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Description of the Related Art

[0002] In conventional prior art freezing methods, food is reduced in
temperature from room temperature to the frozen state in a matter of hours, typically
1t03 vhours. When such 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 Ioét. 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 time
and rupture the cell structure of the food being frozen. When the food is defrostied,
water generated from the ice crystals will be irreversibly lost from the food. Thus,

conventional prior art food freezing methods have substantial drawbacks resulting
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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 to address shortcomings with conventional freezing
techniques, it hashbeen proposed to apply a magnetic field to the food during the
freezing proceés. 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 to
attempt to 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 still takes a long time for complete freezing to take place (2 to 3 hours).
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SUM

[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 sepond predetermined temperature. The food product is
then cooled so that the temperature of the food produét decreases from the second
predetermined temperature to a third predetermined temperature within a first
predetermined period of time.

[0008] According to another embodiment of the present invention, a system fof
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.
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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 container of

- coolant on a side of the frozen food, and steaming the frozen food from a side that is
opposite to the side where the container of coolant is placed. The food is steamed
until the food is thawed to a desired temperature.

[0012] According to the present invention, food is preferably frozen in a
reasonably short period of time to avoid exposing the food to 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,
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[0015] The iﬁ\?enti%n wiﬁ beodes%vr\fbgg in detail with reference to the following

drawings, in which like features are represented by common reference numbers and
in which:

[0016] Fig. 1A is a block diagram of a.system for freezing food according fo 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 femperature sensors within the

interior freezer;
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the system for thawi ng foods according to the system
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contaifbrd 6faEser RRds seorliny twah entsodiment bhthet prebettiavention.

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 invention is applicable to the freezing and thawing of
foods, and particLIIarIy those foods having high moisture content, the present
invention will be described in connection with a preferred embodiment directed 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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[0030] Fig. 1A is a block diagram of a food freezing apparatus according to an

~ embodiment of the present invention. Freezing apparatus 100 includes a first
freezer 10,2, 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.

[0031] 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
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freezer thereby causing cooling by convection as
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. In 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
controlled 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 skilled in the
art will understand that single freezer arrangements 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
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[0035] The control unit 104 is coupled to the adjustment unit 110, variable cooling
source 112b and circulation means 116, as well as to one or more temperature
'sensors 118 which measure fhe 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 communicating
with and controlling adjustment unit 110, variable cooling source 112b and circulation
means 116, and for receiving temperature data from the one or more temperature
sensors 118. The control unit is preferably programmed with comwputer software for
facilitating the processes of the present invention, which are described in more detail

below.
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fans 'H@r@r@oBQQI%IYbSheLWﬂhE’ '@WP@WG@SF"@F‘S@@@@P F"Iﬁg”@&fﬁé@ the interior
[ 0035] The control unit 104 is coupled to the

of thedrbazrer 286t AIfIQ, dakinozzle il 4B és providathnsanihedodd packahtd which
circulation neans 116, as well as to one or nore

supplfe%%ﬁbb@écﬁ:lﬁ@ﬂﬁl@éﬁ ndd&ssany.C Themastiobuiih @ 04 éspeupsied te the
of the interior of freezer 106 and/or of the food 114.

fans 1;5?5‘? tcﬁcgz ]&,&a’ke unih, 3R4 a’?ﬁérmé‘&ﬁﬁé (&s m%nafe%fmm@ p@%ﬁ?érted into

menory unit d appropriate i

o o180 ot s BSOS 2 1

source 112b and circul ati on. neans 116,
and GQusquead 12brip adist e leyehok sanlingrrnesay speﬂ%r\e upon the

t enperature
temperature of the food, and to cool the food as defined by the present invention.

Freezer 206 may be used as the second, interior freezer in the dual freezer
embodiment in Fig. 1A or may be used as the single freezer in 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 approximately'8’ X 8 X 8 and can be used to freeze approximatély
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 prefefably 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
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sensors 118. The control unit is preferably programred
wWith conputer software for facilitating the processes

wo@Roosiesopy esent i nvention, which are descri bedPCTURINE043065
detail below. [0036] Fig. 1B is a block diagram of

ot s 2 RS T R Phon R bl AR

. 200 contains a freezer 206. Freezer 206 preferably .
INCréasfit-ai ns one or nore cooling units 108. Cooling units
108 referablé&are racks cont ai ni ng ia cool i ng source
[0038} ucH hedentsratsixe spneorsdihd Ma¥ ARk placeddndhe yisirityr efifge food
116 are disposed along the walls of freezer 206 in
114 opasy bihen locationrwithiatfreeziers H0@ and 206doyaliovepropek sndrd®ring
toward the food to be frozen 114, which also is

theredt FREREmiple, BasSshd iR e Fig 8dataseldtre &esdrot®asmigibe
the fans 116 are sealed in the wall to reduce heat

moun qaiﬂstﬁgrir}t%gspﬂt %{E}LQ@% ér% %(%i’&d HeBsURY th%ftgérﬂferature of the

reezer gas noz 2a 1S provi near

the food rack, 119 i ch supplies variable al,in en
froeze gWrBRMETE 7RIS doMHER OB AP & BT IEG 1R teRer i
116, CO2 source 112b, and a thernocouple (as
sensor [1/18gtin fetnteriomgidreezer 1A8e AleQ) asthovenin Figmdof tempgrature
(e.g., sushi). The control unit is configured to
sensotdnBbas praferdtin sondéctad ih=if treofooderedadt 11! tadinositor the
| evel of cooling energy dependi ng upon the tenperature

interi?fteinperdtordof thagfddd sreduct. Meerhperhta® stafsored 18 ankel 18b are
present invention. Freezer 206 may be used as the

e
i t .
preferféﬁléﬁ%‘?wsﬁ?ﬁd {8 ot Bhit 104'sgAnd o ihiciief &g corp food
reezer in a single freezer nfi gur at i Of.
tempesp s pap hodnBhlieR sukee Ity Ak &80 89 the
accordance with the r)resent i nventi on can be of any
tempeygiurap pee Breierabbpaisnlay§dsm @ ROQENt ity of food to be
frozen. In one enbodi nent,
[0039] In another embodiment of the present invention, a temperature sensor is

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 providé additional information for freezing
food products in accordance with the present invéntion.

[0040] The control unit 104 is configured to control the speed of the circulation of
air over the dry ice. Also, control unit 104 may control the interior temperature 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
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freezer 206 is approximately 8 X 8 X 8 and can be
used to freeze approximately two to three 200 pound
whaisle®2of sushi according to the present i nvROL/USIV04/043065
In this enbodi ment, approximtely 400 pounds of dry
the varBje Sof Ehrelertoutoille rAyBR oA dFRER Godih too quicky
ressure. insi de, of r gxi mat el psi to_nmaintain the . :
so thah 158 FaT s iPed tafus Rk 85 K Frobey” EopieRniie yseufiep Alpxice
for the desired cooling. To maintain the pressure, a
gas maydes dissha@eddnto s HREZEH IR O FESP26E ZBBGW pegzleg12a for a
vent the freezer when necessary if the pressure is
predeteratines angunt 00881 (Ehge, & deweesonds), senptithe BI®immament or food
al so be placed in the vicinity of the food 114 or any

(surfa@k ReNd/drasore ) Riachies i selédteazempeldiireand 206 to al | ow
proper nonitoring thereof. For exanple, as shown in

[oo41fih9-m% oﬂletrﬁ‘e'ﬁg(?dcﬁnléh?o?ﬂéi@%séﬁﬁiﬁgg@ﬁqrg?hé‘%%%@ﬁ%*égem may

einterio eezers nmeasure
tenperature of the.freezer envirconnent. Fig. 1

be copjigirsgiar eantiwols igh ¥BMe SotRE B oL e aver
sensor 118a in the interior of freezer 106. Al so, as

mechghigithor ierikg forloaging-ane paloadingswnitiopf feedhoibe frozen. One
preferably connected inside the food product 114 to

exampieniftaocontineiouslyerperating freezart 30@®issshawmin Figed2pr2Riuct .
Tenmperature sensors 118a and 118b are preferably

[0042§ oniFegt 2l id @ sideeviewHridoFiguRBtis Haépstew b&bntdi@m'cfﬂé@f ‘t@inel”
and core food tenperatures can be nonitored an

style ﬁ:é’éhtér@dfo‘;érjcacbdf@ing!tb%ﬁbr Sé’dih{én‘fiogthegpretngtO@g?Hﬁ%ﬁt H #

are pre I Spl ayed on a nonitor.

unnef 8 ke S50, T8 hoL B S 2 AP Bafpcide one o

surface tenperature fqo roduct. The surface
more p@ﬁw%thﬂtgP AN Pﬁ@@\d’%g ﬁrovdami@youﬁ ehvwroggws to be frozen.
corresponds to the tenperature of (
To accommodate the conveyor belt 130, a load lock means 132 may be included to -

maintain temperature inside the freezer 106 and prevent loss of cooling energy
during loading and uhloading. For example, the conveyor belt assembly 130
preferably includes three conveyor belt sections 130a, 130b and 130c, one on each
side of the freezer 106 and one inside freezer 106 as illustréted in Fig. 2C. Each
load lock means 132 may include two doors 132a, an exterior door
(loading/unloading 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 to 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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the interior of the freezer, may be used to provide

additional information for freezing food products in
wa@ewsiemece with the present invention. [0040]PdNES2004/043065

control unit 104 is configured to control the speed of

[°°43fl P @int PR R?EP‘?EL la@n%?r%eﬁ*d?gnéﬁg B e racks
108, apbReeal dhig ”"Z%EEQ@&OF@%%&@%@&E%"%%h%%%ei%ath%

cool ed at the pro rate, For exanpl
embodiggnis alrgpdy @*IESPF @'BO‘E%'W ¢Inastips V\ﬁtelit F'&§cﬂéa1§ nlf s

the desired rate, the variable cooling may be
configuratidr temipeatéing sénsors swhycke phemareenib dispesed withimghe interior
second freezer 106 or freezer 206 at the desired rate.

of freee® 108NbF Qi relé%btseh@érsaér%ocdmambﬁieﬁ ehatrcouid Bé Ndettddeinto the
vari abl e cool ing to prevent the outside region of the

food tfe?&% ﬁé%ﬁ%gﬂ rQﬂmoV@&tl‘?éFe%hleV so that the food is

ozen ughout its bulk properly. For exanple,

004 2153, g B3R 355 1 FRBEH o s s

predeterm ned anmount of tinme (e.g a few seconds
shouldfest lber packagos r"&iﬁr?e?ﬁntémeéo%#‘g"s%ﬁ phae; gﬂaﬁ“@.rméafs%ﬁy sedled
reaches a sel ected tenperature. [0041] I n another
after devbeditivantSurh packagingslonks flaveminicoie produet sy belps prevent
system may be configured for continuous high vol une

the foO8 ftont d?ﬁn@y SHrinki wiappirgpor excuunTdebgitigstiiedood biows igeod
for | oading and unloading units of food to be frozen.

ex bReQf @ continuously operating freezer 300 is
result?ﬁﬁd ??Fﬁgs 2A- 2B. [0042] Fig. 2Ais a side view

oot FpudB sk 02t B R EHHIBER e

present invention. In the tu st freezer 30
with aQiscspian BEe taawerilie ¢hera S ﬁﬁbﬂq HyGaa O spe interior

nmore conveyor belts, can be provided for_continuous
of themonéﬁlgeezErﬂ%@gdtqﬁ the faqdbdwiing freezing. For example, in an

experiment, an arbitrary volume of cooked rice (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 -60 to -70°C.
Temperature sensors were used fo 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 frozen.
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To accommodat e the conveyor belt 130, a | oad | ock
nmeans 132 may be included to maintain tenperature

wo pasgesoehe freezer 106 and prevent | oss of copCT/I§2004/043065
energy during | oading and unl oadi ng. For exanple, the

[0047F O"¥GHA Abr%h&ct@%ﬁs mhdasutS? imesd camonmalR! taRpRratOFEsr freezer

onveyor belt sections 130a, 130b and 130c, one on

ach side_of the free Lnskde . :
106, v aoi g e agoffg Bhertil o e BREabEq g iiefgrghvronment
132 may include two doors 132a,. teri d
tompeatuEaify ) tOATBRIERE GBS &1ATCIOn of ps Becabes of thermal
(1 oadi ng/ unl oadi ng | ock gates), and a
energy exchangeiusiog dhe girde the fraezer amasairlystain otheraverdsr the
132a may open and close rapidly to allow batches to

enviroARicdt témpetite ARRolvsane ¢ransiondn dhe ecker caudeddy thermal
to prevent |oss of cooling energy to the freezer 106.

fransnll:lg]@,ioﬁ )Fﬁ‘ﬁ‘ﬁ Se obiftfdE XlfadePbr 1888 proddA2siEY a8 @l riceP80ster, which is
unl ess t

e Interior doors 132a are shut, and vice
versa,l 0043 f [ [ :
warmdf 38 hORARHoERAL LB RrELA, af PrskBEobgriBRERRbduct This
tompegatus BB FeARGePARaea L Bk Badedione Hpzer capabilty per
connection with Figs. 1A-1B. In this configuration,
unit oﬁaanipi&erasmurees\e'iﬂsbvéoﬁmamféSigémfﬁlWé\SfﬂrﬁltﬂﬁaéFQ@’@@ ict however

the interior of freezer 106, or wirel ess sensors are

it can bemesdhatitd chhage obirldination hae atgsheiralttentibecyf whith is affected
before freezing and renoved thereafter. [0044] In a

by theRh&FRAI a%ﬂp%@litﬁgaﬁée clusgerf ood products to be frozen,
y esucﬁ as&gbushl, shoul d first be packaged into a

onasf L] o ool A0S SRR by L e, suon o

i VA AN A MAL LY
gener;t?gnuéér?e,e}tn gari1 f)e%rb%];(l?vrerdet%ét the angle of curve A begins to flatten, which
indicates the lack of heat transmission energy of the freezer 106. If this is detected,
a cooling coﬁtrol 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 poiht artificially. A complex
group of solid-state properties has many.different freezing points, especially food
which is a complex of hydrous substances, like sushi, the ingredients of which may
have significantly different water characteristié:s to be carefully treated. Since curve
A is the curve of the controllable buffer zone in a cooling process, it shall be
considered as a control region such that the cooling heat energy, the transmission

speed for the heat exchange, etc. and cooling transmission terhperature control

should be applied within this zone.
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[ 0045] Operational aspects of the present invention
are di scussed in connection with a discussion of the

W0 eoope6eur e characteristics of the envi ronmeneCDUS1004043065
interior of the second freezer 106 and of the food

uri freezi ng. For, e le. I n apn _experi ment .
100503, 1 EihupyF epdifindpt e BB Ropling Real pfAlioB Hen olthe foe
room tenperature (about 22C), and stored in a _bag af ter
cluster py\wiich dhe eaplinainest trRNSMISEIoRds sndetakemdand bahodldde
package was de-aerated and seal ed. The food was then
understomdeals an anladyticat ameiador afpropereantra of thmhydraus gdoperties of the
tenperature of -60 to -70 C. Tenperature sensors were

food. UReA ié,qrdm&ﬁW@Bﬁﬂbahft% daterminadeiw & adRisetrenesdling within the
. tenperature of the interior space of second freezer

ooz OpR, PR of BB S ol RTBBURLUNS oBhielbind polrddfoping o e
4 Curve Ais the cooling transmi ssion rate curve of
the tenperature inside the interior of freezer 106.
Curve B shows the tenperature of the core of the food
[0051] o dEcan beabspomsAhaturiye thhes @ allow adingsdhe demperature
interior environnent tenperature of freezer 106, which
goes helow 0% badicontinees uotili ngoinhpdiere gunfe B heacheseapnroximately
interior environnent tenperature A of the freezer

-10°C¢ Rragethigiebseivation i ipba® betunterdteod tisat thé Helaecomdluction ratio of
energy exchange using the air in the freezer as a

the fog\atsrga%gést fr?'llﬁwm i tqvggpe%sid Sfigg\gééégpﬁ@ﬁﬂn 'ﬁﬁﬂ’%j&@d BEfveen

0 ‘etr. . In the : cause
e R BRSO ERALOR [ RaMAopharoEl Rt

the environment tenperature, as, air passes qQve he:

water} gbneps of arfieR clustale AlBRreaGNIGS grain iSnin Wﬁ{ﬂfi@ affected by
degree of the angle by the freezer capability per unit

the cheingesdnithe grereal cerductivity froen dg oytsigedtostheeone of the rice
transfer surface area, etc., however

cluster, and it is therefore understood that curve B reflects the heat exchange rate of

food.

the area between the surface and the core of the food as the aggregate of average
complicated heat flow speed.

[0052] Curve B also shows the similar tendency as curve A. However, while
curve A corresponds to a transmission rate with comparatively high efficiency by the
direct heat dissipation transfer to the environment temperature, curve B shows a
widening temperature difference from curve A by relaying to 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 angle of curve A, continues as being indicated an
aspect of passing through a temperature zone of the specific food. Meanwhile, each
layer from the exterior side fo 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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it can be read that the change of inclination has a
general tendency which is affected by the thernal

W@ awaos3oy9 of the rice cluster. [0048] Cool i ng PONURINN4/043065
of the freezer can be determ ned fromthe curves, such

frozen%nd ﬂ'?es &étJrS @ﬁ&%ﬁf‘ Qséé‘th h the MAKIGHTIE cFS/staI

Yeac e MaxXI mum i c crystal generation zone,
n rafcx be observed that the angl e of curve A begins to
gene P&ﬁ(’é\% whi ch indicates the lack of heat transnission

ene _of the freezer 106. If this is
[0053]c oot $his Slager GHVRIE FNiEE tQ e stagnrang! ﬁcﬂeeagﬁfterence between the
transm ssion energy. [0049] The freezing activity is
tempemihieswaftoby skiesdiditne exdendaside ihecomssorarray apddinatly, overlap
the tenmperature of the food through its freezing point

each oftidri Bhaitisd thermal eenilictivitgob e ebicls Myied of tieé eluster become
propertr es has nmany different freezing points,

almostee"tgf;?ﬁlé‘r\ }énﬁ‘iﬁ fﬁé’%kfsf\% |’s§ie% epaRlis r orf‘drﬁjfd)g}';ei heat

nces, e su |ngre nts of ch may

vonsBiEn P AL ASHERAR

the control | abl e buffer zone in a coolin rocess, it

bulk h@hawn peoledmasger de FRxdmEBhicedtTY§tabeer gtrg'ﬂ ZPR&t t he
cooling heat energy, the transm ssion speed for the’

[0054]hedf roax Elga g ¢he wtlatiorsidp bebveeryther intesior sevisenment temperature
tenperature control should be applied within this

of the #6&8ar 1HAhd iy siefdd and thtstolertethpesatunes obible fogd ibeirg |
conduction area of the rice cluster by which the

frozen C&ﬂl eg&p};ﬁ@&ﬁr‘hé{eﬂ“ A& Gnélﬁ/ ‘ﬂ'ﬂé’ﬁ ?Bf cérﬁﬂirdtrbnsﬁé?\%gn the

d as an ana ytrca area a proper
st PO 24 ARl i, en
inventigR gegypa SoTeT dtunale eemaseates of B ©o8ITTars (a3
measutrgc(i3 igtgrggr environment temperature, in lieu of measuring the temperature of
the food directly. For example, covntrol unit 104 may be programmed with an
algorithm for calcula’ring estimated surface and core temperatures 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
cooling 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 dio%ide gas is injected into the interior of
the freezer.
[0056]  Fig. 5 is a flow diagram of a method for freezing food according o 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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[0051] It can be observed that curve B has a shall ow

angl e as the tenperature goes bel ow 00C and conti nues
w@riosiem2poi nt where curve B reaches approxi maR@&l/yS2004/043065

-100C. Fromthis observation, it can be understood

o Bl B RS e B
apPrOXBAISUE 2B o THPSET SRP A nBRIPPH i beRLaN fi BppEai oy i the

surface of a rice cluster. Also, each rice grain is
freezingmiooestialn § peafeaed embndimesat.dhardeed is af roee tamapenature,

conductivity fromthe outside to the core of the rice
approxihagslg P2°@nghéen piecedhinitieé freezendir at altermialiae eenbyodimBnt, the

reflects the heat exchange rate of the area between

food isgélﬁcédi i dedretier bha té@'b%ré’cﬁre% lB?wF\R;%Cit a&d[dk@dg]gs.r 6@-8DEC).

aver age conpl i cated heat ow speed. [005 Curve B

For su%i?ﬁ\eesil@&ﬁé% ?»ﬁ?gﬁ ip?é#e?ébl}tgs g{'?% ASurSWURET ths ri'éQ‘?@X%Slft(%d . The

orrespon ransm ssion rate

conparatively high efficienc t he direct . heat

food togpd NPgaR o8 e BRREC S GSeabed R s neh oS b i frpezer 106 of
curve B shows a w dening tenperature difference from

systemau19@&-3001y begiraifierfteazing Recgegger where the conduction
efficiency is lowin the progression of heat fl ux

[0057]pr okestepfa-Bntheiemperatarainsidedthienfreqrerd 06fis nheasuaed dia
declining angle of curve A, continues as being

tempeldt@ieCaRdran1 8s pedesetibBaebons, e ieHierature B tHedfoetqsurface
zone of the specific food. Meanwhil e, each layer from

and/or;c%\f%?%ﬁg rbieoésti?‘@é{?ﬂ téj%ir]g'g téiﬂh@ra?b r‘éeln?ifir%ét,%‘ﬁ 5ﬁﬁg atmospheric

nces nai ni pifase changes of free wa

rel ay. descent i,n_ the directian where the constitu
tempefafRysaR 18 AhatRs P thePptelVele stpepluBaeHshis i may be
the maxi numice crystal generation zone. [0053] At
used te measire e ternpsratuse shthe foaddiferdlyst eep angl e. ™ The
‘ di fference between the :
[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
pattern is generated to cool the food through the accelerated aging temperature
zone. For example, the control unit 104r controls the adjustment unit 110 and the
fans 116 fo 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 too slow. Variable cooliﬁg 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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tenperatures of core side and the exterior side
becones narrow and finally, overlap each other, and

wo b@swobseeaal conductivity of the each | ayer of PCT/U82004/043065
cluster beconme al nost equivalent, and the freezing is

tempel&it Eﬁﬁ? )@? RORRME ﬁvd  RRutTREY id FrARSELATH A0 ) finutes, and

capa oint. This indicates that

i oughout its bul k has been cool ed passed
prefer%ﬂlgiifn,g Fﬁﬁ ce crystal generat| on zone. [0054] From

the rel ati onshi he inter.ior
[0059L 0¥ Slepcine whigsdertngraiugt Of 'J?éfe?ﬂ&eé%%e@cms the
surface and the core tenperatures of the food bein
upper fimitzafithe dem crysta! Iggnseation: 2ang €., Rardiushbnd°Cy, variable cooling
anount of conduction between the surface of the food

is adjustst &9&ing irecessarg| marebponsed tuhedtetansinissioni ofdhg fodche
present 1 nvention can be configured to estimate the

Variabié EBSE@‘ a? B tdrifindteq s the Q@Mb@?atﬂ%aéﬁlhﬁéhdrﬁﬁé&bpﬂ 06 is

enviro tenperature, in lieu of neasuring t

sufflCI%rﬁt]rEB %ﬁnhﬁf%fggﬁgggg}%oﬁﬁe &ﬁr%‘bbhythe i %c%%ﬂpr&%ti&{e at an
adequbfe e GCRBoTP Yo hatesd BPr @%ﬁﬁ@n&%ﬁ%r@% ihg may
based on, for exanple, the curves of Fig

not bet enessart torfeeas foeraiitae oransr relee IE e t%npﬁrﬁmremm% fapd
control the variable cooling 112, adjustment unit 110

does rwatdehemappicximatetpad° hmﬁp:oﬂinﬁtelyh?@ rvithen apptaximately 10-15
[ 0055] A dotted line curve in Fig. 4 shows an exanple

minut aﬁé}ethb%@@h%@u@!é@mwtwﬁﬁ@fr\ééﬁéﬁ%ﬁa@l@%ddma Irﬁay be initiated
orm of carbon dioxide gas is |nJ ected into t

to forcginthg rt%rﬁ@g?a(tg%&& éé) ggﬁlﬂrm?é'\%g\ga% Q/g\'c\gltﬁ J{é 83‘itted line of
curve Z\WEOF‘?'Q{E”%%% eE(gr%‘g) sent I rt‘lé’e?t%e?emp@rartﬁé ofat%esfo

decreases to 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 approximately
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] Next, the food is preferably cooled from about -10°C to about -30°C within
approximately 30 minutes o 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 time 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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packaged. In a preferred enbodi nent, the food is
de- aerat ed and vacuum bagged, shrink w apped orthe
wo 2dos/o630en t he food reaches room tenperat ure BET/US2004/043065
approximately 220C. Then, at step 5-2, the food is
[ooazf' arest, ithe T .&rc%%régr td Qb&ﬂgeo ¢ h cfrﬂére?d S 86@pSsite water

preferred enbodi nent, food is at room

that m@y% Lﬂ‘{h \ﬁgﬁ{r%fggg \}%or?ﬁﬁ%ger‘gbg)(,’f[ﬂ% 366 ré %b&lgg to -60°C

Iacedr thefreez t a rature !

in appfekasy bt 2pgrogoecgy Secadiial sy Joers ereFrrab%ﬁﬁe food
preferably within 1-2 hours after the rice is coo

is coolehdo 60 troaprrokinvately t@ko BepipXinaieuad0 @éé&m@bml%@w\t this
and placed in the freezer 106 of systens 100-300 to

point, tredioadtis eofmpiatelyrfeozprothessghdu®057] At step 5-3, the

tenperature inside the freezer 106 is nmeasured via

[0063]{ eNPRE JbldcRy DFCEEINT SikSulal QRS Fickedr, Muehas h8 fan, is

enperature” of the food (surface and/ or core) my be

rtr S B B P AR by W o
that thacOger %hvri'v%eﬁibégﬁtﬁ&?é%iﬁ t e e e P&@#g&fﬁﬁ%@}e s

Wien the tenperature of the food 114 reaches the up
Howevernthe \logityeofdbe sioglant da theyfragzareshiadirag erniralieden (ceng‘lderatlon
for sushi, approximately 10 C), a cooling pattern is
of the ghirépotil esbtion afcit cird'lﬂeﬁng)tﬂreréincarmherwoaercleeairenohange in the
agi ng tenperature zone. For exanple, the control unit

relatroﬂr%tﬁ@@ﬁ B flow P dafbWYsieRtionni t 110 and the fans 116

to create an operative cooling pattern (i.e., the fans
oosefy PGP Ec il e, 500 ot ol Sl e cor

f_cool
be corﬁrs?%r@b.aa‘ia" BoRANE o s pir et b AvEediafiphippperature and the

control by the control unit 104, and the tengeratUJ
evapogatiaratent deat, she 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 described in connection with
preferred embodiments. One skilled in the art will understand that the temperatures
and times may differ based on the composition of the food, the size and type of the
freezer, efc.

[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 7B.
When thawing a container of vacuum packed frozen food 202, such as sushi, a
container of a solution or gel 204 is placed on top of package of the food. In the

case of sushi, container 204 is placed on the side of the sushi topping. Preferably,
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decreased through the accel erated aging zone at the
appropriate rate. Preferably, the tenperature of the

wo owd/ 06329 educed qui ckly to properly freeze theCct/oemo4/043065
t hroughout its bul k vvithout damage to the food cells.

Pr.ef er r at ed I ngt enperat ure zone,
the oqri3ines 20t BPBIsoBkE & Tth aﬁﬁw)ggqog?% Soniastivigh e food
m nut es, and preferably 3-5 minutes. [0059] At step
202. Fhe cagliag sokearinde bagr20dnshauld preferabily finany @@@tour of the
reaches the upper limt of the ice crystal generation
frozen foud ¢entginer 202 (waddti gel, (6Ig) etosari abl e cooling is
adj usted again, if necessary, in response to heat

[0067]" aﬂ@éﬂll&*étr@!éddﬁ Rid\e6,fth@dood/aah del thakedl dongeBONANG with a
termnated if the tenperature of interior freezer 106

stearréea'émwth& 'h%ﬂtmg{; €n @y@m%d%%é MitBm e til%glt%lﬁtainer.

I Cce crys Ion zone at an ade uate ra

The G@ﬁﬁngﬁp Ry B f?&y&ﬁﬂ?fr""?@?%ﬁ"gn oI ertiisg iy the i
he proper rate I f the te@erature of the foo

portload@sberﬁﬁfmeégéﬁp asioBtly war 6p while fnring Hﬁ‘%ﬁ'%h ) is
within approximately 10-15 mnutes after the food is

maintaimedodwhdkkd conditidmeby theeeaolingvsnlutidst en tew| Thys,thg present
initiated to force the tenperature to go down

mventr@nﬁrpm\ndeé ¥ vapy Bleapbngivé méthed dot defbdtingefoodl tisat oeh e

in Fig. 4, as an exanple to assure that the

perfoirﬁéﬁ’ﬁgl%w e%},dtg{?n&n (flgcreases to the desired

skille e art will understand that

ooI na | a
[006 act%rfc&hgr EmPRaTge o ﬂﬁ%bﬁé’sﬁmim%?téﬁé# SH?W@S%&%?%?C-
ood to be frozen at a . [0060] The_f ood
Syste@bb’P@dﬁ aW@tqréhawmwﬁtﬁraﬁﬁ%uaM%|eytra>o79% and a water
approximately 40 minutes. The food is preferably
sourceddlZed herteay 085 may-odispaseg pt ariangletoyallcsv gravity assist with
approximately 30 minutes. In another preferred
waterelovadiheetray had threeaidassocld 207700mand 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.

[0069] 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 thekrice 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 controlled 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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QOC to -7Cin approximately 10 to approxi mately 40
m nutes. [0061] Next, the food is preferably cool ed

w0 e@soedoeut - 10C t o about -30C within approxi neCEU§2080043065
mnutes to approximately 90 m nutes. The food is nore

profolati Tiussh ARG S & €8 TAHEE: Snd A0S RIciaraRy thwed i

f ood reaches -30Clthe fans will nost Ilkel y becone
appraximataly 389 12nBINWSS-be shut off. At this tenperature,

the water inside the food is frozen conpletely.[0062]
[00703ext WithHhe fsysigm £00 palargetvolurme wf frogen@od mayr biethawed at the

freeze conposite water that nmay exist, such as water
samatinged with oil. Preferably, the food is cooled to

-6Q0C in approximately 5 to approximately 50

[0071?dd' Flgogqlius?&g%‘é §ﬁothypé§steﬁ?fo?"tﬁé\hhﬁg 588 prORskts a?cordance

I'n approxi mately 10 to approxi mate

with S EhOBPhe il e Bredie e ﬂ‘@ﬁ%ﬂ% p?h&% By gjdiggloses a

cool ant C|rculated|nthefre g) nh
deVWP@%’rf@fépaiﬂlfy”%@tm%'uﬁégﬁﬁé% “@?ﬂﬂ & OaH%fOﬁlé‘att such as sushi.
transm ssion efficiency. It is considered that the
The davicen@@0 cahbdearyoulitapletievine foverrtaining the mediusn 90Besuch as a
heat exchange rate is. However, the velocity of the

contaist grittay. Ninthprefereed emwmﬂnbnt;eh@ deticeld0axincludes a means for
consi deration of the whirlpool notion of air

heatlﬁ% w&@ﬁtbﬂ& SRE HeNicRD dm@ ﬁ\ééanHSF hsaﬁ{gbsaw Bang® duitable

e relation between the flow and the structi1 on.

mear 3 A B A R, B 958 comen

olant. Fromthe a t of the ev ti
004. FaeiEPakhAaPERIoTRBE B0% 58N e GnMeShio Hanpuitatie power source,

nitrogen has -196C/ 47Kcal and carbon di oxi de has
such angledricagoutiell via AlughPznin apreferedssmbedmanipibeanediim 903

| atent heat within the range of -600C is nost
is watat thaddiam 988 bould dilsx bd @anyasuitablephedteroneldcting medium.

[0072] As illustrated 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 to a temperature which
is desired to thaw the food product 202. In a preferred embodiment, the level of
médium 903 in the device 900 is controlled so that it does not reach the fopping side
of the food product 202, such as sushi. Also in accordance with a preferred
embodiment, a temperature sensor 901 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 to be

understood that the invention is not to be limited to the disclosed embodiments, but,
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[ 0065] Tenperatures and tinmes described herein are

described in connection with preferred enbodi nents.
won@sskiokd ed in the art will understand that tPET/US2004/043065

tenperatures and tinmes may differ based on the

on they ; EZ%B( i EF%%?%B@%W%‘*S'%‘QQ% afﬁﬁ%%“'ﬁﬁf SR poct
artangB AR Lt BRSSP EeE) SOhEts GUOR APEPERERCATTS:

Figs. 6, 7A and IB When thawi ng a contai ner of vacuum
packed frozen food 202, such as sushi, a container of
a solution or gel 204 is placed on top of package of
the food. In the case of sushi, container 204 is

pl aced on the side of the sushi topping.
Preferably,the container 204 is flexible, |ike a bag,
to all ow good surface contact with the food 202. The
cooling solution in the bag 204 should preferably fit
any contour of the frozen food container 202 (water,
gel, jelly, etc.). [0067] As illustrated in Fig. 6,
the food can be thawed conventionally with a steamer
with the heating energy applied to the bottom of the
frozen food container. The cooling solution 204 on top
of the food 202 allows, in the case of sushi, the rice
portion to be defrosted to a slightly warm condition
while topping (raw fish, etc.) is maintained in
chilled condition by the cooling solution on top.

Thus, the present invention provides a very

i nexpensi ve nmethod for defrosting food that can be
performed by anyone and at any vol une. [0068] Another
enbodi nent of the present invention is shown in Figs.
8A-8C. System 700 is a warmwater thaw ng systemt hat
includes a tray 705 and a water source 702. The tray
705 may be di sposed at an angle to allow gravity
assist with
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water flow. The tray has three sides or |ips 707-709
and a fourth side 706 is |eft open to allow the water
wa o00di06dore fromthe tray. As illustrated in Fi geCBBS2004/043065

frozen food 202 is preferably arranged in the tray

sugh.thay water from source 702 flows under and al ong
Whatt%ér%‘m?&é of the food 202. [0069] Sinmilar to the

nmet hod described with reference to Fig. 6, a cooling

pack 204 is preferably placed on top of the frozen

food contai ners 202. For sushi, this keeps the topping .
1.  oooiethdd befrebzingifoed §rdatar shawingendyse, lraidvarasihod Tamprising

wat er nay be at any appropriate tenperature to thaw
steps bfie food at the desired rate such as, for exanple,

approxi mately 60Q0C to 900C and preferably 600C to 80C.

Wf WaloRing ?@%Od@?ﬁd%&?ﬁ@gg’[an%@tthRidg?ﬁ)u% the Bak th8Rof to

waf m wa t he

ter“does not reach the topping side of

sushi,. Jbe .f s pref. [ oxi mately
approgfiagely dnERREE asbiieRR b Rl ffgs R

approximately 10 to 20 m nutes, nost ef er

{Bhweceaomna e B e sebata el inriREo R i BUR Tgren to
: the system 700, a large volune of frozen food may be
approxitreaielyl 04€ tohd03G e appraximply 10 t¢d§ miputes.ust rat es |

anot her system for thaw ng food products in accordance

wi t h anot her enbodi nent of the present invention. In
particular, Fig. 9 discloses a device 900 for

2. Cﬂ%memawaﬁrmm&% § OvhéfRaHO e rbanet iBcediert to
SucC

as sushi. The device 900 can be any suitable

somoET A ORI D °,

devi ce 900 includes a nmeans for heating the contents
of the device. The neans for heating can be any

sui tabl e nmeans for heating the contents of the device
3. sththmethedhas reditad iDaglaineA: Whgrein theeterod 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.

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

approximately 0°C to -7°C in approximately 15 to 30 minutes.
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904. Electrical heating el enent 904 can be connected

to any suitable power source, such an el ectrical
Worbo6302%i a plug 902. In a preferred enbodi NnePCT/US1064/043065

medi um 903 is water. Medium 903 coul d al so be any

i Cll. j 7 id.ust d
7 tﬂw‘ﬁ%‘tﬁﬁs?t@&?e&dﬁ YfacEis M Retla Rk siRoidt 6
0 with the cooli,n C 204 referably pl aced
approgmqt%lpj 6% tpmcf B‘O%sz’gé'm%& ﬁﬁ% ch as water, is
al so placed in the device 900 and is heated to a
tenperature which is desired to thaw the food product
202. In a preferred enbodi nent, the | evel of nedium
8. Ik methdasesciter! iBUains 1 0ohérein cedirmpstepaR) ig pelfcrmed at a
not reach the topping side of the food product 202,

substat hygféaﬂg,sfla{e Al'so in accordance with a preferred
enbodi ment, a tenperature sensor 901 can be used to

noni t or and control the tenperature of the medi um 903
in the device 900. [0073] Thus, the invention has been

C ed, i n cqopnecti an what ar res
0.  Chredietet Sl ReaR T wﬁaam s el HpaReY syshi.
enmbodi nents. It is to be understood that the invention
is not to be limted to the disclosed enbodi nents,
but,on the contrary, is intended to cover various
10. b fetisdd assecited iaqiaival cotthar camgesiagt packirg indefdod product
within the spirit and scope of the appended

mac(gﬁghgpfdmlagezq@ Cained: 1. A nethod of freezing food
for later thaw ng and use, said nethod conpri sing

steps of: (1) cooling the food product substantially
throughout the bul k thereof to approxi mately 100C to

Ci L nut.es: d (,2) . [ i
0% rRRRRS o St 2, WRe PR BBl 68k 135480 decuum
thereof to approximately OQOC to -100C i n approxi mately
baggingsaid faed ﬁ’ff?ﬁﬁlcés.

12.  The method as recited in claim ‘1, wherein the cooling step (2) 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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2. The nmethod as recited in claim1l1, wherein the food

product is cooled to approximately 60C to 00C in
wappsosioeately 1 to 10 minutes. 3. The net hod BEST/US2004/043065

recited in claim1, wherein the food product is cool ed

o, AR A IR Yol dies

e food odu i s, cool e to approximately 100C to
Contmﬁiw?ﬁﬁ"’ E'wpﬁatfavlw@sﬁﬁ E4aSiut es. 5. The method as
recited in claim1, wherein the food product is cool ed
to approxi mately CI)C to -100C in approximately 15 to
30 minutes. 6. The nmethod as recited in claim 3,
14. \Viftes piethddhas frecitbdinadaiot 12 swherslirethe adjapiing stepatbe lincludes
DC to -70C in approximately 15 to 30 mnutes.7. The

dlrectlﬁgta"élfbﬁ? of R§iit RGrboh Blokidd iRto ¥kl TRig¥ethe food product
I S cool'ed to approximtely 60C to 00C in approximtely

3to5 mnutes. 8. The nethod as recited in claim1,
wherein cooling step (2) is perfornmed at a

15, GRS RE e oA B el R AAERLST ) e

nethod as recited in claim1, further conprising
controfingiamipcidant eoste b@fammdwm%lrbwfi draeeer ppe arfl@?@iatw of air
11. The method as recited in claim4, wherein said
within gaikiregzext ep i ncl udes vacuum baggi ng said food
product. 12. The nmethod as recited in claim1, wherein
the cooling step (2) includes steps of: (a) placing
the food product after it is packaged into a freezer

16. PRV R2t38Y as recited in claim 14, wherein the supply of liquid carbon dioxide
is terminated when the temperature of said food product reaches approximately -5°C

-7°C.

17. 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
produét rea-ches a first predetermined temperature;

(2) cooliﬁg said food product until the temperature of said food pfoduct
reaches a second predeternzlined iemperature; and

(3)  cooling said food product so that the temperature of said food product
decreases from said second predetermined temperature to a third predetermined

temperaturé within a first predetermined period of time.

18.  The method as recited in claim 17, wherein said second predetermined

temperature and said third predetermined temperature are selected to define a
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anbi ent tenperature of approximtely -400C to -700C
and a variable cooling feature; (b) adjusting said

wQ a005abd029 cool i ng feature to ensure the food pPOTIUSL004/643065
cool ed substantially throughout the bul k thereof from

o _ .
empeFAEHS PRSP Sl ATROALESEEEED ANBEGHARS Eotorete
. said freezer after the tenperature of said food
aging 3’?%&@9”‘9@‘5%@%%‘@@%’? ggﬁ?@&ntenperature that is
| ower than approximately -10C 13. The net hod as
recited in claim12, wherein the adjusting step (b)
i ncludes controlling a circulation of air within said

19. fliheamethodlds raditedrintclaith B8 wharetreshid dirstl perindldf, time is selected
wherein the adjusting step (b) includes directing a

to minBwiRe laY st bheWfdghfy Hed icd aysitizatibn gehkeatforesZedid fodd

The nmethod as recited in claim12, wherein the

Pmd”‘g%\l@bit,%?dmééﬁm‘é%P'(@ﬂ udes controlling an incident

ce’in said freezer and a
circulation of air within said freezer. 16. The nethod
as recited in claim 14, wherein the supply of liquid
carbon dioxide_ is term nated when the tenperature of
20. Jaednednd 23 freiied ip sladmely, apiTein Wity presieterpyoed 17,
A nmet hod of freezing a food product, said nethod
tempeaiuye issialerted bptvesn sgit)sesaot @yidibird predetepmbtbdctemperatures
be frozen after a tenperature of said food product
such thstasi¢seond BAY fOlirgs picictiémsided eappeRitUres, ddfihe & sthp&Giture

said food product until the tenperature of said food
range %%%ﬁ%aﬁc?%&eﬁroﬁuéﬁg%ﬁj&i 8L EE18HA164 abRTEPERAHY fird 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 crystalliiation 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).

21. The method as recited in claim 17, wherein said first predetermined

temperaturé is approximately 15°C to 40°C.

26



(3) cooling said food product so that the tenperature
of said food product decreases from said second
w@r@destmweri ned tenperature to a third predet er P TYE82004/043065
tenperature within a first predeterm ned period of
. ' ! i alai .
22 e S R TR T FIh (1 Ul fhid BT brod b
et.erm re.are selected to define
Ewnpegﬂgg%%fﬁﬂ%ﬁggFéﬁggﬁaﬁ%ﬁéﬁégsaid food product is
subject to at | east one of accel erated agi ng and
maxi mumice crystallization generation. 19. The net hod
as recited in claim17, wherein said first period of
23.  fihgempthoderseraciad i claimi 1, nheseinl s2id thichpredfetergiingd and
ice crystallization generation of said food product
temperditurieny approkicaedly 09CL6ep0IR®) . 20. The nethod as
recited in claim17, wherein a fourth predetermn ned
tenperature is selected between said second and third
predeterm ned tenperatures such that said second and

20 T A T LB o R S o

.. accel erat ed ing and . the third and fourth

t"“e'S&PeaaﬂgﬁﬁﬁxéﬁqP UHeS-es define a tenperature range
wherein said food product is subject to maxi numice
crystallization generation, said first period of tine
is divided into second and third periods of time, said

25. Fheonethpdrasoeciiéd i olein Q2; adeesidisaid secdritepeietumingd
time the tenperature of said food product will be

tempergtir8ii® apptckirh &M eCUonange wherein said food
product Is subject to accelerated aging, said third

period of time corresponding to the anmobunt of tinme the
tenperature of said food product will be within said

nper.at yre range. wherein sai d.food, product is subject
26, TBORaaintliob ERET LG 23.nharein Satc Bidiredaieming
second and third
temperature is approximately 0°C to -7°C.

27.  The method as recited in claim 24, wherein said first predetermined period of

time is approximately 15 to 30 minutes.

28. The method as recited in claim 17, wherein said second predetermined

temperature is reached in approximately 1 to 10 minutes.

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

temperature is reached in approximately 3 to 5 minutes.

30. A system for freezing food, comprising:

27



periods of tinme are selected to mnimze respective

aging and ice crystallization generation of said food
w@e@doeciozduri ng said cooling step (3). 21. TheP@EUR®A4/043065

as recited in claim17, wherein said first

A0SR Hab B0 2 el SRR = it ledpperature

.sai d second predetermned e ature i s _approximatel.
and l&ﬁ@%na@ stoboling Unibang ersiusiebledqaliag Uni P .Iﬁgm&mna'
wherein said third predeterm ned tenperature is
coolingppnergynan@l y 00C to -10C. 24. The nethod as recited
in claiml17, wherein said first predeterm ned period
oh dontrel Usit appplediwit iy fitst dooliAg umitrandesaid 2ljustiisle cooling
nmethod as recited in claim22, wherein said second

unit a@%%@ﬂ@ﬁ@d‘lﬁ%dﬂ@ﬁﬁé%@ﬁ ehe ,f@ﬁi%ﬂﬁlsfatﬁ@cb@lirﬁ%’%it.

thod as recited in cl'aim 23, Wwherein sai
third predeterm ned tenperature i s approximtely QC
to -70C. 27. The nethod as recited in claim 24,
V rein said first, predetern ned perjod. of tine is.
31. Q&Etﬁ&yﬁm @weﬁléec{ 5 R tberen Bad RNt phlids ganfigured to
recited in claim17, wherein said second predeterm ned
adjust saigeadiwsiaklei epalipg dtmiidoiceoha fipask prastust placedgvitign said first
m nutes. 29. The nmethod as recited in claim 28,

freezavhsutsitamtizdly dhioegbodt thedsldk éiereofliomeatprut dt0dCeoiabout -10°C in
reached in approximately 3 to 5 mnutes. 30. A system

apprdxithafelye8@ midufe’0d, conprising:a first freezer
mai ntaining an interior tenperature set to a first

tenperature and including a first cooling unit and a
adj ustabl e cooling unit providing additional

32. The system as recited in claim 31, wherein said control unit is configured to
adjust said adjustable cooling unit to cool said food product at a substantially steady

rate.

33. The system as recited in claim 30, wherein said control unit is configured to
adjust said first cooling unit and said adjustablé cooling unit to cool said food product
substantially throughout the bulk thereof from approximately 10°C to 0°C in

approximately 1 to 10 minutes.

34. The system as recited in claim 30, wherein said control unit is
configured to adjust said first cooling unit and said adjustable cooling unit to cool
said food product substantially throughout the bulk thereof from approximately 0°C to

-10°C in approximately 10 to 40 minutes.
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cool ing energy; and a control unit coupled with said
first cooling unit and said adjustable cooling unit

w@easoe0td gured to adjust the cooling energy OPCHEBIN04/043065
adj ustabl e cooling unit. 31. The systemas recited in

cha ' t id f .
oSy Stom geTeshdy Rfb Qi 3 erciishid SorlritpEgghGured to
. product. pl gced thin sa [ freezer substantiall
adjusf ﬁ?@b‘ﬁﬁb@ﬁﬁ&nﬂéﬂﬁﬂﬂd SaradiectabBaodiBEt Misdisoeh SakdRed product
, in approximately 40 mnutes. 32. The system as
Substﬁatia'iyef@rwgftqtafm Bulk thresciiions aparexinaialy 0%G to -6°€ in
configured to adjust said adjustable cooling unit to
appraxirobtedail @ t6 86dnimubekict at a substantially steady rate.
33. The systemas recited in claim30, wherein said
control unit is configured to adjust said first
cooling unit and said adjustable cooling unit to cool

36. Sq*hg sg/ B5 gLt ﬁ’l“(géﬁ‘?‘?b \?b%%lltl gé BQ Wrolii& i8 %Fxélfry

here rom appr oxi nat e | h Fappr ox1

nut es. The systemas reC|ted in claim
packe%ioél?ﬁg}ﬁe# r8@‘?‘1trol unit is configured to adjust
said first coollng unit and said adjustable cooling
unit to cool said food product substantially
t hr oughout the bul k thereof from approximtely O0C to
37. -T1beeystenappresitathinetizim 80 whd@imsaidtausableTdumlisgatrgtm
as recited in claim30, wherein said control unit is

includesIfang forembnitrolling) aisirciaiich bf & WilbPshidGedBhl fRRgepai d
adj ustabl e cooling unit to cool said food product

substantially throughout the bul k thereof from
approximately 00C to -6C in approximately 15 to 30

38. mT'Néts%/%tem as recited in claim 15, wherein said first cooling unit includes at

least one dry ice block.

39. The system as recited in claim 15, further comprising at least one
temperature sensor disposed within said first freezer and communicating with said

contro! unit.

40. . The system as recited in claim 39, wherein said at least one temperature
sensor measures a surface temperature of food to be frozen placed inside of said
first freezer, and said control unit is configured to adjust said variable cooling in

response 1o said surface temperature.

41.  The system as recited in claim 39, wherein said at least one temperature

sensor measures an environment temperature of said first freezer, and said control
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36. The systemas recited in claim30, wherein said
food product is vacuum packed sushi in the form of

WO 200586303%. The system as recited in clai m30, POUTES®04043065
said adjustable cooling unit includes fans for

..controlli .ci.rculation ir. within said.second
unit i§ PRafi@ired 38 it saifk Ptk Bpoibid infebRo ds< 1 S48 SHbMEnment
wherein said first cooling unit includes at |east one
tempgrajuiece bl ock. 39. The systemas recited in claim 15,
further conprising at | east one tenperature sensor
di sposed within said first freezer and comruni cati ng
with said control unit. 40. The systemas recited in

42. clPhenspienbgradiredsaichint 39, edsdreimsait eneastionederpessiure
nmeasures a surface tenperature of food to be frozen

sens@ln@t‘égguﬂe%% ggreofenz&irgﬂré bffodd t%,ec?frozé‘r'i‘,g?ﬁﬁéﬂd OREHPUNIt is

I'S confrgured to adjust said variable cooling In

corn RIS 5L S BAOAEE o e B e

t enperature sensor neasures an environment tenperature
of said first freezer, and said controlunit is
configured to adjust said variable cooling in response

43. t oTlsasystenvas oenitedt intabaipedtwhereinigaid Rdgusigbleaipodiag unit
recited in claim39, wherein said at | east one

includediEleasiudite KGuid @arbmadioxkie iajectior unitrper at ure of food
to be frozen, and said control unit is configured to

adj ust said variable cooling in response to said core
tenperature. 43. The systemas recited in claim 30,

wa. PSR BRSO S0 e e kgt

includes at least one liquid nitrogen injection unit.

45, The system as recited in claim 30, further comprising a load lock mechanism
for preventing loss of cooling energy during loading and unloading of food to be
frozen.

46. The system as recited in claim 30, further comprising a second freezer
encasing said first freezer, and wherein the interior temperature of said second
freezer is maintained to prevent loss of cooling energy in said first freezer during

loading and unloading of food to be frozen.

47. The system as recited in claim 45, further comprising a conveyor structure for

continuous loading and unload of food to be frozen is said freezer.
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44. The systemas recited in claim30, wherein said
adj ustabl e cooling unit includes at |east one |iquid
W(mrztlosmgmm injection unit. 45. The system as r eRCT/B8R20041043065
- claim 30, further conprising a |oad | ock nmechani sm for

reve 0SS o cooli ng ener | oadi ng and
48. :f}“%gg% 6 'BQOQCE §o8 rws’{ﬂ‘?é%gyst em as
reC|ted in cIa|n130 further conprisi a second
f plasing aqeekantsguEes an giside of S@ézfré}zerhfgﬁa dixRd ei n t he
interior tenperature of said second freezer is
msupplyintea heat poarcerto d side obsaiddodderyfoodamnppsita of said coolant
first freezer during | oading and unl oadi ng of food to
sourdéeuritn Q&RNMool s td\Res 15 b eloshed teobbettufg) cl ai m 45,
further conprising a conveyor structure for continuous
| oadi ng and unl oad of food to be frozen is said
freezer 48. A nethod of thaw ng frozen food,

49. ; @grrha@gil r§CH 5@ 'af'ﬁ ‘%CI 2‘%@9&8&* &oﬁgéour gt Ogoﬁr ce

.to a side of said frozen food opposite of said cool ant
source until said food is thawed to a desired
tenperature. 49. The nmethod recited in claim 48,

50. wibeanathed cited ih clain ddhivhebdin seickcoalahbsbureeiis piiced on a
cl aim 49, wherein said coolant source is placed on a

toppih@BRIe"Ef sHidl eushi, saidthext Sburcesigiappliedto adoten skie until rice of
applied to a bottomside until rice of said sushi is

Q?sfl‘ﬁ é}‘me&j fgre. 51. The nethod
said recl Fsg%é%{r?ac:tﬁg Eg ereln sal gjcool ant source is a

fl exi bl e package containing water. 52. The net hod
recited in claim48, wherein said cool ant source is a

fl bl e
51. T%)él method recited in claim 48, wherein said coolant source is a flexible

package containing water.

- 52.  The method recited in claim 48, wherein said coolant source is a flexible

package containing a gel.

53. fhe method recited in claim 48, wherein heat source is steam.

54.  The method recited in claim 48, wherein heat source is warm water.
55. A method of thawing frozen food, comprising steps of:

arranging a plurality of containers of frozen food in a tray;

placing a coolant source on a side of each of said frozen food; and
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package containing a gel. 53. The nethod recited in
claim 48, wherein heat source is steam 54. The net hod

WO e@s0e3929 N ¢l ai m 48, wherein heat source i s VWAETIUS2004/043065
water. 55. A nmethod of thawi ng frozen food, conprising

steps, of : _arrangi ers
¢ pobanMia gonfpecotradn Mt i oy 3Pl Sa Riralivef cpntainers
side of each of said frozen food; andsupplying a -

of frozeyufead isfthawestads desites teamfr@ﬂivé? until said plurality
of containers of frozen food is thawed to a desired
tenperature. 56. The nethod recited in claimb55,
wherein said frozen food is placed in a tray having

56. tTheensindel reeltds irfeldim 559 Whickeifisa@d frapeh W Biglacat i@ a tray
fourth side has no sidewal | s and provides drai nage for

hawn@ﬂh%é’@ﬂ@rwaa%f%orgoga If(ZJrgb g@% H@@ k}\ﬂ%qéﬁlcéélﬁ %Oljr[h Ql!dt@' H(?

erern sal e net recli

in said coqglant source is placed on a
S'de"‘fagﬁpﬂr\qu@l ‘@gs ragadg fQ[@WB %ﬁasggrcg wat er source
thaws the bottom side of said sushi until rice of said
sushi is heated to a predeterm ned tenperature. 59.
The nmethod recited in claimb55, wherein said cool ant
57. sdbeaeeihmdaetitedirbtlain &6k atherainsaid fuodgswasbt . 60. The
method recited in claimb55, wherein said cool ant
source is a flexible package containing a gel. 61. The
nethod recited in claimb58, wherein a | evel of water

58. | ﬁ'hé%gtqfoﬁarlécfté@m Sialrf 5P hR réﬁlé%?cﬁfééia 'tcfliré‘é'fe ReHlaBbd dn a

| evel ow a top O each of sai ura

ST R R TR J—

until rice of said sushi is heated to a predetermined temperature.

59. The method recited in plaim 55, wherein said coolant source is a flexible

package containing water.

60. The method recited in claim 55, wherein said coolant source is a flexible

package containing a gel.
61. The method recited in claim 58, wherein a level of water in said tray from said

water source is maintained at a level below a top of each of said plurality of

containers of frozen food.
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said water source is nmaintained at a | evel which does

not contact the topping side of said sushi. 63. The
woredosoeoeeci ted in claim55, wherein said frozreT/U8md4/043065

is placed in a tray having four side walls, and

62. w% E‘ieﬁh&@ fodiRUBh daint@NtAhareth Wid BUEI Salstel fH52i@ 136 from
said water source is maintained at a level which does not contact the topping side of

said sushi.

63.  The method recited in claim 55, wherein said frozen food is placed in a tray

having four side walls, and wherein the water is contained within said four side walls.
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