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(57) Abrege(suite)/Abstract(continued):
heat from the pasteurizing medium to the surface of the food product at a rate such that the surface heat transfer coefficient

becomes sufficiently higher than the food product conductance coefficient that the surface temperature of the food product Is
substantially instantaneously elevated above temperatures which are instantly lethal to microbes which may be present. Preferably,
steam Is condensed on the food product surface in dropwise condensation, and the onset of film condensation Is retarded by

removing condensate film from such surface.
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ABSTRACT OF THE DISCLOSURE

* A method for processing a food product involves transporting the
food product through a plurality of stations including a loading station, a
pasteurization station, and a closing station. The surface of the food pro'duct 1S
pasteurized by convectively transferring heat from the pasteurizing medium to the
surface of the food product at a rate such that the surface heat transfer coefficient
becomes sufficiently higher than the food product conductance coetficient that the
surface temperatute of the food product is substantially instantaneously elevated
above temperatures which are instantly lethal to microbes which may be present.
Preferably, steam is condensed on the food product surface in dropwise
condensation, and the onset of film condensation is retarded by removing

condensate film from such surface.
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SURFACE PASTEURIZATION METHOD

BACKGROUND AND SUMMARY
The invention relates to methods for pasteurizing the surface of a food
product during processing, including hot dogs, chicken strips, turkey breasts, ham,

cheese, and other pre-cooked food products.

Parent Application

The invention of the above-noted parent application relates to web
packaging apparatus and methods transporting a web through a series of stations, for
example forming a lower web into a component of a package receiving a food product
and closed by an upper web.

Web packaging machines and methods are known in the prior art, for
example U.S. Patent 5,170,611. The apparatus packages a food product between upper
and lower webs. A web transport conveyor transports the lower web through a series of
stations which form the lower web into a component of a package at a forming station,
and receive the food product at a loading station, and close the package with the upper
web at a closing station. The parent invention provides a pasteurization station
pasteurizing the food product. In preferred form, the pasteurization station 1s between the
loading station and the closing station and pasteurizes the food product 1n a simple

effective manner readily and seamlessly incorporated into the packaging line.

Present Application
The present invention arose during continuing development efforts
relating to the above-noted parent invention, including the objective of eliminating

pathogenic surface microbes that may have re-contaminated the outer surface of
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the food product during chilling or handling prior to packaging. Pasteurization is
desirable fbr destroymg most disease-producing INICTO-OTZanisms.

~ The process is carried out very rapidly with a compact station added
to the existing packaging line so as to maintain throughput and avoid major facility

5  layout changes that would be associated with longer processes.

 Inthe preterred embodiment of the present approach, the surface of
the food product is pasteurized at the last possible point in the process before it is
sealed into the final package. This prevents another recontamination opportunity.

The method of the present invention may be carried out in \
10 conjunction with the web packaging apparatus and system of the noted parent

application, or with other packaging apparatus such as rotary-bagging packaging
machines, 'a_ stand alone decontamination system for surface pasteurizing of non-

packaged food products or mgredients, and other systems.

15 ' BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 is an isometric view of web packaging apparatus for carrying out
the method 1 accordance with the invention.
' Fig. 2 1s a side view partially cut away of a portion of the apparatus of
Fig. 1. '
20 - Fig 3 1s a view taken along line 3-3 of Fig. 2.
| Fig. 4 is like Fig. 3 and illustrates sequential operation.
Fig. 5 is a view taken along line 5-5 of Fig. 4. '
Fig. 6 i1s an enlargéd view of a portion of F 1g. 4.
Fig. 7 1s like Fig. 6 and 1llustrates sequential operation.
25 Fig. 8 is an exploded isometric view partially folded away of a portion
of the structure of Fig. 6.
Fig. 9 1s an isometric view of a portion of Fig. 3.

Fig. 10 1s like Fig. 9 and illustrates sequential operation.
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DETAILED DESCRIPTION
Parent Application

Fig. 1 illustrates a packaging machine 10 and is like Fig. 1 of U.S. Patent
5,170,611 and uses like reference numerals therefrom where appropriate to facilitate
understanding. As noted in the '611 patent, packaging machine 10 generally includes a
lower web supply station 12 for supplying a lower web 14 of flexible packaging material
from a supply roll 16, a forming station 18, a loading station 20, an upper web supply station
22 for supplying an upper web of flexible packaging material 25, and a downstream station
26 closing the package. As described in the '611 patent, the web transport conveyor
provided by machine 10 transports lower web 14 through the noted series of stations which
form the lower web into a component of a package at forming station 18, and receive the
food product such as hot dogs P at loading station 20, and close the package with the upper
web 25 at closing station 26. The webs are advanced by the indexing apparatus disclosed n
the '611 patent, as controlled by the control modules 250 and 278, also as set forth 1n the '011
patent, to which further reference may be had. The conveyor advances from upstream to
downstream, wherein closing station 26 is downstream of loading station 20, and loading

station 20 is downstream of forming station 18.

The parent invention provides a pasteurization station 300 pasteurizing food
product P. Pasteurization station 300 is between loading station 20 and closing station 26.
Pasteurization station 300 is downstream of loading station 20, and 1s upstream of closing
station 26. Forming station 18 forms a downwardly depending product cavity pocket 302,
Figs. 1,9, 3, in lower web 14 into which food product P 1s loaded, in accordance with the
noted '611 patent. Pasteurization station 300 includes an upper chamber 304, Fig. 8,
having a downwardly facing pasteurization cavity 306 facing product cavity pocket 302,
Fig. 3, and pasteurizing food product P, to be described. Upper chamber 304 1s above
web 14. The pasteurization station includes a lower chamber 307 preferably provided
by a form-inverter 308, Figs. 8, 3, below the web and movable upwardly, Fig. 4, to
engage the underside of web 14 and push food product P upwardly into

pasteurization cavity 306 i upper chamber 304. Form-

3
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inverter 308 1s preferably moved upwardly and dbwnwardly by servo motors
comparabljf to those used in the '611 patent for raising and lowering the forming box
at forming station 18 for forming the noted product cavity pocket, for example as
shown in Figs. 2, 4, 5 of the '611 patent. Servo motors 310, 312, Fig. 2, rotate
5 respective shafts 314, 316 which in turn rotate respective lift arms 318 and 320 from

the lower position shown in dashed line in Fig. 2 to the upper position shown in solid
Ime in Fig. 2 to in turn move form-mverter 308 upwardly as shown at arrows 322,
324, compé,rably to the upward movement provided by lift arms 128 and 216 in Figs.
2 and 5 of the '611 patent. Roller members 326, 328 at the ends of respective arms

10 318, 320 roll along respective cam slots 330, 332 along the underside of form-
inverter 308 comparably to roller member 132 in Fig. 5 of the '611 patent rolling
along cam slot 134. The form-inverter is guided for up-down reciprocal movement

by plastic bearing blocks 334, 336 sliding along vertical guides 338, 340 of frame 12,
comparably to plastic bearing blo\cks 140 and guides 144 of the '611 patent. Upper

15 and lower chambers 304 and 307 mate, Figs. 4-7, to form a pressure-containing
vessel 305 enclosing cavity 306 sealed along its periphery in gasket-like manner by
web 14 engaged between m_embefs 304 and 307 as shown at portion 341.

Product cavity pocket 302 of web 14 has a first condition, Figs. 9, 3, at

pasteurization station 300, with the downwa:rdly depending product cavity pocket 302

20  havinga lé)wer central wall 342 and a plurality of sidewalls 344 extending upwardly
therefrom. Product cavity pocket 302 has a second condition, \Figs. 10, 4, at the
pasteurizatidn station, With form-inverter 308 pushing central wall 342 upwardly to
an upwardly pushed pos‘ition,. Fig. 10, with sidewalls 344 extending downwardly
therefrom. Form-inverter 308 has an upper cenﬁ'al wall 346, Fig. 9, and a plurality of

25  sidewalls 348 extending doanardl_y therefrom. Product cavity pocket 302 in the
noted second condition, F 1g. 10, 1s draped over and supported by form-inverter 308,
with centrél wall 342 on central wall 346, and sidewalls 344 extending along
sidewalls 348. Product cavity pocket 302 has an mitial condition as shown in Fig. 9

rece1ving food product P therein. The package is inverted as shown in Fig. 10 to

30  Dbetter expose food product P for pasteurization. Upper chamber 304 has an upper

4
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central wall 350, Fig. 8, and a plurality of sidewalls 352 extending downwardly
therefrom. In the noted first condition, Figs. 9, 3, of product cavity pocket 302, food
product P 1s supported on central wall 342 of the product cavity pocket and retained

by sidewalis 344 of the product cavity pocket. In the noted second condition, Figs.

10, 4, 5, of product cavity pocket 302, food product P is supported on central wall
342 of the produet cavity pocket and laterally retained by sidewalls 352 of upper
chamber 304. .

- Pasteurization chamber 304, Fig. 6, has a set of one or more ports 354,
and a set of one or more ports 356. Ports 354 mtroduce a pasteurizing medium,
preferably :-steam, and ports 356 evacuate and vent the pasteurizing medium, such that
the pasteurizing medium flows across food product P as shown at arrow 358 between
ports 354 and 356 Ports 356 are at a gravitationally low section of pasteurization
cavity 300 and also preferably discharge liquid condensate from the steam. Steam
may be additionally or alternatively evacuated and vented at another set ef one or
more ports 360. In preferred form, pasteurization station 300 has a pasteurization
cycle alternating between first and second modes providing alternating flow direction
of the pasteurizing medium, preferably steam, across food product P. In the first
mode, steam is introduced through\ports 354, aﬁd in the second mode the steam is
introduced through ports 360. In the first mode, the steam may be Vented through
ports 356 and/or ports 360. In the second mode, the steam may be vented through
ports 356 end/or ports 354, the latter venting being shown at arrow 362 in Fig. 7. In
another embodiment, steam is introduced simultaneously from both sets of ports 354
and 360. Pressure and/or temperature sensing is provided at pressure and/or
temperature transducer ports 361, 363, for monitoring purposes and better process
control if desired.

In one preferred embodiment, the pasteurization station is provided by
a module 364, Figs. 1, 8, having at least a pair of laterally spaced side by side
chambers 304 and 366, Fig. 6, and further preferably a plurality of such pairs, for
example one each of which is shown in Fig. 8 at 304, 368, 370 in series along the

direction of web transport. The other chamber of each pair has a like set of ports; for

N
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example chamber 366, Fig. 6, has a set of one or more ports 372 aild another set of
one or more ports 374 and may have a further set of one or more ports 376. The
pasteurization station may include one or more modules 364. Each module 364 has
flow passages 378, 380, 382, and may have further flow passages 384 and 386.
During the first mode of the pasteurization cycle, Fig. 6, steam is introduced through
tlow passage 378 and ports 354 and 372 into respective chambers 304 and 366 and is
vented through respective ports 356 and 374 through respective flow passages 380

“and 382, and may additionally or alternatively be vented through respective ports 360

and 376 through respective flow passages 384 and 386. Liquid condensate frbm the
steam 1s discharged through respective ports 356 and 374 through respective passages
380 and 382. During the second mode bf the pasteurization cycle, Fig. 7, steamis
introduced through ﬂow passages 384 and 386 and respective ports 360 and 376 into
respective chamber 304 and 366, and is vented at respective ports 356 and 374
through respective passages 380 and 382 and may additionally or alternatively be
vented at ports 354 and 372 through flow passage 378. Upon completion of
pasteurization, the package is re-inverted to its noted initial condition, Fig. 9, by
lowering form-inverter 308. The package is then advanced and closed with the upper
web 25 at closing station 26 as in the noted '611 patent.

The ferm pasteurization is used herein in accordance with its normal
dictionary definition, including partial sterilization of a substance at a temperature
and for a period of exposure that destroys objectionable organisms without major
chemical alteration of the sub stance, and including destruction of pathogenic and/or
spoilage oi‘ganisms for extending shelf life. The parent invention may bé used with
varlous web packaging apparatus known in the prior art, including continuoﬁs motion
type web packaging machinés and indexing type web packaging machines. It is
preferred t_hat plural packages of food product be simultaneously processed at the
pasteurization station, Figs. 8-10, though the parent invention is not limited to any
particular number, i.e. the parent invention includes the pasteurization of one or more
product package& Furthermore, additional pasteurization stations may be added, and

the parent invention includes one or more pasteurization stations, each having one or

6
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more pasteurization chambers. Food product inversion is preferred, e.g. via form-
inverter 308, but 1s not necessary, and may be deleted if desired. The pasteurizing
medium 1s preferably saturated steam, or alternatively hot air or superheated steam,

though other types of pasteurizing media may be used.

Present Application
" The present invention provides a method for processing food product P

by transporting the food product through the above noted plurality of stations

, inchiding pasteurization station 300, thermally pasteurizing the surface of food

product P at the pasteurization station by applying a pasteurizing medium to the food
product. In preferred form, the surface of the food product is pasteurized at the
pasteurization station by' condensing steam on the food product surface in dropwise
condensation and retarding onset of film condehsation by removing condensate film
from the surface. In this method, it is preferred that the condensate film is removed
as soon as it forms on the food product surface, such that condensation is
substantially only dr‘opwise‘ conde.nsétion and not film condensafion.

"~ Inthe fluid dynamics of heat transfer, as is known, there are two
different regimes of conde'n_sation_. of steam on cold surfaces. When a cold surface is
nitially eXposed to steam, there 1s an extremely high heat transfer rate during a phase
called dropwise condensatioh. As the condensing process continues, a film of
condensate forms over the entire surface, and the heat transfer rate is slowed, with the
film of condensed water acting as an insulator. Most steam heat transfer processes
are baséd on the film-type condensation since it is the mode of heat transfer that can
be readily maintained over time. Film-type condensation does have a high heat
transfer rate, but dropwise condensation rates can be a full order of magnitude higher.

The method of the present invention preferably uses the higher heat
transter rate of dropwise condensation. In the present method, the condensate film is
removed from the surface of food product P as soon as it forms on such surface by
removing the film with directional jets provided by ports 354, 360, 372, 376. Further,
in preferred form, high velocity steam is applied from the jets to physically displace

food product P and lift same slightly upwardly from package surface 342 by a small
, |
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gap 402, to apply steam to the entire outer surface of food product P. Steam is
applied both to food product P and to the interior surface of the package at the
pasteurization station. Heat is convectively trans ferfed from the flowing and
condensmg steam to the surface of the food product at a rate such that the surface
heat transfer coefficient becomes sufﬁc:1ently higher than the food product
conductance coefficient that the surface temperature of the food product is
substantially istantaneously elevated above temperatures which are instantly lethal
to microbes which may be present. The package with the food pro duct therein is
closed at closing station 26 immediately after pasteurization, With no processing steps
between pé.steurization station 300 and closing station 26. Both the food product and
the paokage‘aré pasteurized at the pasteurization station. The package is closed at
closing station 26 with a cover prowded by upper web 25. Ina further embodiment,
cover 25 1s sterilized, for example by UV ultraviolet, radlatlon as shown at 404.

~ The pasteurization station includes the noted one or more chambers
such as 304, each having first and secohd distal ends 406, 408. The pasteurizing
medium provided by the steam is ;ﬂow’ed across food product P as shown at arrow
358, Fig. 6, by introducing the steam at pofts 354 at distal end 406, and venting the
steam at ports 360 and/or 356 at distal end 408. As above described, the supply and
venting of the pasteurizing medium may be cyclically and alternately reversed at the
first and second distal ends 406 and 408 to provide alternating direction flow 358 and
362 of pasteunzmg medium across food product P and providing a pulsing effect of
the flow. When steam is used as the pasteurizing medium to condense on the food
product to condensate, both steam and condensate are vented from the chamber, as
above described.

A further port may be provided at 361 by replacing the noted
transducer, or altematlvely such extra port may be added as shown in dashed line at
410. In a first flush mode, pasteurizing medium is introduced at port 354 and vented
at at least one of ports 360, 356, 361, 410. In a second flush mode, pasteurizing
medium is introduced at port 360 and vented at at least one of ports 354, 356, 361,
410. In a third flush mode, pasteurizing medium is introduced at both Of ports 354

.
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and 360 and 1s vented at port 361 and/or port 410 and/or port 356. Port 361 and/or
410 is provided between ports 354 and 360. Duﬁng the first flush mode,
pasteurizing medium is flowed across food product P in direction 358. In the
second flush mode, pasteurizing medium is flowed across food product P in
direction 362, opposite to direction 358. In one embodiment of the noted third
flush mode, pasteurizing medium is ﬂowéd across food product P in each of
directions 358 and 362 to port 361 and/or 410. Flow may be reversed in the noted
embodiments, e.g. port 361 and/or 410 may be the inlet, and port 354 and and/or
360 may be the outlet.
' - In the case of hot dogs as food product P, the hot dog extends
longitudinally between first and. second wrinkled ends 412 and 414, F 1g 10, the
wrinkies being shown schematically at 416 and 418. The pasteurizing medium is
introduced at each of the first and second wrinkled ends 412 and 414 at respective
ports 354 and 360, simultaneously or alternately and cyclically, and flows
lo'ngitudin\'a,lly along the hot dog as shown at 358, 362. It has been found that the
wrinkled ends of the hot dogs are more difficult to pasteurize than the longitudinal
surfaces of the hot dogs. This is solved in the present system by the strategic
location of the steam ports at the ends of the hot dogs and the flow of steam
through the chamber femox?ing condensation in the wrinkles 416, 418 as it forms.
Upon completion of the steam cycle, all ofthé vents 354, 360, 356,
361, 410 are opened to drop the chamber pressure as rapidly as possible just prior

to opening the chamber c-avity 306 to atmosphere. Because the depressurization

- process slows as the pressure approaches atmospheric, it has been learned that the

chamber can be opened while some residual pressure still remains in the chamber,
thereby decreasing the effective cycle time, to incréase throughput rates. The
process thus involves introducing pressurized pasteurizing medium into cavity

chamber 306 to pasteurize the food product, and then at the end of the

- pasteurization cycle, opening the chamber prior to complete depressurization

thereof such that the chamber is opened while some residual pressure still remains

in the chamber, thereby decreasing cycle time to increase throughput rate.

-9
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In a further 'embodiinent, immediately after pasteurization with
steam, excess moisture from the food product and the package is removed with
high velocity sterile air at any of ports 354, 360, 356, 361, 410 prior to closing of
the package at the closing station. Alternatively, this high velocity sterile air purge
of excess moisture may be c.arri,ed out between pasteurization station 300 and
closing station 26.

The invention provides a method for processing a non-packaged,

‘non-encased food product by surface pasteurizing the non-encased food product in

a pressurized chamber, preferably using condensing steam. In one embodiment,
the steam is pulsed into the chamber as directional jets, alternating from end to end,
or supplied at both ends at the same time, as above described. Desirable results
have béen found for a pasteurization cycle 1 to 5 seconds long, using 4 to 8 pulses

during such treatment time. Steam is directed at ends, such as 406 and 408,

' maximizing bacteria kill in the wrinkles 416, 418. In one embodiment, steam is

contmuously mtroduced through inlet ports and vented from the opposite side
through dedicated vent ports. Although the chamber is vented, inflow is faster than
outflow so that pressure builds in the chamber. Pressures up to 60 psig have been
used. It has been found that the most effective pressures for killing bacteria have

been 10 to 60 psig. In another embodiment, instead of venting to a dedicated vent

port, the steam is vented through the steam inlets on the opposite side of the

chamber. The steam flow is reversed from end to end so that the inlets serve as
outléts, and vice versa. In such embodiment, as above, the inflow of steam is faster
than the outflow of steam and condensate, so that pressure builds in the chamber.
Continuous flow of steam from inlets to outlets is significant. This avoids filling a
sealed chamber and then stopping the process and then evacuating the chamber.
Elimination of the stopping step and the evacuation step is desirable, and instead
there is simply a venting of the condensate removal line at atmospheric pressure in

one embodiment. This continuous flow helps to strip away condensate from the

- food product, thus enhancing heat transfer. The pasteurizing treatment may be

immediately followed by a vacuum cooling step, serving the purpose of removing

10
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condensate and also the purpose of providing vacuum cooling by evaporative
cooling, i.e. by evaporation of condensate. In: other embodiments, instead of
condensing steam, super heated steam and/or other biocidal gasses are used. Ina
further embodiment, a dilal chamber heat treatment is used, namely condensing

5 steam followed by super heated steam.

The invention provides a method for proéessing a non-encased food
product by surface pasteurizing the non-encased food product in a pressurized
chamber by.-introducing a pasteurizing medium into the chémber and venting the
pasteurizing medium frohi the chamber at a slower outflow rate than the inﬂolw7

10  rate of the ;pi'ocessing medium into the chamber such that pressure in the chamber
increases, thus increasing the temperature of the processing medium to an effective
temperature for killing bacteria. As above noted, in a preferred embodiment, the
method proVides a sufﬁciently faster inflow rate into the chamber relative to the
outflow rate to build pressure in the chamber to a range of 10 to 60 psig. The

15 method mmvolves providing first and second sets of ports 'into the chamber,
providing a first cycle and mflowing the pasteurizing medium into the chamber
through the first port and venting the pasteurizing medium from the chamber

~ through the second port at a slower outflow rate than the inflow rate through' the
' first port in the first cycle, providing a second 'cycle and inflowing the pasteurizing

20 medium into the chamber through the second port and venting the pasteurizing
medium from the chamber fhrough the first port at a slower outflow rate than the
inflow rate of the pasteurizingmedium into the chamber through the second port in
the second cycle, such that pressure builds in the chamber in each of the first and
second cycles. In another embodiment, the method involves providing first and

25 second ports into the chamber, and providing a pasteurization cycle continuously
flowing the pasteurizing medium into the chamber through the first port and |
continuously venting the pasteurizing medium from the chamber through the
second port to provide continuous flow of the pasteurizing medium acréss the food
product during the pasteurization cycle without sealing the chamber against

30  outflow or otherwise blocking venting of the pasteurizing medium from the

11
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chamber during the pasteurizatidn cycle. Such pasteurization cycle may be
followed by a second paSteurization cycle with reverse flow, as noted above, for
example reversing the roles of the inlet and outlet ports for the second
pasteurization cycle, and thus providing contihubus flow in the opposite direction
across the food product during such second pasteurization cycle. In the preferred
embodiment, the paSteurizing medium is steam, and the continuous flow strips
away steam film condensate from the food product,' enhancing heat transfer. In a
further embodiment, the method mvolves supplying the pasteurizing medium to the
chamber during a pasteurization cycle, and immediately after the pasteurization
cycle, providing a vacuum cooling step removing the pasteurizing medium from
the chamber and vacuum cooling the product. In a further embodiment, the
method involves surface pasteurizing the food product with dual chamber heat

treatment, including providing a first pressurized chamber and pasteurizing the

food product with condensing steam therein, and transferring the food product to a

second pressurized chamber and pasteurizing the food product with super heated
steam in the pressurized second chamber.
In further embodiments, upper central wall surface 346, Fig. 8, of

form-inverter 308 has a_plurality of ribs 420 extending transversely to the

longitudinal direction of hot dogs P, or other longitudinally extending tubular food

product member, to minimize surface area contact therewith (i.e. providing only a
plurality of point contacts), to thus further enhance and maximize exposure of the
entire outer surface of the hot dog to the pasteurizing steam. In applications where
it is desired to locate the hot dogs in registry, a different set of ridges 422 may be
provided on upper surface 346 of form-inverter 308, which ridges 422 extend
parallel to the longitudinal direction of hot dogs P and have grooves 424
therebetweeh for keeping the hot dogs in line. In the preferred embodiment, the
hot dogs are physically diSplaced from the package surface 342 of the inverted

package by the high velocity steam as above noted, whether ridges 420 and/or 422

are used or not. In further altemaﬁves, the food product may be displaced from the

package or otherwise moved within the chamber by various mechanical means

12
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such as lifting, vibrating, pushing or pulling. In a further embodiment, the transter
zone between pasteurization station 300 and closing station 26 is sealed by a closed

chamber or i1s otherwise aseptic.

It is recognized that various equivalents, alternatives, and
modiﬁcations.are possible within the scope of the appended claims. As above, the
pasteurizing medium 1s preferably steam, or altemativély hot air or super heated
steam, though other types of pasteurizing media, including biocidal gases, may be

used.

13
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CLAIMS:

1. A method for processing a food product (P) comprising:
transporting said food product (P) through a plurality of stations including a
loading station (20), a pasteurization station (30), and a closing station (26),
said loading station (20) loading said food product (P) in a package (14), said
pasteurization station (300) pasteurizing the surface of said food product (P)
after said loading station (20), said closing station (26) closing said package
(14) with said food product (P) therein after said pasteurization station (300),
wherein

said package (14) 1s closed with said food product (P) therein immediately after said

pasteurization, with no processing steps between said pasteurization station (300) and

said closing station (26),

the surface of said food product (P) 1s pasteurized at said pasteurization station (300)

by applying a pasteurizing medium to said food product (P) at said pasteurization

station (300) and heat i1s convectively transferred from said pasteurizing medium (300)

to the surface of said food product (P) at a sufficiently high heat transfer rate such that

the surface heat transfer coefficient becomes sufficiently higher than the food product

conductance coefficient so that the surface temperature 1s substantially instantaneously

elevated above temperatures which are instantly lethal to microbes which may be

present, and

said pasteurizing medium 1s applied to said surtace of said food product (P) with

directional jets (354, 360, 372, 376), and said pasteurizing medium is directed at high

enough velocity to physically displace said food product (P) and apply said

pasteurizing medium to the entire outer surface of said food product (P).

2. The method according to claim 1, wherein the pasteurizing medium is steam
and/or the exposure time of said surface of said food product (P) to said pasteurizing

medium at said sufficiently high heat transfer rate is less than or equal to 5 seconds.
14
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3. The method according to claim 2, wherein the surface of said food product (P)
at said pasteurization station (300) 1s pasteurized by condensing the steam on the

surface.

4. The method according to claim 2 or 3, wherein the onset of film condensation 1s

retarded by removing condensate film from said surface.

5. The method according to any one of claims 2 to 4, wherein steam is condensed
on said surface in dropwise condensation, and said condensate film is removed as soon
as 1t forms on said surface, such that condensation is substantially only dropwise

condensation and not film condensation.

6. The method according to any one of claims 1 to 5, wherein said food product
(P) 1s physically displaced and lifted from said package and/or movement of said food
product (P) in a pressurized chamber (306) is induced at said pasteurization station

(300) to enable application of the pasteurizing medium to the entire outer surface of

said food product (P).
7. The method according to claim 6, wherein the pasteurizing medium is steam.
3. The method according to any one of claims 1 to 6, wherein the pasteurizing

medium, 1s also applied to said package (14) at said pasteurization station (300).

9. The method of claim 8, wherein the pasteurization medium is steam.

10.  The method according to claim 8 or 9, wherein said food product (P) comprises
longitudinally extending tubular members, and said package (14) is supported on a

surface (346) having ridges (420) extending transversely to said longitudinally
15
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extending tubular members to minimize surface area contact therewith and maximize

exposure of said longitudinally extending tubular members to said steam.

11.  The method according to claim 8 or 9, wherein said food product (P) comprises
longitudinally extending tubular members, and said package (14) 1s supported on a

surface (346) having a plurality of ridges (422) extending longitudinally parallel to

said tubular members.

12.  The method according to any one of claims 8 to 11, wherein said package is

supported 1n an inverted position on a form-inverter (308) at said pasteurization station

(300).

13.  The method according to any one of claims 1 to 12, wherein said package 1s
closed at said closing station (26) with a cover (25), and said cover (25) 1s sterilized

independently of said pasteurization.

16
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