use are immersed in the
saline solution. Cell 10 can be emptied of saline
solution into a vessel 12. ‘A power supply 16 is able to
apply an alternating voltage between the electrodes 14, in
use to cause a current to flow through the solution, and
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through a solid foodstuff item immersed in the solution,
in order to raise the temperature of the foodstuff by
ohmic heating.

Other possible electrodes may for example be made of metal
coated with platinum, titanium coated with iridium oxide
or platinum iridium combinations, and other possible
conductive solutions include potassium chloride, calcium
chloride and sodium sulphate.

The ohmic heating ¢cell 10 is housed in a pressure vessel
18, connected by line 20 to a source of compressed air (or
other suitable gas) which can be modulated and also
connected to a vacuum pump 22. By suitably adjusting the
pressure in the vessel 18 and applying heating the
temperature of the foodstuff being processed can be
adjusted to values above or below 100 degrees T for
example in the range 70 to 140 degrees C.

The voltage applied across the ohmic cell 10 is adjustable
by a suitable device such as a Variac device or an
automatic method; additionally, the concentration of the

saline solution can be selected to suit requirements.

The food processing method in accordance with the
invention was carried out, using the above-described
apparatus, for three kinds of solid foodstuff, namely
chicken breast, courgette and carrot.

The same method was employed in general terms for all
three foodstuffs and this general method is first

described.

Initially, the optimum concentration of saline solution
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reguired to give most uniform temperature distribution in
the cell (and thus in the foodstuff) was determined. The
method used was first to prepare a number of salins
solutions of differing concentration (within the range 9.1
to 1.0%); then to insert several (at least five)
thermocouples into different parts of the foodstuff to be
heated, in order to measure témperatures in thin and thick
parts and central as well as surface parts. The
foodstuff was placed into the heating cell together with
one of the prepared saliné solutions and heating applied.
The temperatures achieved were recorded and the experiment
repeated for all the saline concentrations. By
inspection of the temperature records for all the
experiments it was possible to determine the approximate
concentration of saline that gave the most uniform
temperature distribution.

The above experiments were then repeated but using a
narrower range of salt concentrations above and below the
best concentration identified. In this way a succession
of experiments enabled an accurate determination of the
best saline concentration to use for the particular
foodstuff.

Next, the saturated vapour pressure (SVP) of the foodstuff
was determined at the intended maximum target temperature
to be attained during the process. This SVP can be
determined in various ways, but in the present case an
iterative procedure was adopted by first setting the
pressure in the vessel to be equal to the vapour pressure
of water and observing the temperature achieved during
heating. An adjustment was then made to the set pressure
and the temperature achieved again observed. The
iterations were repeated until the pressure was found
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which enabled the intended target temperature to be
reached during heating.

The saline solution and foodstuff were then loaded into
the heating cell, the cell placed in the pressure vessel
and the pressure set to the SVP as previously determined.

Power was then switched on to effect heating at a desired
rate, in order to bring the saline solution and the
foodstuff nominally to the intended target temperature.

The heating step then has a holding phase in which the
temperature of the foodstuff is maintained nominally at
the target temperature, if appropriate by heating with
reduced power. During the first part of the holding
phase, it has been found that all parts of the product are
brought substantially to the exact target temperature.

The principal mechanism by which this occurs, apart from
the continued heating, is that because the pressure vessel
is set to the SVP {saturated vapour pressure of the water
in the foodstuff at the target temperature), water
transiently in the vapour phase migrates within the
foodstuff from relatively hot regions (in excess of the

target temperature) to relatively cool regions {(below the
target temperature).

When the whole of the foodstuff is equilibrated to the
target temperature, the holding phase is continued to
achieve a desired effect such as sterilisation. Heating
during this time may be discontinued or maintained at
reduced power.

On completion of the holding phase, power if any is
switched off and the saline solution is ejected from the
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heating cell.

Ceooling is then commenced by applying a partial vacuum to
the foodstuff remaining in the cell and, when cooling by
evaporation is complete, air is passed into the cell to
restore ambient atmospheric pressure.

In the above-described method, thermocouples were
implanted in various parts of the foodstuff to check the
aniformity through the foodstuff of the target temperature
achieved. The temperatures measured by five
thermocouples implanted in the foodstuff are shown by the
graphs of Figures 2 to 4, respectively in the case of
chicken breast, courgette and carrot. Before describing
these graphs, however, quantitative details of the method
are given for the three examples in question. |

In the case of whole chicken breast of 150 g weight, the
optimum saline solution concentration was determined as
0.6 per cent. The SVP of the chicken breast at 132
degrees C was determined as 1.75 bar gauge. An
alternating voltage at 50 Hz of 180 V was applied between
the electrodes, causing current to flow through the saline
solution and chicken breast fully immersed therein. When
the last of the five thermocouples showed a temperature of
132 degrees C, power was switched off and the cell allowed
to stand for 36 seconds. Saline solution was then’
ejected via a discharge valve. Then a vacuum of 0.5 bar
absolute was applied to the cell to cause a rapid drop in
temperature. Finally, the vacuum was disconnected and
air allowed to enter the cell, enabling the pressure
vessel to be opened and the heat -processed chicken breast
removed.
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For courgette (3 cm long, 3.5 cm diameter), the only
differences were that the optimum saline concentration was
determined to be 0.15 per cent, whilst the applied
alternating voltage was 400 V.

For carrot, the optimum saline concentration was
determined to be 0.125 per cent and the applied voltage
was 450 V. Other details were the same as for chicken
breast. The carrot was in the form of five cubes of side
10 mm, and one thermocouple was implanted in each cube.

Referring now to Figures 2 to 4, the graph of Figure 2
relates to the chicken breast, Figure 3 to the courgette
and Figure 4 to the carrot. Temperature in degrees C is
indicated on the ordinate, and time T right to left on the
abscissa. '

In Figure 2, at time T, (approximately 110 seconds)
corresponding to the beginning of the holding phase, the
chicken breast is approaching the target temperature (132
degrees C) but there is a spread of about 15 degrees C
over the five thermocouples. As power continues to be
applied, the last thermocouple reaches the target
temperature at time Tz' although the first four
thermocouples to reach the target temperature have not
risen substantially above it. Two of the thermocouples
have been substantially at the target temperature for
longer than two of the others. When power is switched
off at time Tz, all five thermocouples remain at the exact
target temperature for the rest of the holding phase prior
to cooling. '

In Figure 3, at time Tyr the beginning of the holding
phase, there is a wide temperature divergence, of about 70
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degrees C over the five thermocouples, but at time T_ all
five thermocouples have reached the target temperature and
in general remain at this temperature for the remainder of
the holding phase.

In Figure 4, there is less divergence in the temperatures
but one thermocouple shows a major divergence after about
time T1. This thermocouple accidently detached from its
carrot piece and is floating free in the headspace of the
heating cell. Figure 4 shows the close control of
temperatures possible using the method of the invention,

in this case a temperature of 130 degrees C.

in general, in the above examples, there are some
irregularities and inaccuracies, primarily due to
difficulties in controlling the exact operating
conditions, e.g. electrical power and pressure, in the
manually operated test rig of Fig. 1. However, methods of
automatic control which would overcome these deviations
are readily available.

In the above examples, the pressure was set to the SVP of
the water in the foodstuff, at the maximum target
temperature, throughout heating and holding. .However, it
is considered, as a logical extension of the above
described method, that lesser divergence in the
temperatures of different parts of the foodstuff, during
heating prior to holding, can be achieved if the pressure
is adjusted during heating according to a rising profile
so as to approximate to the increasing instantaneous SVP.
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Claims

1. A method of processing a solid foodstuff (as herein
défined) by a mass heating method (as herein defined)
characterised in that, during at least part of the heating
step, the environmental pressure of the foodstuff being
heated is so controlled in relation to the saturated
vapour pressure of the foodstuff as to achieve a
substantially uniform temperature throughout the solid
foodstuff at a maximum target temperature to be attained.

2. A method according te¢ claim 1, wherein the heating
step includes a holding phase during which the foodstuff
is held for a given period prior to ¢ooling nominally at
the maximum target temperature, characterised in that the
environmental pressure is controlled during at least said
holding phase to achieve the required substantially
uniform temperature throughout the solid foodstuff.

3. A method according to c¢laim 2, characterised in that
the environmental pressure is kept constant during
heating, at least prior to the holding phase.

4. A method according to claim 2 or claim 3,
characterised in that, during at least part of the holding
phase, the environmental pressure is maintained at least
approximately at the saturated vapour pressure (SVP) of
the water in the foodstuff at the maximum target
temperature. '

5. A method according to claim 4, characterised in that
the environmental pressure is set equal to the said SVP

* c L M s *
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throughout the heating step.

6. A method according to claim 4, characterised in that
the environmental pressure is contrcolled to be
approximately equal to the rising saturated vapour
pressure of the foodstuff as the foodstuff is heated to
rise to the maximum target temperature.

7. A method accerding to any of claims 2 to 6,
characterised in that the holding phase includes a first
part in which the environmental pressure is controlled to
cause all parts of the solid foodstuff to achieve the
maximum target temperature and a second part in which the
foodstuff is uniformly held at the maximum target
temperature to achieve a desired effect such as

sterilisation.

8. A method according to any of claims 1 to 7,
characterised in that heating is effected by passing an
electrical current through the solid (ohmic heating).

9. & method according to c¢laim 8, characterised in that,
to enable ohmic heating, the foodstuff is immersed in an
electrically conductive fluid containing immersed
electrodes.

10. A method according to claim 9, characterised in that
the conductive fluid is a saline solution.

11. A method according to claim 9 or claim 10,
characterised in that the concentration of the conductive
fluid is selected to assist achievement of a uniform
temperature distribution throughout the solid foodstuff.
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12. A method according to claim 11, in which the ionic
strength of the solution is selected by an iterative
method in which heating and temperature measurement is

carried out with differing concentrations of conductive
fluid.

13. & method according to any of claims 7 to 12,
characterised in that during heating the foodstuff is
suspended in a cell containing the conductive fluid and,
after heating but prior to cooling, the conductive fluid
is ejected from the cell.

14. A method according to claim 13, characterised in that
cooling is effected by applying a partial vacuum to the
cell in order to effect cooling by evaporation. '

15. Apparétus for processing a solid foodstuff (as herein
defined) by a mass heating method (as herein defined),
characterised by a container for the foodstuff to be
heated, means for heating the foodstuff in the container
by a mass heating method in order nominally'to raise the
temperature of the solid foodstuff to a maximum target
temperature and weans for controlling the pressure within
the container during heating, in relation to the saturated
vapour pressure of the foodstuff, to cause all parte of
the solid foodstuff to attain the said maximum target
temperature.

16. Processing apparatus according to claim 15,
characterised in that the container accommodates a saline
solution with immersed electrodes, and in use the
foodstuff is immersed in the solution and an alternating
voltage is applied to the electrodes to cause an electric
current to pass through the solution and the foodstuff in

A
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order to heat the foodstuff (ohmic heating).

17. Processing apparatus according to claim 16,
characterised in that the pressure control means comprises
means firstly for maintaining a chosen fixed or varying
pressure in the container throughout a major phase of
heating during which the temperature of the foodstuff is
raised nominally to attain the maximum target temperature
and, secondly, for at least part of a holding phase during
which the temperature of the foodstuff is held at the
nominally attained maximum target temperature, for
maintaining a pressure in the container substantially
equal to the saturated vapour pressure (SVP) of the
foodstuff at said critical maximum temperature.

18. Processing apparatus according to claim 17,
characterised in that the pressure control means comprises
means for maintaining the pressure in the container
substantially egual to the said SVP throughout heating.

19. brocessing-apparatus according to claim 17 or claim
18, in which the pressure control means al$o comprises
means, operative after completion of the holding phase and
ejection of the saline solution from the container, for
applying a partial vacuum to the container in order to
cool the foodstuff by evaporation.

e
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