woO 2011/072187 A2 I 10K 0 OO0

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

ot VAP,
(19) World Intellectual Property Organization /g3 [} 1M1 AN A0 00100 A0 O I
nternational Bureau S,/ ) |
(43) International Publication Date \;/ 3 (10) International Publication Number

16 June 2011 (16.06.2011) WO 2011/072187 A2
(51) International Patent Classification: (74) Agents: HAMPSCH, Robert, J. et al.; Praxair, Inc., 39

A23L 3/36 (2006.01) Old Ridgebury Road, Danbury, CT 06810 (US).
(21) International Application Number: (81) Designated States (unless otherwise indicated, for every
PCT/US2010/059796 kind of national protection available). AE, AG, AL, AM,
(22) Imternational Filing Date: ég’ éﬁ’ ég’ CAI\ZI, CBS i CBRB’ CBI(J}, g;l’ DB]IE{ > DB%V ’];313[{ > ]];é’
10 December 2010 (10.12.2010) DZ: EC: EE: EG: ES: FI, ,GB, ,GD: GE: GH: GM: GT:
(25) Filing Language: English HN, HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP,
. KR, KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD,
(26) Publication Language: Enghsh ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI,
(30) Priority Data: NO, NZ, OM, PE, PG, PH, PL, PT, RO, RS, RU, SC, SD,
61/285,677 11 December 2009 (11.12.2009) US SE, G, SK, SL, SM, ST, SV, 8Y, TH, TJ, TM, TN, TR,

TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.
(71) Applicant (for all designated States except US): PRAX-
AIR TECHNOLOGY, INC. [US/US]; 39 Old Ridge- (84) Designated States (unless otherwise indicated, for every

bury Road, Danbury, CT 06810 (US). kind of regional protection available): ARIPO (BW, GH,

GM, KE, LR, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG,

(72) Inventors; and ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ,

(75) Inventors/Applicants (for US orly): SHAH, Paul, Cyrus TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,

[US/US]; 903 S. Partridge Court, Palatine, IL 60067 EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,

(US). LANG, Gary, Dee [US/US]; 24365 Woodhall LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK,

Court, Naperville, IL 60654 (US). SQUIRES, Bruce, SM, TR), OAPI (BF, BJ, CF, CG, CL CM, GA, GN, GQ,
Michael [US/US]; 1211 Needles Court, Naperville, IL GW, ML, MR, NE, SN, TD, TG).

60540 (US). GASTEYER, Theodore, Hall, IIT [US/US];

916 Secretariat Drive, Naperville, IL 60540 (Us). Fublished:
HUNEK, Balazs [US/US]; 2753 N. Wayne Avenue, Unit —  without international search report and to be republished
A, Chicago, IL 60614 (US). MCCARTY, Steven, upon receipt of that report (Rule 48.2(g))

Michael [US/US]; 358 Sandra Court, Glendale Heights,
IL 60139 (US).

(54) Title: SYSTEM AND METHOD OF CHILLING A FOOD PRODUCT PROXIMATE TO AND IN A FOOD PROCESSING
DEVICE

o, 15~
Q — T OQ

o %

FIG. 1

(57) Abstract: A system and method for chilling a food product in or proximate to a food processing device adapted to dice, slice,
shred, chop, or cut the food product is disclosed. The disclosed system and method involves a two or three stage application of a
liquid cryogen or carbon dioxide snow to cool the food product. The cooling stages include a first stage of cryogen application up-
stream of the entrance of the food processing device, a second stage of cryogen application or delivery into one or more zones
within the food processing device, and a third stage of cryogen application to the region proximate to and downstream of the exit
to the food processing device.
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SYSTEM AND METHOD OF CHILLING A FOOD PRODUCT
PROXIMATE TO AND IN A FOOD PROCESSING DEVICE

FIELD OF THE INVENTION

[0001] The present invention relates to a method and apparatus for reducing the
temperature of a food product on a conveyor within a confined footprint of food
processing equipment, and more particularly on a conveyor associated with a food

product slicer or dicer.

BACKGROUND

[0002] In the food processing industry, food products are often subjected to a
series of individual steps or processes including preparation, cooking, portioning,
freezing, packaging, etc. At each step in the process, it is desirable that the food
product being processed is maintained at a specified temperature, often driven by food
safety practices and regulations.

[0003] In some processes for processing food, particularly for processing meat,
the product may be at ambient temperature or higher such as in cases where the meat
has been subjected to a processing step involving cooking or partially cooking the
meat. Meat that is hot-diced after being conveyed a short distance from the
oven/cooker to the dicer is relatively hot and tends to lose a significant quantity of
moisture due to evaporation of moisture from the much increased surface area opened
up during dicing. Anywhere from 8% to 12% of the weight of the hot, cooked meat
can be lost as a result of moisture loss during the dicing or slicing process. After the
dicing process, the food product is typically conveyed or transported further
downstream to a mechanical or cryogenic freezer to chill or freeze the diced product
and preserve any residual moisture remaining in the food product.

[0004] Various related art solutions, including the cold meat dicing process,
have attempted to chill the food product in a tunnel type chilling unit upon exit from
the oven and prior to being conveyed or sent to the dicer. However, these pre-chilling
solutions typically involve higher capital costs and require a larger footprint and extra
conveyors due to the presence of the pre-chiller tunnel unit. In addition, such pre-
chill solutions still have a moisture loss of about 5% to 7% of the weight of the

cooked meat.
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[0005] Other related art devices have contemplated use of cryogen gases
injected directly in the dicer. However, the cryogens gases used mainly to improve
the appearance and shelf life of the food product by replacing oxygen present in the
dicer atmosphere with carbon dioxide or nitrogen gas.

[0006] While these related technical solutions have been disclosed in the prior
art, they have yet to achieve an optimum combination of a rapid heat extraction and
temperature reduction in a relatively small space or footprint associated with food
processing equipment that operates at a rapid rate of throughput such as dicers,
slicers, shredders, etc. More importantly, the related art systems and methods have not
achieved the economic benefits companies are seeking in the form of less yield losses
due to moisture evaporation during the dicing or slicing type processes. The present
system and method described herein achieves these advantages together with other

performance and design advantages as disclosed herein.

SUMMARY OF THE INVENTION

[0007] The present invention may be characterized as a method for hot dicing a
food product in a dicer comprising the steps of: (i) applying cryogen or carbon
dioxide in the solid phase to an upstream conveyor prior to the food product being
placed on the upstream conveyor, the upstream conveyor disposed upstream of the
dicer and adapted to transport the food product into the dicer; (ii) applying additional
cryogen or carbon dioxide in the solid phase directly to the food product disposed on
the upstream conveyor; (iii) dicing the food product within the dicer; and (iv)
applying yet additional cryogen or carbon dioxide in the solid phase to the diced food
product after exiting the dicer.

[0008] The invention may also be characterized as a system comprising: a food
dicer having an entrance, an exit and a conveyor to transport a food product into and
through the dicer, the dicer further including cutting blades or knives adapted to slice
or dice the food product; a source of liquid cryogen or carbon dioxide and a plurality
of cryogen or carbon dioxide in the solid phase delivery devices for applying the
cryogen or carbon dioxide in the solid phase while the food product is conveyed
upstream, through and downstream of the dicer. More specifically, the system
includes: one or more first cryogen or carbon dioxide in the solid phase delivery
devices disposed upstream of the entrance of the dicer and coupled to the source of

liquid cryogen or carbon dioxide for applying the cryogen or carbon dioxide in the
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solid phase to the conveyor at a location where the food product is placed on the
conveyor; one or more second cryogen or carbon dioxide in the solid phase delivery
devices disposed proximate to upstream of the entrance of the dicer and coupled to the
source of liquid cryogen or carbon dioxide for applying the cryogen or carbon dioxide
in the solid phase to the food product on the conveyor at a location downstream of
where the food product is placed on the conveyor; and one or more third cryogen or
carbon dioxide in the solid phase delivery devices disposed proximate to downstream
of the exit from the food dicer and coupled to the source of liquid cryogen or carbon
dioxide for applying the cryogen or carbon dioxide in the solid phase to the diced
food product upon exiting the dicer.

[0009] Finally, the invention may also be characterized as a method for chilling
a food product in and proximate to a food processing device adapted to dice, slice,
shred, chop, or cut the food product. The method comprises the steps of: (i) injecting
or delivering cryogen or carbon dioxide in the solid phase to the region proximate to
and upstream of an entrance to the food processing device; (ii) injecting or delivering
cryogen or carbon dioxide in the solid phase in one or more zones within the food
processing device; and (iii) injecting or delivering cryogen or carbon dioxide in the
solid phase to the region proximate to and downstream of an exit of the food

processing device.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] The above and other aspects, features, and advantages of the present
invention will be more apparent from the following, more detailed description thereof,
presented in conjunction with the following drawings, wherein:

[0011] Figure 1 is a conceptual illustration of the system and process for hot-
meat dicing a food product using in-situ chilling of the conveyed food product with
cryogen or carbon dioxide in the solid phase proximate the dicer;

[0012] Figure 2 is a schematic illustration of an embodiment of a system for in-
situ chilling a food product with cryogen or carbon dioxide in the solid phase
proximate a food processing device adapted to dice, slice, shred, chop, or cut the food
product;

[0013] Figure 3 is a perspective view of an embodiment of the system and
method for hot-meat dicing a conveyed food product in accordance with the present

invention;
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[0014] Figure 4 is a top cut-away view of the system of Figure 3;

[0015] Figure 5 is a side cut-away view of the system of Figure 3 showing the
arrangement of the conveyors, injectors, and exhaust subsystem;

[0016] Figure 6 is a side cut-away view of an alternate embodiment of the
system and method for hot-meat dicing in accordance with the present invention; and
[0017] Figure 7 is an illustration of a plurality of J Tube snow horns used in
some of the described embodiments to deliver carbon dioxide in the solid phase in
accordance with the present invention.

[0018] In the drawings, the same reference numbers are used to describe the

same or similar components in the various illustrated embodiments.

DESCRIPTION

[0019] Figure 1 is a conceptual illustration of the system and process for hot-
meat dicing a food product using in-situ chilling of the food product with liquid
cryogen or carbon dioxide in the solid phase proximate the dicer. Similarly, Figure 2
is a more detailed illustration of a system for in-situ chilling a food product proximate
a food processing device adapted to dice, slice, shred, chop, or cut the food product.
[0020] The illustrated systems of Figure 1 and Figure 2 are directed to cooling
meat, poultry or other food product that are coming out of an oven/cooker and that
require a dicing or slicing process before entering the final freezer or chiller. In
general, the present systems 10 and methods extract the heat from the meat or poultry
in a small footprint or confined zone thereby minimizing product losses and
improving the economics of the overall food processing.

[0021] Specifically, the illustrated embodiments contemplate heat extraction
from the food product in two or three distinct stages. The first stage 20 of heat
extraction is at a location immediately upstream of the food processing equipment 32,
preferably a dicer. The second stage 30 of heat extraction optionally occurs at a
plurality of locations or zones within the food dicer 32 and the third stage 40 of heat
extraction occurs at a location immediately downstream of the food dicer 32.
Although the embodiments described herein are tailored to meat dicers from two
separate manufacturers, namely Urschel Laboratories, Inc. and Carruthers Equipment
Company, it should be understood that the present invention can be applied to other
dicers, slicers, shredders, choppers and even in conjunction with other forms of food

processing equipment 32 that employ a relatively small footprint.
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[0022] The target amount of heat to be removed with the present system is very
much dependent upon the food product being processed and the targeted product
temperature. For hot chicken meat that is to be diced, the heat removal that can be
achieved within the presently disclosed systems is from about 60 Btu/lb to about 90
Btu/Ib of meat in the confined footprint of the present embodiments. The targeted
dwell time or minimum residence time the food product is exposed to the cryogen or
carbon dioxide in the solid phase in the preferred embodiments is between about 30
seconds to 45 seconds which translates to an average heat removal rate of about 1.25
to 3.0 Btu/Ib of heat removal per second of residency time.

[0023] In the first stage 20 of chilling, the hot food product 15 exiting the
oven/cooker (not shown) is subjected to carbon dioxide in the solid phase (or other
cryogen) during transport between the oven/cooker and the dicer 32. The food
product is preferably transferred from a transfer conveyor 24 exiting the oven/cooker
to a primary conveyor 22 transporting the food product through the dicer 32. The
locations of the cryogen injectors 25 are preferably oriented to apply the cryogen
directly to the primary conveyor belt 22 and directly to the food product 15 on the
conveyor belt 22. The carbon dioxide in the solid phase applied directly to the
primary conveyor 22 cools the underside of food product 15 as the food product 15 is
transferred from the transfer conveyor 24 to the primary conveyor 22. The dry ice in
the solid phase applied directly to the food product 15 cools the exposed top surfaces
of the food product 15. In fact, excess in the solid phase is preferably applied to the
top surface of the food product 15 such that the heat removal continues as the food
product 15 is conveyed into the dicer 32. The excess in the solid phase on the top
surface of the food product 15 is also preferably pressed into the food product 15 by a
press belt 35 disposed outside the dicer and/or a similar feed roller 35 disposed within
the dicer 32.

[0024] Within the dicer 32, carbon dioxide in the solid phase is optionally
injected in three regions or zones including: (i) proximate to and upstream of the top
belt or feed roller 35; (ii) between the feed roller 35 and the circular knives 37; and
(iii) the exit chute 39 downstream of the circular knives 37.

[0025] In the first cooling region within the food dicer 32, namely proximate
the feed roller 35, the carbon dioxide in the solid phase is generated with one or more
rows of SilentSnow™™ tubes or J-Tube snow horns supplied by Praxair, Inc. or similar

devices to create an even and continuous blanket of carbon dioxide in the solid phase
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over the incoming food product 15. At the second region within the food dicer 32, or
the region between the feed roller 35 and the circular knives 37, finer ribbons of
carbon dioxide in the solid phase are applied using one or more rows of the smaller
diameter tube SilentSnow’ ™ cylinders or tubes or the J-Tube snow horns. At the third
cooling region within the food dicer 32, namely the exit chute 39 downstream of the
circular knives 37, one or more rows of nozzles are utilized to impinge the carbon
dioxide in the solid phase onto the diced food product 17. Direct impingement of
carbon dioxide in this third area within the dicer 32 is configured to produce larger
quantities of carbon dioxide in the solid phase to allow the food product to exit via the
exit chute 39 of the dicer 32 covered with carbon dioxide in the solid phase.

[0026] Descriptions and examples of SilentSnow™ cylinders or tubes are
described in United States Patent Nos. 6,151,913 and 6,543,251. Alternatives to the
SilentSnow™ cylinders or tubes include the Pressure Responsive Automatic Shut Off
(PRASO) valve injection system supplied by Praxair, Inc. or the J-Tube snow horns
all of which are supplied by Praxair, Inc., or other suitable cryogen delivery nozzles.
[0027] The dicer 32 can be configured with or without provisions for cross-
cutting the food product. For dicers outfitted with cross cutting features, the cross
cutters 38 are disposed either upstream or downstream of the circular knives. It may
also be beneficial to apply the cryogen or carbon dioxide in the solid phase directly to
the circular knives 37 and/or cross cutters 38 which would further cool the food
product as it is being diced or sliced.

[0028] Additional modifications to the dicers may also be required such as
design changes to the equipment housing and covers to allow the liquid cryogen or
carbon dioxide tubing to supply the liquid cryogen or carbon dioxide into the
equipment. For simplicity and sake of clarity, the equipment covers are not shown in
the Figures. The conveyor belts within the dicer may also be modified to use solid
stainless steel belts or other belt materials and configurations to enhance the heat
removal aspect of the present system and otherwise to prevent sticking of the chilled
food product to the dicer belts. Also to prevent sticking of the chilled food product to
the blades or cross-cutters, it may be advantageous in some applications to warm the
blades with the spent or warm gas.

[0029] The diced food product 17 along with carbon dioxide in the solid phase
will exit the food dicer 32 via the exit chute 39 and immediately be subjected to the

third stage 40 of heat extraction where carbon dioxide in the solid phase (or other
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liquid cryogen) is applied using suitable injectors 45 directly to the diced food product
17 on a downstream conveyor 42. In addition, various fans 49 may be employed in
the third stage 40 of heat extraction to circulate any cryogen vapors proximate the
diced food product 17 on the downstream conveyor 42 to further cool the diced food
product 17 to the desired or target temperature. Optional use of a fan 49 above the
downstream conveyor 42 increases convection between the diced food product 17 and
the carbon dioxide in the solid phase to provide additional heat removal and aids in
sublimating the last of the carbon dioxide in the solid phase before the diced food
product 17 enters the mechanical freezer or chiller (not shown).

[0030] It is advantageous to allow the diced food product 17 to maintain a
sufficient dwell time in this third stage 40. Examples of equipment or conveyors that
can be employed in this third stage 40 downstream of the food dicer 32 include a
cleated belt conveyor, a rotary table, a flighted belt conveyor, a bucket conveyor or
similar conveyor equipment having a small footprint. The use of flighted or drop
conveyor to mix up the diced food product 17 is preferred in order to expose more
surfaces of the diced food product 17 to the applied in the solid phase.

[0031] In the third stage 40 of the present system and method, it may be
advantageous to optionally apply carbon dioxide in the solid phase directly to the belt
of the downstream conveyor 42 to provide a bed of in the solid phase for the diced
food product 17 exiting the dicer 32 to immediately cool the freshly cut meat. In
addition, the present system and method continuously or intermittently applies carbon
dioxide in the solid phase to the diced food product 17 disposed on the downstream
conveyor 42. It may also be helpful to vibrate the downstream conveyor 42 to allow
the applied in the solid phase to filter down through the diced food product 42 to
increase the contact between the in the solid phase and the diced food product 17. In
some embodiments, it may also be preferable to use a slower belt speed on the
downstream conveyor 42 to allow the diced food product 17 to stack-up on the
downstream conveyor 42 thus providing a longer residency time in this stage and
more contact time between the in the solid phase and the diced food product 17.
[0032] Either liquid nitrogen or carbon dioxide in the solid phase can be used as
the source of cooling in the present system and method, however, carbon dioxide in
the solid phase is preferred. If liquid nitrogen is utilized in any or all of the chilling
stages, the application method may be different although the cooling will be

performed in the same areas.
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[0033] Turning now to Figures 3 through 6, there are shown preferred
embodiments of the present system and method for hot-meat dicing a food product.
The present hot-meat dicing system 50 includes an upstream conveyor section 60; a
food processing section 70 that includes the food processing device such as a dicer 72,
and a downstream chilling station 80 disposed immediately downstream of the dicer
72.

[0034] The upstream conveyor section 60 preferably includes a primary
conveyor 62, a transfer conveyor 64, and a first set of cryogen injectors 65 positioned
to deliver cryogen, preferably carbon dioxide in the solid phase, to the belt 66 of
primary conveyor 62 before any food product is transferred to the primary conveyor
62. The upstream section 60 further includes a second set of cryogen injectors 67
disposed downstream of the transfer conveyor 64 and arranged to deliver cryogen,
preferably carbon dioxide in the solid phase, to the surface of the food product that is
transferred from the transfer conveyor 64 to the primary conveyor 62. An exhaust
pick-up 68 and exhaust conduit 69 are also included as part of the upstream conveyor
section 60

[0035] The food processing section 70 includes a commercially available dicer
72 of the type manufactured from Urschel Laboratories, Inc. or Carruthers Equipment
Company or other food processing device. The dicer 72 is optionally equipped with at
least one set of cryogen injectors 73 for delivering cryogen, preferably carbon dioxide
in the solid phase, to the food product transported on the conveyor 74 within the dicer
72. Many dicers are also equipped with a top press belt or feed roller 75 that forces
the food product to the circular knives 77 within the dicer 72 and may be further
adapted to also press any carbon dioxide in the solid phase on the top surface of the
food product into the food product to enhance the heat removal from the food product.
The dicer 72 is further retrofitted to be equipped with exhaust pick-up 76 and exhaust
conduit 78.

[0036] The downstream chilling station 80 is preferably a 9 foot long structure
that includes a small conveyor, preferably a flighted conveyor 82 for receiving the
semi-chilled diced food product exiting the chute 79 of the dicer 72. The dropping
action of the flighted conveyor 82 provides good mixing of the diced food product
and exposes different surfaces of the diced food product to the liquid cryogen or
carbon dioxide in the solid phase resulting in higher heat removal over the prescribed

dwell time. Alternatively, a small rotary table could be used in lieu of a flighted
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conveyor 82. The downstream chilling station 80 is also equipped with at least one
set of injectors 83 for delivering cryogen or carbon dioxide in the solid phase to the
diced food product exiting the dicer and transported on the flighted conveyor 82. As
with the other sections of the present system 50, the downstream chilling station 80
also includes an exhaust pick-up 86 and exhaust conduit 88 for rapidly removing the
spent vapors from the process area.

[0037] In the disclosed hot-meat dicing embodiments, it is important to retain a
small footprint for the system, as food processors that have ample space and resources
would employ the traditional cold-meat dicing arrangement. To keep the hot-meat
dicing system footprint as small as possible while achieving the desired heat removal
in a safe environment, the present system and method employs a localized exhaust
scheme. In other words, each section of the present system, namely the upstream
conveyor, the dicer, and the downstream chilling station, each have a separate carbon
dioxide vapor pick-up and exhaust conduit. Using the separate carbon dioxide vapor
pick-ups and exhaust conduits, the surrounding atmosphere at all stations remains safe
to operators. The exhaust gases carried away from the present system can be vented
to the outside atmosphere, recycled, or re-used elsewhere in the plant.

[0038] All of the above-described embodiments utilize a plurality of cryogen
injectors disposed at prescribed locations along the upstream conveyor, the dicer, and
the downstream conveyor. The injectors are sized to apply uniform coverage of the
food product with cryogen or carbon dioxide in the solid phase. In the case of using
liquid cryogens, the injectors can be adapted to deliver either a spray or a raining
sheet of liquid cryogen to the food product, the top surface of the conveyor belt or
even the underside of the conveyor belt. In the case of using carbon dioxide in the
solid phase, the injectors are preferably SilentSnow™ devices as generally shown and
described in United States Patent Nos. 6,151,913 and 6,543,251 or a J-Tube snow
horns, described in more detail below, which are appropriately sized to deliver a non-
clumping, uniform coverage of in the solid phase having the prescribed particle size
distribution and exit velocity to the prescribed locations.

[0039] The J-Tube type snow horns 90 depicted in Figure 7 is a tube or
plurality of tubes having a round or a rectangular cross-section, preferably a round
cross-section. The proximate end 92 of the tube is connected to a carbon dioxide
manifold or supply conduit 94 whereas the distal end 96 of the tube is open to the

ambient atmosphere and preferably oriented or disposed near an exhaust intake of the
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present system. A disc with a plurality of apertures or holes (not shown) is disposed
in the tube near the proximate end 92 of the tube and in fluid communication with the
liquid carbon dioxide in the supply conduit 94 or manifold. As the liquid carbon
dioxide moves from the supply conduit 94 through the apertures into the tube, the
carbon dioxide expands into a mixture of solid carbon dioxide (i.e. carbon dioxide in
the solid phase) and carbon dioxide gas. The mixture of carbon dioxide in the solid
phase and gas moves through the length of the tube and is delivered to prescribed
locations in the present system.

[0040] The J-Tube snow horns 90 also include a first straight portion 93, a
curved portion 95, and a second straight portion 97 forming a configuration of each
tube in appearance similar to the letter ‘J°. The curved portion 95 of each tube
includes a slot or opening 98 on the outer radius of the curved portion allowing
carbon dioxide in the solid phase to exit therethrough while most of the carbon
dioxide gas continues through the curved portion 95 of the tube and the second
straight portion 97 of the tube to the distal end 96. As a result, the carbon dioxide in
the solid phase is deposited at the prescribed locations in the present system and
proximate the slot or opening 98 of each tube. The carbon dioxide gas is further
carried by the J-Tube to the distal end 96 which is located proximate the exhaust pick-
ups. Separating the carbon dioxide in the solid phase or snow from the carbon
dioxide vapor prevents the vapor from pushing or moving the carbon dioxide in the

solid phase out of the desired location.

EXAMPLES

[0041] Several test runs of a prototype hot-meat dicing system that included an
upstream conveyor, a commercially available dicer modified in accordance with the
above-described invention, and a downstream chilling station that included a flighted
conveyor. The food product tested was a sheet of chicken meat approximately 0.5
inches thick. A total of seven injection points were evaluated using the J-Tube type
snow horns adapted to deliver carbon dioxide from a header at a prescribed pressure,
as set forth in Table 1, below. The belt speed of the upstream conveyor was about 20
feet per minute while the belt speed in the dicer was about 17 feet per minute and the
belt speed of the downstream conveyor was only 10 feet per second. The knife speed

within the dicer was operated at about 74 revolutions per minute.
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[0042] The arrangement of the seven carbon dioxide injection points within the
prototype hot-meat dicing system includes: (i) an upstream injection point adapted to
deliver carbon dioxide in the solid phase to the surface of the upstream conveyor belt,
(i1) an upstream injection point adapted to deliver carbon dioxide in the solid phase to
the top surface of the sheet of chicken meat while on the upstream conveyor; (iii) an
injection point within or near the dicer and upstream of the feed roller or press belt
adapted to deliver carbon dioxide in the solid phase to the meat; (iv) an injection point
within or near the dicer and downstream of the cutting knives adapted to deliver
carbon dioxide in the solid phase to the diced meat; (v) an injection point as part of
the downstream chilling station adapted to deliver carbon dioxide in the solid phase to
the surface of the downstream conveyor belt; (vi) an injection point as part of the
downstream chilling station adapted to deliver carbon dioxide in the solid phase to the
diced meat as it exits the dicer; and (vii) an injection point as part of the downstream
chilling station adapted to deliver carbon dioxide in the solid phase to the diced meat
as it drops along the flighted conveyor.

[0043] The results of the 9 test runs are sct forth in Table 1. As seen therein,
with no in-line or in-situ cooling of the hot-meat dicing system, the heat removal from
the sheet of chicken meat was estimated to be about 28 Btu/Ib. However, with
upstream cooling of the meat, the heat removal observed was between about 75
BTU/Ib and 80 Btu/lb with an average of about 78 Btu/Ib. Adding the dicer cooling
to the upstream cooling, the observed heat removal averaged about 86 Btu/lb or about
10% additional heat removal compared to upstream cooling only. Finally, adding the
downstream chilling to the process resulted in an average heat removal of about 90
Btu/lb + 2.4 Btu/lb_variance.

[0044] From these results, the overall heat extraction of up to about 90 Btw/Ib is
possible which would make this in-line or in-situ cooling of a hot-meat dice process
comparable to high capital cold-meat dice solutions with a moisture loss of about 7%
of the weight of the cooked meat. Also, in comparison to the existing hot-meat dice
applications, where a 10% evaporative loss is commonplace, the present system and
method with evaporative loss limited to about 7% represents a significant process

improvement and economically attractive solution.
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No Chilling | No Carbon Dioxide Snow Applied ~28 Btu/lb
Upstream Upstream Belt Snow with 8 J-Tubes @250psi
Conveyor Upstream Top Snow with 8 J-Tubes @250psi Test 1 797 Bwib | 78 Buwlb
Test 2 75.0 Btw/lb
Test 3 78.9 Btw/lb

Upstream Upstream Belt Snow with 8 J-Tubes @250psi
Conveyor Upstream Top Snow with 8 J-Tubes @250psi Test 4 87.5 Baw/lb | 86 Btu/lb
& + Test 5 85.9 Btw/lb
Dicer Dicer Top Snow —Zone 1 with 5 J-Tubes @250psi

Dicer Snow — Zone 2 with 8 J-Tubes @250psi
Upstream Upstream Belt Snow with 8 J-Tubes @230psi
Conveyor Upstream Top Snow with 8 J-Tubes @230psi Test 6 87.6 Btw/lb
& + Test 7 89.6 Buv/lb | 90 Btu/lb
Dicer Dicer Top Snow —Zone 1 with 5 J-Tubes @230psi | Test 8 89.6 Btuw/lb
& Dicer Snow — Zone 2 with 8 J-Tubes @230psi Test 9 92 4 Btw/lb

+
Downstream | Downstream Belt Snow with 8 J-Tubes @230psi
Chilling Downstream Chute Snow with 8 J-Tubes @230psi

Downstream Snow -FlightDrop 5 J-Tubes @230psi

Table 1.

[0045] From the foregoing, it should be appreciated that the present invention

thus provides a system and method of in-line or in-situ chilling a food product in a

small footprint food processing device adapted to dice, slice, shred, chop, or cut the

food product. Various modifications, changes, and variations of the present method

and system will be apparent to a person skilled in the art. For example, the means for

delivering the liquid cryogen or carbon dioxide may be alternate types of devices or

systems tailored specifically to the food processing equipment employing the chilling

technique. Likewise, variations of the downstream product handling systems and

conveyor systems including circular conveyors with or without flights to further

minimize the system footprint are possible.

It is to be understood that any such

alternate configurations, modifications, changes, and variations are to be included

within the purview of this application and the spirit and scope of the claims.
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CLAIMS

What is claimed is:
1. A method for hot dicing a food product in a dicer comprising the steps of:

applying cryogen or carbon dioxide snow to an upstream conveyor just before the
food product is placed on the upstream conveyor, the upstream conveyor disposed
upstream of the dicer and adapted to transport the food product into the dicer;

applying additional cryogen or carbon dioxide snow directly to the food product
disposed on the upstream conveyor;

dicing the food product within the dicer; and

applying yet additional cryogen or carbon dioxide snow to the diced food product

after exiting the dicer.

2. A system for hot dicing a food product in a dicer comprising:

a food dicer having an entrance, an exit and a conveyor to transport a food
product into and through the dicer, the dicer further including cutting blades or knives
adapted to slice or dice the food product;

a source of liquid cryogen or carbon dioxide;

one or more first cryogen or carbon dioxide snow delivery devices disposed
upstream of the entrance of the dicer and coupled to the source of liquid cryogen or
carbon dioxide for applying the cryogen or carbon dioxide snow to the conveyor at a
location where the food product is placed on the conveyor;

one or more second cryogen or carbon dioxide snow delivery devices disposed
proximate to upstream of the entrance of the dicer and coupled to the source of liquid
cryogen or carbon dioxide for applying the cryogen or carbon dioxide snow to the food
product on the conveyor at a location downstream of where the food product is placed on
the conveyor; and

one or more third cryogen or carbon dioxide snow delivery devices disposed
proximate to downstream of the exit from the food dicer and coupled to the source of
liquid cryogen or carbon dioxide for applying the cryogen or carbon dioxide snow to the

diced food product upon exiting the dicer.

13
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3. The method of claim 1, further comprising the step of applying cryogen or carbon

dioxide snow within the dicer to cool the food product in the dicer.

4. The method of claim 3, wherein the dicer includes one or more sets of cutting knives
and further comprising the step of applying cryogen or carbon dioxide snow proximate

the cutting knives to cool the food product as it is being diced.

5. The method of claim 3, wherein the dicer includes an exit chute and wherein the step
of applying cryogen or carbon dioxide snow further comprises applying cryogen or

carbon dioxide snow to the diced food product in or proximate to the exit chute.

6. The method of claim 3, wherein the dicer includes a press belt and further comprising
the step of applying cryogen or carbon dioxide snow to the food product as the food

product enters the press belt.

7. The method of claim 1, wherein the step of applying cryogen or carbon dioxide snow
directly to the food product further comprises applying excess carbon dioxide snow to the

food product and said excess carbon dioxide snow is carried into the dicer.

8. The method of claim 1, wherein the diced food product is placed on a flighted
conveyor belt upon exiting the dicer and the step of applying cryogen or carbon dioxide
snow to the diced food product upon exiting the dicer further comprises applying cryogen
or carbon dioxide snow to the diced food product as the food product drops on the

flighted conveyor.

9. The method of claim 1, wherein the step of applying cryogen or carbon dioxide snow
to the diced food product upon exiting the dicer further comprises concurrently applying
cryogen or carbon dioxide snow to the diced food product while mixing or vibrating the

diced food product.
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10. The method of claim 1 or system of claim 2, wherein the food product is meat and
the heat removal from the meat is between about 60 Btu per pound of meat and about 90

Btu per pound of meat.

11. The method of claim 1 or system of claim 2, wherein the average heat removal rate is

between about 1.25 Btu/lb to 3.0 Btu/Ib of heat removal per second of residency time.

12. The system of claim 2, further comprising one or more fourth cryogen or carbon dioxide
snow delivery devices disposed within the dicer and coupled to the source of liquid cryogen
or carbon dioxide for applying the cryogen or carbon dioxide snow to the food product while

the food product is within the dicer.

13. The system of claim 12, further comprising a press belt disposed within the dicer or
upstream of the dicer and cryogen or carbon dioxide snow delivery devices are oriented to

apply carbon dioxide snow to the food product as the food product enters the press belt.

14. The system of claim 2, further comprising a flighted conveyor disposed proximate to
downstream of the exit from the food dicer wherein the diced food product is placed on the
flighted conveyor belt upon exiting the dicer and the third cryogen or carbon dioxide snow
delivery devices are oriented to apply the cryogen or carbon dioxide snow to the diced food

product as the food product drops on the flighted conveyor.

15. A method for chilling a food product in and proximate to a food processing device
adapted to dice, slice, shred, chop, or cut the food product, the method comprising the
steps of:

injecting or delivering cryogen or carbon dioxide snow to the region proximate to
and upstream of an entrance to the food processing device;

injecting or delivering cryogen or carbon dioxide snow in one or more zones
within the food processing device; and

injecting or delivering cryogen or carbon dioxide snow to the region proximate to

and downstream of an exit of the food processing device.
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