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Description
FIELD OF THE INVENTION

[0001] The present invention relates generally to
processing of a food product, vegetable, or other biolog-
ical product of plant or animal origin (forth only denoted
food product) by blanching, steaming, and/or boiling a
surface layer of the product. More specifically, the inven-
tion relates to a method of blanching, steaming, and/or
boiling a food product, the method comprising applying
steam of a gas to at least a part of a surface area of a
food product for a predetermined period of time thereby
blanching, steaming, and/or boiling at least a part of said
food product.

[0002] By steam is to be understood any type of a va-
porized liquid, a gas with or without dispersed liquid drop-
lets, and/or any mixture thereof, at an appropriate tem-
perature and pressure.

BACKGROUND OF THE INVENTION

[0003] Raw food products almost inevitably can be
counted upon to have spoilage micro-organisms on their
surfaces. Furthermore, many types of raw and partly pre-
pared food products may have inherent chemical con-
stituents and physical structures that limit their shelf life
time or otherwise spoil other of their chemical and/or
physical properties, such as e.g. flavour, colour, appear-
ance, texture, rheological properties and water retaining
abilities.

[0004] As one example, many vegetables contain in-
herent enzymatic activities in their surface structures that
will promote developments of browning and rancidity and
may also interfere with further processing properties of
the vegetables. Similarly, raw and even precooked sea-
food, especially crustaceans such as shrimp and lobster,
will be vulnerable to enzymatic browning and also to de-
velop diminished water retaining abilities.

[0005] Common methods for a simultaneous com-
bined effect to overcome and correct such conditions and
properties are

= blanching (a short cooking, affecting mainly the
surface region) of vegetables that will destroy micro-
organisms and enzymatic activities on the surface
and right underneath the surface, thereby prevent-
ing, or at least delaying, developments of browning
and rancidity,

= initial freezing, or a precooking followed by an
initial freezing, for crustaceans,

= chemical reaction with an acid, an antioxidant, a
chelating agent, or with an inhibiting enzyme, and
= jrradiation with ionising radiation.

[0006] These methods and agents often may achieve
the immediate purpose when applied as directed and un-
der carefully controlled conditions.
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[0007] However, such processes may cause undesir-
able and/or detrimental effects upon the respective food
products, e.g. on their flavour, rheology, or water reten-
tion abilities. There will also be certain risks of over-
processing whereby undesirable features develop, e.g.
a soft, cooked appearance, a development of wrinkled
or other adverse appearance, or a direct loss of water in
the product. Such detrimental effects may cause a loss
of sales revenues, may reduce the shelflife of the product
in its fresh or frozen state, and/or may negatively affect
further processing possibilities.

[0008] Such undesirable effects are often tried re-
duced by keeping the duration of the process as short
as possible but this in turn potentially causes risks of
under-processing conditions yielding a limited, or a less
than desired, main beneficial effect, exactly due to the
short application time chosen in order not to obtain neg-
ative effects.

[0009] Consequently, previous methods often show to
be a tight processing balance between obtaining the de-
sired effect and avoiding over-processing.

[0010] Furthermore, previous methods may also have
some systemic shortcomings that prevent and hinder
their use under a number of circumstances, e.g. treat-
ments with acids may be used only for food products
where an acid taste is acceptable.

[0011] Additionally, in parts of the world some of the
previous methods may not even be permitted by the re-
spective food safety agencies, e.g. food irradiation is gen-
erally not permitted within the European Union.

[0012] Patentspecification US 6,233,844 B1 discloses
a dehydration method and apparatus for dehydrating a
solid product, particularly a food product. The apparatus
comprises a hot gas stream device for creating a hot gas
stream over the products to be dehydrated and an ultra-
sonic wave emitting system for directing ultrasound over
the products.

[0013] The ultrasonic wave emitting system includes
a plurality of ultrasonic diffusing plates which are con-
nected to sound wave generators, including a piezoelec-
tric or magnetostrictive element and a mechanical am-
plifier like a horn, and are in direct contact with the prod-
ucts to be dehydrated. The temperature of the hot gas
stream is less than 60° C and is for example approxi-
mately 25° C.

[0014] The ultrasonic waves cause rapid successive
contractions and expansions of the food product where
with each contraction a very small amount of water is
expelled and evaporated by the hot gas stream.

[0015] A general difference between dehydration and
food processing like blanching, steaming, and/or boiling
is that blanching, steaming, and/or boiling is not aimed
at removal of water but rather to preserve and keep
steady the water content in a given food product.
[0016] Patent specification US 5,113,881 A discloses
a device for ultrasonic cleaning and disinfecting of fruit
and vegetables, which removes practically all residues
of contaminants such as mud, biological dirt, microbio-
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logicalflora like mold, worms, bacteria, germs, and chem-
icals such as herbicides, pesticides, fungicides, fertilizer
remains, etc. The device stirs fruit and vegetables within
a cleaning tank filled with water so as to expose all of
their sides to a maximum level of vibration energy. Ultra-
sonic transducers generate ultrasonic waves in the water
and the effect is that small microorganisms are killed and
that the solubility of the cleaning agents is improved.
[0017] Patent specification JP 2259303 A discloses a
food heating ultrasonic wave device with improved effi-
ciency where an acoustic horn having an ultrasonic vi-
brator, i.e. a mechanical generator, is arranged with a
water injecting hollow cone at the extreme end of the
horn, a steam nozzle arrangement around it, and a steam
feeding pipe at the opposite lower part of the heating
chamber. The injected and atomised water particles and
the injected steam are mixed with each other and expand
by about 100 times to become ultrasonic wave steam. In
conjunction with the steam from the feeding pipe control
is facilitated and the efficiency isimproved. The ultrasonic
waves have a relatively low sound pressure level.
[0018] Patent application WO 2007/047525 A2 dis-
closes ultrasonic treatment for preparing meat products
where the application of ultrasound is to reduce the mi-
crobial content of the meat material. One embodiment
includes subjecting the meat material to ultrasonic ener-
gy of1x104to 1 kW hour prliter meat material. Ultrasonic
energy is defined as being mechanical vibratory energy
that operates at frequencies greater than audible sound.
[0019] Patent specification JP 62257365A discloses a
treatment of pieces of crushed red fish meat where ul-
trasonic wave jetting water is added from a jetting nozzle
into a vessel holding the fish to stir the crushed pieces
of fish meat whereby lipids and water soluble proteins in
the fish meat are eluted and liberated.

[0020] Patent specification US 2002/0040643 disclos-
es a desiccating device and method providing variable
drying conditions allowing the desiccated material to sub-
stantially maintain its natural characteristics upon rehy-
dration as well as a low microbial content. The material
is subjected to ultrasound and forced flowing hot air or
gas in an apparatus with a plurality of drying chambers
until the moisture content is reduced to approximately 5
- 10% of its original content. Parameters, e.g. the ultra-
sonic wavelength, can be varied to control the overall
rate of desiccation of the material.

[0021] Patent specification FR 2,811,574 discloses a
sterilisation process of a product. Ultrasonic vibrations
are used to cause stirring or shaking of a substance to
be processed. The ultrasonic generators are of a me-
chanical nature.

[0022] The article Gacia M. L. et al. "Effect of heat and
ultrasonic waves on the survival of two strains of Bacillus
subtilis" discloses an investigation of the effect of heat
application and application of ultrasound on two types of
bacteria in a liquid. The ultrasonic generator is of a me-
chanical type but uses induction of cavitation (requiring
a liquid) to achieve a large intensity of the ultrasonic
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waves.
[0023] Patent specification EP 1381399 B1 by the
same applicant discloses a method of applying steam
and ultrasound to the surface of a food product. In this
application, the processing time is so short and the fre-
quency and acoustic pressure of a size that the surface
of the food product is as unaffected as possible while
germs, etc. on the surface of the food product effectively
are killed. It is mentioned that the germs (on the surface
of the food product) reach a core temperature exceeding
70°C at a time at which the thermal gradient has only
penetrated a few micrometers into the surface cells of
the product.

[0024] WO 2008/003324-A discloses a method of en-
hancing application of high intensity acoustic waves,
wherein the method comprises generating high intensity
acoustic waves by a first acoustic wave generator using
a gaseous medium where the gaseous medium, after
exit from the acoustic wave generator, has a first general
direction that is different from a second general direction
of the high intensity acoustic waves generated by the first
acoustic wave generator. Preferably, the gaseous medi-
um is steam or super-heated steam or super-heated
steam mixed with air. Preferably, the acoustic waves
have a sound intensity of at least 120 dB. Very efficient
transfer of energy to the gaseous medium is thereby en-
sured; which is usable for disinfection of food items.
[0025] Procedures involving mechanical acoustic
transducers, like piezoelectric, magnetostrictive, or other
mechanical transducers, thatapply the generated acous-
tic waves into a solid item or product generally need to
have a complete and unbroken solid connection between
the generator and the solid end target in order to avoid
a very big efficiency loss associated with the transfer of
acoustic waves over a solid/gas interface like an inter-
mediate air gap. This has the disadvantage that direct
physical contact need to be maintained to the food prod-
uct being processed if high power acoustic waves are
need to propagate into the target solid. If an air gap is
present the acoustic power will fall many magnitudes.
[0026] The reason for the big efficiency loss over a
solid/gas interface is due to more than four-orders-of-
magnitude difference in acoustic impedance for a solid
and a gas whereby most of generated acoustic power
cannot be emitted (and especially re-emitted) into the
gas atmosphere and thus mainly remains in the solid
mechanical generator and ultimately is converted into
thermal energy.

[0027] Such mechanical acoustic transducers are ca-
pable of providing high power acoustic waves but that is
typically done by so-called cavitation that requires the
presence of a liquid where the implosion of acoustic in-
duced bubbles in the liquid can generate high power
acoustic waves. However, the generated power of such
cavitation processes also cannot readily be transferred
to a gas.
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OBJECT AND SUMMARY OF THE INVENTION

[0028] Itis an objectof the invention to provide a meth-
od that alleviates at least to an extent one or more of the
abovementioned problems.

[0029] Another object is to improve the efficiency of a
blanching, steaming, and/or boiling process of a surface
layer of a food product.

[0030] This is achieved by a method of blanching,
steaming, and/or boiling a food product, the method com-
prising applying steam of a gas to at least a part of a
surface area of a food product for a predetermined period
of time thereby blanching, steaming, and/or boiling at
least a part of said food product, and applying airborne
high intensity and high power acoustic waves to at least
a part of said steam of gas causing the part of said steam
of gas to oscillate substantially at the frequency and sub-
stantially with the intensity and power of the acoustic
waves wherein said high intensity and high power acous-
ticwaves are generated by a high intensity and high pow-
er acoustic wave generator and have an acoustic sound
pressure level at approximately 10 cm from an orifice of
said generator being at least 120 dB, and said predeter-
mined period of time is at least approximately 10 sec-
onds, whereby a heating effect caused by the steam of
a gas will penetrate into the food product.

[0031] In this way, a blanching, a steaming and/or a
boiling effect can be improved by application of a com-
bination of steam of a gas and airborne high intensity and
high power acoustic waves where the sonic impact of the
acoustic waves increases and enhances the blanching,
steaming, and/or boiling effect of the steam. Power is
supplied in the form of steam and a steam zone around
the product will during use continuously be removed to
prevent condensation and insulation whereby the natural
microstructures in the surface are not shielded from the
steam and do not prevent steam from reaching them.
[0032] This entails that the food product (of plant or
animal origin) to a larger extent will obtain the desired
properties (absence of inherent enzymatic activity, pres-
ervation of colour, unchanged/only slightly changed tex-
ture and water binding capabilities).

[0033] The applied high intensity and high power
acoustic waves enhance the heat transfer between the
steam and the surface layer of food product(s) being
processed by removing or minimizing the so-called lam-
inar sub-layer thereby ensuring that more heat of the
steam will be transferred to the food product(s) and ulti-
mately thereby ensuring a faster and/or more efficient
processing time for a blanching, steaming, and/or boiling
process of the food product(s) being processed. So a
more thorough treatment can be achieved in the same
time span or even in a somewhat shorter time span.
[0034] Furthermore, the heating effect will also pene-
trate deeperinto the food product structure thereby caus-
ing a faster enzyme inactivation process.

[0035] Additionally, the combination of steam and ap-
plication of high intensity and high power acoustic waves
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will achieve efficacies that otherwise only could be
achieved by a longer moist heat treatment action, a use
of acidic compounds or other chemicals, or of irradiation;
but entirely without the side effects of these treatments.
[0036] Furthermore, the enhanced efficiency will ena-
ble a lower consumption of water and energy and the
treatment is harmless to the food product and the envi-
ronment since only steam is used as an agent. There is
no transfer of additional substances to the food product
and in turn to the consumer.

[0037] The use ofairborne high intensity and high pow-
er acoustic waves enables a no-contact approach with
the food product, thereby potentially speeding the proc-
ess time up e.g. for food products transported by a con-
veyor belt or other transport mechanism.

[0038] Furthermore, the blanching, steaming, and/or
boiling process is also more controllable and shorted
overall since the temperature will drop quite fast after
steam is not applied anymore.

[0039] The present invention does neither involve ap-
plying acoustic waves in water or other liquids nor apply-
ing acoustic waves from a system being in direct contact
with a food product to be processed.

[0040] By steam is to be understood any type of a va-
porised liquid, a gas with or without dispersed liquid drop-
lets, and/or any mixture thereof, at an appropriate tem-
perature and pressure.

[0041] In one embodiment, the predetermined period
of time is selected from the group of:

o at least approximately 10 seconds,

o approximately 10 seconds to approximately 1
minute,

o approximately 10 seconds to approximately 5 min-
utes,

o approximately 5 seconds to approximately 5 min-
utes,

[0042] The processingtime will typically depend on the
type(s) and/or amount of food product(s) being process-
ing.

[0043] Inone embodiment, the high intensity and high
power acoustic waves are ultrasonic acoustic waves. Ul-
trasonic acoustic waves are less damaging to humans
than sonic ones and will often be simpler to dampen
and/or reflect. Alternatively, the acoustic waves can have
audible or sonic frequencies.

[0044] The high intensity and high power acoustic
waves may have a main or primary frequency between
about 8 kHz and 70 kHz, between about 16 kHz and 50
kHz, or about between 20 kHz and 40 kHz. Alternatively,
the main or primary frequency may be different.

[0045] Inone embodiment, the high intensity and high
power acoustic waves are generated by a high intensity
and high power acoustic wave generator and have an
acoustic sound pressure level (or sound intensity) at ap-
proximately 10 cm from the orifice of said generator se-
lected from the group of: at least 130 dB, at least 140 dB,
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at least 160 dB, approximately 120 to approximately 165
dB, and approximately 120 to approximately 180 dB.
[0046] Typically, a sound pressure level of at least 120
dB is sufficient to have an improvement on the steam
treatment, where higher pressures, e.g. from 130 dB or
from 140 dB, give further improvements.

[0047] In one embodiment, the steam is aqueous
steam. A relatively small amount of aqueous steam is
able to transfer a high amount of heat energy, has only
a low cost and leaves only harmless water as its residue.
[0048] In one embodiment, the steam and the high in-
tensity and high power acoustic waves are applied by
the same device. This enables a more compact design
of a treatment device. Furthermore, for some types of
devices or generators (e.g. Hartmann, Lavavasseur
whistle design types, etc.) the steam is also used to gen-
erate the acoustic waves avoiding the need for an addi-
tional driving force.

[0049] In an alternative embodiment, the steam and
the high intensity and high power acoustic waves are
generated and applied by differentdevices. One example
is e.g. a device that generates the high intensity and high
power acoustic waves using pressurized air or gas or the
like and where the steam is supplied separately by one
or more steam nozzles from a steam generator. In this
way, the steam supply could be limited and/or controlled
with greater precision as the steam being supplied then
is not responsible also for generating the appropriate
sound pressure level of the high intensity and high power
acoustic waves.

[0050] In one embodiment, the steam is caused to os-
cillate at such a high acoustic pressure level that the mi-
gration of the individual molecules reaches or exceeds
the dimensional depth of the laminar sub-layer adjacent
to a given food product.

[0051] Inone embodiment, the surface area of the food
product is heated to a temperature of at least about 80
°C (e.g. about 82 - about 85 °C) for about 5 seconds.
[0052] The embodiments of the system according to
the present invention correspond to the embodiments of
the method according to the present invention and have
the same advantages for the same reasons. Advanta-
geous embodiments of the system are defined in the sub-
claims and described in detail in the following.

BRIEF DESCRIPTION OF THE DRAWINGS

[0053] These and otheraspects of the invention will be
apparent from and elucidated with reference to the illus-
trative embodiments shown in the drawings, in which:

Figure 1 schematically illustrates a general embod-
iment of the present invention;

Figure 2a schematically illustrates a (turbulent) flow
over a surface of a food product without application
of high intensity and high power acoustic waves;
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Figure 2b schematically illustrates a flow over a sur-
face of a food product, where the effect of applying
high intensity and high power acoustic waves to/in
gas surrounding or contacting the surface is illustrat-
ed;

Figure 3a schematically illustrates an embodiment
of a device for generating high intensity and high
power acoustic waves;

Figure 3b shows an embodiment of a high intensity
and high power acoustic wave device in form of a
disc-shaped disc jet;

Figure 3c is a sectional view along the diameter of
the high intensity and high power acoustic wave de-
vice (301) in Figure 3b illustrating the shape of the
opening (302), the gas passage (303) and the cavity
(304) more clearly;

Figure 3d illustrates an alternative embodiment of a
high intensity and high power acoustic wave device,
which is shaped as an elongated body;

Figure 3e shows a high intensity and high power
acoustic wave device of the same type as in Figure
3d but shaped as a closed curve;

Figure 3f shows a high intensity and high power
acoustic wave device of the same type as in Figure
3d but shaped as an open curve; and

Figure 3g illustrates an alternative embodiment of a
high intensity and high power acoustic wave device,
which is shaped as an elongated body.

DESCRIPTION OF PREFERRED EMBODIMENTS

[0054] Figure 1 schematically illustrates a general em-
bodiment of the present invention. Schematically illus-
trated are one or more food products (101) to be
blanched, steamed, and/or boiled according to an aspect
of the present invention. Also illustrated is a representa-
tion of a surface layer (101’) of the food product(s) (101)
to be treated.

[0055] Further illustrated are a high intensity and high
power acoustic wave generator (100) and a steam gen-
erator (102) generating high intensity and high power
acoustic waves (104) and steam (103), respectively.
[0056] The generated high intensity and high power
acoustic waves (104) and steam (103) - or a gas with or
without dispersed liquid droplets, a vaporized liquid,
and/or a mixture thereof etc. - are applied, by their re-
spective generators, overlapping in time to the surface
(1071’) of the solid food product(s) (101) to be treated.
The acoustic waves (104) and the steam (103) may e.g.
be applied overlapping physically in a relevant area of
the surface (101’) ofthe food product(s) (101) or generally
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in such a way that the acoustic waves (104) will influence
the steam (103) adjacent to the surface (101’) of the food
product(s) (100) being treated or before the steam reach-
esthe surface (107°). In this way, a blanching, a steaming
and/or a boiling effect of the steam can be improved.
[0057] The acoustic waves will cause the steam mol-
ecules or steam droplets to oscillate at the frequency and
with the intensity and power of the acoustic waves. The
steam molecules or steam droplets near the surface
(101") of the food product(s) (101) to be treated will vibrate
at a high frequency and will minimize or remove the so-
called laminar sub-layer present around the solid food
product(s) 101) at the surface layer (101’). The reduction
of the laminar sub-layer will cause an increased heat
transfer and heat transfer rate effected by the steam con-
densing on the surface layer (101’) of the food product(s)
(101), as explained in more detail in the following.
[0058] For nearly all practically occurring gas flows
around a solid object such as a food product, the flow
regime will be turbulent in the entirety of the flow volume;
except for a layer covering all surfaces wherein the flow
regime is laminar (see e.g. 313 in Figure 2a). This layer
is often referred to as the laminar or boundary sub-layer.
The thickness of this layer is a decreasing function of the
Reynolds number of the flow, i.e. at high flow velocities,
the thickness of the laminar sub-layer will decrease.
[0059] Decreasing the thickness of the laminar layer
will typically enhance the heat transfer significantly.
[0060] This will be the case when high intensity and
high power acoustic waves are applied to the surface of
food product(s). The high intensity and high power acous-
tic waves increase the interaction between the steam
molecules and the surface of the food product(s) and
thus the energy exchange at the surface.

[0061] Reducing/minimizing the laminar sub-layer pro-
vides increased diffusion speed. Additionally, reduc-
ing/minimizing the laminar sub-layer improves the prob-
ability of collision between steam molecules (102) and
surface of the food product(s).

[0062] This will be explained in greater detail in con-
nection with Figures 2a and 2b.

[0063] Furthermore, the stream of steam will also
’push’ away or remove a layer of a steam/air mixture be-
ing present around the food product potentially prevent-
ing effective heating of the food product by the steam.
The steam/air mixture will arise from applied steam ulti-
mately mixing to a small extent with the ambient air.
[0064] Itisto be understood that one or more acoustic
wave generators (100) and/or one or more steam gen-
erators (102) may be used. It is also to be understood
that acoustic waves and steam may be generated by the
same device or by different devices.

[0065] Applying the steam and the high intensity and
high power acoustic waves by the same device enables
a more compact design of a treatment device. Further-
more, for some types of devices or generators (e.g. Hart-
mann, Lavavasseur whistle design types, etc.) the steam
is readily used to generate the acoustic waves avoiding
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the need for an additional driving force.

[0066] Applying the steam and the high intensity and
high power acoustic waves by different devices may e.g.
be done by a device that generates the high intensity and
high power acoustic waves using pressurized air or gas
or the like and supplying the steam separately by one or
more steam nozzles from a steam generator. In this way,
the steam supply could be limited and/or controlled with
greater precision as the steam being supplied then is not
responsible also for generating the appropriate sound
pressure level of the high intensity and high power acous-
tic waves. For smaller food objects - e.g. shrimp or other
crustaceans or peas, etc. it may be important to be able
to control the steam supply so they are not easily over-
cooked or over-processed.

[0067] A blanching process typically involves boiling
of a food product for a relatively short period of time in
water followed by forced cooling e.g. by dipping or trans-
ferring the food product in/to cold water. A blanching proc-
ess according to the present invention involves the ap-
plication of steam and acoustic waves as described e.g.
at atmospheric pressure for a predetermined amount of
time depending on the specific type of food product(s)
and a time suitable for obtaining blanched food prod-
uct(s). Due to the application of the acoustic wave the
blanching effect will be obtained fast and in a more con-
trollable way and thereby more gentle than in traditional
blanching. The following cooling may e.g. be done by
moving the food product out of the treatment zone pos-
sibly followed by cooling by vented air. Alternatively, the
food product may be immersed into cold water or cold
water can be sprayed on the food product or by a similar
or alternative cooling process.

[0068] A steaming process typically involves the appli-
cation of steam to heat a food product e.g. in a steaming
chamber or the like. A steaming process according to the
present invention involves the application of steam and
acoustic waves as described e.g. at atmospheric pres-
sure for a predetermined amount of time depending on
the specific type of food product(s) and a time suitable
for obtaining steamed food product(s).

[0069] A boiling process typically involves boiling a
food product for a relatively longer (i.e. longer than for
blanching) period of time. A boiling process according to
the present invention involves the application of steam
and acoustic waves as described e.g. at atmospheric
pressure for a predetermined amount of time depending
on the specific type of food product(s) and a time suitable
for obtaining boiled food product(s). The boiling is done
using heat from the applied steam.

[0070] The period of time a food product is processed
by the present invention may e.g. be at least approxi-
mately 5 seconds, approximately 5 or approximately 6
seconds to approximately 10 seconds, at least approxi-
mately 10 seconds, approximately 10 seconds to approx-
imately 1 minute, approximately 10 seconds to approxi-
mately 5 minutes, and approximately 5 seconds to ap-
proximately 5 minutes.
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[0071] Inone embodiment, the surface area of the food
product is heated to a temperature of at least about 80
°C (e.g. about 82 - about 85 °C) for about 5 seconds.
[0072] The processingtime will typically depend on the
type(s) and/or amount of food product(s) being process-
ing.

[0073] In one embodiment, the steam is caused to os-
cillate at such a high acoustic pressure level that the mi-
gration of the individual molecules reaches or exceeds
the dimensional depth of the laminar sub-layer adjacent
to a given food product. The kinetic energy of all the gas
molecules (including steam and other ambient gas) will
remove or minimize the laminar sub-layer after which the
steam will heat up the surface of the food product(s) in
afast and controllable way by condensing on the surface.
[0074] Inone embodiment, the applied acousticwaves
are ultrasonic. Ultrasonic acoustic waves are less dam-
aging to humansthan sonicones and will often be simpler
to dampen and/or reflect. Alternatively, the acoustic
waves can have audible or sonic frequencies.

[0075] The steam (103) may e.g. be aqueous steam
and can be any type of a vaporized liquid, a gas without
or with dispersed liquid droplets, and/or any mixture
thereof at an appropriate temperature and pressure.
[0076] The acoustic wave generator(s) (100) may be
of any type capable of delivering a sound pressure level
sufficient for enhancing the steam’s blanching, steaming,
and/or boiling effect. A sufficient sound pressure level
has been found to be about 120 dB (at 10 cm from the
orifice of the generator) and above. Better results have
been found for a sound pressure level being at least 130
dB.

[0077] Examples of such generators (100) are e.g. the
so-called Hartmann disc, stem, or slot jet type where the
steam itself may be usedto generate the (ultrasonic) high
intensity and high power acoustic waves as e.g. shown
and explained in connection with Figures 3a - 3g. Another
usable type is the so-called Lavavasseur whistle design
type.

[0078] The high intensity and high power acoustic
wave generator (100) and a steam generator (102) may
be moveable in relation to the food product(s) (101) e.g.
by moving the generators (100; 102) or by moving the
food product(s) (101) pastthe generators (100; 102); e.g.
on a conveyor belt or similar.

[0079] One or more acoustic reflectors, .e.g. of gener-
ally parabolic or elliptical form, may be used to control
the propagation of the acoustic waves.

[0080] Figure 2a schematically illustrates a (turbulent)
flow over a surface of a food product without application
of high intensity and high power ultrasonic acoustic
waves.

[0081] Schematically shown is a surface (101’) of at
least one food product (101) with a gas or a mixture of
gases comprising steam (102) surrounding and contact-
ing the surface (101°). The surface (101’) may also have
water droplets on the surface arising from already con-
densed steam.

10

15

20

25

30

35

40

45

50

55

[0082] Thermal energy can be transported through gas
by conduction and also by the movement of the gas from
one region to another. This process of heat or energy
transfer associated with gas movement is usually re-
ferred to as convection. When the gas motion is caused
only by buoyancy forces set up by temperature differenc-
es, the process is normally referred to as natural or free
convection; butif the gas motion is caused by some other
mechanism, itis usually referred to as forced convection.
With a condition of forced convection there will be a lam-
inar boundary layer (311) near to the surface (101°), even
if there is a strong forced convection causing turbulence
in the gas near the surface. The thickness of this layer
is a decreasing function of the Reynolds number of the
flow, so that at high flow velocities, the thickness of the
laminar boundary layer (311) will decrease. When the
flow becomes turbulent the layer is divided into a turbu-
lent boundary layer (312) and a laminar sub-layer (313).
For nearly all practically occurring gas flows, the flow
regime will be turbulent in the entirety of the streaming
volume, except for the laminar sub-layer (313) covering
the surface (101’) wherein the flow regime is laminar.
Considering a gas molecule (315) in the laminar sub-
layer (313), the velocity (316) will be substantially parallel
to the surface (101’) and equal to the velocity of the lam-
inar sub-layer (313). Heat or energy transport across the
laminar sub-layer will be by conduction or radiation, due
to the nature of laminar flow.

[0083] Furthermore, heat transfer across the laminar
sub-layer will primarily be by diffusion. The presence of
the laminar sub-layer (313) does not provide optimal or
efficient heat transfer.

[0084] The principal impediment to the transfer or
transmission of heat, energy and/or mass from a gas to
a solid surface is the boundary layer (311) of the gas,
which adheres to the solid surface. Even when the motion
of the gas is fully turbulent, the laminar sub-layer (313)
exists and obstructs mass transport and/or heat transfer.
[0085] Figure 2b schematically illustrates a flow over
a surface of a food product, where the effect of applying
high intensity and high power acoustic waves to/in gas
surrounding or contacting the surface is illustrated.
[0086] More specifically, Figure 2b illustrates the con-
ditions when the surface (101’) of a food product (101)
is subjected to high intensity and high power (ultrasonic)
acoustic waves e.g. supplied by a gas-jet acoustic wave
generator (not shown; see e.g. 301 in the other Figures).
Considering a gas molecule/particle (315) in the laminar
sub-layer, the velocity (316) will be substantially parallel
to the surface (101’) and equal to the velocity of the lam-
inar sub-layer prior to applying ultrasound. Inthe direction
of the emitted sound field to the surface (101°) in Figure
2b, the oscillating velocity of the gas or steam molecule
(315) has been increased significantly as indicated by
arrows (317). As an example, a maximum velocity of v=
4.5 m/sec and a displacement of +/- 32 um can be
achieved where the frequency is f=22 kHz and the sound
pressure level is about 160 dB. The corresponding (ver-
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tical) displacement in Figure 2a is substantially O since
the molecule follows the laminar air stream along the
surface. As a result, the acoustic waves will reduce the
laminar sub-layer and will cause an increased heat trans-
fer and heat transfer rate effected by the steam condens-
ing on the surface layer (101’) of the food product(s)
(101).

[0087] The sound pressure levelisin one embodiment
substantially 120 dB or larger or can be 130 dB or larger.
In an alternative embodiment, the sound pressure level
is substantially 140 dB or larger. In yet another embodi-
ment, the sound pressure level is substantially 160 dB
or larger. Furthermore, the sound pressure level may be
selected within the range of approximately 140 - 165 or
approximately 120 - 165 dB. The sound pressure level
may be approximately 120 to approximately 180 dB.
[0088] Therefore, the minimization or elimination of the
laminar sub-layer has the effect that heat or energy trans-
fer between the surface (101’) of a food product (101)
and the surrounding or contacting steam (102) is greatly
increased, as the reduced size of the laminar sub-layer
correspondingly reduces hindrance of heat or energy
transfer to the surface of the food product (101). Power
is supplied in the form of steam and a steam zone around
the product will during use continuously be removed to
prevent condensation and insulation whereby the natural
microstructures in the surface are not shielded from the
steam and do not prevent steam from reaching them.
Energy will be supplied to the food product due to the
steam condensing on the surface.

[0089] This will effectively cause an enhanced reaction
between the steam (102) and the food product allowing
e.g. for deeper penetration of the heat from the steam
and a faster blanching, steaming, and/or boiling of the
food product. Figure 3a schematically illustrates a pre-
ferred embodiment of a device (301) for generating high
intensity and high power acoustic waves. Pressurized
gas, here in the form of pressurized steam is passed from
atube or chamber (309) through a passage (303) defined
by the outer part (305) and the inner part (306) to an
opening (302), from which the gas is discharged in a jet
towards a cavity (304) provided in the inner part (306). If
the gas pressure is sufficiently high then oscillations are
generated in the gas fed to the cavity (304) at afrequency
defined by the dimensions of the cavity (304) and the
opening (302). The pressure may e.g. be > 1.2 bar or
typically 1.2 - 6.0 bar or preferably 3.0 - 5.0 bar. An ul-
trasound device of the type shown in Figure 3a is able
to generate an ultrasonic acoustic pressure level of up
to about 160 dB at a gas pressure of about 4 atmos-
pheres. The ultrasound device may e.g. be made from
brass, aluminum or stainless steel or in any other suffi-
ciently hard material to withstand the acoustic pressure
and temperature to which the device is subjected during
use. The method of operation is also illustrated in Figure
3a, in which the generated ultrasound (104) is directed
towards a surface (101°) of a food product (101) to be
treated.
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[0090] Figure 3b shows an embodiment of a high in-
tensity and high power acoustic wave device in form of
adisc-shaped disc jet. Shown is a preferred embodiment
of a high intensity and high power ultrasonic acoustic
wave generator (301), i.e. aso-called disc jet. The device
(301) comprises an annular outer part (305) and a cylin-
drical inner part (306), in which an annular cavity (304)
isrecessed. Through an annular gas passage (303) gas-
es - here in the form of steam - may be diffused to the
annular opening (302) from which it may be conveyed to
the cavity (304). The outer part (305) may be adjustable
in relation to the inner part (306), e.g. by providing a
thread or another adjusting device (not shown) in the
bottom of the outer part (305), which further may com-
prise fastening means (not shown) for locking the outer
part (305) in relation to the inner part (306), when the
desired interval there between has been obtained. Such
an ultrasound device may generate a frequency of about
22 kHz at a gas pressure of 4 atmospheres. The mole-
cules of the gas are thus able to migrate up to 32 pm
about 22,000 times per second at a maximum velocity
of 4.5 m/s. These values are merely included to give an
idea of the size and proportions of the ultrasound device
and by no means limit of the shown embodiment.
[0091] Figure 3cis a sectional view along the diameter
of the high intensity and high power acoustic wave device
(301) in Figure 3b illustrating the shape of the opening
(302), the gas passage (303) and the cavity (304) more
clearly. It is further apparent that the opening (302) is
annular. The gas passage (303) and the opening (302)
are defined by the substantially annular outer part (305)
and the cylindrical inner part (306) arranged therein. The
gas jet discharged from the opening (302) hits the sub-
stantially circumferential cavity (304) formed in the inner
part (306), and then exits the ultrasound device (301).
As previously mentioned the outer part (305) defines the
exterior of the gas passage (303) and is further bevelled
at an angle of about 30° along the outer surface of its
inner circumference forming the opening of the ultra-
sound device, wherefrom the gas jet may expand when
diffused. Jointly with a corresponding bevelling of about
60° on the inner surface of the inner circumference, the
above bevelling forms an acute-angled circumferential
edge defining the opening (302) externally. The inner part
(306) has a bevelling of about 45° in its outer circumfer-
ence facing the opening and internally defining the open-
ing (302). The outer part (305) may be adjusted in relation
to the inner part (306), whereby the pressure of the gas
jet hitting the cavity (304) may be adjusted. The top of
the inner part (306), in which the cavity (304) is recessed,
is also bevelled at an angle of about 45° to allow the
oscillating gas jet to expand at the opening of the ultra-
sound device.

[0092] Figure 3d illustrates an alternative embodiment
of a high intensity and high power acoustic wave device,
which is shaped as an elongated body. Shown is an ul-
trasonic high intensity and high power acoustic wave
generator comprising an elongated substantially rail-
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shaped body (301), where the body is functionally equiv-
alent with the embodiments shown in Figures 3a and 3b,
respectively. In thisembodimentthe outer part comprises
two separate rail-shaped portions (305a) and (305b),
which jointly with the rail-shaped inner part (306) form an
ultrasound device (301). Two gas passages (303a) and
(303b) are provided between the two portions (305a) and
(305b) of the outer part (305) and the inner part (306).
Each of said gas passages has an opening (302a),
(302b), respectively, conveying emitted gas from the gas
passages (303a) and (303b) to two cavities (304a),
(304b) provided in the inner part (306). One advantage
of this embodiment is that a rail-shaped body is able to
coat a far larger surface area than a circular body. An-
other advantage of this embodiment is that the ultrasound
device may be made in an extruding process, whereby
the cost of materials is reduced.

[0093] Figure 3e shows ahigh intensity and high power
acoustic wave device of the same type as in Figure 3d
but shaped as a closed curve. The embodiment of the
gas device shown in Figure 3d does not have to be rec-
tilinear. Figure 3e shows a rail-shaped body (301) shaped
as three circular, separate rings. The outer ring defines
an outermost part (305a), the middle ring defines the in-
ner part (306) and the inner ring defines an innermost
outer part(305b). The three parts of the ultrasound device
jointly form a cross section as shown in the embodiment
in Figure 3d, wherein two cavities (304a) and (304b) are
provided in the inner part, an wherein the space between
the outermost outer part (305a) and the inner part (306)
defines an outer gas passage (303a) and an outer open-
ing (302a), respectively, and the space between the inner
part (306) and the innermost outer part (305b) defines
an inner gas passage (304b) and an inner opening
(302b), respectively. This embodiment of an ultrasound
device is able to coat a very large area at a time and thus
treat the surface of large objects.

[0094] Figure 3f shows a high intensity and high power
acoustic wave device of the same type as in Figure 3d
butshaped as an open curve. As shownitis also possible
to form an ultrasonic high intensity and high power acous-
tic wave generator of this type as an open curve. In this
embodiment the functional parts correspond to those
shown in Figure 3d and other details appear from this
portion of the description for which reason reference is
made thereto. Likewise it is also possible to form an ul-
trasonic high intensity and high power acoustic wave
generator with only one opening as described in Figure
3b. An ultrasonic high intensity and high power acoustic
wave generator shaped as an open curve is applicable
where the surfaces of the treated object have unusually
shapes. A system is envisaged in which a plurality of
ultrasonic high intensity and high power acoustic wave
generators shaped as differentopen curves are arranged
in an apparatus according to the invention.

[0095] Figure 3gillustrates an alternative embodiment
of a high intensity and high power acoustic wave device,
which is shaped as an elongated body. This embodiment
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correspond to the embodiment of Figure 3d but ’cut in
half’.

[0096] In the claims, any reference signs placed be-
tween parentheses shall not be constructed as limiting
the claim. The word "comprising" does not exclude the
presence of elements or steps other than those listed in
aclaim. The word "a" or "an" preceding an element does
not exclude the presence of a plurality of such elements.
[0097] The invention can be implemented by means
of hardware comprising several distinct elements, and
by means of a suitably programmed computer. In the
device claim enumerating several means, several of
these means can be embodied by one and the same item
of hardware. The mere fact that certain measures are
recited in mutually different dependent claims does not
indicate that a combination of these measures cannot be
used to advantage:

Claims

1. A method of blanching, steaming, and/or boiling a
food product (101), the method comprising:

- applying steam of a gas (103) to at least a part
of a surface area (101’) of a food product (101)
for a predetermined period of time thereby
blanching, steaming, and/or boiling at least a
part of said food product (101), and

- applying airborne high intensity and high power
acoustic waves (104) to at least a part of said
steam of gas (103) causing the part of said
steam of gas (103) to oscillate substantially at
the frequency and substantially with the intensity
and power of the acoustic waves (104),

wherein

- said high intensity and high power acoustic
waves (104) are generated by a high intensity
and high power acoustic wave generator (100;
301) and have an acoustic sound pressure level
at approximately 10 cm from an orifice of said
generator (100; 301) being at least 120 dB, and
- said predetermined period of time is at least
approximately 10 seconds, whereby a heating
effect caused by the steam of a gas (103) will
penetrate into the food product (101).

2. The method according to claim 1, wherein said pre-
determined period of time is selected from the group
of:

o approximately 10 seconds to approximately 1
minute,

o approximately 10 seconds to approximately 5
minutes, and

o approximately 10 seconds to approximately 5
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minutes.

The method according to any one of claims 1 - 2,
wherein said high intensity and high power acoustic
waves are ultrasonic acoustic waves.

The method according to any one of claims 1 - 3,
wherein said high intensity and high power acoustic
waves (104) have an acoustic sound pressure level
at approximately 10 cm from an orifice of said gen-
erator (100; 301) selected from the group of:

- at least 130 dB,

- at least 140 dB,

- at least 160 dB,

- approximately 120 to approximately 165 dB,
and

- approximately 120 to approximately 180 dB.

The method according to any one of claims 1 - 4,
wherein said steam (103) is aqueous steam.

The method according to any one of claims 1 - 5,
wherein said steam (103) and high intensity and high
power acoustic waves (104) are applied by the same
high intensity and high power acoustic wave gener-
ator (301).

The method according to any one of claims 1 - 5,
wherein said steam (103) and said high intensity and
high power acoustic waves (104) are generated and
applied by different devices (100; 102).

The method according to any one of claims 1 - 7,
wherein the steam is caused to oscillate at such a
high acoustic pressure level that the migration of the
individual molecules reaches or exceeds the dimen-
sional depth of the laminar sub-layer adjacent to a
given food product.

The method according to any one of claims 1 - 8,
wherein

-the surface area (101’) ofthe food product (101)
is heated to a temperature of at least about 80
°C for about 5 seconds.

Patentanspriiche

Verfahren fur das Blanchieren, Dampfen und/oder
Kochen eines Nahrungsmittelprodukts (101), wobei
das Verfahren umfasst:

- Anwendung von Dampf eines Gases (103) auf
zumindest einen Teil eines Oberflachenbe-
reichs (101°) eines Nahrungsmittelprodukts
(101) fur eine vorgegebene Zeitperiode, wo-
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10

2.

3.

4,

5.

6.

durch zumindest ein Teil des Nahrungsmittel-
produkts (101) blanchiert, gedampft und/oder
gekocht wird, und

- Anwendung von Luftschallwellen (104) mit ho-
her Intensitat und hoher Leistung auf zumindest
einen Teil des Dampfes von Gas (103), wodurch
bewirktwird, dass der Teildes Dampfes von Gas
(103) im Wesentlichen mit der Frequenz und im
Wesentlichen mit der Intensitatund Leistung der
Schallwellen (104) oszilliert,

wobei

- die Schallwellen (104) mit hoher Intensitat und
hoher Leistung durch einen Schallwellengene-
rator (100; 301) mit hoher Intensitat und hoher
Leistung erzeugt werden und in einem Abstand
von etwa 10 cm von einer Offnung des Genera-
tors (100; 301) einen Schalldruckpegel von zu-
mindest 120 dB aufweist, und

- die vorgegebene Zeitperiode zumindest etwa
10 Sekunden betragt, wobei eine durch den
Dampf eines Gases (103) verursachte Warme-
leistungin das Nahrungsmittelprodukt (101) ein-
dringen wird.

Verfahren nach Anspruch 1, wobei die vorgegebene
Zeitperiode ausgewahlt ist aus der Gruppe beste-
hend aus:

- etwa 10 Sekunden bis etwa 1 Minute,
- etwa 10 Sekunden bis etwa 5 Minuten,
- etwa 10 Sekunden bis etwa 5 Minuten,

Verfahren nach einem der Anspriiche 1 - 2, wobei
die Schallwellen mit hoher Intensitat und hoher Leis-
tung Ultraschallwellen sind.

Verfahren nach einem der Anspriiche 1 - 3, wobei
die Schallwellen (104) mithoher Intensitat und hoher
Leistung in einem Abstand von etwa 10 cm von einer
Offnung des Generators (100; 301) einen Schall-
druckpegel aufweist, der ausgewahlt ist aus der
Gruppe bestehend aus:

- zumindest 130 dB,

- zumindest 140 dB,

- zumindest 160 dB,

- etwa 120 bis etwa 165 dB, und
- etwa 120 bis etwa 180 dB.

Verfahren nach einem der Anspriiche 1 - 4, wobei
der Dampf (103) Wasserdampf ist.

Verfahren nach einem der Anspriiche 1 - 5, wobei
der Dampf (103) und die Schallwellen (104) mit ho-
her Intensitat und hoher Leistung durch den gleichen
Schallwellengenerator (301) mit hoher Intensitat und



19 EP 2 262 385 B1 20

hoher Leistung angewendet werden.

Verfahren nach einem der Anspriiche 1 - 5, wobei
der Dampf (103) und die Schallwellen (104) mit ho-
her Intensitat und hoher Leistung durch unterschied-
liche Vorrichtungen (100; 102) erzeugt werden.

Verfahren nach einem der Anspriiche 1 - 7, wobei
bewirkt wird, dass der Dampf bei einem derartigen
hohen Schalldruckpegel oszilliert, dass die Wande-
rung der einzelnen Molekille die dimensionale Tiefe
der an ein gegebenes Nahrungsmittelprodukt an-
grenzenden laminaren Unterschicht erreicht oder
Uberschreitet.

Verfahren nach einem der Anspriiche 1 - 8, wobei

- der Oberflachenbereich (101°) des Nahrungs-
mittelprodukts (101) auf eine Temperatur von
zumindest 80°C fir etwa 5 Sekunden aufge-
warmt wird.

Revendications

Procédé de blanchiment, de cuisson a la vapeur,
et/ou d’ébullition d’'un produit alimentaire (101), le
procédé comprenant:

- 'application de la vapeur d’un gaz (103) a au
moins une partie d’'une zone de surface (101’)
d’un produit alimentaire (101) pendant une pé-
riode de temps prédéterminée permettant ainsi
le blanchiment, le cuisson a la vapeur, et/ou
I’ébullition d’au moins une partie dudit produit
alimentaire (101), et

- 'application des ondes acoustiques dans I'air
de haute intensité et a haute puissance (104) a
au moins une partie de ladite vapeur de gaz
(103) provoquant la partie de ladite vapeur de
gaz (103)aosciller essentiellementalafréquen-
ce et essentiellement avec l'intensité et la puis-
sance des ondes acoustiques (104),

dans lequel

- lesdites ondes acoustiques de haute intensité
et a haute puissance (104) sont générées par
un générateur d’ondes acoustiques de haute in-
tensité et a haute puissance (100; 301) et pré-
sentent un niveau de pression acoustique a en-
viron 10 cm d’un orifice dudit générateur (100;
301) étant au moins 120 dB, et

- ladite période de temps prédéterminée est au
moins environ 10 secondes, un effet thermique
provoqué par la vapeur d’'un gaz (103) va péné-
trer dans le produit alimentaire (101).

10

15

20

25

30

35

40

45

50

55

1

Procédé selon la revendication 1, dans lequel ladite
période de temps prédéterminée est sélectionnée
parmi le groupe:

- d’environ 10 secondes a environ 1 minute,
- d’environ 10 secondes a environ 5 minutes,
- d’environ 10 secondes a environ 5 minutes.

Procédé selon 'une quelconque des revendications
1 a 2, dans lequel lesdites ondes acoustiques de
haute intensité et a haute puissance sont des ondes
acoustiques ultra-sonores.

Procédé selon 'une quelconque des revendications
1 a 3, dans lequel lesdites ondes acoustiques de
haute intensité et a haute puissance (104) présen-
tent un niveau de pression de son acoustique a en-
viron 10 cm a partir d’unorifice duditgénérateur (100;
301) choisi parmi le groupe:

- d’au moins 130 dB,

- d’au moins 140 dB,

- d’au moins 160 dB,

- d’environ 120 a environ 165 dB, et
- d’environ 120 a environ 180 dB.

Procédé selon 'une quelconque des revendications
124, dans lequelladite vapeur (103) estde lavapeur
aqueuse.

Procédé selon 'une quelconque des revendications
1 a5, dans lequel ladite vapeur (103) et lesdites on-
des acoustiques de haute intensité et a haute puis-
sance (104) sontappliquées parle méme générateur
des ondes acoustiques de haute intensité et a haute
puissance (301).

Procédé selon 'une quelconque des revendications
1 a5, dans lequel ladite vapeur (103) et lesdites on-
des acoustiques de haute intensité et a haute puis-
sance (104) sont générées et appliquées par diffé-
rents dispositifs (100; 102).

Procédé selon 'une quelconque des revendications
1a7,dans lequel la vapeur est amenée a osciller a
un niveau de pression acoustique élevé tel que la
migration des molécules individuelles atteint ou dé-
passe la profondeur dimensionnelle de la sous-cou-
che laminaire adjacent a un produit alimentaire don-
né.

Procédé selon 'une quelconque des revendications
1 a 8, dans lequel

- 'étendue de surface (101°) du produit alimen-
taire (101) est chauffée a une température d’au
moins environ 80°C pendant environ 5 secon-
des.
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Srabadalml igdvivponiok

1. Elidrds dehuiszertormdk {101) blamrondsdrs, phrolasdes dafvagy Redsdre, nely oijasds sordn
- tithevitent péiat (103) oldre meghatirozett idétartamon & dhalmiseertermek (101) Blcaindnek (1047} Jeg~
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Safvagy foratk, 8
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Suliimak (104) frebosncigidval, tovibbd Iayopdhen arok intenzitisdval #¢ teljesitménydval Hrdnd vez-

cillfadgal wilgako ks,
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~ & nagyintenzitead és nagyteliesitmduyl akusaitkus bulldmokat { 104} nagyinteneitisg ¢¢ ﬁiiig}"t‘:ﬂij&ﬁ?tméﬁ
syl skusatifushulldm-keltd ogyssgael (100 301 dllituk ol ax akusztikeshullinvleld epysdg (100
301 nyiidsdtof mintegy 10 cnvre logadibh 120 dB nagysigd shusstikus hangayvomaveziniied, &5
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Ertskek sllkots csoponbdl vidasstink,
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3oAe Lovagy a d lgdoypont Y chidnds, amelyben @ nagyinteneitist &s nagylelesitményd akusatibus halls-
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moket pitrahanghalidmok képeal

4. A 15, igényvpantok birmelyike srerindl olidnds, ahol @ nagyintenzivdsh fx nagyvteliosBmanyd shosntikus hulld
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5. Az 14 igénypaniok bivmelyike seoriad oljdrds, ahola glat {103} vizgbz kipesi.

»
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