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BACKGROUND OF THE INVENTION Field of the Invention [0001] TH{g04/043065
invention generally pertains to systems and methods for freezing and for
thawing food. More particularly, the present invention is directed to

systems and methods of freezing food products that minimize damage to

the food, such as aging, that may occur during the freezing process. The

TIPLEser TNETPrEasnealates to systems and methods for thawing frozen
foods to maximize taste. Description of the Related Art [0002] In
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-~ from room temperature to the frozen state in a matter of hours, typically 1

BAGCROGROSINEher SUgh ¢RVENTeDal methods are applied to high water
content foods such as sushi (which is a well known combination of

Fieddote theideywiaititigh and other toppings), a substantial portion of the
water in the food is irreversibly lost. The loss of water is caused by an

[o0teleraled RoiBgtRiogRsEIARY BEASIPIOES YYRRBHRE AfROAISIBIRORSH0ing and

certain temperature zone for a relatively long period of time during
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temperature zone for prolonged periods of time also results in the
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will expand in size with time and rupture the cell structure of the
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crystals will be irreversibly lost from the food. Thus, conventional prior art

sydnaddreszinemetiory havmisdireeitlcdavRAckaXpRMLRGNNO
2005/063029 PCT/US2004/013065

Description of the Related Art

[0002] In conventional prior art freezing methods, food is reduced in
femperature from room temperature to the frozen state in a matter of hours, typically
1t03 ‘hours. When suob conventional methods are applied to high water content
foods such as sushi (which is a well known combination of cooked rice, raw fish and
other toppings), a substantial portion of the water in the food is irreversibly fost. The
loss of water is Cauéed by an accelerated aging prbcess that takes place when the
food is exposed to a certain temperature zone for a relatively long period of time
during conventional freezing processes. Exposure to this accelerated aging
temperature zone for prolonged periods of time also results in the generation of ice
crystals at a high rate. As a result, ice crystals that form will expand in size with fime
and rupture the cell structure of the food being frozen. When the food is defrosted,
water generated from the ice crystals will be irreversibly lost from the food. Thus,

conventional prior art food freezing methods have substantial drawbacks resulfing



from the substantial loss of moisture content, cell structure damage,

tharebys/ sedaeing freshness and changing the texture and desirﬂbéjj%%fw(m%”
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the thawed food product. [0003] In connection with efforts to improve

froGPmeniionahBrpiR Beerng.methads ional and industrial
"quick"” freezer systems use low %Wpe}é%%géﬁ%@\%gﬁ%%?%%rgﬁeE’y
redQNIIRCAMAS AL NG RRHURL IRLRRLEIAP] () eezing purposes.
Whil%i nitrogen gas has a low tempe>r(ature caplg%%i%? Q'ﬁ)&% %g% sap\%%%ig()d
proldgat is only about 47 Kcallgram/C, and therefore is not sufficient in terms
of heat absorption capacity to extract heat from the bulk of the food at
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ice crystal growth, quick freezer systems utilizing low calorie cooling
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cases, food cells are destroyed during the freezing process. Carbon
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Kcallgram!C), but has a much higher minimum temperature (
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problems with high water content foods as described above. [0004] In
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techniques, it has been proposed to apply a magnetic field to the food

sufiiitieinigntierrfreeximg ar atesspiio ihiaprpeskxaerarling 1Rk, 1PUE0bT the
“No. 6,250,087, magnetic energy is applied to the food to be frozen in a

food@vighiontalsreddaitacontentjtrial frevent ot HRCIHIE GRUSRIBEIER due 1o ice
crystal growth during the freezing process. The food is shaken by the
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approach uses conventional freezing technology and the process still
danpaedeodrglimdufotcomiidtedring bigihe fakel place ¢htosdboOutd \Mlileare
it is asserted that this approach maintains moisture in the cell and
desgirsheliiring the freezing process. Carbon dioxide gas has a higher specific
heat than nitrogen gas (about 137 Kcal/gram/°C), but has a much higher minimum
temperature (about -79°C). Quick freezing systems using carbon dioxide gas
encounter the same problems with high water content foods as described above.
[0004] In another attempt {o address shortcomings with conventional freezing
techniques, it has been proposed to apply a magnetic field to the food during the
freezing process. In this approach, according to U.S. Patent No. 6,250,087,
magnetic energy is applied to the food to be frozen in a conventional freezer o
attempt fo prevent cell fracture caused by ice crystal growth during the freezing
process. The food is shaken by the application of the magnetic field to suppress

crystallization. However, this approach uses conventional freezing technology and

the process siill takes a long time for complete freezing to take place (2 to 3 hours).



dripping, such systems are complex, expensive, and have limited

capacity. [0005] For the foregoing reasons, there is a need for new and
improved systems and methods for freezing and thawing food. The

present invention overcomes these and other problems that occur with
convention freezing techniques, and particularly in connection with

freezing of higher water content foods. SUMMARY OF THE INVENTION
\bussit lis @ssertzthdealvithisap fooagbimyaintdioshenitjeets e prebent! prevents
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The method includes  the steps of packing a foo
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reof t 10C, and then cooling the food product substantiall
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soaasen o e INGERGTs] of freezing a food product is provided

which includes a step of packaging a food product to be frozen after the
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t t duct is the oo d until the temperature of the
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[0008] Accordlnq to another embodiment of the prese ntion
f%%tQFH‘?HPt in a‘thermal exchange relationship W|th circulating air and dry ice in a

high calorie cooling unit.

[0007] According to another embodiment of the present invention, a method of
freezing a food product is provided which includes a step of packaging a food
product to be frozen after the temperature of the food product reaches a first
predetermined temperature. The food product is then cooled until the temperature
of the food product reaches a second predetermined temperature. The food
product is then cooled so that the temperature of the food product decreases from
the second predetermined temperature to a third predetermined temperature within
a first predetermined period of time. The cooling steps include placing the food
product in a thermal exchange relationship with circulating air and dry ice in a high
calorie cooling unit.

[0008] According to another embodiment of the present invention, a system for
freezing a food product is provided which comprises a freezer and a control unit.
The freezer maintains an interior temperature set to a first temperature and
includes a first cooling unit and an adjustable cooling unit providing additional
cooling energy.



freezing a food product is provided which comprises a freezer and a

contrebesmtsokhe freezer maintains an interior temperature set tg(“ar}cl 123004/043065

temperature and includes a first cooling unit and an adjustable cooling
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adjustable cooling unit provides additional coolin energy o
ent8o0U A eeprding to the present invention, the calorie exchange _ratg of the
freezer is adjusted to obtain the optimal freezing process to malntaln the
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rice, can be frozen in a short period of time and in a manner that ca
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According to oneembodiment of the present |nvent|on ry Ice iS
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from its solid state to gas phase directly, a much higher calorie exc
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The present invention is a simple, low cost system suitable to freeze a

cryistgjectapiacityoohfeod. dxise, the simple design of the present |nvent_|or)
includes a continuous frozen food chamber that enables almost unlimited

[0G#BHu ctibnoofk fiiogen toedsn{DOdithévaast tHegple atheefmRdinSpL ¢f used as a
the present invention, a method of thawing frozen food is provided whic

codiapsidetstnin stelpsintbyitacingr acohfaiesbal ORISR om its
frozen food, and steaming the frozen food from a side that is opposite to
soliflstate Woiusre phesodieinty.of cotarttighplassdiZhsdpafde $188MESoduced
than when liquid carbon dioxide changes phase to gas. The present invention is a
simple, low cost system suitable‘ to freeze a large capacity of food. Also, the simple
design of the present invention includes a continuous frozen food chamber that
enables almost unlimited production of frozen foods.
[0011]  According to another embodiment of the present invention, a method of
thawing frozen food is provided which comprises the steps of placing a contalner of
coolant on a side of the frozenfood, and steaming the frozen food from a side that is
opposite 1o the side where the container of coolant is placed. The food is steamed
untif the food is thawed to a desired temperature.
[0012]  According fo the present invention, food is preferably frozen in a
reasonably short period of fime to avoid exposing the food o the maximum ice

crystal generation zone for extended periods of time which will cause damaging food

by ice crystal growth. This is accomplished by using a high calorie cooling source,



until the food is thawed to a desired temperature. [0012] According to the
presgenbdnvention, food is preferably frozen in a reasonably short ﬁperiod of

time to avoid exposing the food to the maximum ice crystal geng AtigR204/043065
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and features of the invention that may become hereinatter apparent, the
foodtisréhefiibe toventendhayrhssmaie: clearly understood by reference to
the following detailed description of the invention, the appended claims,

[oand]the WvitvingsetiachardesBiestBRIERAESSRITTION Rk SHFe invenii
DRAWINGS [0015] The invention will be described in detalil V\ﬁth refeerlg\r/}%:gﬂon

thid thefditevoimg: ldsesinagier impyhiehtlikedeRitiRS e EERRRSSIIE be more
common reference numbers and in which: [0016] Fig. 1A is a bloc

clesatyr amdiof sisys teyréterisaezitgtiecid assargingtaian Rkadinest #hR ention.
present invention; [00171 Fig. 1 S is a block diagram of a system for
thirepnngdeddtiwsiding tbe drawings attached hereto.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015]  The invention will be described in detail with reference to the following
drawings, in which like features are repreéented by common reference numbers and

in which:

[0016] Fig. 1Ais a block diagram of a.system for freezing food according to an
embodiment of the present invention; |

[0017]  Fig. 1B is a block diagram of a system for freezing food according to
another embodiment of the present invention;:

[0018]  Fig. 2A - 2B are side and top views of a tunnel type freezer acéording to
another embodiment of the present invention: |

[0019]  Fig. 2C is a cross sectional partial side view of a tunnel type freezer
according to the embodiment in Figs. 2A and 2B:

[0020]  Fig. 3 is a diagram showing a number of temperature sensors within the

inferior freezer;



another embodiment of the present invention; [0018] Fig. 2A - 2B are side
ane R:views,of a tunnel type freezer according to another embodiment
of the present invention; [0019] Fig. 2C is a cross sectional partiBf-dig&2004/043065
Oo\gﬁv of tu%nel type freezer. according to the embodiment in Figs. 2A and
100713, (0b%El5.23 'E%&&P’&W@ﬁmﬁﬁga%ﬁ KBSt iBrRpenavarcieefisering or
th withinfthe_ interior freezer; 5 WO 2003/063029 PCT/dJ52004/04306¢
%6@1]%82 4 is a char[ showing temperature versus time curves for

zing.or thawing foqd; [0022] Fig. 5 is a flow diagram of a method for
mﬂ%%izing:li%o% ‘§cac2‘gm§‘ a?ﬁné#%%aﬁ#&% ‘ﬁﬁ‘?ﬁ%{ig&ﬁ%ﬂﬁ/éﬁﬁ@mm fo an

O% Fig. 6.is a diagram of a system for thawing food according to an
en@% gldﬁpngeorﬁté? tﬁéeprer%ém”laﬁ%/’eﬁ‘[’ion; [0024] Figs. 7A and 7B are

illystrations of containers used in connectign with the system for thawing
[Od%%%s\ ac'cac') r%)irr?ggté ‘ﬁ?e‘"%%?zen% %¥1&—%m6? ?5&%&% 9382?%7@%’@9&%53”
emWH&fﬁ?éiﬁpéfgﬂg Byg&m pr(lég‘qi\/g;{]g a large volume of containers of frozen
0

foods according to an embodimerit of the present invention. [0026] Figs. 9

foogAn illggication Qﬁg‘, zésé‘?@iﬁofit%{g%‘?‘iﬁrl%%ﬁ larg a‘:’rfe%ﬁs;n%%fg e?ﬁ?t%%i?é%?g%. with the

frozen foods according to an iment o

sy TR E RESEBIRTION O R REEERRAR: FMBODIMENT [0027

Although the present invention ezing and thawing of
[Oogggz’n ?ftﬁ’spﬁﬁ'w@ﬂﬁl;@?ﬁtﬁsi%ﬂ?ngad’f’régs@&%m%?%&ﬁ%rg%nlté}gg volume of
containers of frozen foods according to an embodiment of the present invention.

- [0026]  Figs. 9 is an illustration of a system for thawing a large volume of

containers of frozen foods according to another embodiment of the present

invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

[0027]  Although the present invenﬁon Is applicable to the freezing and thawing of
foods, and particularly those foods having high moisture content, the present
invention will be described in connection with a preferred embodiment dire‘cted to
freezing and thawing the food product sushi.

[0028]  In accordance with the present invention, sushi refers to any food product
known as sushi such as, for example, a food product in the form of cooked rice with
some form of topping (e.g., fish, avocado, etc.). Sushi can also be in the form of
rolls. Sushi typically has a moisture content of about 60% by weight. There are
several important factors to be considered when freezing high water content food
which is intended to be defrosted later for consumption. One factor is the aging

process by which foods like rice can irreversibly lose their water content. In the case
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invention will be described in connection with a preferred embodiment
dlmmmiméjﬂgezmg and thavylng th.e food prpduct sushi. [0028] mﬂaus % 004/043065
accordance with the present invention, sushi refers to any food produc
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rice with some form of topping (e.g., fish, avoc ShrcafiSaiggular aray
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60% by weight. There are several important factors to be considére
resresiiteeqipehislhwaisaontantdogdawhighds intended g %fe{é‘r%?tedature
later for consumption. One factor is the aging process by whic 004S Tika

rarige oaataversialy Hsautieic Watas ¢amissialliheGasss Pa¥¥Qad 1o as the
2005/063029 PCT/US2004/0430(,s of sushi, this is a process by which a

“‘anvellecatad el obstpeshtl@sesoits reqgular array and turns into paste. The
aging process in sushi is accelerated when the food is reduced to
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range of about 6C to about OC. This temperature zone is referred 1o as the
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to as "the maximum ice crystal generation zone," during which the water ’
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the range of from approximately OC down to approximately -4 to -10C. In

tot#8 femreiiais terrpretapp moimaiply Gt aielp e idhewiater iRdWeater in the
food is transformed into ice crystals. The ice crystals damage the food

foeRlimiyafsionnasbinisyide sy, cEhsinetmetdryingraige the BERPANkNg
invention controls the freezing process to ensure that food is passed

formdatipnhysdesiowngpesisirucitsedivinge elesirEtdipresbut mlgsntion controls
ensures that the freezing occurs throughout the bulk of the food as well.
the freezing process to ensure that food is passed through those two temperature

zones in the desired time, but also ensures that the freezing occurs throughout the
bulk of the food as well.

[0030] Fig. 1A is a block diagram of a food freezing apparatus according to an

V embodiment of the present invention. Freezing apparatus 100 includes a first
freezer 102, a control unit 104, and a second freezer 106 contained within the
interior of first freezer 102. The first and second freezers may be any commercially
available freezers which are capable of performing in accordance with this disclosure
and are not meant to be limited except as expressly provided herein.

[9031]  Second freezer 106 includes one or more cooling units 108 Which
comprise a high calorie cooling source such as, for example, dry ice blocks. Dry ice
may be provided in racks, as shown in Fig. 1B. The second freezer 106 further
includes one or more variable cooling source discharge nozzles 112a which, in a

preferred embodiment, discharge liquid CO, as a cooling source. Variable cooling



[0030] Fig. 1A is a block diagram of a food freezing apparatus according
towh -Giphegdipent of the present invention. Freezing apparatus 100 P
includzes(rg| z? ‘?iﬁst freezer 102, a control unit 104, and a second fre&zEVEHH4/043065

tained withjn the interiqr of first freezer 102. The first and second
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source 1 12b,  which is connected to con
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mechanisms 116, such as fans, for ating the air wi
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[00321 The system may also include one or more co
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more or less heat transfer (cooling) energy to the food 114 as neede
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the freezer. In one embodiment, the cooling adjustment mechanism’is a

urig m@a_bWJ(H@|thi§§59GHR§%tB@ﬁ%88tBPr8%@@%L{%§?]rQSF%)r mple, if
those units can be moved or rotated in unison. For example, if cooling
caslitly LR Eimeiyde IR ask HidRRs, R ANMSHRRREHBI AR S RISLe R rably
used to change the angle of the blocks relative to the circulation units 116 to
increase or decrease heat transfer from the dry ice blocks to the food 114 by
providing more or less surface area of dry ice in contact with circulating air. The
adjustment mechanism 110 can be used in connection with the manual adjustment
of the cooling units 108. n another embodiment, adjustment mechanism 110 can be
used in connection with an automated adjustment of the cooling units 108. in this
embodiment, electronic movement of the adjustment mechanism and cooling units is
controlied by the control unit 104.
[0033] The dual-freezer configuration of the present invention provides a very
stable reference cooling temperature in the interior freezer 106. One skilied in the
art will understand that single freezer érrangements can also be used. In single

freezer arrangements, various loading systems may be used to prevent loss in

cooling energy during loading and unloading of food to be frozen, in order to



used to change the angle of the blocks relative to the circulation units 116
towincreasesorsdecrease heat transfer from the dry ice blocks to fhe. {%%]) 4043065
114 by providing more or less surface area of dry ice in contact Wit(] )
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an automated adjustment of the cooling units 108. In this em odlmen?,
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controlled by the control unit 104. [00331 The dual-freezer configuration o
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temperature in the interior freezer 106. One skilled in the art wi

sidaderstand thalinglm fie ezefastangkmeptsdeaNiAHs e 988 hd MM, a door
freezer arrangements, various loading systems may be used to prevent
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in order to 8 WO 2005/063029 PCT/152004/043065 maintain a steady
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could include a loading chamber unit attached to a freezer with a door on_
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During the loading process, a door on the loading side is open, but the

talien oot ihtraererssidedenmaidssiobed iDooeribetiootviackis Inased process.
into the loading chamber, a door on the loading side is closed first and

[0 the UupHsimi freehangsideits tseived tallow flnedoachrepk feeotared
inside of the freezer. When the food is completely frozen as described in
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out in the reverse order as described in connection with the loading
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performed ‘
have its temperature passed through the accelerated aging temperature zone and

maximum ice crystal generation zone within a short period time by using a high
calorie cooling source.

[0035]  The confrol unit 104 is coupled to the adjustment unit 110, variable cooling
_source 112b and circulation means 11 6, as well as to one or more temperature
sensors 118 which measure the temperature of the interior of freezer 106 and/or of
the food 114. The control unit 104 may include a computer processor or the like, a
memory unit and appropriate input / output devices (not shown) for communioaﬁng
with and controlling adjustment unit 110, variable cooling source 112b and circutation
means 116, and for receiving temperature data from the one or more temperature
sensors 118. The control unit is preferably programmed with comlputer software for

facilitating the processes of the present invention, which are described in more detaif

below.



smoothly using a high calorie cooling unit, such as dry ice, which has a
MREY High splprie heat transfer coefficient. Food placed inside the second 3
freezer 106 can have its temperature passed through the accelériigg04/043065

ing t ture zone and maximum ice crystal generation zone within
IO ort et vk B9 U RIgar AT CBAES TR <l 0000981 (0 another
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[0036] Fig. 1 B i§ a block diagram o .freezmg appara dce
far@NPiBelrRRRdiMe M OtIaE R essntinyeian,, vsﬂgmjthferaer?}%)lt%gs to the interior

apparatus 200 contains a freezer 206. Freezer 206 preferably contain
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containing a cooling source such as, for example, dry ice blocks. One.
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circulate air over the dry ice racks toward the food to

e St o BN e
antienindeftrd (e.g., sushi). The control unit is‘conﬁgured to control the fans 116
and CO, source 112b to adjust the level of cooling energy depending upon the
temperature of the food, and to cool the food as defined by the present invention.
Freezer 206 nﬁay be used as the second, interior freezer in the dual freezer
embodime_nt in Fig. 1A or may be used as the single freezerin a single freezer
configuration of the present invention

[0037]  The size of freezer in accordénce with the present invention can be of any
suitable size depending on the quantity of food to be frozen. in one embodiment,
freezer 206 is approximatelyIB’ X 8 X 8 and can be used to freeze approximaté[y
two to three 200 pound batches of sushi according to the present invention. In this
embodiment, approximately 400 pounds of dry ice is placed in racks 108, Also, the
freezers are prefex;ably capable of maintaining a positive air pressure inside of

approximately 5 psi to maintain the dry ice and to allow the dry ice to sublimate

properly for the desired cooling. To maintain the pressure, a pressure relief valve

10



of the freezer 206. A CO2 gas nozzle 11 2a is provided near the food rack
1¥e0nhistecsepplies variable cooling when necessary. The conthd-HRit b0 3005
is coupled to the fans 116, CO2 source 112b, and a thermocouple (as

(ribuskiaiag 'mAiigae?})iasréré@qm@n@ﬂaii&re&fép%&%c‘é%ﬂ“ﬁw% tert(s_):lsure is

unit is configured to control the fans 116 and 002 source 1 to adjus
inthedsig). of cooling energy depending upon the temperature of the food,
and to cool the food as defined by the present invention. Freezer 206

[ovEs] be Usedas theaseronshipteriordiersesisotbe SURIFFERZ8e vicinity of the food

embodiment in Fig. 1A or may be used as the single freezer in a singlée

1freezenycothiigusataorofitierprieseririnventam[008 1h Hhew BeddreRgRliding
accordance with the present invention can be of any suitable size

theegmeinding oathpiquaniihoofifoetie Bedrerepcimene emBBFIMENEmay be
freezer 206 is approximately 8' X 8' X 8" and can be used to freeze

mapplekiimételyntwrotottreez209 tafiiadbatthes oksisshe asearhngiathie of the
present invention. In this embodiment, approximately 400 pounds of dry

fregads pladodinanicksig08 ilkisivathe dreszarpirepreferdably eapablageature
maintaining a positive air pressure inside of approximately 5 psi to
desired cooling. To maintain the pressure, a pressure relief valve 10 WO
serp0s/0EHD BorrgierashoBI04cEes tadiestmnp thasodeqrovit es reowédt the
_ the freezer when necessary if the pressure is increasing. [0038) The
InjfopépMpr e eisthaldendypastitle Placwkinitre wesityofi tteafaod 118b are
114 or any other location within freezers 106 and 206 to allow proper
PTRBrRRIYISENIMTEST I Shesantfsbual $Adwa thatifhSinerorperdtosee food
sensor | 18a may be mounted in the interior of freezers 106 and 206 to
tem@%@j%e[ﬁgq@%ﬁémmt@r@gtﬁgd controlied. As illustrated in Fig. 3, the

temperatures are preferably displayed on a monitor.

[0039]  in another embodiment of the present invention, a temperature sensoris
positioned to measure the surface temperature food product. The surface
temperature of the food produce, which largely corresponds to the temperature of
the interior of the freezer, may be used to provide additional information for freezing
food products in accordance with the present invéntion.

[0040]  The control unit 104 is cenfigured to control the speed of the Circuiaiion of
air over the dry ice. Also, control unit 104 may control the interior femperature of the
freezer 106, including the variable cooling source 112a and 112b as needed to
ensure that the food 114 is cooled at the proper rate. For example, if the
temperature of food to be frozen is not decreasing at the desired rate, the variable
cooling may be initiated to further reduce the temperature inside second freezer 106

or freezer 206 at the desired rate. The control unit 104 also may reduce or terminate

11



freezer environment. Fig. | illustrates an example of mounting the
tMpPsiRES)3ensor 118a in the interior of freezer 106. Also, as shownin
Fig. 3, a temperature sensor 118b is preferably connected insidé tHETJg#043065

roduct 114 t .motnitor the interior temperature of that food product.
LN s lad g e raatd %‘B@ée%&%e?‘mﬁ KshBetaccepiing too quickly

emperature

central unit 104 so that.the interior an re food, temperatures can be
somo%tﬂ;%r%f glndsc%ﬁﬁ%w .r%%g’lﬁﬁé’%rg?e%‘ﬁcﬁ PIgPS hhet iRl esaRon dioxide
o A O o e e oA 1124 for a

present invention;”a temperature sensor Is po

uct. The surface, temperature of the food
P B el ok gt it orfooc
1 rQvi itional information for freezing
(Sgc})l%(? (gr%zc'jgdgg}%r% ?cerc%é aﬁtcgegwglte\ﬂgtﬁteé1 (g?g?&?ﬁ%%]éﬁtion. [0040] The control

7104 i the circulation of air over the
[Gg?;f Iice. ﬁ ﬁ%%ﬂ%%%ﬁﬁ%% % é?}%%ﬁ?r%%t 'téi in \é{?f]ogrotrér%%ee IRt bPYREm may

bJiERARIIOE Al IR RRR AR SIGE BRI RS, o

needed to ensure that the food 114 is cooled at t roper

mERRIE Bhe: IRGRSY R4l BT dADEIRFeRIS DPtdleeisasing aLthe

desired rate, the variable cooling may be Initiate er reduce the One

ex@ﬂw@r@ﬁlér@dﬂﬁiq@oééﬁ%géﬁ%%? H08, &' @66%5%%8@%5%%% ate.

The control unit 104 also may reduce or terminate 11 29

[0642]US2RO4043065idB&a1IakIg FRYINY 1OPISYRMING QH%B‘?&‘%%%&L?{‘ Annel”

the food from cooling too quickly so that the food is frozen throug its

st)baqu%@@»eﬂyoIazrcarw@oa@-,&%@ﬂﬁﬁemtﬁ%ﬁay&%ﬁé%@%@”t the

second freezer 106 or freezer 206 via nozzle 112a for a predetermine
tuanedutylo fisBes(es00 sl e rrsaitdsalt Ais4BH BRE RN ARKRSALYY ifR%%e one or
more conveyor belts, can be provided for continuous delivery of foods to be frozen.
To accommodate the conveyor belt 130, a tqad lock means 132 may be included to
maintain temperature inside the freezer 106 and prevent loss of cooling energy
during loading and u'nloading. For example, the conveyor belt assembly 130
preferably includes three conveyor belt sections 130a, 130b énd ‘1 30c, one on each
side of the freezer 106 and one inside freezer 106 as i((ustréted in Fig. 2C. Each
load lock means 132 may include two doors 132a, an exterior door
(loading/unioading gates) and an interior door (loading/unloading lock gates), and a
loading/unloading section or housing 132b. The doors 132a may open and close

| rapidly to allow batches fo enter and exit the freezer 106 and can be configured to

prevent loss of cooling energy to the freezer 106. For example, the exterior doors

132a may not open unless the interior doors 132a are shut, and vice versa.
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(surface and/or core) reaches a selected temperature. [0041] In another
eMBodifmervef the present invention, the freezer system may B 1/us2004/043065
configured for continuous high volume operation by providing conveyor

[08dsihanieiaritheitkeifobatlingandyoiaadingyissal HeRPdo PR &a7e e racks

One example of a continuously operating freezer 300 is shown in Figs.

108428 (00424 Bigth2Aisca sidEievnagdrFiGroR s rotaBiM e QLA as the
exemplary "tunnel" style freezer 300 according to one embodiment of the

empeskmeiniventtiondyrndibecribadelistyteifreerern36h araMEYON REIB. In this
assembly 130, which may include one or more conveyor belts, can be

copifisliitietiforicomienaducs delivesrs ohfodus perhesfiontn dkpeascowmadate: interior
the conveyor belt 130, a load lock means 132 may be included to
of frafwaii mpervinalesasigs wis fee zonkobpdae piuenblodHeficeslnag into the
energy during loading and unloading. For example, the conveyor belt
foad hgiir teezipaasiansmevedEsteafteconveyor belt sections 130a,
130b and 130c, one on each side of the freezer 106 and one inside
0§44l er 106 pesirisaaeIIPRIGePE tmairodRiadocksiebadrb38rmaych as sushi,
include two doors 132a, an exterior door (loading/unloading gates) and
shopithitabPassichiaaamiimmaanigineek yide g artita, atirveliadingealed
section or housing 132b. The doors 132a may open and close rapidly to
a%féé@ﬁ%@toﬁ?ﬁ@r%%@dﬁ@ﬂ@%é@@l@ﬁ%m caadiescanfigwied wevent
thg%eé%g{rloss of,coolirﬁ\fnergy to the freezer 106. For example, the
A1 10920 LK Y BRRING ME ¥ MuTHRagSbtre TreRbalinyvstanod
re%%%vice versa, 12 \é(o 2005/063029 PCT/U52004/043065 [0043]
ﬁﬁ%'?opﬁ%?‘fg, the conveyor belt may pass between the dry ice
6%258 108, and the rest of the_freezer 106 confi%uration may remain the
a

e asgt% IR RSRALS A bR PtV P80 TR distissasrinaennection

wi@%sd%sAé&sBSifl)H g?iﬁ'\e temperature characteristics of the environment of the interior
of the second freezer 106 and of the food during freezihg. For example, in an
experiment, an arbitrary volume of cooked riée (2 Ibs) was cooled to room
temperature (about 22°C) and stored in a bag after it was détermined tobeina
balanced condition. The package was de-aerated and sealed. The food was then
stored in the interior of freezer 106 maintained at a temperature of —éO to -70°C.
Temperature sensors were used to measure (1) the environment or reference
temperature of the interior space of second freezer 106, and (2) the core
temperature of the food 114.

[0046] The resulis of the experiment are shown in Fig. 4 Curve A is the cooling
transmission rate curve of the temperature inside the interior of freezer 106. Curve B

shows the temperature of the core of the food to be frozeh‘
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configuration, temperature sensors may be permanently disposed within
tk\gé}t (ﬂ% 3921‘ freezer 106, or wireless sensors are contemplated that

could he inderted into the food before freezing and removed th&feHHERI04/043065

é%%44] I&a preferred embodiment, the food products to be frozen, such as
[0QHchi, SHuufaAirs R pdbrageasHiG S BEHAeR iaemes hipapaiature of freezer
1oner et%:l%l%/ s%?led after de-aeration. Such packaging locks flavor into

eWrS?S AR RED L5 SOHP U RSP BRI NTRGZShrimkRewasERigEavironment
feriacuum bag 1jn the food allows good results and js preferred. [0045]
AR A AeeclS S the Brbm TVANBHISR LB S eorideoma

)g(i:%cussion.oft e tempe atu§e characteristic§ of the environment of

ith
e GERGF e e A UL 166 i cPortie Rsa cu R AR b
o e B A e e AN vl b e g ma
S B e A B AR R er, whion i

AR A AEIEEALB010:0.C, Temperae sensorswere,

used to measure the environment ot reference temp

' i d care, te rature of the _ .
o e R s iy per
i li 6S) f re inside th
e RIS, Spowover

1 B0 DR TREEo W 2OPTHORAIRS RETWSZ004I03068, IOMTL GV 1o

A reflects the measured interior environment temperature zer

by Which &/rareHBSESher eR01ING capaeity of the freezer. The interior
environment ‘ -
[0048] Cooling control of the freezer can be determined from the curves, such as
the curves represented in Fig. 4. When curve B reaches the maximum ice crystal
generation zone, it can be observed that the angle of curve A begins to flatien, which
indicates the lack of heat transmission energy of the freezer 106. If this is detected,
a cooling cohtroi will be applied to increase transmission energy.
[0049]  The freezing activity is achieved by seeking the phase inversion, by
passing the temperature of the food through its freezing point artificially. A corﬁplex
group of solid-state properties has many different freezing points, especially food
which is a complex of hydrous substances, fike sushi, the ingredients of which may
have significantly different water characteristics to be carefully treated. Since curve
A is the curve of the controliable buffer zone in a cooling process, it shall be
considered as a control region such that the cooling heat energy, the transmission
sbeed‘ for the heat exchange, etc. and cooling transmission temperature contro!

should be applied within this zone.
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Y k7

temperature A of the freezer changes as a function of time because of
thermalsendryy exchange using the air in the freezer as a catalygty A-00.4/043065
other words, the environment temperature A shows the transition in the

roisFer esyseckoy tsmal ansrssion, e oulside suriace of ood

product, such as a rice cluster, which is watmer than the envirGHidrfe rice

citeRPORAKRHAS AIES %&é{@{rgh%megkmﬁqgt{&

Lhis, temperature
inclination changes the degree of the angle by igg?%ae%%?’c%‘ﬁg |ﬁh§)w§' be

uriFRbaCchillgR SO RRIMIBALVLIBE LY RPH 76 Qf HANSTRL SUHRSE, é%rer?)]ag?arfies of the

etc., however it can be read that the change of inclinationhas a

fotendenayiwhiehisafrcted: byrihe Bemnaisanarity of gﬁgﬁh@ %%t&‘m% within the

[0048] Cooling control of the freezer can be determine e curve

fressiadt a96{RE CHOESOICRERSEMERSIMs bt ﬁ%rbEH%@eBtﬁ@%g%ﬁ%ﬁh&qgng of the

maximum ice crystal generation zone, it can be observed that the ang
fooflcurve A begins to flatten, which indicates the lack of heat transmission
energy of the freezer 106. If this is detected, a cooling control will be

[0applied todmeisashansmission #0emhde A ShiieiTaRgI0e SEN iR iSherature
achieved by seeking the phase inversion, by passing the temperature of

gabe etmmthfughdtsdreening poiftasticiallicf-GaIRRieX rg5eHROE proximately
solid-state properties has many different freezing points, especially food

-10iichFieoen dbinplexatbijdnoits sutistameesidise SRk theHaredienis ®n ratio of
which may have significantly different water characteristics to be carefully

theréepddesines foloavingththemgnessivihefoestiaiaie Mdfen 208608 @ between
cooling process, it shall be considered as a control region such that the

thegelifpaeatdhergoree thnimission tspeepfecibieatientor xehaseeueitiree
and cooling transmission temperature control should be applied within

Wal) 28118e BUNRCEIY0B/0B3URERCI AlsS 260404866Sain is individually affected by

the changes in the thermal conduotivity from the outside to the core of the rice
cluster, and it is therefore understood that curve B reflects the heat exchange rate of
the area between the surface and the core of the food as the aggregate of average
complicated heat flow speed.

[0052] Curve B a!so shows the simitar tendency as curve A. However, while
curve A carresponds to a transmission rate with comparatively high efficiency by the
direct heat dissipation transfer to the environment temperature, curve B shows 3
widening temperature difference from curve A by relaying fo the layer where the
conduction efficiency is low in the progression of heat flux process from the curve A,
and in spite of the rapid declining angie of curve A, continues as being indicated an
aspect of passing through a temperature zone of the specific food. Meanwhile, each
tayer from the exterior side to the core side of the food advances mainly the phase

changes of free water and relay descent in the direction where the constituent is
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[0050] Curve B is considered as the cooling heat conduction area of the
r which the cooling heat transmission is undertaken, and it
sﬁg)u%bjﬁ?é%%%erstood as an analytical area for a proper controf of tHg2004/043065
hydrous properties of the food. That is, from curve B, it can be
107§kl feWre A e sttt ene hibe sersiBImicmorngstal
less energy is required to achieve the desired cooling of the food. [0051]
ger\?‘@iﬁ’B@%ﬁ%erved that curve B has a shallow angle as the temperature
oint where curve B reaches

00 oAbty b o o g AR R JMBCIon s the
e RN e OB OB Lo i &R 5B CATE B s avertap
e 08, o LD R LnU ey st e i ereee e sogne
A T AR S CEehBt U enp Bknine Pedior
o o R L R Bl B AR ohout s
RS A A e e T

[oesigsiPatigahiransiar 1ad KSRXH%%%WQS%(Z%?e%r?grr\éﬁy(?r;ﬁ%&%eﬁperature

3 N n
widening tempeérature difference from curve A by refaying

of thhpERIRe CRNDUCTIRR %fﬂﬁ.é%?a%riﬁ Ifﬁ%i P%etgﬁ%) r(reca?[si‘ip %8¥ %e%a&tﬁ)gg;being ,

process from the curve A, and In spite of the rapid declining

ffoz@&v%’é&giqul@se@ﬁtﬁg’iﬂg.i%@%@%%ﬂﬁ@%ﬁ\%ﬁjﬂ?é ?&éﬁ%?éé%h{ﬁ%tween the

temperature zone of the specific food. Meanwhile, each layer

e R e S AR T e
inVErRRAIBENDLIS configured to estimate the temperature of the food from the
measured inferior environment temperature, in lieu of measuring the temperature of
the food directly. For example, co‘ntrol unit 104 may be programmed with an
algorithm for Caicuiaﬁng estimated surface and core tempe;;atures of the food from

| the interior temperature of the freezer based on, for example, the curves of Fig. 4.
From these estimated temperatures, the control unit 104 can control the variable
cpo(ing 112, adjustment unit 110 and fans 116 to cool the food at the proper rate.
[0055] A dotted line curve in Fig. 4 shows an example of the temperature drop
when variable cooling in the form of carbon dioxide gas is injected into the interior of
the freezer.

10056}  Fig. 5 is a flow diagram of a method for freezing food according to an

embodiment of the present invention. First, at step 5-1 , the food to be frozen is

packaged. In a preferred embodiment, the food is de-aerated and vacuum bagged,
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15 WO 2005/063029 PCT/US2004/043065 frozen, and the temperature
th&egbrassew through the maximum ice crustal generation zorl;%‘l%g;%mm“
At this stage, curve B shifts to the steep angle. The difference between )

shifiek lempeeatyranOficora/sile RN eXIRAQL $ids becomes narrow and
finally, o?/gérslap each other, and the thermégiﬂcgogj uctlv%y OFIREER AN layer

appoveneliesierbecomelmasbeaiyvalgntApadhg fresaing is deepenedin .
proportion to the heat transmisgsion capability frrc})ﬁrfn thisz’gtﬂ#f. i erntc egin the

freindiegtesthatallihe fesd dcouahoviimcRUinbasReaneooled passed the

maximum ice crystal generation zone. [0054] From Fig. 4, the relations ulrpe

apbetwieentdheinteri o RnVBRBE I SR pRIaiure tﬁféh%if{eﬁ%ﬁbé%%%igﬂggt, the

surface and the core temperatures of the food being frozen, can easi

focesfimatertdadditionatiysthe: anienmhenadustionbatueenitbs 6%8?%8938%).

the food and the core can also be calculated. Accordingly, the present

Foinseshiotheeindibis dnfigur eeeteestipaiRrine; terparatsie oh B 90d fiited. The
the measured interior environment temperature, in lieu of measuring the

foagrtpbeafiaeeofcinetfopadizetty. Fosanamnplioosontiel saktlh MRS er 106 of

programmed with an algorithm for calculating estimated surface and core

sy stefipfe fAitndlofothe doother dracttingrpesiarsemperature of the freezer
based on, for example, the curves of Fig. 4. From these estimated

[0Qekiperdiliréen the chetiehupitra04eansinthel the veriableiseaeingrbi/ia

adjustment unit 110 and fans 116 to cool the food at the proper rate.

e sjuseoReP i thinAsineigribet ave\an ibxarplecoitie wRefaBi esurface

drop when variable cooling in the form of carbon dioxide gas is injected
anG{Rs AREGHTBAYIST cfisTTrbed aISiIDB6jeRIgeBisi floviintitigreon (baamesBpHeric

for freezing food according to an ,
temperature from the chart o Fig. 4. Altematively, temperature sensors 118 may be

used to measure the te}mperature of the food directly.

[0058] When the temperature of the food 114 reaches‘ the upper limit of the
accelerated aging temperature zone (e.g., for sushi, approximately 10° C), a cooling
patiern is generated to cool the food through the accelerated aging temperature
zone. For example, the control unit 104 controls the adjustment unit 110 and the
fans 116 to create an operative cooling pattern (i.e., the fans blow air over the dry
ice). Control unit 104 may also initiate variable cooling via variable cooling units 112,‘
If cooling is oo slow. Variable cooling injection then can be combined with
circulation control by the control unit 104, and the temperature of the food is
decreased through the accelerated aging zone at the appropriate rate. Preferably,

-the temperature of the food is reduced quickly to properly freeze the food throughout

its bulk without damage to the food cells. Preferably, the accelerated aging
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embodiment of the present invention. First, at step 5-1, the food to be
frozgn s Rackaged. In a preferred embodiment, the food is de-aerated i
and vacuum bagged, 16 WO 2005/063029 PCT/uS2004/013005CEHRR04/043065
tolira ‘ggd or the like, when the foo re%[c#es room temperature or ‘
831&6’? WiTatePoErrrdRak iep 519 ARAHod s pikicueipamhénfiedBapiputes, and
b]eggriébéh%greezil 8process. In a preferred embodiment, the food is at
PG gmpe?&‘pu(l‘ ;T approximately 22C, when placed in the freezer. In an

natiye embodiment, the food.is placed in the freezer at a temperature
O B Bbcl e BT e L PHRE R0 1R dogt rafbrbige
ithig. 1- rs. after the rice is cooked. The food to be frozen can be .
S A e a o e e T o Syetable cooling
; - gin the freezing process. [0057] At step 5-3, the temperature
o o e R et Ry R oo

' d (surface. and/ _
e R 8 B P SR ot o

S e b o 8 Bl S Gl aane at an

may be used to measure the temperature of d

a&é’@%éh@t%@wgﬁmﬁef%gdlﬁr rﬁeﬁgﬁi?lﬁ?ﬁ@%&mwoé%& Oce?'ling may

accelerated aging temperature zone (e.g., pproxima

not 68AKLRAHE 1950 R B ddencooldhs fopd th ?Hgi?%%%g%ie I&"a18fe food

aging temperature zone. For example, the control u controls the

dRYBMERNBAEQiRRDE sFN LA SR GFRBIEIA D PREIANE ﬁg?gymﬁg%y 10-15

pattern (i.e., the fans blow air over the dry ice). Control unit 1

| mﬁ%&é@\ﬁgﬁﬁﬁ@%W@bﬂﬁtSQﬁé%éQgﬁ %é%a%é%%@ﬁﬂé%%% be initiated
: g injection then can be combined with circulatio
to GOREIHRYIARD 8PS Uh d CrbwvAaN FhENRJRIBRE LS SRR PR iSotted fine of
curve Ain Fig. 4, as an example to assure that the temperature of the food
decreases fo the desired range. One skilled in the art will understand that cooling
may necessarily require adjusting based on factors such as the size of the freezer,
the amount of food to be frozen at a time, etc.
[0060] The food is cooled from 0°C to -10°C in approximately 10 to approximatély
40 minutes. The food is preferably cooled from 0°C to -10°C in approximately 15 to
approximately 30 minutes. in another preferred embodiment, the food is cooled from
0°C to -7°C in approximately 10 to approximately 40 minutes.
[0061] Nexi, the food is preferably cooled from about -10°C to about -30°C within
approximately 30 minutes fo approximately 90 minutes. The food is more preferably
cooled from about -10°C to about -30°C within approximately 40 to 60 minutes. By

the fime the food reaches -30°C, the fans will most likely become unnecessary and

may be shut off. At this temperature, the water inside the food is frozen completely.
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decreased through the accelerated aging zone at the appropriate rate.
Prefenabiys e temperature of the food is reduced quickly to prgg\Tﬂyszw 1043065
freeze the food throughout its bulk without damage to the food cells. o

[oBseferabisdhenacerignated Aging Lh¥P-2095 1063029 F &R i
/US2004/613065 temperature zone (approximately 6C to ab%ﬁ?(%ﬂgome water

thataversesiin, buth minuies: antePieierahly BSaniatesd09893ALSIER © -s0°C

5-4, when temperature of the surface of the food reaches the upper limit

in abive o sristel igengratiomzeng (e addacssiniell Yasableepeling i\ food
adjusted again, if necessary, in response to heat transmission of the food.

is Vaoiebleocalityimayhexienamingtad kthppempeiasyreOhIHaNIN Areazales. At this
106 is sufficient to continue cooling of the food through the ice crystal
pogenénationd enecatEintaidéquate tiateuandto prevent the food from cooling
too quickly. Variable cooling may not be necessary to freeze food at the

[06Sper rate: iabeitgmberatard ofrthéafeddn deesroataeachiaprroximaielyis
-5C to approximately -7C within approximately 10-15 minutes after the
predecridired dubeddivodtie frelezeth o dkablescsolinginasffhgdnitiatadisteonsidered
force the temperature to go down momentarily as shown with the dotted
thahthefssange i Figoditnoaihe xanile (thasselferttiat hisatenpesatirens is.
the food decreases to the desired range. One skilled in the art will
Haowawestdhe YalackoatinGensepinatdrdadlieenriehatiostioptiatied bnconsideration
factors such as the size of the freezer, the amount of food to be frozen at
of fhenydhigroqbmsdipnid fibairs dasrathersinens tomipeppemtimatelyddin the
to approximately 40 minutes. The food is preferably cooled from OC to
relalign iﬁ%ﬁ?&%?aﬂéﬂ‘j}’ Hthpphskindialy 30 minutes. In another
referred embodiment, the food is cooled from OC to -7C in approximately
(09845 approintatekpdatisisaaling, liquid nitrogen and a liquid carbon dioxide can

be considered as a coolant. From the aspect of the evaporation temperature and the
evaporation fatent heat, the nitrogen has -196°C/47Kcal and carbon dioxide has
-78.9°C/137 Kcal. A coolant which has more evaporation latent heat within the
range of -60°C is most suitable. Carbon dioxide gas is preferred.
[0065] Temperatures and times described herein are aescribed in connection with
preferred embodiments. One skilled in the aft will understénd that the temperatures
and times may differ based on the composition of the food, the size and type of the
freezer, etc.
[0066] In accordance with another aspect of the present invention, a system and
method for thawing frozen food is described with reference to Figs. 6, 7A and 78.
When thawing a container of vacuum packed frozen food 202, such as sushi, a

| container of a solution or gel 204 is placed on tob of package of the food. in the

case of sushi, container 204 is placed on the side of the sushi topping. Preferably,

19



[0061] Next, the food is preferably cooled from about -10C to about -30C

Wiwmzﬁpﬁ&)&g{)nately 30 minutes to approximately 90 minyt(?s. The food is
more preterably cooled from about -10C to about -30C within  PCT/US2004/043065

approximately 40 to 60 minutes. By the time the food reaches -30C, the
UharomniRgs stk ety peblsm Blermbogs sarylimd gonay herfshuat @fhtAStNISH the food

temperature, the water inside the food is frozen completely. 18 WO
294)0%[563028'® eavi9s 0013065100621 NeRTCtab fipAdHs \COMREIPOf the
about -60C, in order to freeze composite water that may exist, such as
IRats AL wiRineN 2PrcheriBly geleifdlyd édapoled to -60C in
roximately 5 to %s)proximately 50 additional minutes. More preferably,
(& h0q As disted g GeigirPapis danrately o thaapmtaimalalivafily with a
additional minutes. At this point, the food is completely frozen throughout.
S%%%‘?i’ S YasolasBoeomay araliateip iththbotener fuchasbyfeottontainer
Ti}se %referabIC\{ set tg be proportional to the heat transmission efficiency, it is
A5 98re P oMt B8R ep frldhR et 28 2rrllovsiaint Hisechetter theshi, the rice
Igﬁlat etxcgar%%g rgggﬁ{s However, the velocity of the coolant in the freezer
PEhal'6 Roitraimstan Consitihtisvarer srraifiempadiiadennion dinw fish, etc.) is
irculating therein and the proper heat exchange in the relation between
ﬁ%@%&%agﬁd(ﬁ%@e&b@?f‘ﬂwﬁ.%é%ﬁ]%@‘faatﬁ@%@ia@@ fswolimuligtiie present
in(}gm%‘ﬁ? ?Q\gm%liq%ﬂd carbon dioxide can be considered as a coolant.
From the aspect of the BUABEAIYA Baiperkiersaliastirg éepéatioan be
, the nitrogen has -196C/47Kcal and carbon dioxide has
pé%@%%ﬁ% éré\a/?n& é%glg ?ﬂ/\r’mi\é?”{gg'more evaporation latent heat within
Carbon dioxide gas is preferred.

-60C | t suitahle.
B T aoRbh aVepart mevensom cs. 64-6.

Sﬁ%%ﬁ?;%%%{%;@#ﬁf E&%%%%T}\P@di@?é}gmqggt%wﬁgég tah’?r%r t7v(\)/gl and a water
source 702. The tray 705 may be disposed at an angle to allow gravity assist with
water flow. The tray has three sides or lips 707-709 and a fourth side 706 is left open
to allow the water to drain from the tray. As illustrated in Fig. 8A, frozen food 202 is
preferably arranged in the tray such that water from source 702 flows under and
-along the sides of the food 202.

f0069]  Similar to the méthod described with reference to Fig. 6, a cooling pack
204 is preferably placed on top of the frozen food containers 202; For sushi, this
keeps the topping cool while thevrice side is warmed by the water. The water may
be at any appropriate temperature to thaw the food at the desired rate such as, for
example, approximately 60°C to 90°C and preferably 60°C to 80°C. The water level

is preferably controlied so that the warm water does not reach the topping side of the

sushi. The food is preferably thawed in approximately 5 to 45 minutes, more
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and times may differ based on the composition of the food, the size and
tyyye ofuiiesfiezer, etc. [0066) In accordance with another aspeetafdhR /043065
present invention, a system and method for thawing frozen food is

p@é%lﬂ?%é\{%éq‘?%%@ 9p 16 %Wﬁm&h%&'}ﬁ&{‘ rgfcprb%/qgawed in

of vacuum packed frozen food 202, such as sushi, a con aln

applutienAeigel 20445 riagadon top of package of the food. In the case of
sushi, container 204 is placed on the side of the sushi topping. Preferably,

IO YO 2005/Q63029RE TSR 004043001018, CRPLRINGS 204 fbe&%gm at the

like a bag, to allow good surface contact with the food 202. The cooling
sselgtipRan the bag 204 should preferably fit any contour of the frozen food
container 202 (water, gel, jelly, etc.). [00671 As illustrated in Fig. 6, the

[dopt]canthe hawetten\eriinbalynih dostaameig Wy %@?&EWH accordance

energy applied to the bottom of the frozen food container. The cooling

witblatioth204 rabddpreiihef ibech2@Zallawsiidhe rrpaabarshEi @ if8cioses a
portion to be defrosted to a slightly warm condition while topping (raw fish,

detep iSOMAINtainedrimg illed diand@n foy theverpeling SebHiBRANIORuch as sushi.
Thus, the present invention provides a very inexpensive method for

Theflestirg %00 dahaicanpsuitefordeaitbyfanyoneianthahamiclgo 3, such as a
[0068] Another embodiment of the present invention is shown in Figs.

CRBEI Syistnm M0 isafavmdrewdiadithawinthsysteivd Baineiudrs &tk ans for
705 and a water source 702. The tray 705 may be disposed at an angle

hegtite Hherevideaissidtthitlewiater Tow nTdensdp hasdinge sides anjipsitable
707-709 and a fourth side 706 is left open to allow the water to drain from

g 9T hedtinsttheeaoinieigs 8Alheodevidectli2d 2isapretteriablyl Aratigedlement

in the tray such that water from source 702 flows under and
904. Electncal heating element 904 can be connected to any suitable power source,

such an electrical outlet, via plug 902. in a preferred embodiment, the medium 903
is water. Medium 903 could also be any suitable heat conducting medium.

[0072] Asillustrated in Fig. 9, the food product 202 is placed in thé device 900
with the cooling pack 204 preferably placed on top of the food 202. Medium 903,
such as water, is also placed in the device 900 and is heated fo a femperature which
is desired to thaw the food product 202. in a preferred embodiment, the level of
medium 903 in the device 900 is controlied so that it does not reach the topping side
of the food product 202, such as sushi. Also in accordance with a preferred
embodiment, a temperature sensor 801 can be used to monitor and control the
temperature of the medium 903 in the device 900.

[0073]  Thus, the invention has been described in connection with what are
presently considered to be the most practical and preferred embodiments. It is io be

understood that the invention is not fo be limited to the disclosed embodiments, but,
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along the sides of the food 202. [0069] Similar to the method described

Wil efeisngsdo Fig. 6, a cooling pack 204 is preferably placed on top of i
the frozen food containers 202. For sushi, this keeps the toppink adt2004/043065
while the rice side is warmed by the water. The water may be at any

onABHropNEMeth SEFAHRE {8 frRxTtNaTonE Menicriinanteosiraisntior
example, approximately 60C to 90C and preferably 60C to 80C. The water

AR R SRR SO Bk oS EPhE At e erb it
topping side of the sushi. The food is preferably thawed in approximately
5 to 45 minutes, more 20 WO 2005/063029 PCF/U52004/043065
preferably thawed in approximately 10 to 20 minutes, and most preferably
thawed in approximately 10 to 15 minutes. [0070] With the system 700, a
large volume of frozen food may be thawed at the same time. [0071] Fig.
9 illustrates another system for thawing food products in accordance with
another embodiment of the present invention. In particular, Fig. 9
discloses a device 900 for containing a medium 903 for thawing the food
product, such as sushi. The device 900 can be any suitable device for
containing the medium 903, such as a container or tray. In a preferred
embodiment, the device 900 includes a means for heating the contents of
the device. The means for heating can be any suitable means for heating
the contents of the device such as an electrical heating element 904.
Electrical heating element 904 can be connected to any suitable power
source, such an electrical outlet, via plug 902. In a preferred embodiment,
the medium 903 is water. Medium 903 could also be any suitable heat
conducting medium. [0072] As illustrated in Fig. 9, the food product 202 is
placed in the device 900
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with the cooling pack 204 preferably placed on top of the food 202.
Medium 903, such as water, is also placed in the device 900 and is

heated to a temperature which is desired to thaw the food product 202.dmp wise

a preferred embodiment, the level of medium 903 in the device 900 is
controlled so that it does not reach the topping side of the food product
% 2, such as sushi. Also in accordance with a preferred embodiment, a
auns: i
emperature sensor 901 can be used to monitor and control the

emperature, of the medium.903.in the device 900 IL’OOZ% hus, the L
%hventi‘(?n eggot()ieoeﬁ}frggzslg n%gaﬁf(gofﬁ%éﬁ%wlﬂﬁtm E\g Iﬁpgﬁ@z&@omprlsmg
Sggnsiqered to be the most practical and preferred embodiments. It is to be
u

Aderstood that the invention is not to be limited to the disclosed
contran e iteHag S S e SR R e
L R e
o g By LRI S Subecantialy
1o 10 minutea e ) Coam s e e SR R et o
DAl RggeRiie, 2R ImaENAG.I; RGN FRRIR mately 10 to 40

minutes;

wherein said cooling steps comprise placing the food product in a thermal

exchange relationship with circulating air and dry ice in a high calorie cooling unit.

2. The method as recited in claim 1, wherein the food product is cooled to

approximately 6°C to 0°C in approximately 1 to 10 minutes.

3. The method as recited in claim 1, wherein the food product is cooled to

approximately 0°C to -7°C in approximately 10 to 40 minutes.

4. The method as recited in claim 1, wherein the food product is cooled to

approximately 10°C to 0°C in approximately 3 to 5 minutes.

5. The method as recited in claim 1, wherein the food product is cooled to

approximately 0°C to -10°C in approximately 15 to 30 minutes.
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wherein said cooling steps comprise placing the food product in a thermal
10 exchange relationship with circulating air and dry ice in a high calor
cooling unit. 2. The method as recited in claim 1, wherein the food
product is cooled to approximately 6C to OC in approximately 1 to 10
minutes. 3. The method as recited in claim 1, wherein the food product is
ooled;{o roximately QC to -7Cjn roximately,10 to 40.minutes, 15
O The e o e B e B o eI
p(g%ip%? Y38, to,0€ in approximately 3, to,5 minutes. 5. The method
%@ recite ?r? é(?;l@m 01,07W§e1|%?r¢) ?E%X%ggl li rg l}&a@ ?c%gpe%%sto approximately
OC to -10C in approximately 15 to 30 minutes. 23 LLOYD Vb4,SE 6. The
method as recited in claim 3, wherein the food product is cooled to
PPProX H%alggaGIMqu tso ré7lcfe@§%r%@%\%ﬁg?%% ‘é?e%g rglanl(J); 858%71%§£tl ed to

method as recited in claim 2, wheréih pr08u

pro Igo t .in_approximatel 5.minutes. 5 S. The method
agg recﬂeg |}r§ Chm@%ﬁ%?ﬁ%ggﬁﬁg }gtgp% ( )Hllslrb%?fgdrmed ata
substantially steady rate. 9. The method as recited in claim 1, wherein
said food product is sushi. 10. The method as recited in claim 4, wherein
8s.aid packing step includes vacuum, bagging said. foo (%r&iuct. 1%)11. he
metho%ﬁgsn%% éPda in ¢ gﬁﬁ El ?N?flenrelihw & ¢00 cl)nogns‘}gespe indiR§e gf@ésat a
f ing.the faod product after it is packaged into a freezer having
Sglﬁsggr%ﬁ&l{e tgitt%ead éa(}][aet'ure of approximately -40C to -70C and a variable
cooling feature; (b) adjusting said variable cooling feature to ensure the
food product is cooled

S ovD wige

9. The method as recited in claim 1, wherein said food product is sushi.

10.  The method as recited in claim 4, wherein said packing step includes vacuum

bagging said food product.

11. The method as recited in claim 1, wherein the cooling step (3) includes steps of:

(a) placing the food product after it is packaged into a freezer having an ambient
temperature of approximately -40°C to -70°C and a variable cooling feature;

(b) adjusting said variable cooling feature to ensure the food product is cooled
substantially throughout the bulk thereof from about 10°C to about -10°C in less than
approximately 40 minutes; and

(c) removing said food product from said freezer after the temperature of said

food product reaches a predetermined temperature that is lower than approximately

-10°C.
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substantially throughout the bulk thereof from about 10C to about -10C in

less than 15 approximately 40 minutes; and (c) removing said food .LOYD WISE
product from said freezer after the temperature of said food product

reaches a predetermined temperature that is lower than approximately

-10C. 24 LLOYD WISE 12 The method as recited in claim 11, wherein

];Qe adj e(pa(sbl_1 delsélcontriqllr k! crr Iat Pélﬁ?fﬂ%ertgé}u |Saigtdee§

reeze e met as recr edin’cla Whe

I fl b dioxide into said freezer. 5
é@%ﬁ%ﬁ*ﬁ%eﬁq asing &Sérp o s'é’ﬁ%' caaon

147 s recite alm WHarein the adjusting step (b)
includes controlling an incident angle between dry ice in said freezer a_nd
a circulation of air within said freezer. 15. The method as recited in claim

13, whegei t'a?oauappevm e S S s

temperature said produc Teaches approxim
t rod ct sard thod comprising steps of:
%C %g.P %fg pro ﬁr(f:é’t ocg rdg)'zen a eérfetemperature of said food

product reaches a frrst predetermined temperature; (2) cooling said food
product until the temperature of said food product reaches 15 a second

T A R S O

temperature o decréased'tt

hi
SIS SR A 1 RS ed, SAPS BRI S,

within said freezer.

15. The method as recited in claim 13, wherein the supply of liquid carbon dioxide
is terminated when the temperature of said food product reaches approximately -5°C to

10 -7°C.

16. A method of freezing a food product, said method comprising steps of:

(1) packaging a food product to be frozen after a temperature of said food
product reaches a first predetermined temperature;

(2) cooling said food product until the temperature of said food product reaches

15 asecond predetermined temperature; and

(3) cooling said food product so that the temperature of said food product
decreases from said second predetermined temperature to a third predetermined
temperature within a first predetermined period of time;

wherein said cooling steps comprise placing said food product in a thermal

20 exchange relationship with circulating air and dry ice in a high calorie cooling unit.
25
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wherein said cooling steps comprise placing said food product in a

thermal 20 exchange relationship with circulating air and dry ice in a high

calorie cooling unit. 25 LLOYD WISE 17. The method as recited in claimlLOY]) WISE
16, wherein said second predetermined temperature and said third

predetermined temperature are selected to define a temperature range

herein said food produyct is subject to at least one of accelerated .aging

1\;/hd m@?m%%@?c(gag@es%%ﬁ?z% i%;ljﬁdgr]lgl n()é r\g?llgﬁ?l% %% The et ) stg]rlélg‘i[;d
(RAMAC, G AA LRl Beried ALHme 5 selected dg minimize.at

east one of aging and ice crystallization Benera ion of sal fqo product
tQMEE‘l%ﬁ?é &9%%:%8158 ggl)d }098'%1- r%ﬁ&t?so&é‘%cri %tg{dl I %larllglo 6a’cce erated

wherein a fou predetermine mperature selected petween sal

AR GPIECEICASA IRTIBRIANGS such that said 10 second

and fourth predetermined temperattres define a temperature range

wherein said food product is subject to accelerated aging and the third
and fourth predetermined temperatures define a temperature range

l\lg/hereﬁg%%tfﬁ)&fiagG%QH%&%?&J%SCMP H%aeé(éir?sl’elli iﬁ%tcrxslgadliz tt}if?}(? is selected to

generation, said first perio time 1s'divi nto seco an

REkRes qf 1‘@9&,o%i%@?g%gqxpﬂ(;g%égls&ma%fgéa%%gﬁ I the amaunt of

15 time the temperaturé of said food product wilPbe within sal

&&I}%@%IQEPESJ gté%k@g_ain said food product is subject to accelerated

aging, said third period of time corresponding to the amount of time the
temperature of said food product will be within said temperature range
wherein said food product is subject to maximum ice crystallization

generaianaidaktanaand ating RELRHS LRIME A SRItiet B perature
minimize 20 respective aging and ice’crystallization gépnera Ion of sal

ifoed ardustdur @gi&%&088%@ﬁ%ppgggietermined temperatures such that said

second and fourth predetermined temperatures define a temperature range wherein said
food product is subject to accelerated aging and the third and fourth predetermined
temperatures define a temperature range wherein said food product is subject to
maximum ice crystallization generation, said first period of time is divided into second
and third periods of time, said second period of time corresponding to the amount of
time the temperature of said food product will be within said temperature range wherein
said food product is subject to accelerated aging, said third period of time corresponding
to the amount of time the temperature of said food product will be within said
temperature range wherein said food product is subject to maximum ice crystallization
generation, and said second and third periods of time are selected to minimize
respective aging and ice crystallization generation of said food product during said

cooling step (3).
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26 LJ..OY[.? WISE 20. The method as recited in claim 16, wherein said
first predetermined temperature is approximately 15C to 40C. 21. The

meth
temp

od as recited in claim 16, wherein said second predetermined LLOYD WISE
erature is approximately 10C to 0C. 5 22. The method as recited in

claim 16, wherein said third predetermined temperature is approximately

RC 1o %h%cmegtgbg%rmcgg‘g?gn%?a'i%c?gdv& e%!{}e}{% ’{(%J%Eerr%ﬁ‘e?et‘%‘lgiﬁr}ftﬁlﬂgeramre

predetermin

i@%@ro
te

perio Ime IS approxima minutes.
od I cited, in ¢l 51;]' C21' wherein said second predetermined 10
er)(a%%eg}g géip%gir%lately 6C to OC. 25. The method as recited in

claim 22, wherein said third predetermined temperature is approximately
0C to -7C. 26, The method as recited in claim 23, wherein said first

#redet?ﬁ%ngt%gf :gé) gf(ifolfteg n?Lecia'a Péo’\%ﬂ?a%?r% 11% g%c%%cinlpeléfe:e %h%LSng '

he me

t@z»‘?éﬁgg_%rtﬁ%rﬁ %&%&'ﬁ?&éﬁ

redetérmined
%895[088 ely Ito 10 minutes. 27 LLOYD wvic
claim 27, wherein said second

as recited In claim , Wherein said secon

e method as remte%l N

predetermined temperature is reached in approximately 3 to 5 minutes.
29. The method of claim 1, wherein the packing step includes de-aeration.

0. The method of claim 1, wherei ki incl
Bt 8o IO TR i 1 R B DAL g e et

.shrink wrag
1S approxim

23.

RIYYeC to -10°C.

The method as recited in claim 16, wherein said first predetermined period of

time is approximately 10 to 40 minutes.

24.

The method as recited in claim 21, wherein said second predetermined

temperature is approximately 6°C to 0°C.

25.

The method as recited in claim 22, wherein said third predetermined temperature

is approximately 0°C to -7°C.

26.

The method as recited in claim 23, wherein said first predetermined period of

time is approximately 15 to 30 minutes.

27.

The method as recited in claim 16, wherein said second predetermined

temperature is reached in approximately 1 to 10 minutes.
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32. The method of claim 16, wherein the packaging step includes

packaging in a sealed container. 33. The method of claim 32, wherein the-.LOYD WISE
packaging step includes de-aeration. 34. The method of claim 32, wherein

the packaging step includes vacuum bagging. 10 35. The method of claim

32, wherein the packaging step includes shrink wrapping. 28

28.  The method as recited in claim 27, wherein said second predetermined

temperature is reached in approximately 3 to 5 minutes.

29.  The method of claim 1, wherein the packing step includes de-aeration.

30.  The method of claim 1, wherein the packing step includes vacuum bagging.

31.  The method of claim 1, wherein the packing step includes shrink wrapping.

32.  The method of claim 16, wherein the packaging step includes packaging in a

sealed container.

33.  The method of claim 32, wherein the packaging step includes de-aeration.

34.  The method of claim 32, wherein the packaging step includes vacuum bagging.

35.  The method of claim 32, wherein the packaging step includes shrink wrapping.

28



