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DESCRI PTI ON
| NGREDI ENT CONTROL DEVI CE, | NGREDI ENT CONTROL METHCD
TRANSPORTATI ON METHOD, COOKI NG METHOD, AND PROGRAM

Field
[ 0001] The present invention relates to ingredient
control devices, ingredient control nethods, transportation
met hods, cooki ng nmet hods, and prograns, and particularly
relates to an ingredient control device, an ingredient
control nethod, a transportation nmethod, a cooki ng nethod,
and a programthat can put an object in a good condition.
Backgr ound
[ 0002] There is known a fryer by neans of which food is
cooked in a space where el ectronmagnetic waves in a
predet erm ned frequency range generate, so that the eating
quality of the cooked food can be made very high (see
Patent Literature 1. JP-A-2016-129672). The entire
contents of Patent Literature 1 are incorporated herein by
reference. According to Patent Literature 1, it is
descri bed that when food is cooked in a space where
el ectronmagneti ¢ waves in the predeterm ned frequency range
generate, good effects, including prevention of food oi
oxi dation and degradation and inprovenent of the eating
quality of cooked food, can be obtai ned.
Ctation List
Patent Literature
[ 0003] Literature 1: JP-A-2016-129672
Summary
Techni cal Probl em
[ 0004] However, at the tine when the fryer and the
cooki ng net hod both according to Patent Literature 1 were
i nvented, even the inventor did not quite understand
reasons why the above good effects were obtained, and
therefore the above techni que could not be applied to al
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ki nds of food and had difficulty being applied to things

ot her than food.

[ 0005] The present invention is nade to sol ve the
probl em above and an object of the present invention is to
provi de an ingredient control device, an ingredient contro
met hod, a transportation nethod, a cooking nethod, and a
programthat can put an object in a good condition.
Solution to Problem

[ 0006] To attain the above objective, an ingredient
control device (100, 0100, 0400, 10, 4001, 4010) according
to a first aspect of the present invention includes a pair
of vibration generating portions (102, 0101, 0102, 0401,
0402, 3, 4) configured to generate vibrations, in which
vibration is generated between the vibration generating
portions to control an ingredient in an object disposed

bet ween the vibration generating portions.

[ 0007] In the ingredient control device (100, 0100, 0400,
10, 4001, 4010), the vibration generating portions (102,
0101, 0102, 0401, 0402, 3, 4) may be el ectrodes configured
to generate el ectronagneti c waves, and a water activity of
the object may be controll ed by generating el ectronagnetic
waves between the el ectrodes.

[ 0008] In the ingredient control device (100, 0100, 0400,
10, 4001, 4010), electronmagnetic waves nay be generated
between the el ectrodes to increase interfacial polarization
bet ween a wat er phase and anot her phase of the object and

t hus decrease an interfacial tension between the water
phase and the other phase and bind water in the object into
a pearl-chain structure.

[ 0009] The ingredient control device (0100, 0400) may
further include a first circuit portion (0105, 0405)
configured to apply alternating current of a first
frequency to a first vibration generating portion (0101,
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0401) of the pair of vibration generating portions, and a
second circuit portion (0106, 0406) configured to apply
alternating current of a second frequency to a second

vi bration generating portion (0102, 0402) of the pair of

vi bration generating portions.

[ 0010] The ingredient control device (0400) may further

i nclude a frequency controller (0413, 0414) configured to
control the first frequency and the second frequency to

di fferent frequencies.

[ 0011] In the ingredient control device (0400), the
first frequency and the second frequency nmay be at |east 10
kil ohertz to at nost 150 kil ohertz.

[ 0012] The ingredient control device (0400) may further

i nclude a phase controller (0415, 0416) configured to
control a phase of the alternating current.

[ 0013] The ingredient control device (0100, 0400) nay
further include a frying tank (1541), and a heating portion
(1542) configured to heat the frying tank, in which the

vi bration generating portions (1501, 1502) nay generate

el ectromagneti ¢ waves, and the pair of vibration generating
portions nay be disposed to forman el ectromagnetic field
in the frying tank

[ 0014] The ingredient control device (0100, 0400) may
further include a food soaking tank (1643) capabl e of
storing edible liquid for soaking food (1661) to allow the
edible liquid (1662) to soak into the food and/or to
extract an ingredient fromthe food into the edible |iquid,
in which the vibration generating portions (1601, 1602) may
generate el ectronagneti c waves, and the pair of vibration
generating portions (1601, 1602) may be disposed to form an
el ectromagnetic field in the food soaki ng tank.

[ 0015] The i ngredient control device (0100, 0400) may
further include a high-tenperature food cooking portion
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(1744) configured to heat food (176l1la, 1761b, 1761c) as the
object at high tenperature, in which the vibration
generating portions (1701, 1702) may generate

el ectromagneti c waves, and the pair of vibration generating
portions nmay be disposed to forman electromagnetic field
in the high-tenperature food cooking portion.

[ 0016] The ingredient control device (0100, 0400) may
further include a roomtenperature food cooking portion
(1845) in which food (1861) as the object is placed at room
tenperature, in which the vibration generating portions
(1801, 1802) nmmy generate el ectronagneti c waves, and the
pair of vibration generating portions may be disposed to
forman el ectromagnetic field in the roomtenperature food
cooki ng portion.

[ 0017] The ingredient control device (0100, 0400) nay
further include a refrigerated food cooking portion (1946)
configured to refrigerate food (1961) as the object, in

whi ch the vibration generating portions (1901, 1902) may
generate el ectronagneti c waves, and the pair of vibration
generating portions nmay be disposed to form an

el ectromagnetic field in the refrigerated food cooking
portion.

[ 0018] The ingredient control device (0100, 0400) may
further include a lowtenperature refrigerated food cooking
portion (2048) configured to store food (2061) as the
object by |owtenperature refrigeration, in which the

vi bration generating portions (2001, 2002) may generate

el ectromagneti c waves, and the pair of vibration generating
portions nmay be disposed to forman electromagnetic field
in the lowtenperature refrigerated food cooking portion.

[ 0019] The ingredient control device (0100, 0400) may
further include a food defrost cooking portion (2149) for
defrosting food as the object frozen, in which the
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vi bration generating portions (2101, 2102) nmay generate

el ectromagneti c waves, and the pair of vibration generating
portions nmay be disposed to forman electromagnetic field
in the food defrost cooking portion.

[ 0020] The ingredient control device (0100, 0400) may
further include a vapor supply portion (2250) configured to
supply water vapor and/or water spray.

[ 0021] The ingredient control device (0100, 0400) may
further include a frozen food storing portion (2351)
configured to store food as the object by freezing, in

whi ch the vibration generating portions (2301, 2302) may
generate el ectronagneti c waves, and the pair of vibration
generating portions nmay be disposed to form an

el ectromagnetic field in the frozen food storing portion.

[ 0022] The ingredient control device (10, 4001, 4010)
may further include a power source (10) configured to
generate alternating current, in which a first vibration
generating portion (3) of the pair of vibration generating
portions nay be coupled to one el ectrode of the power
source, and a second vi bration generating portion (4) of
the pair of vibration generating portions may be coupled to
anot her el ectrode of the power source.

[ 0023] In the ingredient control device (10, 4001, 4010),
the vibration generating portions (3, 4) may be sheet-Iike
menbers.

[ 0024] The ingredient control device (10) may further

i nclude a tenperature controller (6) configured to contro
anbi ent tenperature.

[ 0025] The ingredient control device (10) may further

i nclude a container (11) in which the object is disposed,
in which the vibration generating portions (3, 4) may be

el ectrodes configured to generate el ectromagnetic waves,
the container may have a part serving as one el ectrode of a
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pair of the el ectrodes and anot her part serving as anot her
el ectrode of the pair of the electrodes, and an insul ating
menber (7) may be installed between a pair of the

el ectrodes to separate a pair of the el ectrodes from each
ot her.

[ 0026] To attain the above objective, an ingredient
control nethod using an ingredient control device (100,
0100, 0400, 10, 4001, 4010) including a pair of vibration
generating portions (102, 0101, 0102, 0401, 0402, 3, 4)
configured to generate vibrations according to a second
aspect of the present invention includes generating

vi brations between the vibration generating portions to
control an ingredient in an object disposed between the

vi bration generating portions.

[ 0027] In the ingredient control nethod, the vibration
generating portions (102, 0101, 0102, 0401, 0402, 3, 4) nmay
be el ectrodes configured to generate el ectronagneti c waves,
and a water activity of the object may be controlled by
generating el ectronagneti c waves between the el ectrodes.

[ 0028] In the ingredient control nethod, electronmagnetic
waves nay be generated between the el ectrodes to increase

I nterfacial polarization between a water phase and anot her
phase of the object to decrease an interfacial tension

bet ween the water phase and the other phase and bind water
in the object into a pearl-chain structure.

[ 0029] In the ingredient control nmethod, a DC electric
field may be applied as an offset electric field to an AC
electric field to increase interfacial polarization between
a wat er phase and anot her phase of the object to decrease
an interfacial tension between the water phase and the

ot her phase and bind water in the object into a pearl-chain
structure.

[ 0030] In the ingredient control nethod, the DC el ectric
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field of approximately +100 V nmay be applied as an of fset
electric field on the water phase side relative to the

ot her phase in the AC electric field to increase
interfacial polarization between the water phase and the

ot her phase of the object and thus decrease the interfacial
tensi on between the water phase and the ot her phase and
bind water in the object into a pearl-chain structure.

[ 0031] In the ingredient control nethod, the

el ectronmagneti ¢ waves nmay be | ow frequency waves.

[ 0032] In the ingredient control nethod, the

el ectromagneti ¢ waves nmay have a frequency of approxi mately
10 kHz to approxi mately 500 kHz.

[ 0033] In the ingredient control nethod, the water in
the object may be divided into bound water and free water,
and the free water in the object may be bound in a pearl -
chain structure.

[ 0034] In the ingredient control nethod, the vibration
generating portions nmay generate el ectronagneti c waves, one
(0101, 0401) of the pair of vibration generating portions
may apply an el ectronagnetic field of a first frequency to
the object, and the other (0102, 0402) of the pair of

vi bration generating portions may apply an el ectronmagnetic
field of a second frequency different fromthe first
frequency to the object.

[ 0035] To attain the above objective, a transportation
met hod using an ingredient control device (10) including a
pair of vibration generating portions (3, 4) configured to
generate vibrations according to a third aspect of the
present invention includes installing an object between the
vi bration generating portions, and transporting the object
whi |l e generating vibrations between the vibration
generating portions to control an ingredient in the object.
[ 0036] To attain the above objective, a transportation
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met hod using an ingredient control device (10) including a
pair of vibration generating portions (3, 4) configured to
generate vibrations according to a fourth aspect of the
present invention includes installing an object between the
vi bration generating portions, generating vibrations
between the vibration generating portions to control an
ingredient in the object, renoving the object fromthe

i ngredi ent control device after el apse of a predeterm ned
period of tinme, and thereafter transporting the object.

[ 0037] To attain the above objective, a cooking nethod
usi ng an ingredient control device (4001, 4010) including a
pair of vibration generating portions (3, 4) configured to
generate vibrations and an oil reservoir (4006, 4011) in
whi ch the vibration generating portions are installed
according to a fifth aspect of the present invention

i ncludes storing oil in the oil reservoir, frying an
ingredient in oil in the oil reservoir in which the

vi bration generating portions generate vibrations, and
thereafter washing the ingredient with water.

[ 0038] In the cooking nethod, after the ingredient is
washed with water, the ingredient nmay be baked.

[ 0039] In the cooking nethod, after the ingredient is
washed wth water, the ingredient may be boil ed.

[ 0040] In the cooking nethod, after the ingredient is
washed with water, the ingredient may be steaned.

[ 0041] In the cooking nethod, the vibration generating
portions (3, 4) may generate el ectromagneti c waves.

[ 0042] In the cooking nethod, the vibration generating
portions (3, 4) may be el ectrodes configured to generate
el ectromagneti c waves, the oil reservoir may have a part
serving as one electrode of a pair of the el ectrodes and
anot her part serving as the other electrode of the pair of
the el ectrodes, and an insul ating nmenber (12) may be
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install ed between a pair of the electrodes to separate a
pair of the electrodes fromeach other.

[ 0043] To attain the above objective, a programfor a
conputer of an ingredient control device (0100, 0400)

i ncluding a pair of vibration generating portions
configured to generate el ectromagneti c waves according to a
si xth aspect of the present invention causes the conputer
to performapplying an el ectromagnetic field of a first
frequency by one (0101, 0401) of the pair of vibration
generating portions to an object installed between the pair
of vibration generating portions, and applying an

el ectromagnetic field of a second frequency different from
the first frequency by the other (0102, 0402) of the pair
of vibration generating portions to the object installed

between the pair of vibration generating portions.

Advant ageous Effects of Invention
[ 0044] The ingredient control device, the ingredient
control nethod, the transportation nmethod, the cooking
nmet hod, and the program according to the present invention
can put an object in a good condition.
Brief Description of Draw ngs
[ 0045] These and ot her aspects, features and advant ages
of which enbodi nents of the invention are capable of w |
be apparent and el ucidated fromthe foll owm ng description
of enbodi ments of the present invention, reference being
made to the acconpanyi ng draw ngs, in which

FIG 1 is a side view schematically showi ng a fryer
accordi ng to an enbodi nent.

FIG 2 shows an exanple of a processing flowin a
wat er control nethod using the fryer according to the above
enbodi nent .

FIG 3Ais a graph show ng neasurenent results of
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interfacial tension when an electric field was applied to
additive-free fresh food oil with phosphate-buffered saline
as a water phase and FIG 3B is a graph show ng neasurenent
results of interfacial tension when an electric field was
applied to additive-free fresh food oil with saline as a
wat er phase.

FIG 4A is a graph show ng neasurenent results of
interfacial tension when an electric field was applied to
ol ei c aci d-added food oil w th phosphate-buffered saline as
a water phase and FIG 4B is a graph show ng neasurenent
results of interfacial tension when an electric field was
applied to sodi um ol eat e-added food oil w th phosphate-
buffered saline as a water phase.

FIG 5 is a graph show ng neasurenent results of
interfacial tension when only a DC electric field was
applied to sodi um ol eat e-added food oil w th phosphate-
buffered saline as a water phase.

FIG 6 is a graph show ng neasurenent results of
interfacial tension when only an AC electric field was
applied to sodi um ol eat e-added food oil w th phosphate-
buffered saline as a water phase.

FIG 7 is a graph show ng neasurenent results of
interfacial tension when a DC electric field of +100 V was
applied, in an AC electric field, to sodi um ol eat e- added
food oil with phosphate-buffered saline as a water phase.

FIG 8 is a graph show ng neasurenent results of
interfacial tension when a DC electric field of -100 V was
applied, in an AC electric field, to sodium ol eat e- added
food oil with phosphate-buffered saline as a water phase.

FIG 9 is a graph show ng neasurenent results of
interfacial tension when an electric field was applied to
sodi um ol eat e-added food oil wth saline as a water phase.

FIG 10 is a graph show ng neasurenent results of
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interfacial tension when only an AC electric field was
applied to sodium ol eat e-added food oil with saline as a
wat er phase.

FIG 11 is a graph show ng neasurenment results of
interfacial tension when a DC electric field of +100 V was
applied, in an AC electric field, to sodium ol eat e- added
food oil with saline as a water phase.

FIG 12 is a graph show ng neasurenent results of
interfacial tension when a DC electric field of -100 V was
applied, in an AC electric field, to sodium ol eat e- added
food oil with saline as a water phase.

FIG 13 is a graph showi ng neasurenent results of
interfacial tension when an electric field was applied to
additive-free used food oil wi th phosphate-buffered saline
as a water phase.

FIG 14 is a graph show ng neasurenent results of
interfacial tension when an electric field was applied to
additive-free used food oil with saline as a water phase.

FIG 15 is a table showi ng observation results of WO
emul si ons.

FIG 16 is a schematic view showi ng the formation of
pear| chai ns.

FIG 17A is a table show ng observation results of
wat er m crodropl ets of phosphate-buffered saline to which
various AC electric fields were applied in additive-free
fresh food oil and FIG 17B is a table show ng observation
results of water mcrodroplets of saline under the sane
condi ti ons.

FIG 18A is a table show ng observation results of
wat er m crodropl ets of phosphate-buffered saline to which
various AC electric fields were applied in sodi um ol eat e-
added food oil and FIG 18B is a table show ng observation
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results of water mcrodroplets of saline under the sane
condi ti ons.

FIG 19 is a diagram showi ng an exanple of the
functional blocks of a food conposition control device in a
second enbodi nent.

FIG 20 is a circuit diagramshow ng an exanple of a
pair of antenna function portions.

FIG 21 is a circuit diagramshow ng an exanpl e of one
antenna function portion.

FIG 22 is a diagram show ng an exanple of the
functional bl ocks of the food conposition control device in
t he second enbodi nent.

FIG 23 is a circuit diagram showi ng an exanpl e of the
food conposition control device in the second enbodi nent
and a di agram showi ng an exanpl e of waveforns of
el ectromagnetic fields.

FIG 24 is a circuit diagram showi ng an exanple of the
food conposition control device in the second enbodi nent
and a di agram showi ng an exanpl e of waveforns of
el ectromagnetic fields.

FIG 25 is a circuit diagram showi ng an exanpl e of the
food conposition control device in the second enbodi nent
and a di agram showi ng an exanpl e of wavef orns of
el ectromagnetic fields.

FIG 26 is a circuit diagram show ng an exanple of the
food conposition control device in the second enbodi nent
and a di agram showi ng an exanpl e of wavef orns of
el ectromagnetic fields.

FIG 27 is a circuit diagramshow ng an exanple of the
food conposition control device in the second enbodi nent
and a di agram showi ng an exanpl e of waveforns of
el ectromagnetic fields.

FIG 28A is a schematic di agram show ng an exanpl e of



10

15

20

25

30

13

the arrangenent of antennas of a pair of antenna function
portions.

FIG 28B is an image di agram showi ng an exanpl e of the
timng of stopping and outputting alternating current
output in the food conposition control device in the second
enbodi nent .

FIG 29A is a schematic di agram show ng an exanpl e of
the arrangenent of antennas of a pair of antenna function
portions.

FIG 29B is a schematic di agram showi ng an exanpl e of
the arrangenent of antennas of a pair of antenna function
portions.

FIG 29C is a schematic di agram showi ng an exanpl e of
the arrangenent of antennas of a pair of antenna function
portions.

FIG 30 is a diagram showing a |long-chain fatty acid
salt.

FIG 31 is a schematic diagram show ng an exanpl e of
the configuration of the food conposition control device in
t he second enbodi nent.

FIG 32 is a flowhart showi ng an exanple of the
process flow in the food conposition control device in the
second enbodi nent.

FIG 33A is a conceptual diagram show ng an overvi ew
of a food conposition control device in a third enbodi nent.

FIG 33B shows the result of an evaluation test in the
third enbodi nent.

FIG 33C shows the result of an evaluation test in the
third enbodi nent.

FIG 34A is a conceptual diagram show ng an overvi ew
of a food conposition control device in a fourth enbodi nent.

FIG 34B shows the result of an evaluation test in the
fourth enbodi nment.
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FI G 34C shows the result of an evaluation test in the
fourth enbodi nment.

FIG 34D shows the result of an evaluation test in the
fourth enbodi nment.

FI G 34E shows the result of an evaluation test in the
fourth enbodi nment.

FIG 34F shows the result of an evaluation test in the
fourth enbodi nment.

FIG 35A is a conceptual diagram showi ng an overvi ew
of a food conposition control device in a fifth enbodi nent.

FIG 35B shows the result of an evaluation test in the
fifth enbodi nent.

FIG 35C shows the result of an evaluation test in the
fifth enbodi nent.

FI G 35D shows the result of an evaluation test in the
fifth enbodi nent.

FIG 36A is a conceptual diagram showi ng an overvi ew
of a food conposition control device in a sixth enbodi nent.

FIG 36B shows the result of an evaluation test in the
si xth enbodi nent .

FIG 36C shows the result of an evaluation test in the
si xth enbodi nent .

FIG 37A is a conceptual diagram show ng an overvi ew
of a food conposition control device in a seventh
enbodi nent .

FIG 37B shows the result of an evaluation test in the
sevent h enbodi nment .

FIG 37C shows the result of an evaluation test in the
sevent h enbodi nment .

FIG 38A is a conceptual diagram show ng an overvi ew
of a food conposition control device in an eighth
enbodi nent .

FIG 38B shows the result of an evaluation test in the
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ei ght h enbodi nent.

FIG 39A is a conceptual diagram show ng an overvi ew
of a food conposition control device in a ninth enbodi nent.

FIG 39B shows the result of an evaluation test in the
ni nt h enbodi nent .

FIG 40A is a conceptual diagram show ng an overvi ew
of a food conposition control device in a tenth enbodi nent.

FIG 40B shows the result of an evaluation test in the
tenth enbodi nent.

FIG 41A is a conceptual diagram showi ng an overvi ew
of a food conposition control device in an el eventh
enbodi nent .

FIG 41B shows the result of an evaluation test in the
el event h enbodi nent .

FIG 42 is a diagram show ng a nol ecul ar arrangenent
adjusting unit and a nol ecul ar arrangenent adjusting device
according to a twelfth enbodi nent.

FIG 43 is a diagram show ng the arrangenent of water
nol ecul es of an object in a nornal state and the
arrangenent of water nol ecules of an object in an electric
field produced between a first el ectrode and a second
el ectrode.

FIG 44 is a diagram show ng an exanple including a
tenperature controller in the nol ecul ar arrangenent
adjusting unit in the twelfth enbodi nent.

FIG 45 is a diagram show ng the nol ecul ar arrangenent
adj usti ng device in another enbodi nent.

FIG 46 is a diagramshowing a fryer in a thirteenth
enbodi nent .

FIG 47 is a diagram show ng an ingredi ent cooking
method in the thirteenth enbodi nent.

FIG 48 is a diagramshow ng a fryer in another
enbodi nent .
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Descri ption of Enbodi nents

[ 0046] Herei nafter, the present invention will be
described with reference to the drawi ngs. The present
invention is not at all [imted by the descriptions of the
specification and drawi ngs and various nodifications and
vari ations thereof can be appropriately made w t hout
changing the gist of the invention.

[ 0047] Enbodi nents of the present invention will be
descri bed below. It should be noted that the present
invention is not limted by those enbodi nents and can be
carried out in various nodes w thout departing fromthe
spirit of the invention. The correspondence between the
enbodi nents and clains is as follows. The first enbodi nent
mainly relates to clains 1 and 2 and clains 20 to 26, the
second enbodi nent mainly relates to clains 1 to 6, claim?27,
and claim 36, the third enbodinment mainly relates to claim
5 and claim7, the fourth enbodinment mainly relates to
claim5 and claim@8, the fifth enbodinment nmainly relates to
claim5 and claim9, the sixth enbodinment nmainly relates to
claim5 and claim 10, the seventh enbodi nent mainly rel ates
to claim5 and claim 11, the eighth enbodi nent mainly
relates to claim5 and claim 12, the ninth enbodi nent
mainly relates to claim5 and claim 13, the tenth

enbodi nrent mainly relates to claim5 and claim 14, the

el eventh enbodinent mainly relates to claim 12 and claim 15,
the twelfth enbodinment mainly relates to clains 16 to 19
and claim 29 and claim 30, and the thirteenth enbodi nent
mainly relates to clains 31 to 35.

<<Fi rst Enbodi nent >>

[ 0048] A fryer according to this enbodinent is forned
of, for exanple, an electric field-applicable fryer by
nmeans of which food can be cooked in a space where

el ectromagneti c waves in a predeterm ned frequency range
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generate, and controls water contained in the food.

[ 0049] FIG 1 is a side view schematically show ng a
fryer 100 according to an enbodi nent. The fryer 100
essentially includes an oil reservoir 101, a pair of
opposed plate antennas 102, a drive portion 103, and a
heati ng portion 104.

[ 0050] The oil reservoir 101 is provided for the purpose
of storing food oil therein and cooking food therein. 1In
ot her words, food is fried by putting the food into the
heated food oil in the oil reservoir 101. The oi

reservoir 101 is where food is to be Putin and the interna
surface of the oil reservoir 101 thus cones into contact
with hot oil. Therefore, the oil reservoir 101 is
preferably nade of a material harnmless to hunmans and | ess
degradabl e even after a |l ong period of use at high
tenperatures, for exanple, stainless steel. The volune and
shape of the oil reservoir 101 are arbitrarily selected
dependi ng on where the fryer 100 is to be placed, how nuch
food is to be cooked at once by the fryer 100, and/or other
requirenents.

[ 0051] The pair of opposed plate antennas 102 are pl aced
oppositely and upright in the oil reservoir 101. Wile

el ectromagneti c waves in a predeterm ned frequency range
are generated between the opposed plate antennas 102, food
I's cooked in the space where the el ectromagnetic waves
generate. The surfaces of the opposed plate antennas 102
are preferably coated with an insulating material. Through
the use of this structure, for exanple, it can be prevented
that an AC voltage supplied to the opposed pl ate antennas
102 is transmtted to the oil reservoir 101 to shock the
user of the fryer 100 and cause failures or the |ike of

devi ces around the fryer 100.

[ 0052] For exanpl e, the opposed plate antennas 102 may
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each have an approxi mately L-shaped cross-section, may be
each conposed of a base portion 111 approximtely paralle
to the bottomsurface of the oil reservoir 101 and a
vertical portion 112 approxi mately perpendicular to the
bott om surface of the oil reservoir 101, and nay be placed
upright wth the ends of the base portions 111 facing each
other. As seen fromthe above description of

"approxi mately L-shaped”, instead of the configuration
where the base portion 111 and the vertical portion 112 are
joined at a right angle to formthe plate antenna 102 in an
L-shape, for exanple, the plate antenna 102 may be
configured so that the cross section of the joint between
the base portion 111 and the vertical portion 112 has a
round, R-shape.

[ 0053] Furthernore, the base portion 111 and/or the
vertical portion 112 of the plate antenna 102 may have

mul tiple holes. The shape of the holes is arbitrary, for

exanple, circular, triangle, rectangle, pentagonal or

hexagonal . The size and arrangenent of the holes are al so
arbitrary.
[ 0054] The drive portion 103 is provided for the purpose

of driving the opposed plate antennas 102 to generate

el ectromagneti c waves (radi o waves) having a frequency of
approximately 10 kHz to approxi mately 500 kHz between the
opposed plate antennas 102. The el ectronagneti c waves
formed between the opposed plate antennas 102 are
preferably | ow frequency waves having a frequency of 30 kHz
to 300 kHz and nore preferably 50 kHz to 100 kHz. To form
el ectromagneti c waves in a predeterm ned frequency range
bet ween t he opposed plate antennas 102, for exanple, it is
conceivable to connect to the opposed plate antennas 102 an
oscillator for generating el ectromagneti c waves of a
predeterm ned frequency. 1In this case, the drive portion



10

15

20

25

30

19

103 may be electrically connected through termnals 113 to
t he opposed pl ate antennas 102.

[ 0055] The heating portion 104 is provided for the

pur pose of heating food oil stored in the oil reservoir 101
to 120°C to 200°C to cook food. Various nethods can be
used as the heating nethod and exanpl es include: a heating
nmet hod in which a heating coil is housed in a netal pipe
and an electric current is passed through the heating coi
to generate heat; and a heating nmethod of conbusting a gas
to generate heat. Although in this enbodi nent the heating
portion 104 is provided outside of the oil reservoir 101,
the heating portion 104 may be provided in the oi

reservoir 101 or integrally forned with the oil reservoir
101.

[ 0056] FIG 2 shows an exanple of a processing flowin a
wat er control method (ingredient control nethod) using the
fryer according to this enbodinent. In the cooking nethod
shown in FIG 2, first, the heating portion 104 of the
fryer 100 heats food oil in the oil reservoir 101 to a
tenperature range of 120°C to 200°C (step S1). Next, the
drive portion 103 of the fryer 100 drives the opposed plate
antennas 102 to generate el ectromagneti c waves having a
frequency of 50 kHz to 100 kHz in the food oil being heated
by the heating portion 104 (step S2). Then, when food to
be cooked is put in the food oil, the fryer 100 cooks the
food while controlling water contained in the food in the
space where el ectromagneti c waves in the predeterm ned
frequency range generate (step S3). Wen the cooking is
finished, the food is picked up fromthe food oil

Exanple 1
[ 0057] Cenerally, when food is cooked, water contained
in the food turns into water vapor in food oil, so that

bunmpi ng occurs. |In the water control nmethod according to
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this enbodinent, the interfacial tension at the oil-water
interface can be decreased by generating el ectromagnetic
waves in the predeterm ned frequency range. Thus, the

wat er contained in the food is likely to be desorbed from
the food and dispersed in the formof water droplets in the
food oil. Therefore, even if the water turns into vapor
and gasifies in the heated food oil, only m nor bunping
occurs. By controlling water contained in food in this
manner to reduce bunping, good effects, including
prevention of oil penetration into the food, can be

obtai ned. Coupled with this, the cooked food has very good
eating quality.

[ 0058] To verify the reduction of bunping by the water
control nmethod according to this enbodi nent, an AC electric
field in a frequency range of 50 kHz to 100 kHz and/or a DC
electric field was applied to neasure the interfacia
tension at the oil-water interface at roomtenperature
(20°C to 25°C) (Exanple 1). 1In this case, the interfacia
tension is defined as work (energy) necessary to extend the
oi | -water interface by 1 nf and measured by the sessile
drop nethod. In the sessile drop nethod, the magnitude of
the interfacial tension corresponds to the volunme (weight)
of a water droplet falling froma capillary tube.

[ 0059] In this exanple, harvest oil was used as the food
oil. Furthernore, because the pH of food (such as fish,
neat, and vegetables) to be cooked is within a range of 5
to 7, phosphate-buffered saline wwth a pHof 7.2 to 7.4 and
saline wwth a pHof 5.4 to 5.6 were used as nodel aqueous
solutions for water contained in food.

Measurenent of Interfacial Tension in Fresh Food G|

[ 0060] First, nmeasurenent was nade of the interfacial
tensi on when an AC electric field of 200 Vpp at 50 kHz was
applied to additive-free fresh food oil w th phosphate-
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buffered saline of pH 7.2 to 7.4 as a water phase, and the
interfacial tension when a DC electric field of £100 V was
further applied as an offset electric field on the water
phase side relative to the oil phase in the above AC
electric field.

[ 0061] FIG 3A is a graph show ng neasurenent results of
interfacial tension when an electric field was applied to
additive-free fresh food oil with phosphate-buffered saline
as a water phase. The abscissa axis of the graph in FIG
3A represents the DC electric field [V] applied as an

of fset electric field, while the ordinate axis represents
the rate of change of the interfacial tension due to the
application of the electric field.

[ 0062] As shown in FIG 3A in the case where phosphate-
buffered saline was used as a water phase and fresh food
oil was free fromadditive, there was substantially no
change in interfacial tension found due to the application
of the electric field.

[ 0063] Next, because a thernolysate or hydrol ysate of
the food oil may have been produced, 102 M (= nol/l) oleic
acid or an ol eic conpound, such as 103 M sodi um ol eat e,

whi ch are nodel substances of the thernolysate or

hydrol ysate, was added to the fresh food oil and
measurenent was nmade of the interfacial tension when an AC
electric field of 200 Vpp at 50 kHz was applied to the

addi tive-contained food oil wth the water phase and the
interfacial tension when a DC electric field of £100 V was
further applied as an offset electric field in the above AC
electric field.

[ 0064] FIG 4A is a graph show ng neasurenent results of
interfacial tension when an electric field was applied to
ol ei ¢ aci d-added food oil w th phosphate-buffered saline as
a water phase and FIG 4B is a graph show ng neasurenent
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results of interfacial tension when an electric field was
applied to sodi um ol eat e-added food oil w th phosphate-
buffered saline as a water phase. Like the graph shown in
FIG 3A, the abscissa axes of the graphs in FIGS. 4A and 4B
represent the DC electric field [V]applied as an offset
electric field, while the ordinate axes represent the rate
of change of the interfacial tension due to the application
of the electric field.

[ 0065] As shown in FIG 4A even in the case where 1073
Mol eic acid was added to fresh food oil, there was
substantially no change in interfacial tension found due to
the application of the electric field. On the other hand,
as shown in FIG 4B, in the case where 103 M sodi um ol eat e
was added to fresh food oil, there was substantially no
change found in interfacial tension when only an AC
electric field was applied, but a decrease in interfacia
tensi on was confirmed when a DC electric field of +100 V
was further applied as an offset electric field in the AC
electric field.

[ 0066] As shown in FIG 3A in the case where phosphate-
buffered saline was used as a water phase and 10® M sodi um
ol eate was added to fresh food oil, neasurenent was nade of
Interfacial tensions when various electric fields were
appl i ed.

[ 0067] FIG 5 is a graph show ng neasurenent results of
interfacial tension when only a DC electric field was
applied to sodi um ol eat e-added food oil w th phosphate-
buffered saline as a water phase. Like the graphs shown in
FI GS. 3B, 4A, and 4B, the abscissa axis of the graph in
FIG 5 represents the DC electric field [V] applied as an
of fset electric field, while the ordinate axis represents
the rate of change of the interfacial tension due to the
application of the electric field.
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[ 0068] FIG 6 is a graph show ng neasurenent results of
interfacial tension when only an AC electric field was
applied to sodi um ol eat e-added food oil w th phosphate-
buffered saline as a water phase. FIG 7 is a graph
showi ng neasurenent results of interfacial tension when a
DC electric field of +100 V was applied, in an AC electric
field, to sodi um ol eate-added food oil w th phosphat e-
buffered saline as a water phase. FIG 8 is a graph
showi ng neasurenent results of interfacial tension when a
DC electric field of -100 V was applied, in an AC electric
field, to sodium ol eat e-added food oil w th phosphate-
buffered saline as a water phase. The abscissa axes of the
graphs shown in FIGS. 6 to 8 represent the frequency

[Hz] of the AC electric field, while the ordinate axes
represent the rate of change of the interfacial tension due
to the application of the electric field.

[ 0069] As shown in FIG 5, also when only a DC el ectric
field of £100 V was applied as an offset electric field

wi thout the application of an AC electric field, a decrease
in interfacial tension was confirnmed, |ike when a DC
electric field of 100 V was further applied as an of fset
electric field in the ACelectric field. On the other

hand, as shown in FIG 6, when only an AC electric field
was applied and no DC electric field was applied as an

of fset electric field, there was substantially no change in
interfacial tension found even when the frequency of the AC
electric field was vari ed.

[ 0070] However, as shown in FIG 7, when a DC electric
field of +100 V was applied as an offset electric field in
the AC electric field of 200 Vpp at 50 Hz to 100 kHz, a
decrease of about 20%in interfacial tension was confirned
regardl ess of the frequency of the AC electric field.

Furt hernore, as shown in FIG 8, when a DC electric field
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of -100 V was applied as an offset electric field in the AC
electric field of 200 Vpp at 50 Hz to 100 kHz, a decrease
of alittle over 10%in interfacial tension was confirned
regardl ess of the frequency of the AC electric field.

[ 0071] Next, neasurenent was made of the interfacia
tensi on when an AC electric field of 200 Vpp at 50 kHz was
applied to additive-free fresh food oil with saline of
pH5.4 to 5.6 as a water phase, and the interfacial tension
when a DC electric field of 100V was further applied as an
offset electric field in the above AC electric field.

[ 0072] FIG 3B is a graph showi ng neasurenent results of
interfacial tension when an electric field was applied to
additive-free fresh food oil with saline as a water phase.
Li ke the graphs shown in FIGS. 3A, 4A 4B, and 5, the

absci ssa axis of the graph in FIG 3B represents the DC
electric field [V] applied as an offset electric field,
while the ordinate axis represents the rate of change of
the interfacial tension due to the application of the
electric field.

[ 0073] As shown in FIG 3B, also in the case where
saline was used as a water phase, |ike the case where
phosphat e- buf fered saline was used as a water phase, there
was substantially no change in interfacial tension found
due to the application of the electric field when fresh
food oil was free fromadditive

[ 0074] Next, neasurenent was made of the interfacia
tensi on when an AC electric field of 200 Vpp at 50 kHz was
applied to saline as a water phase and 10® M sodi um

ol eat e-added fresh food oil, and the interfacial tension
when a DC electric field of £100V was further applied as an
offset electric field in the above AC electric field.

[ 0075] FIG 9 is a graph show ng neasurenent results of
interfacial tension when an electric field was applied to
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sodi um ol eat e-added food oil wth saline as a water phase.
Li ke the graphs shown in FIGS. 3A, 4A 4B, 5, and 3B, the
absci ssa axis of the graph in FIG 9 represents the DC
electric field [V] applied as an offset electric field,
while the ordinate axis represents the rate of change of
the interfacial tension due to the application of the
electric field.

[ 0076] As shown in FIG 4B, in the case where phosphate-
buffered saline was used as a water phase, even if 103 M
sodi um ol eate was added to fresh food oil, there was
substantially no change in interfacial tension found when
only an AC electric field was applied. On the other hand,
as shown in FIG 9, in the case where saline was used as a
wat er phase, it was confirned that the interfacial tension
was decreased a little over 10% by the addition of 10°° M
sodiumol eate to fresh food oil even when only an AC
electric field was applied.

[ 0077] When a DC electric field of +100 V was further
applied as an offset electric field in the AC electric
field, a decrease of over 60%in interfacial tension was
confirmed. Furthernore, when a DC electric field of -100 V
was further applied as an offset electric field in the AC
electric field, a decrease of about 15%in interfacia
tensi on was confirmed.

[ 0078] Next, in the case where saline was used as a

wat er phase and 10°® M sodi um ol eate was added to fresh
food oil, neasurenent was made of interfacial tensions when
AC electric fields at various frequencies were applied.

[ 0079] FIG 10 is a graph show ng neasurenent results of
interfacial tension when only an AC electric field was
applied to sodium ol eat e-added food oil with saline as a
wat er phase. FIG 11 is a graph show ng neasurenent
results of interfacial tension when a DC electric field of



10

15

20

25

30

26

+100 V was applied, in an AC electric field, to sodium

ol eate-added food oil with saline as a water phase. FIG
12 is a graph show ng neasurenent results of interfacia
tensi on when a DC electric field of -100 V was applied, in
an AC electric field, to sodium ol eate-added food oil wth
saline as a water phase. Like the graphs shown in FIGS. 6
to 8, the abscissa axes of the graphs in FIGS. 10 to 12
represent the frequency [Hz] of the AC electric field,
whil e the ordi nate axes represent the rate of change of the
interfacial tension due to the application of the electric
field.

[ 0080] As shown in FIG 10, when only an AC el ectric
field of 200 Vpp at 50 Hz to 100 kHz and 200 Vpp was
applied and no DC electric field was applied as an of f set
electric field, the rate of decrease in interfacial tension
tends to increase with decreasing frequency of the AC
electric field although variations in interfacial tension
val ue were found.

[ 0081] On the other hand, as shown in FIG 11, when a DC
electric field of +100 V was further applied as an of fset
electric field in the AC electric field, decreases of over
60% in interfacial tension were confirnmed and the
interfacial tension reached a minimumin the vicinity of 1
kHz. Furthernore, as shown in FIG 12, when a DC el ectric
field of -100 V was further applied as an offset electric
field in the AC electric field, decreases of about 15%in
interfacial tension were confirned although variations in
the rate of decrease in interfacial tension value were
found, and the decrease in interfacial tension tends to be
suppressed in the vicinity of 1 kHz.

[ 0082] The above neasurenent results of the interfacia
tensions at the oil-water interfaces wll be summarized as
fol | ows:
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A as shown in FIG 4A, even in the case where 10°® Moleic
acid was added to fresh food oil, there was substantially
no change in interfacial tension found due to the
application of the electric field,

B on the other hand, as shown in FIGS. 4B, 5to 8 and 9 to
12, in the case where 10 M sodi um ol eate was added to
fresh food oil, a decrease in interfacial tension was
confirmed when an electric field was applied, and the rate
of decrease in interfacial tension significantly depended
on the pH of the water phase;

C as shown in FIGS. 4B and 5 to 8, in the case where
phosphat e-buffered saline of pH 7.2 to 7.4 was used as a
wat er phase, there was no decrease in interfacial tension
found when only an AC electric field was applied, while a
decrease in interfacial tension was confirmed when a DC
electric field was appli ed,;

D on the other hand, as shown in FIGS. 9 to 12, in the case
where saline of pH5.4 to 5.6 was used as a water phase, a
decrease in interfacial tension was confirmed even when
only an AC electric field was applied and the rate of
decrease in interfacial tension tends to increase with
decreasi ng frequency of the AC electric field; and

E furthernore, as shown in FIG 11, in the case where
saline of pH 5.4 to 5.6 was used as a water phase, a
decrease of over 60%in interfacial tension was confirnmed
when a DC electric field of +100 V was applied as an offset
electric field in an AC electric field, while, as shown in
FIG 12, the decrease in interfacial tension was only about
15% when a DC electric field of -100 V was applied as an
offset electric field in the AC electric field.

[ 0083] It can be seen fromthe above neasurenent results
that the lower the pH of water contained in food, the
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hi gher the rate of decrease in interfacial tension at the
oil-water interface and the nore bunping can be reduced.
Measurenent of Interfacial Tension in Used Food O |

[ 0084] Next, in the case where no additive was added to
food oil used by the fryer 100, measurenent was nade of the
interfacial tension when an AC electric field of 200 Vpp at
50 kHz was applied and the interfacial tension when a DC
electric field of £100 V was further applied as an of fset
electric field on the water phase side relative to the oi
phase in the above AC electric field.

[ 0085] FIG 13 is a graph show ng neasurenent results of
interfacial tension when an electric field was applied to
additive-free used food oil wi th phosphate-buffered saline
as a water phase. FIG 14 is a graph show ng nmeasurenent
results of interfacial tension when an electric field was
applied to additive-free used food oil with saline as a

wat er phase. Like the graphs shown in FIGS. 3A, 3B, 4A
4B, 5, and 9, the abscissa axes of the graphs in FIGS. 13
and 14 represent the DC electric field [V] applied as an

of fset electric field, while the ordi nate axes represent
the rate of change of the interfacial tension due to the
application of the electric field.

[ 0086] As shown in FIGS. 3A and 3B, in the case where no
addi tive was added to fresh food oil, there was
substantially no change in interfacial tension found due to
the application of the electric field. On the other hand,
as shown in FIGS. 13 and 14, in the case where no additive
was added to used food oil, it was confirmed that the
interfacial tension was decreased slightly about 5% by the
application of the electric field. Regarding the effect of
the pH of the water phase, a simlar tendency to the case
where 10® M sodium ol eate was added to fresh food oil was
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exhi bited although the rate of decrease in interfacial
tension was different fromthat in the above case.

Exanple 2

[ 0087] In Exanple 1 above, it was confirned that the
presence of sodiumoleate (salt of higher fatty acid),

whi ch may be produced by thernolysis or hydrolysis of food
oi |, caused a decrease in interfacial tension when an
electric field was applied. A decrease in interfacial
tension is due to an increase of interfacial polarization
caused by the application of an electric field.

[ 0088] Ol -side oleate ions and water-side sodiumions
adsorbed at the oil-water interface act to extend the
interface owng to el ectrostatic repul sive energy acting
bet ween adj acent ions of the sane kind. Wen the
concentrations of oleate ions and sodiumions at the oil -
water interface are increased by the application of an
electric field, the distance between adjacent ions
decreases, so that electrostatic repul sive energy, i.e., an
action to extend the interface, increases. As a result,
the interfacial tension, which is defined as work necessary
to extend the oil-water interface by 1 nf, decreases.

[ 0089] When water contained in food turns into water
vapor in food oil, the size of water desorbing fromthe
food to turn into tiny water droplets (hereinafter,
referred to as "water mcrodroplets”) in the food oil is
smal ler than the size (capillary tube dianeter to 5 mm of
water droplets falling froma capillary tube in the sessile
drop nethod. Wen such water mcrodroplets in food oi
devel op sufficient interfacial polarization to decrease
their interfacial tension, pearl chains of the water

m crodroplets are fornmed by the dipol e-dipole attraction.
On the other hand, when the interfacial polarization is
weak, no pearl chains of the water m crodroplets are forned.
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[ 0090] To evaluate the interfacial polarization state of
water mcrodroplets in food oil (a water-in-oil (WO
enul si on) based on the above viewpoints, mcroscopic
observation was nade on water m crodroplets of each of (1)
a phosphate-buffered saline of pH 7.2 to 7.4 conditioned by
additive-free fresh food oil, (2) a saline of pH5.4 to 5.6
conditioned by additive-free fresh food oil, (3) a

phosphat e-buffered saline of pH7.2 to 7.4 conditioned by
102 M sodi um ol eat e-added food oil, and (4) a saline of
pH5.4 to 5.6 conditioned by 10°® M sodi um ol eat e- added f ood
oil, by applying electric fields of various voltages from
200 to 2000 Vpp/cmat 50 kHz to the water microdroplets
(Exampl e 2).

[ 0091] FIG 15 is a table show ng observation results of
WO enulsions. As shown in FIG 15, in the 10°® M sodi um
ol eat e-added food oil, the formati on of such pearl chains
as formed in FIG 16 was confirmed, independent of the pH
of the phosphate-buffered saline or saline contained in

wat er m crodroplets, about two m nutes after the
application of an AC electric field of 200 to 2000 Vpp/cm
at 50 kHz. The size of forned pearl chains was

approxi mately 200 um and the di aneter of each pearl was
about 10 to about 100 pm Once pearl chains were forned,
they were held in that state for a week. On the other hand,
in the additive-free fresh food oil, the formati on of pearl
chains was not confirmed about two m nutes after the
application of the AC electric field, but it was confirned
40 mnutes or nore after the application of the AC electric
field. This suggests that the 10° M sodi um ol eat e- added
food oil generated greater interfacial polarization at the
water-oil interface than the additive-free fresh food oil
This results agree with the neasurenent results in Exanple
1 above.
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[ 0092] Next, m croscopi c observati on was made on wat er

m crodropl ets of each of the above salines (1) to (4) two
m nutes after the application of various AC electric fields
Wi th various voltages of 200 to 2000 Vpp/cm at vari ous
frequencies of 50 Hz to 100 kHz to the water m crodroplets.
[ 0093] FIG 17A is a table show ng observation results
of water m crodroplets of phosphate-buffered saline to

whi ch various AC electric fields were applied in additive-
free fresh food oil and FIG 17B is a table show ng
observation results of water microdroplets of saline under
the sane conditions. FIG 18A is a table show ng
observation results of water mi crodroplets of phosphate-
buffered saline to which various AC electric fields were
applied in 102 M sodi um ol eat e-added food oil and FIG 18B
is a tabl e showi ng observation results of water

m crodropl ets of saline under the sanme conditions.

[ 0094] As shown in FIGS. 17A and 17B, in the fresh food
oil, there was no formation of pearl chains of water

m crodropl ets found at any of the frequencies. On the

ot her hand, as shown in FIGS. 18A and 18B, in the 103 M
sodi um ol eat e- added food oil, the formation of pearl chains
of water m crodroplets was confirmed within a range of 500
to 2000 Vpp/cm at any of the frequencies. However, at |ow
frequencies in the above frequency range, the formation of
pearl chains could not be confirmed because of disturbance
of fluid notion attributed to el ectroosnotic flow.

[ 0095] It can be seen fromthe above observation results
that even water mcrodroplets with a dianmeter of 100 pum or
| ess dispersed into food oil develop interfacia

pol ari zation at the water-oil interface by the application
of an electric field and the interfacial polarization at
the water-oil interface is increased by the addition of 10
® Msodiumoleate to the food oil to decrease the
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interfacial tension.

[ 0096] Food contains a | arge anount of polar ingredients,
besides fatty acid salts, such as sodiumoleate. Food al so
contains a |l arge anount of polar organic polyners. For
exanpl e, water contained in |large amounts in food is one of
pol ar nol ecules. In food of plant or animal origin, water
I's contained in an anmount of about 70% and the cel

menbrane of the food is forned of a lipid bilayer nenbrane.
Specifically, fruits and vegetabl es contain water
constituting 80%or nore of their weight and fishes and
nmeats contain water constituting 70 to 80% of their weight.
If 5% water in a vegetable or 3% water in fish or neat is
|l ost, its freshness and quality cannot be naintai ned.

[ 0097] Al t hough water, which is one of polar nolecules,
is contained in large anmounts in food, it is broadly

di vided into "bound water” and "free water" according to
its state of being. "Bound water"” is water bound by

hydr ogen bonding to and hydrated with protein and
carbohydrate in food and is stable because its nol ecul ar
notion is constrained by the hydration. "Free water" is
water that is freely novable and can therefore freeze at
0°C, vaporize near 100°C or dissolve substances. As food
contains a |larger anmount of free water, the food can be
said to be fresher, or juicier. However, its nolecule has
a polarity and is therefore easily bindable to other

nol ecul es. M croorgani sns, such as putrefying bacteri a,
cannot be bound to bound water already bound to food

I ngredi ents and, therefore, bound water cannot be used for
their growth. On the other hand, m croorgani sns can be
bound to free water and, therefore, free water can be used
for their growth. Free water bound to m croorgani sns
causes rot.

[ 0098] In the water control nethod according to this
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enbodi nent, droplets of free water are turned into a stable
state of a pearl-chain structure, |ike bound water, so that
surplus water can be prevented fromleaking fromfood into
food oil, thus maintaining the juiciness of the food.

[ 0099] Furt hernore, an enornous anount of energy

(vapori zation heat) is necessary when water breaks hydrogen
bonding to change froma liquid to a gas. |In the water
control nethod according to this enbodi nent, water
contained in food is held in a liquid phase by the
formati on of pearl chains and not vaporized in food oil
Thus, good effects can be obtained, including prevention of
oil splash due to water in the food, decreased oi
tenperature during cooking, decreased food cooking tine,
and its attendant reduction of food oil oxidation.

[ 0100] As described previously, the fryer 100, which is
the ingredient control device according to this enbodi nent,
i ncludes a pair of opposed plate antennas 102 which are the
el ectrodes form ng the vibration generating portion capable
of generating vibrations. The fryer 100 controls water
which is an ingredient of food as the object placed between
the pair of opposed plate antennas 102, to be nore specific,
the water activity of the food, by generating

el ectromagneti c waves (radi o waves) at a frequency of
approximately 10 kHz to approxi mately 500 kHz between the
pai r of opposed plate antennas 102.

[0101] In the water control nmethod using the fryer 100
according to this enbodinent, the fryer 100 applies a DC
electric field of +100 V as an offset electric field on the
wat er phase side relative to the oil phase, which is the

ot her phase, in an AC electric field to irradiate food with
el ectronmagneti c waves at a frequency of 50 kHz. Thus, the
interfacial polarization between the water phase and the
oi | phase can be increased to decrease the interfacial
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tensi on between the water phase and the oil phase by
approxi mately 60% and bind water in a pearl-chain structure.
Water contained in food is divided into bound water and
free water. Free water in water contained in food becones
bound in a pearl-chain structure, so that the water
activity representing the proportion of free water in food
can be decreased.

[0102] When the interfacial tension between the water
phase and the oil phase is decreased by approximtely 60%
in the above nmanner, water contained in the food is likely
to be desorbed fromthe food and di spersed in the form of
wat er droplets in the food oil. Therefore, even if the
water in the food turns into vapor and gasifies in the food
oil being heated, only m nor bunmpi ng occurs. By
controlling water contained in food in this nmanner to
reduce bunpi ng, good effects, including prevention of oi
penetration into the food, can be obtained. Coupled with
this, the cooked food has very good eating quality.

[ 0103] Furthernore, since droplets of free water are
bound together in a pearl-chain structure and thus turned
into a stable state, surplus water can be prevented from

| eaking fromfood into food oil, thus maintaining the
juiciness of the food. Moreover, in the water contro

nmet hod according to this enbodi nent, water contained in
food is held in a liquid phase by the formati on of pearl
chai ns and not vaporized in food oil. Thus, good effects
can be obtained, including prevention of oil splash due to
water in the food, decreased oil tenperature during cooking,
decreased food cooking tine, and its attendant reduction of
food oil oxidation.

[ 0104] As thus far described, the fryer 100 and the

wat er control nethod both according to this enbodi nent can
i nprove food containing water to a better state.
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[ 0105] The present invention is not [imted to the above
enbodi nent and various nodifications and applications can
be made therein. A description will be given bel ow of
nodi fi cati ons of the above enbodi nent which are applicable
to the present invention.

[ 0106] Al t hough the description of the above enbodi nent
was given by taking water as an exanple of the ingredient,
the present invention is not limted to this and the

i ngredi ent may be anything controllable by vibrations, such
as other kinds of Iiquids.

[0107] Al t hough the description of the above enbodi nent
was given by taking a fryer as an exanple of the ingredi ent
control device, the present inventionis not limted to
this and the ingredient control device nay be anything that
can control an ingredient of an object, such as food.
Exanpl es of the ingredient control device include a freezer,
a container, and a warehouse which can control the water
activity of food. Specifically, by controlling the water
activity of food using the ingredient control device
according to the present invention, the taste, flavor, and
nutrition of the food can be i nproved.

[ 0108] When water contained in neats, fishes, vegetabl es,
and fruits serving as foods is bound in a pearl-chain
structure using the ingredient control device according to
the present invention, even normal freezers can keep the
gualities of the neats, fishes, and so on for a |l ong period
of tinme (several tines as long as usual) w thout rotting
them |In fact, when a crinson sea-bream was irradiated
with an electric field for an hour by the ingredient

control device and then preserved in a freezer for two days,
the freshness of the fish could be naintained two days

| onger than when a crinson sea-breamwas irradiated wth an
electric field for only 15 m nutes and then preserved in
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the freezer for two days and when a crinson sea-bream was
preserved in the freezer for two days w thout being
irradiated with an electric field.

[ 0109] Al t hough the description of the above enbodi nent
was given by taking food as an exanple of the object, the
present invention is not limted to this and the object may
be anyt hi ng an ingredient of which can be controlled by

vi brations, such as el ectromagnetic waves. Exanples of the
obj ect include beverages, plants other than foods, such as
plants for use in drugs, human bodi es, ani mals, gunpowder,
drugs, such as vaccines, and water itself.

[0110] Specifically, by controlling the water activities
of beverages, plants, human bodies, animals, gunpowder or
drugs, such as vaccines, using the ingredient contro

devi ce according to the present invention, not only foods
but al so beverages, plants, human bodies, ani nmals,
gunpowder, drugs, and so on can becone difficult to degrade
or rot.

[0111] Furthernore, crops cultivated using water
decreased in interfacial tension by the ingredient contro
devi ce according to the present invention can germ nate and
grow very fast and uniformy, suppress the growth of al gae
and weeds, and provide very good eating qualities.

[0112] When using the ingredient control device
according to the present invention free water in a living
organismis changed froma state where it has al ready been
bound to active oxygen, viruses, m croorganisns including
bacteria, or the like to a pearl-chain structure of water
droplets, the free water is released from hydrogen bonds

wi th active oxygen, viruses, mcroorganisns including
bacteria, or the like and thus can exert a significant
therapeutic effect. Although conventional drug research
and devel opnment is carried out on the assunption of a state
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of free water where it has al ready been bound to active
oxygen, viruses, mcroorganisns including bacteria, or the
i ke, the present invention can underm ne this assunption
itself and thus inprove the therapeutic effect.

Furt hernore, when the ingredient control device according
to the present invention is contained in a cellular phone,
a smartphone, a tablet conputer, a personal conputer, a
chair, a bed or a pillow, free water bound to

m croorgani sns i ncludi ng bacteria, active oxygen, viruses
or the like is separated therefromand droplets of the free
wat er are bound together in a pearl-chain structure. Thus,
the activity of mcroorgani sns including bacteria, active
oxygen, viruses or the |like can be term nated, stopped or
deact i vat ed.

[0113] When in mxing cenent with water the water to be
m xed into the cenment is turned into a pearl-chain
structure using the ingredient control device according to
the present invention, the strength of the resultant
concrete can be increased. Wen water used in a refining
process for iron or resin is turned into a pearl-chain
structure using the ingredient control device according to
the present invention, the strength of iron or resin can be
I ncreased, so that defects can be reduced. Wen in a
producti on process of sem conductor device-rel ated products,
such as wafers for LSI (large-scale integration) devices
and liquid crystal displays, cleaning water for substrates
Is turned into a pearl-chain structure using the ingredient
control device according to the present invention, the

cl eaning effect can be increased. Wth the use of the

wat er control method according to the present invention,
the production technique for dilutional preparation of an
etching liquid can be inproved and the resolution of fine
patterns to be printed in an exposure process can be
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i ncreased. Wen water contained in ink or paint is turned
into a pearl-chain structure using the ingredient contro
devi ce according to the present invention, nozzle clogging
can be reduced.

[0114] Wth the use of the ingredient control device
according to the present invention, the effect of cleaning
test devices for precise quantitative analysis can be

i ncreased and problens with the preparation of reagents and
standards, bl anks, solvents for two-phase extraction, and
so on can be solved. Furthernore, the ingredient contro
devi ce according to the present invention can be used for
cell culture in the biotechnology field, such as genetic
engi neering, particularly for DNA (deoxyribonucl eic acid)
anplification. The ingredient control device according to
the present invention can also be applied to water for drug
i njection during the production of injectables (exclusive
of water for dilution or as a solvent during inoculation)
and seal ed purified water.

[ 0115] The ingredient control device according to the
present invention can be applied to condensate

dem neral i zati on of ultrahi gh-pressure boilers in thernmal
power plants where supercritical water is totally
evaporated and traditional boilers. Furthernore, although
primary cooling water comng into contact as a coolant with
the core of a light-water reactor of a nuclear power plant
bri ngs secondary radioactivity due to radi o activation of
impurities, particularly, nuclide having a |arge reaction
cross-section, such as boron and cadm um the ingredient
control device according to the present invention can be
used to prevent the secondary radioactivity. NMoreover,

al so in solar power generation and hydrogen power
generation, the efficiency of electric power generation can
be increased by using the ingredient control device
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according to the present invention to elimnate inpurities
in solvents and thus nake highly pure water.

[0116] The ingredient control device according to the
present invention can also be applied to nedia for

speci alized particle detectors in particle physics.

Furt hernore, when, also in nolecular structures of gasoline
and heavy oil, free water is turned into a pearl-chain
structure using the ingredient control device according to
the present invention, the fuel conbustion efficiency can
be increased.

<<Second Enbodi nment >>

[0117] In the fryer 100 according to the first

enbodi nent, when food is cooked in a space where

el ectromagneti ¢ waves in a predeterm ned frequency range
are generated, good effects, including prevention of food
oi | oxidation and degradati on and i nprovenent of the eating
qual ity of cooked food, can be obtai ned. However, the
fryer 100 according to the first enbodi nent has limtation
i n adaptation to cooking nethods other than frying and in
application to i nprovenent of the eating quality of food
during storage and keepi ng freshness.

[0118] The inventor of the present invention has
conducted further studies and found that inprovenent of the
eating quality and keeping freshness for a long tinme can be
achi eved by formng an el ectromagnetic field suitable for
each individual food by controlling the frequency and/or

t he phase of el ectronagnetic waves that are vibrations
applied to a pair of antenna function portions which are

vi bration generating portions generating vibrations.

[0119] A food conposition control device according to
the second enbodi nent is adapted to a variety of cooking
met hods i ncluding frying and can inprove the eating quality
of food during storage and keep freshness for a long tine
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by applyi ng el ectromagneti c waves of a predeterm ned
frequency to a pair of antenna function portions to form an
el ectromagnetic field with a plurality of electromagnetic
waves, and bringing food in contact with the

el ectromagnetic field.

<Functional Configuration>

[ 0120] FIG 19 is a diagram showi ng an exanple of the
functional bl ocks of the food conposition control device in
the present enbodi nent. The functional blocks of the
present device described bel ow can be inplenented as a
conbi nati on of hardware and software. Specifically, when a
computer is used, the hardware configuration includes a
central processing unit (CPU), a nmain nenory, a bus, or a
secondary storage device (a storage nedi um such as hard

di sk, nonvolatile nenory, conpact disc (CD), and digita
versatile disc (DVD), and a reading drive for those nedia),
an input device for input of information, a printer, a

di spl ay device, and other external peripheral devices.
Exanpl es of the hardware include a fryer or a heating
portion that constitutes a fry reservoir and a heater, a
food soaking tank, a hot plate, an oven, or a grill that
may constitute a high-tenperature food cooking portion, a
refrigerator that may constitute a refrigerated food
cooki ng portion or a lowtenperature refrigerated food
cooki ng portion, a mcrowave oven that may constitute a
food defrost cooking portion, a steaner or a steam
convection oven that may cooperate with each cooking
portion and constitute a vapor supply portion, and a
freezer that may constitute a frozen food storing portion,
as well as a driver programfor controlling such hardware,
ot her application prograns, and user interface applications.
O her exanples include an interface for external peripheral

devi ces, a communi cation interface, a driver programfor
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controlling such hardware, an application program and a
user interface application. Data input from an input
device or other interfaces and held on a nenory or a hard
di sk is processed or accunul ated, and an instruction for
controlling the hardware and the software i s generated,

t hrough the operation processing by the CPU in accordance
with a program | oaded on the main nenory. Alternatively,
the functional blocks of the present device nay be

i npl enent ed by dedi cat ed hardware.

[0121] The present invention can be enbodied not only as
a device but also as a nethod. Part of the invention may
be configured as software. A software product used to
cause a conputer to execute such software and a recording
medi um havi ng the product fixed thereon also fall in the
techni cal scope of the present invention, as a matter of
course (this is applicable throughout the present

descri ption).

[0122] As shown in FIG 19, the "food conposition
control device" (0100) in the present enbodi ment includes a
pair of antenna function portions (0101, 0102), a first
circuit portion (0105), a first controller (0107), a second
circuit portion (0106), and a second controller (0108).
Alternating current of a first frequency (0103) is applied
fromthe first circuit portion to one antenna function
portion of a pair of antenna function portions, and
alternating current of a second frequency (0104) is applied
fromthe second circuit portion to the other antenna
function portion. The configuration of the food
conposition control device in the present enbodinent is
descri bed bel ow.

(Antenna Function Portion)

[0123] "A pair of antenna function portions” (0101,

0102) can be disposed to face the placed food. A pair of
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antenna function portions refers to an antenna function
portion configured with two antenna function portions

[ 0124] FIG 20 is a circuit diagramshow ng an exanpl e
of a pair of antenna function portions. A pair of antenna
function portions in the food conposition control device in
the present enbodinment is configured with two antenna
function portions, and each antenna function portion nay
include a plurality of antennas. The antenna function
portion at |east includes an antenna (0209) and a feeding
poi nt (0210) and receives alternating current output by the
circuit portion at the feeding point. The antenna has the
function of emtting electronagnetic waves. The antenna in
one antenna function portion (hatched in FIG 20) of a pair
of antenna function portions emts el ectromagneti c waves
(0211) of a first frequency applied fromthe first circuit
portion to generate an el ectromagnetic field. The other
antenna function portion (shaded in FIG 20) emts

el ectromagneti ¢ waves (0212) of a second frequency applied
fromthe second circuit portion to generate an

el ectronmagnetic field. A pair of antenna function portions
has the function of form ng a predeterm ned el ectromagnetic
field through interaction of an el ectronmagnetic field
generated by one antenna function portion and an

el ectromagnetic field generated by the other antenna
function portion. Food is placed in the el ectromgnetic
field formed by a pair of antenna function portions whereby
the food conposition is controlled. The electromgnetic
field fornmed by the antenna function portions is disposed
so as to act on the entire food as a target to control the
food conposition. Specifically, it is preferable that the
entire food is disposed in a region in which an

el ectromagnetic field is forned.

[ 0125] FIG 21 is a circuit diagramshow ng an exanpl e
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of one antenna function portion. One antenna function
portion may be forned with one antenna as shown in FIG 21A
or may have three antennas as shown in FIG 21B. As shown
in FIG 20, one antenna function portion may be forned with
two antennas. Although not shown in the figures, it nay be
formed with four or nore antennas, as a matter of course.

[ 0126] The shape of the antenna is not |imted and may
be a rod shape, a flat plate shape, an approxi mate L-shape,
or a sem spherical shape, for exanple. The material of the
antenna is not limted, but preferably the surface of the
antenna is coated with an insulating material. Two or nore
antennas included in one antenna function portion may be
formed of different materials. For exanple, it is
preferabl e that one of two antennas included in one antenna
function portion is formed of stainless steel and the other
is formed of alum num For exanple, it is preferable that
one of two antennas included in one antenna function
portion is formed of stainless steel and the other is
formed of copper.

(CGircuit Portion)

[0127] A description is given with reference to FIG 19
again. The "first circuit portion" (0105) is configured to
apply alternating current of a first frequency (0103) to
one antenna function portion of a pair of antenna function
portions. The "second circuit portion" (0106) is
configured to apply alternating current of a second
frequency (0104) to the other antenna function portion. It
is preferable that the first frequency and the second
frequency are basically different frequencies. However,
the first frequency and the second frequency may be the
sane. The first frequency and the second frequency nay be
10 kil ohertz or higher and 150 kil ohertz or | ower.
(Controller)
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[0128] The "first controller” (0107) is configured to
control alternating current output fromthe first circuit
portion, and the "second controller” (0108) is configured
to control alternating current output fromthe second
circuit portion.

[0129] FIG 22 is a diagram showi ng an exanple of the
functional bl ocks of the food conposition control device in
the present enbodinent. The first controller and the
second controller may include a first frequency controller
(013) and a second frequency controller (0414),
respectively, which control the frequency of the output
alternating current. It is preferable that the first
frequency and the second frequency are controlled to

di fferent frequencies by the first controller and the
second controller, respectively. However, the first
frequency and the second frequency may be the sane. The
first controller and the second controller may include a
first phase controller (0415) and a second phase controller
(0416), respectively, which control the phase of output
alternating current. The first controller and the second
controller may further include a first timng controller
(0417) and a second timng controller (0418), respectively,
whi ch control the timng of stopping and outputting
alternating current output.

(Control of Frequency)

<Exanpl e of El ectronagnetic Fields Fornmed with

El ectromagneti ¢ Waves of Different Frequencies (50 kHz and
47 kHz) >

[ 0130] FIG 23 is a circuit diagramshow ng an exanpl e
of the food conposition control device in the present
enbodi nent and shows an exanple of waveforns of

el ectromagnetic fields. The food conposition contro
device shown in the circuit diagramin FIG 23A has a pair
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of antenna function portions. One antenna function portion
of a pair of antenna function portions has an antenna A and
receives alternating current of 50 kHz as a first frequency
fromthe first circuit portion. The other antenna function
portion of a pair of antenna function portions has an
antenna B and receives alternating current of 47 kHz as a
second frequency fromthe second circuit portion. In FIG
23B, the waveform (P wave) of electromagnetic wave (0511)
of the first frequency emtted fromthe antenna A is shown
by a solid |ine, and the waveform (Q wave) of

el ectromagneti ¢ wave (0512) of the second frequency emtted
fromthe antenna B is shown by a dotted line. The

el ectromagnetic field forned by a pair of antenna function
portions is the waveform (P wave + Q wave) in FIG 23C
obt ai ned by adding the solid Iine and the broken line in
FIG 23B

[0131] In the fryer 100 according to the first

enbodi nent, an el ectromagnetic field is fornmed of

el ectromagneti ¢ waves of a single frequency, and the

wavef orm of el ectronagnetic waves is a sinple waveform as
shown by a solid line in FIG 23B, for exanple, when the
frequency applied to the antenna is 50 kHz. On the ot her
hand, in the food conposition control device in the present
enbodi nent, the waveform can be fornmed in a conplicated
shape with repeating anplification and attenuation, as
shown in FIG 23C

<Exanpl e of El ectronagnetic Fields Fornmed with

El ectromagneti ¢ Waves of Different Frequencies (50 kHz and
30 kHz) >

[0132] FIG 24 is a circuit diagramshow ng an exanpl e
of the food conposition control device in the second

enbodi nent and a di agram showi ng an exanpl e of waveforns of
el ectromagnetic fields for explaining another exanple of
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the waveforns of electromagnetic field when a first
frequency and a second frequency that are different are
output. The food conposition control device shown in the
circuit diagramin FIG 24A has a pair of antenna function
portions. One antenna function portion of a pair of
antenna function portions has an antenna A and receives
alternating current of 50 kHz as a first frequency fromthe
first circuit portion. The other antenna function portion
of a pair of antenna function portions has an antenna B and
receives alternating current of 30 kHz as a second
frequency fromthe second circuit portion. In FIG 24B
the waveform (P wave) of el ectromagnetic wave (0611) of the
first frequency enmitted fromthe antenna A is shown by a
solid line, and the waveform (Q wave) of el ectromagnetic
wave (0612) of the second frequency emtted fromthe
antenna B is shown by a dotted Iine. Then, the

el ectromagnetic field forned by a pair of antenna function
portions is the waveform (P wave + Q wave) in FIG 24C
obt ai ned by adding the solid Iine and the broken line in
FIG 24B. In FIG 24C, conpared with FIG 23C, the
wavef orm has regularity but the waveformis very
characteristic.

[ 0133] As shown in FIG 23 and FIG 24, in the food
conposition control device in the present enbodi nent, the
first frequency and the second frequency that are basically
different are applied, whereby a wide variety of
conpl i cated waveforns can be forned. The circuit diagrans
shown in FIG 23 and FIG 24 have the sinplest
configuration as an exanple of a pair of antenna function
portions, and the nunber, direction, and shape of antennas
may be changed and conbi ned so that an even nore
conpl i cated waveform can be fornmed into an el ectromagnetic
field.
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(Control of Phases)
<Descri ption of Phase>
[ 0134] For exanple, the voltage of alternating current
of an el ectronagnetic wave applied to the antenna function
portion at a given tine is expressed by Equation (1), where
Vp is the maximum value of intensity of wave, ® is angular
frequency, and ot + o is the phase. The relation between
angul ar frequency and frequency (f) is expressed by
Equation 2.
(Equation 1)

V(t) = Vo-sin(ot + )
(Equation 2)

w = 2n-f
<Exanpl e of El ectromagnetic Fields Forned with
El ect romagneti ¢ Waves of Different Phases: Same frequency
of 50 kHz>
[ 0135] FIG 25 is a circuit diagram show ng an exanpl e
of the food conposition control device in the second
enbodi nent and a di agram showi ng an exanpl e of waveforns of
el ectromagnetic fields for explaining change in waveform of
the el ectromagnetic field when different phases are applied
to the first frequency and the second frequency. First of
all, a case where the el ectromagnetic waves applied to a
pair of antenna function portions have the sane phase and
frequency is described. 1In the food conposition contro
device shown in the circuit diagramin FIG 25A, the first
frequency (0711) applied to the antenna function portion
havi ng an antenna A and the second frequency (0712) applied
to the antenna function portion having an antenna B are 50
kHz, and the phase is a = 0 for each. The waveform
obt ai ned by addi ng the waveform (P wave) of the
el ectromagneti c wave of the first frequency emtted from
the antenna A and the waveform (Q wave) of the
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el ectromagneti c wave of the second frequency emtted from
the antenna B is shown in FIG 25B

[ 0136] Next, a case where the el ectromagneti c waves
applied to a pair of antenna function portions have the
sane frequency and different phases is described. 1In the
food conposition control device shown in the circuit
diagramin FIG 25C, the first frequency (0711) applied to
the antenna function portion having an antenna A" is 50 kHz,
and the phase is o = 0. The second frequency (0712)
applied to the antenna function portion having an antenna
B' is 50 kHz, and the phase is o = nm/2. The waveform
obt ai ned by addi ng the waveform (P wave) of the

el ectromagneti ¢ wave of the first frequency emtted from
the antenna A' and the waveform (Q wave) of the

el ectromagneti ¢ wave of the second frequency emtted from
the antenna B is shown in FIG 25D. Basically, the
waveformis a sine wave and a fundanental waveform \Wen
the waveforns in FIG 25B and FIG 25D are conpared, the
frequencies are the sanme but the maxi num val ue and the

m ni rum val ue of wave intensity are different. |In this way,
in the food conposition control device in the present
enbodi nent, for exanple, when the first frequency and the
second frequency are the sane, the phase is controlled
wher eby the maxi num val ue and the m ni num val ue of wave
intensity can be controlled with the frequency kept
constant. Controlling the maxi nrum val ue and the m ni num
val ue of the waveformw th the frequency kept constant is
possi bl e even by changing the voltage. However, in the
food conposition control device in the present enbodi nent,
the phase of the first frequency and the second frequency
are controlled wthout controlling the voltage.

<Exanpl e of El ectronagnetic Fields Fornmed with

El ectromagneti ¢ Waves of Different Phases: Different



10

15

20

25

30

49

Frequencies (50 kHz and 47 kHz) >

[0137] FIG 26 is a circuit diagramshow ng an exanpl e
of the food conposition control device in the second

enbodi nent and a di agram showi ng an exanpl e of waveforns of
el ectromagnetic fields for explaining change in waveform of
the el ectromagnetic field when different frequencies and
phases are applied to the first frequency and the second
frequency. First, a case where the frequencies of

el ectromagneti ¢ waves applied to a pair of antenna function
portions are different is described. 1In the food
conmposition control device shown in the circuit diagramin
FIG 26A, the first frequency (0811) applied to the antenna
function portion having an antenna A is 50 kHz, the second
frequency (0812) applied to the antenna function portion
having an antenna B is 47 kHz, and the phase is o = 0 for
each. The waveform obtai ned by addi ng the waveform (P
wave) of the el ectromagnetic wave of the first frequency
emtted fromthe antenna A and the waveform (Q wave) of the
el ectromagneti ¢ wave of the second frequency emtted from
the antenna Bis shown in FIG 26B

[ 0138] Next, a case where the frequencies and the phases
of el ectronmagnetic waves applied to a pair of antenna
function portions are different is described. In the food
conposition control device shown in the circuit diagramin
FIG 26C, the first frequency (0811) applied to the antenna
function portion having an antenna A is 50 kHz, and the
phase is o = 0. The second frequency (0812) applied to the
antenna function portion having an antenna B is 47 kHz, and
the phase is o = n/2. The waveform obtained by adding the
waveform (P wave) of the el ectronmagnetic wave of the first
frequency emtted fromthe antenna A and the waveform (Q
wave) of the el ectromagnetic wave of the second frequency
emtted fromthe antenna B is shown in FIG 26D. When the
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wavefornms in FIG 26B and FIG 26D are conpared, there is
al nrost no effect on the pattern of the waveform but the
phase i s changed. However, the change in phase presunmably
gi ves no change to food.

<Exanpl e of El ectronagnetic Fields Fornmed with

El ectromagneti ¢ Waves of Different Phases: Different
Frequencies (50 kHz and 30 kHz) >

[ 0139] FIG 27 is a circuit diagramshow ng an exanpl e
of the food conposition control device in the second

enbodi nent and a di agram showi ng an exanpl e of waveforns of
el ectromagnetic fields, which is another diagramfor
expl ai ni ng change in waveform of the el ectromagnetic field
when different frequencies and phases are applied to the
first frequency and the second frequency. First, a case
where the frequencies of electronmagnetic waves applied to a
pair of antenna function portions are different is
described. In the food conposition control device shown in
the circuit diagramin FIG 27A, the first frequency (0911)
applied to the antenna function portion having an antenna A
is 50 kHz, the second frequency (0912) applied to the
antenna function portion having an antenna B is 30 kHz, and
the phase is o = 0 for each. The waveform obtained by
addi ng the waveform (P wave) of the el ectronagnetic wave of
the first frequency emtted fromthe antenna A and the
waveform (Q wave) of the el ectromagneti c wave of the second
frequency emtted fromthe antenna Bis showmn in FIG 27B

[ 0140] Next, a case where the frequencies and the phases
of el ectronmagnetic waves applied to a pair of antenna
function portions are different is described. In the food
conposition control device shown in the circuit diagramin
FIG 27C, the first frequency (0911) applied to the antenna
function portion having an antenna A is 50 kHz, and the

phase is o = 0. The second frequency (0912) applied to the



10

15

20

25

30

51

antenna function portion having an antenna B is 30 kHz, and
the phase is o = n/2. The waveform obtained by adding the
waveform (P wave) of the el ectronmagnetic wave of the first
frequency emtted fromthe antenna A and the waveform (Q
wave) of the el ectromagnetic wave of the second frequency
emtted fromthe antenna B is shown in FIG 27D. \When the
wavefornms in FIG 27B and FIG 27D are conpared, they are
simlar in that the pattern of the waveform has regularity,
but the pattern of the waveformis changed due to the
changed phase.

[0141] Whi ch frequency to select nay be determined in
accordance with the inpedance when an el ectronagnetic field
is formed for food. Presunmably, as the energy consunption
by vibrations of polymer organi c substances included in
food, alcohols with a relatively |arge nol ecul ar wei ght,
and al cohol derivatives with a relatively |arge nol ecul ar
wei ght is increased, the effect of controlling the food
conmposition enmerges to have a favorable effect on the food.
It is therefore preferable to control the frequency and the
phase such that the inpedance has a relatively |arge val ue.
However, since as many i npedance peaks as the kinds of
substances included in the food nmay appear, the inpedance
peaks may be found by changi ng the frequency, and radiation
for a short tine for each peak may be repeated. For this,

t he i npedance characteristic nmay be first checked while the
frequency is swept fromthe lower Iimt value to the upper
limt, and an overall radiation plan my be nmade by
schedul i ng based on the check result. It is also
preferable that the search for inpedance peaks and the

radi ati on planning are perforned automatically.

(Control of Timng of Stopping and Qutputting Alternating
Current CQutput)

[0142] FIG 28A is a circuit diagram show ng an exanpl e
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of the food conposition control device in the present

enbodi rent and an i nage di agram of an el ectromagnetic field
region formed for a certain period of tine. The food
conposition control device shown in the circuit diagramin
FIG 28A has a pair of antenna function portions. One
antenna function portion of a pair of antenna function
portions has an antenna A and receives alternating current
fromthe first circuit portion, in which the timng of
stopping and outputting alternating current output is
controlled by the first controller having the first timng
controller configured to control the timng of stopping and
outputting alternating current output. The other antenna
function portion of a pair of antenna function portions has
an antenna B and receives alternating current fromthe
second circuit portion, in which the timng of stopping and
outputting alternating current output is controlled by the
second controll er having the second tinmng controller
configured to control the timng of stopping and outputting
alternating current output. Since the first controller and
the second controller have the first timng controller and
the second timng controller, respectively, for exanple,
alternating current can be applied alternately fromthe
first circuit portion and the second circuit portion to a
pai r of antenna function portions, or applied
intermttently, or applied for a fixed tinme of a day.

[0143] As an exanple, a case where the first circuit
portion and the second circuit portion apply alternating
current to the antenna function portion having an antenna A
and the antenna function portion having an antenna B
respectively, alternately for 0.0001 second will be
described with reference to FIG 28A. A region (1019) of
the el ectromagnetic field formed by the antenna function
portion having the antenna A for 0.0001 second is shown by
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a solid line, and a region (1020) of the el ectromagnetic
field fornmed by the antenna function portion having the
antenna B for 0.0001 second is shown by a broken line. For
exanple, if alternating current is output for 0.0001 second
alternately fromthe first circuit portion and the second
circuit portion to a pair of antenna function portions, the
region in which an el ectromagnetic field is fornmed is
switched between the solid-line range and the dotted-1ine
range every 0.0001 second. Another exanple will be
described with reference to FIG 28A. Wen the first
controller and the second controller performcontrol of
outputting alternating current for 0.0001 second fromthe
first circuit portion and the second circuit portion to a
pair of antenna function portions and then stopping the

out put for 0.0001 second, a state in which an

el ectromagnetic field is formed in both of the solid-Iine
region and the broken-line region for 0.0001 second and
thereafter a state in which an el ectromagnetic field is not
formed for 0.0001 second are alternately repeated. These
two exanpl es have an effect on a food conposition,

different fromwhen alternating current is continuously
output fromthe first circuit portion and the second
circuit portion to a pair of antenna function portions.

[ 0144] FIG 28B is an i mage di agram showi ng an exanpl e
of the timng of stopping and outputting alternating
current output in the food conposition control device in
the present enbodi nent. One antenna function portion of a
pair of antenna function portions has an antenna A and
receives alternating current fromthe first circuit portion,
in which the timng of stopping and outputting alternating
current output is controlled by the first controller having
the first timng controller configured to control the
timng of stopping and outputting alternating current
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output. The other antenna function portion of a pair of
antenna function portions has an antenna B and receives
alternating current fromthe second circuit portion, in
which the timng of stopping and outputting alternating
current output is controlled by the second controller
having the second timng controller configured to contro
the timng of stopping and outputting alternating current
output. The abscissa axis indicates the tine and shows the
time when the antennas A and B form el ectromagnetic fields
by solid |ines.

[ 0145] In FIG 28B(a), the antenna A forns an

el ectromagnetic field for a certain tine (t0O to tl) and
thereafter stops formng an el ectromagnetic field for a
certain tinme (t1 tot2). Wile the antenna A stops formng
an el ectromagnetic field (t1l to t2), the antenna B forns an
el ectromagnetic field for a certain tine (tl1 to t2).
Subsequently, while the antenna B stops form ng an

el ectromagnetic field for a certain tine (t2 to t3), the
antenna A fornms an el ectromagnetic field (t2 to t3).

Simlar control is subsequently repeated, and such an
exanple is shown in FIG 28B(a). By performng the contro
as shown in FIG 28B(a), only the antenna A forns an
electromagnetic field (o) and thereafter only the antenna B
forms an electromagnetic field (B); this control o to B is
r epeat ed.

[ 0146] In FIG 28B(b), the antenna A forns an

el ectromagnetic field for a certain tine (t0O to tl1l) and
thereafter stops formng an el ectromagnetic field for a
certain tinme (tl1 to t4). The antenna B forns an

el ectromagnetic field for a certain tine (t2 to t3) and
thereafter stops formng an el ectromagnetic field for a
certain tine (t3 to t6), and subsequently simlar contro

is repeated. By performng the control as shown in FIG
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28B(b), only the antenna A fornms an el ectronagnetic field
(o), followed by a time during which neither antenna forms
an electromagnetic field (B), and then only the antenna B
forms an electromagnetic field (y), followed by a time
during which neither antenna forns an el ectromagnetic field
(A); this control o to A is repeated.

[0147] In the exanple shown in FIG 28B(c), the antenna
A continuously fornms an el ectromagnetic field, the antenna
B fornms an el ectromagnetic field for a certain tinme (tl to
t2) and thereafter stops formng an el ectromagnetic field
for a certaintime (t2 to t3), and subsequently sim|ar
control is repeated. By performng the control as shown in
FIG 28B(c), only the antenna A forns an el ectronagnetic
field (o) and thereafter both of the antennas A and B form
an electromagnetic field (B); this control o to B is

r epeat ed.

[ 0148] In FIG 28B(d), the antenna A forns an

el ectromagnetic field for a certain tine (t0O to t2),
thereafter stops formng an el ectromagnetic field for a
certain time (t2 to t3), and forns an el ectronagnetic field
again for a certaintime (t3to t6). The antenna B forns
an el ectromagnetic field for a certain tine (t1 to t4) and
thereafter stops formng an el ectromagnetic field for a
certain tine (t4 to t5), and subsequently simlar contro

is repeated. By performng the control as shown in FIG
28B(d), only the antenna A fornms an el ectronagnetic field
(), followed by a time during which both antennas form an
electromagnetic field (B), and then after a time during
which neither antenna forms an electromagnetic field (vy),
there is a tinme during which both antennas form an
electromagnetic field (A); this control o to A is repeated.
[ 0149] In FIG 28B(e), the antenna A forns an

el ectromagnetic field for a certain tine (t0O to t2),
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thereafter stops formng an el ectromagnetic field for a
certain tinme (t2 to t4), and forns an el ectromagnetic field
again for a certaintime (t4 to t6). The antenna B forns
an el ectromagnetic field for a certain tine (t1 to t3) and
thereafter stops formng an el ectromagnetic field for a
certain tinme (t3 to t5), and subsequently simlar contro
is repeated. By performng the control as shown in FIG
28B(e), only the antenna A fornms an el ectronagnetic field
(), followed by a time during which both antennas form an
electromagnetic field (B), and then after a time during
which only the antenna B forms an electromagnetic field (vy),
there is a tinme during which neither antenna forns an
electromagnetic field (A); this control o to A is repeated.
[ 0150] It is needless to say that the nethod of
controlling the timng of stopping and outputting
alternating current output in the food conposition contro
device in the present enbodinent is not limted to these
five exanples shown in FIG 28B. Controlling alternating
current output in this manner can have an effect on the
food conposition, different fromwhen the first circuit
portion and the second circuit portion continuously output
alternating current to a pair of antenna function portions.
[ 0151] It is needless to say that the control of the
food conposition control device in the present enbodi nent
is not limted to the exanples shown in FIG 28A and FI G
28B. In addition to the control of frequency or/and phase,
the first controller and the second controller have the
first timng controller and the second timng controller,
respectively, to control the timng of stopping and
outputting alternating current output, thereby enabling
various control of electronmagnetic fields forned by the
food conposition control device in the present enbodi nent.
(Effect of Arrangenent of Antennas)
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[ 0152] FIG 29A is a schematic di agram show ng an
exanpl e of arrangenent of the antennas of a pair of antenna
function portions. In FIG 29A(a) to FIG 29A(d), the
antennas of one antenna function portion of a pair of
antenna function portions are A and A", and the antennas of
the other antenna function portion are B and B', in which a
plan view is shown on the upper side and a perspective view
is shown in the lower side. FIG 29A(a) and FIG 29A(b)
show an exanple in which four flat plate-shaped antennas
are used to formelectromagnetic fields. In FIG 29A(a),
the antennas A and A' and the antennas B and B are
arranged to face each other. On the other hand, in FIG
29A(b), the normal axes of the antennas A and A and the
antennas B and B' are orthogonal to each other. In FIG
29A(c), two antennas A and B are used, each having an L-
shape, and A and B face each other. In FIG 29A(a) to FIG
29A(d), the directions of electromagnetic waves forn ng

el ectromagnetic fields are shown. For exanple, although
the arrangenent of the antennas is the sane in FIG 29A(a)
and FIG 29A(b), the directions of electronmagnetic waves
are different and the forned el ectronagnetic fields are
also different. As shown in FIG 29A(d), the arrangenent

of the antenna A and the antenna Bis not Iimted to the
position facing each other, and the antennas do not
necessarily face each other. It is needless to say that
the arrangenent and shape of antennas is not limted to the
exanples in FIG 28. In addition to the control of
frequency and/ or phase, the shape and arrangenent of
antennas all ows el ectromagnetic waves form ng

el ectromagnetic fields to cross each other or to travel
parallel to each other. In this way, the characteristics
of el ectromagnetic waves form ng el ectromagnetic fields can
be controlled also by the arrangenent of the antennas.
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[ 0153] FIG 29B is a schematic di agram show ng an
exanpl e of the arrangenent of antennas of a pair of antenna
function portions. The antennas of one antenna function
portion of a pair of antenna function portions are A and A,
and the antennas of the other antenna function portion are
B and B, in which a plan view is shown on the upper side
and a perspective viewis shown on the lower side. In FIG
29B(a), A and A" are disposed on the sides to face each
other, and B and B' are disposed to face each other in the
top-bottomdirection. In FIG 29B(a), the antennas of one
antenna function portion of a pair of antenna function
portions are disposed in proximty to the side surfaces,
and the antennas of the other antenna function portion are
di sposed in proximty to the bottomsurface. As shown in
FIG 29B(c), the antenna A of one antenna function portion
of a pair of antenna function portions is in the shape of a
letter C. The antenna B of the other antenna function
portion is also in the shape of a letter C.

[ 0154] FIG 29Cis a schematic diagram showi ng an
exanpl e of the arrangenment of antennas of a pair of antenna
function portions. In FIG 29C(a) to FIG 29C(d), the
antenna of one antenna function portion of a pair of
antenna function portions is A and the antenna of the

ot her antenna function portion is B, in which a plan view
I's shown on the upper side and a perspective viewis shown
on the |ower side. The antennas A and Bin FIG 29C(a)
have a shape forned by dividing an approxi mately spherica
shape into four, and the antennas in FIG 29C(b) have a
shape fornmed by dividing an approxi mately spherical shape
into two. In this manner, the antenna nay have a spherica
surface. The antennas in FIG 29C(c) and FIG 29C(d) have
a shape forned by dividing a cylinder into two, in which
FIG 29C(c) shows an exanple in which a bottomsurface is
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not provided, and FIG 29C(d) shows an exanple in which a
bottom surface is provided. It is needless to say that the
arrangenent and shape of the antennas A and B is not
limted to the exanples in FIGs. 29B and 29C. Simlar to
FIG 29A, FIGs. 29B and 29C al so indicate that the
characteristics of el ectromagnetic waves form ng

el ectromagnetic fields can be controlled also by the
arrangenent of antennas.

(Mechani sm by Which El ectromagnetic Field Controls Food
Conposi tion)

<Frying in Dynam c El ectromagnetic Field in Single
Frequency>

[ 0155] The inventor of the present invention has
successfully devel oped a fryer by neans of which food is
cooked in a space where el ectromagnetic waves in
frequencies from 10 kilohertz to 150 kil ohertz are
gener at ed between t he opposed plate antennas, so that the
eating quality of the cooked food can be made very high. A
fryer 100 is provided by which food is cooked in dynamc
el ectromagnetic fields formed with a single frequency in a
fry reservoir (first enbodi nent).

[ 0156] In the fryer 100 according to the first

enbodi nent, the nechani sm by which the cooked food is
crispy on the surface and juicy inside is as follows.
Long-chain fatty acid salts such as sodium ol eate that may
be generated by heating and hydrolysis of food oil have a
carboxyl chain functioning as hydrophilic group and a

hydr ocarbon chain noiety functioning as |ipophilic group.
In the first enbodi nent, the invention of a cooking nethod
using food oil including |long-chain fatty acid salts is
further provided. Long-chain fatty acid salts play a role
of blending an oil conponent in food oil with a water
conponent present on a surface of food put into the food
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oil. In particular, when particulate water is present on a
surface of food, the long-chain fatty acid salt aligns on
the surface of water, and the el ectromagneti c waves appli ed
at the el ectromagnetic waves-generating step allow the

| ong-chain fatty acid salt to vibrate in proximty to the
surface of water.

[ 0157] For exanple, in the case of sodiumlaurate shown
in FIG 30, electromagnetic waves act on and vibrate the
hydrophilic group noiety in the food oil

[ 0158] Then, the hydrophilic group in contact with the
particul ate water vibrates to gradually nmake water
particles finer. Because of this phenonmenon, even if
particul ate water is present on a surface of food

i medi ately after the food is applied into hot food oil

the water is instantaneously forned into fine particles,
and an oil splash phenonenon does not occur. |In addition,
the long-chain fatty acid salt aligns on the surface of the
food, with the hydrophilic group on the food side and the

| i pophilic group on the food oil side, so that penetration
of food oil into the food can be prevented to sonme extent.
Because of this, oiliness of food due to penetration of oi
or ejection of water fromthe inside of the food can be
prevented to sone extent. Wth these actions in

conbi nation, the cooked food has a crispy surface and is
noi st and juicy inside.

<Conpari son Between First Enbodi nent and Second Enbodi nent >
[ 0159] The inventor of the present invention has found
that inprovenent and enhancenent of the eating quality and
keepi ng freshness for a long tine can be achi eved by
formng an el ectromagnetic field suitable for each

i ndi vidual food with the frequency and the phase of
alternating current applied to each of a pair of antenna
function portions. In the fryer 100 in the first
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enbodi nent, an el ectronagnetic field is forned with a
single frequency, and a cooking nethod is al so provided
that includes the step of increasing/decreasing the
frequency and the output of electronmagnetic waves during

t he cooki ng process. However, as long as the frequency is
single, the electromagnetic waves form ng el ectromagnetic
fields is unable to have a conplicated waveformas in the
present invention even by changing the frequency and the
out put during cooki ng.

[ 0160] Food contains a |arge anmount of polar ingredients
besides fatty acid salts such as sodiumol eate. Food al so
contains a | arge anount of polar organic polyners. For
exanpl e, water contained in |large amobunts in food is one of
pol ar nmol ecules. In the food conposition control device of
the present invention, an electromagnetic field suitable
for each individual food is formed with the frequency and
the phase of alternating current applied to each of a pair
of antenna function portions, whereby the waveform of the
el ectromagneti ¢ waves form ng el ectromagnetic fields is
controlled to have a conplicated shape, so that nore pol ar
substances in the food can be vibrated to exert a good
effect on the food as shown by the third enbodi nent to the
el event h enbodi nent described later.

[0161] There are various cooki ng nethods ot her than
frying. Even when the cooking nethod is the sanme, the

wat er content and the surface-active conponent contai ned
vary wwth the food to be cooked, and el ectromagnetic fields
for controlling the food conposition suitable for each

i ndi vi dual cooki ng nmethod and food should vary. As

descri bed above, in the food conposition control device in
the present enbodi nent, the frequency, the phase, and the
timng of stopping and outputting of alternating current
out put can be controlled, and an el ectromagnetic field
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sui tabl e for each individual cooking nethod and food can be
formed. Accordingly, the effect on food is higher than by
the fryer 100 shown in the first enbodi nent.

[0162] In the food conposition control device of the
present invention, since the electromagnetic field forned
by the food conposition control device can mainly vibrate
pol ar substances with a relatively high nol ecul ar wei ght,
such as long-chain fatty acid salts and proteins, the

vi bration of such large nolecules indirectly vibrates the
surrounding free water. Food contains polyners having a
vari ety of vibration frequencies, and applying

el ectromagneti ¢ waves with various frequency conponents can
i ncrease the kinds of substances that vibrate naturally.
Free water can exist in food in three states: solid (ice),
liquid, and gas (water vapor). |In other words, free water
is water that can undergo changes including vapori zati on,
aggregation, sublimation, solidification, and nelting. 1In
the food conposition control device of the present

i nvention, vibration of |arge nolecules and indirect

vi bration of free water in the food enable the food contro
such as inprovenent and enhancenent of the eating quality
or keeping freshness of food for a long tine.

[0163] Car bohydrate such as protein and starch contai ned
in large anobunts in food forns hydrogen bonding with water
and is easily hydrated. In the food conposition contro
device of the present invention, protein, starch, etc.
vibrate, therefore easily cone into contact with water, and
easily form hydrogen bondi ng, causing hydration. 1In the
food conposition control device of the present invention,

t he hydration phenonenon pronoted in this manner is thought
to be one of reasons why inprovenent and enhancenent of the
eating quality and keeping freshness of food for a | ong
tinme are achieved by controlling the food conposition.
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[ 0164] In general, when food is frozen, it is inportant
to quick-freeze the food and suppress growh of ice
crystals in order to prevent degradation of the food. It
I's requested to reduce the tine passing through the
tenperatures of around -1 to -5°C at which water in the
food is frozen. This is because the growmh of ice crystals
destroys cell walls and cell nenbranes of vegetables and
fish, and water or umam conponents (savory taste) el ude
fromthe destroyed part in defrosting, naking the food
texture and the eating quality worse. Ml ecules can nove
freely in aliquid state but scarcely nove when solidified
into a solid state. On the other hand, bound water having
hydr ogen bonding to the ingredients such as protein in the
food is not frozen. 1In the food conposition control device
of the present invention, therefore, the ingredients in the
food such as proteins presumably vibrate because of the

el ectromagnetic field, even when the tenperature of the
food drops near the tenperature at which water freezes.

The free water in the food al so keeps indirect vibration
and is less likely to freeze, causing a state close to
supercool i ng, because water nol ecules still nove even when
the tenperature of the food drops near the tenperature at
whi ch water freezes. Wen water partially starts freezing,
the entire food is rapidly frozen by this stimulus, so that
mnute ice crystals are forned. Accordingly, the growh of
ice crystals, which occurs when water in food gradually
freezes, is less likely to occur, and degradation of the
food due to freezing can be prevented

[ 0165] For exanpl e, when sherbet is nmade by freezing,
the part where ice crystals are grown may contai n nuch
water and | ack taste, while the sherbet may taste strong at
sone other parts. However, when food is frozen using the
food conposition control device of the present invention,
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unevenness of flavor does not occur in sherbet because of
qui ck-freezi ng.

[0166] When cooked food such as gratin and noodles is
frozen, water separates from sauce or noodl es during
defrosting, and the eating quality, the food texture, and

t he appearance may be different fromthose before
defrosting. However, when food is frozen using the food
conposition control device of the present invention, growth
of ice crystals is suppressed in sauce or noodl es because
of quick-freezing, so that drip loss during defrosting is
suppressed and the eating quality can be kept as good as
bef ore freezing.

[0167] When food is defrosted, the tenperature of the
food rises, and ice in the food di ssolves. Wen water

di ssol ves, heat (heat of dissolution) is released and
therefore the tenperature of the food is less likely to
rise around -1 to -5°C slightly |Iower than the dissolution
tenperature. Water partially dissolved solidifies again to
cause grow h of ice crystals, which nay deteriorate the
food. In the food conposition control device of the
present invention, even when ice partially dissolves into
liquefied water, the liquefied water is indirectly vibrated
by the effect of electromagnetic field and is not
solidified again, and degradation of the food can be
prevent ed.

[0168] One of typical phenonena of food degradation is
oxi dation. For exanple, wine is easily oxidized and once
opened, its taste and aronma are reduced over tine. Al cohol,
when oxi di zed, changes into al dehyde or carboxylic acid,
and the product of such oxidation is often a substance
havi ng high polarity and easily bound to water through
hydrogen bonding. |In the food conposition control device
of the present invention, since water indirectly vibrates
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as descri bed above, the oxidation product easily cones into
contact with water and is bound to water through hydrogen
bondi ng and easily hydrated. Even when wi ne tastes worse
after opening, its degraded eating quality or aroma is |ess
likely to be perceived, possibly because the oxidation
product is hydrated and the oxidation product wapped in
wat er touches the tongue or nose. Alternatively, in the
food conposition control device of the present invention,

t he oxi dation product may be reduced by the el ectromagnetic
field.

[0169] When the food conposition control device of the
present invention is used for w ne before opening,
hydrati on and reduction of the oxidation product nmakes the
wi ne snmooth and controls the taste and the aroma as if the
wine is an aged wine. The food conposition control device
of the present invention can renpve bitterness or
undesirabl e flavor of whisky or Japanese sake and meke the
flavor nell ow.

[0170] The food conposition control device of the
present invention can forman el ectromagnetic field under a
condition with the regul ated tenperature and hum dity as
descri bed |l ater and can control the food conposition while
food is cooked or stored. Besides wine, a variety of foods
thus can be aged. For exanple, it can be used for aging of
fermented food such as neat, cheese, and taste and can
reduce the tinme taken for aging.

[0171] One of the reasons of degradation of food is
dryness. For exanple, it is a well-known fact that if
vegetabl e or sashim (raw fish) dries, both food texture
and taste are reduced. Fried food often tastes greasy over
tinme. One of the reasons for this is probably that

noi sture separates fromthe ingredient of fried food and
noves to the batter. In the food conposition contro
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device of the present invention, as described above, the
ingredients in food easily cone into contact with water.
This pronotes hydration of water with a substance in the
food that can cause a hydrati on phenonenon, such as ionic
conpounds or hydrogen bondi ng conpounds, and can i ncrease
bound water. Then, water | ess evaporates fromthe food,
and inevitably, dryness of the food is suppressed. The
effect of pronoting hydration of the ingredients in the
food in the food conposition control device of the present
i nvention presunmably increases the water retention ability
of the ingredient of the fried food, so that water does not
separate or nove to the batter, and the fried food is |ess
likely to becone greasy.

[0172] On the other hand, sone cooking nethods require
wat er or taste to penetrate into food. In the food
conmposition control device of the present invention, before
rice or sticky rice is cooked, water is allowed to
penetrate into rice or sticky rice in a food soaki ng tank
as described later to make rice fluffy. In cooking of
cereals such as rice and sticky rice, starch contai ned nmuch
in cereals is hydrated into al pha starch (which requires
heating). In the food conposition control device of the
present invention, hydration of starch and water seens to
be pronoted because the ingredients in food easily cone
into contact with water. This probably facilitates

gel atinization in the subsequent rice cooking and makes
rice fluffy.

[0173] Stewi ng the ingredients of beef-on-rice bows is
descri bed, by taking onions as an exanple. This cooking
met hod i nvol ves destroying cell walls and cell nenbranes of
oni ons by heating and all owm ng umam conponents such as
amno acids in the broth to soak into the softened onions.
When the warnmed state is kept after cooking, the cell walls
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and cell nmenbranes are destroyed by heating, so that the
crunchi ness of onions is lost as the warmstate is kept for
along time. |If the beef is kept warm the water content
in nmeat is reduced, nmaking the neat tough. |In the food
conposition control device of the present invention, umam
conmponents such as am no acids vibrate and easily penetrate
wi t hout destructing the cell walls and cell nenbranes of

oni ons, so that seasoning soaks into the ingredients while
keepi ng the food texture. Even when keepi ng warm conti nues
in the food conposition control device of the present

i nvention, the surface-active conponent such as |ong-chain
fatty acid salts contained in the food is affected by the
el ectromagnetic field, simlarly to the effect by the fryer
100 in the first enbodinment, so that the |lipophilic group
is easily arranged on the outside of the food and oi

having an affinity to the lipophilic group easily forns a
filmaround the food such as onions and neat in the broth.
The food in the broth is as if it is coated with oil, which
retains water and umam in the food and keeps the food
texture and the eating quality.

[0174] The food conposition control device of the
present invention can have a cooking portion as descri bed

| ater and preferably further includes a water vapor supply
portion that supplies water vapor or/and water spray to the
cooking portion. In the food conposition control device of
the present invention, water vapor or/and water spray is
supplied to the cooking portion, whereby gaseous or/and
fine water particles can be supplied to the food or the
cooki ng portion having the food thereon. This
configuration is effective in particular for the cooking
met hods that require water supply for controlling the food
conposi tions.

<El ectrocapillary at Interface between Food G| and
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Physi ol ogi cal Saline Sol ution>

[ 0175] The inventor of the present invention has been
conti nuously seeking for the reasons why el ectromagnetic
fields have such excellent effects in controlling food
conpositions. Noting that the eating quality is inproved
when a dynam c el ectromagnetic field is fornmed in a frying
tank, the research group including the inventor of the
present invention has been conducting research on

el ectrocapillary at the interface between food oil and
physi ol ogi cal saline solution. Electrocapillary is a
phenonenon in which when an electric field is applied to
two phases that do not mx, the interfacial tension is
changed. It has been found that in food oil that contains
10°® nol /1 of sodiumoleate, the interfacial tension is
reduced by 20% when an AC electric field of 50 kHz and 200
Vpp is applied (FIG 7 in the first enbodinent).

[0176] Thi s suggests that applying an AC electric field
exerts an effect on interfacial activity. Plant or aninmal -
derived food contains water in the amount of 70% or so, and
the cell nmenbranes are forned of l|ipid bilayer nmenbranes.

It is estimated that the food conposition can be controlled
by applying an AC electric field to exert an effect on the
interfacial activity of water in cells and cell nenbranes.
For exanple, mlk fornms an o/ Wemnul sion, and nost food
probably contains sonme surface-active conponent if not

form ng such emul sion. The food conposition control device
in the present enbodi nent can form el ectromagnetic fields
with various patterns of waveforns and seens to act on the
interfacial activity in the food to control the food.
(Description of Hardware Configuration)

[0177] FIG 31 is a schematic di agram show ng an exanpl e
of the configuration of the food conposition control device,
i n which the functional conponents descri bed above are
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I npl enented as hardware. Referring to this figure, the
functions of the hardware conponents in the food
conposition control process will be described.

[0178] As shown in the figure, the food conposition
control device in the present enbodi nent includes a "CPU'
(1321) that inplenments the first controller and the second
controller as hardware, a "main nenory" (1322), a "hard

di sk drive (HDD)" (1323), a "circuit interface" (1324), an
"input/output (1/0" (1325), and a "user interface" (1325).
The main nmenory has a "first control progranf, a "second
control prograni, "control data", and a "circuit driver".
The food conposition control device in the present

enbodi nent can transmt/receive information, for exanple,
through the 1/0 such as "keyboard" and "canera" and can
accept an instruction signal associated with a food
processi ng net hod such as freezing and heati ng and accept
an instruction to specify the kind or the volunme of food
t hrough operation of the user interface such as an
operati on panel of the food conposition control device or
renote controller. The circuit interface can inplenent the
"first circuit portion", the "second circuit portion", and
the "antenna" as hardware. This circuit interface can be
provi ded by wire or by radio.

[0179] A programis read on the "main nenory", and the
"CPU' refers to the read programto execute a variety of
operation processing in accordance with the procedure
specified by the program A plurality of addresses are
allocated to each of the "main nenory" and the "HDD', and
in the operation processing in the "CPU', the address is
specified, data stored therein is accessed, whereby the
operation processing using the data can be perforned.

[ 0180] First of all, the CPU reads the first contro
program and the second control programfromthe HDD and
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| oads them on the main nenory. For exanple, when

i nformati on of food placed in the food conposition contro
device is input through the user interface such as the
operation panel of the food conposition control device, the
control data is referred to, the first control program and
the second control program are executed, and the frequency
or/and the phase of alternating current output fromthe
first circuit portion and the second circuit portion are
controlled through the circuit driver. Alternating current
havi ng a predeterm ned frequency or/and phase is then
applied fromthe first circuit portion and the second
circuit portion to the antenna function portion through the
circuit interface. The CPU can control various conditions
i ncludi ng voltage of alternating current and a period of
time in which alternating current is applied, in addition
to the control of frequency and phase of alternating
current output fromthe first circuit portion and the
second circuit portion.

[0181] Power from a power source is also supplied to the
first circuit portion and the second circuit portion, so
that the first circuit portion and the second circuit
portion can output alternating current and apply
alternating current to the antennas. The voltage supplied
by the power source is, for exanple, 100 V, which is the
vol tage of a commercial power supply.

<Process Fl ow>

[0182] FIG 32 is a flowhart show ng an exanple of the
process flow in the food conposition control device in the
present enbodi nent. The steps shown bel ow nay be steps
executed by the hardware configuration of a conputer as
descri bed above or may be process steps of a program
recorded on a nediumfor controlling the first controller
or/and the second controller.
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[ 0183] As shown in this figure, first of all, at step
S1431, the first controller applies an el ectronmagnetic
field of a first frequency to the food (first frequency
applying step). At step S1432, the second controller
applies an electromagnetic field of a second frequency,
which is a frequency different fromthe first frequency to
the food (second frequency applying step). Here, the
process order of step S1431 and step S1432 may be sw t ched.
<Second Enbodi nent: Effects>

[ 0184] The food conposition control device in the
present enbodi mnent can form el ectronmagneti c waves forni ng
an el ectromagnetic field in shapes nore conplicated than

t he conventional ones and therefore can enhance the effect
of electromagnetic fields on food, conpared with the
conventional technique, and have a good effect on the food
conmposition. Specifically, inprovenment and enhancenent of
the eating quality or keeping food fresh for a long tine
can be achi eved.

<<Thi rd Enbodi ment >>

<Third Enbodi nent: Overvi ew>

[ 0185] The food conposition control device in the
present enbodi nent is based on the second enbodi nent,
includes a frying tank and a heating portion for heating
the frying tank, and is characterized by perform ng food
conposition control in frying food.

<Thi rd Enbodi nent: Configuration>

[ 0186] FIG 33A is a conceptual diagram show ng an
overvi ew of the food conposition control device in the
present enbodi nent. The food conposition control device in
the present enbodi nent further includes a frying tank
(1541) and a heating portion (1542) for heating the frying
tank. A pair of antenna function portions (1501, 1502) are
di sposed to forman el ectromagnetic field in the frying
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tank. An antenna of one antenna function portion has a
rect angul ar shape about 23 cmin the | engthwi se direction
and about 10 cmin the wi dthw se direction. Power for
activating this antenna is 100 W The antenna function
portion thus configured is regarded as a general type and
mai nly used in description and testing in the follow ng
enbodi nents. Al though power for activating may be 200 W or
300 W 100 Wis sufficient to fulfill the food conposition
function.

<Thi rd Enbodi nent: Exanpl es>

[0187] As shown in FIG 33A, food oil was put into the
frying tank, an electromagnetic field was forned by a pair
of antenna function portions in the frying tank, and the
food oil was heated by the heating portion to about 170°C.
Here, the frying tank has a wwdth of 50 cm a depth of 40
cm and a height of 30 cm and the antenna function
portions that constitute a pair of antenna function
portions (general type) are disposed about 1 cmapart from
the side walls facing each other in the width direction of
the frying tank, and the distance between the antenna pl ate
surfaces of the antenna function portions is about 48 cm
The antenna function portions are each di sposed such that
the | engthwi se direction of the antenna function portion
extends along the depth direction of the frying tank. Both
ends in the I engthwi se direction of the antenna function
portion are disposed about 5 cmapart fromthe side walls
facing each other in the depth direction of the frying tank.
Food oil fills the frying tank up to 25 cmin the height
direction. In such a configuration, 50 g of silken tofu,
not drained, was put into the frying tank, but al nost no
oi | splash occurred. After three mnutes, silken tofu was
renoved fromthe frying tank. Wen sim|lar cooking was
performed w thout formng an el ectromagnetic field in the
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frying tank, a big oil splash occurred when tofu was put in.
The cross sections of the silken tofu after cooking were
conpared. The silken tofu with no el ectromagnetic field
had a plurality of bubbles with dianeters of 5 to 20 nm and
tasted dried out. On the other hand, the silken tofu
cooked with the food conposition control device in the
present enbodi nent had no bubbles. The taste was | ess
dried out and was j uicy.

<Thi rd Enbodi nent: Eval uation Test>

[ 0188] Usi ng the food conposition control device in the
present enbodi ment, an electromagnetic field was formed in
the frying tank in which target food was placed by the

nmet hod descri bed below. A sensory test of the food in

whi ch food conposition was controll ed was conducted for 10
subjects. In the sensory test, the subjects nade
evaluation in six levels: 5 points for "very good", 4
points for "good", 3 points for "rather good", 2 points for
"rat her bad", 1 point for "bad", and 0 point for "very bad".
The subjects evaluated two itens including taste and food
texture for each individual food, and the points were
sumed up (as used herein the sensory test refers to a test
by summ ng up the points, unless otherw se specified). The
maxi mum eval uati on score per subject is 10 points (taste 5
points + food texture 5 points = 10 points) and there are
10 tests, so the maxi num score is 100 and the m ni nrum score
is 0. (Method)

[ 0189] Alternating current of a first frequency and
alternating current of a second frequency were applied to
the food placed in the frying tank to control the food
conposition. The first frequency and the second frequency
were in a range of 5 kHz to 200 kHz, and an el ectromagnetic
field was forned in the frying tank in actually 36

conbi nations shown in the table in FIG 33B
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[ 0190] The test was al so conducted for a case where one
of the first frequency and the second frequency was 0 kHz,
that is, alternating current was applied to either one
antenna function portion, and for a case where both
frequencies were 0 kHz, that is, alternating current was
not applied to either antenna function portion, in order to
make a conparison with the effect brought by the food
conposition control according to the present enbodi nent.
[0191] The lower side in the table indicates the score
in the case where alternating current was applied with the
first frequency of 100 kHz, the second frequency of 150 kHz,
the phase of the first frequency o = 0, and the phase of
the second frequency o = /2. The numerical value in
brackets indicates that the difference fromthe score in
the case where the first frequency was 100 kHz, the second
frequency was 150 kHz, and both were applied in the sane
phase. The evaluation result is shown in the formof a
graph for each second frequency applied, in which the

absci ssa axis indicates the value of first frequency, and
the ordinate axis indicates the evaluation result (0 point
to 100 points).

(Food and Test Result)

[ 0192] This test was carried out with the general -type
antenna function portions placed in the frying tank shown
in FIG 33Ain a simlar manner. Silken tofu cut into 25 g
of a substantially cubic shape was cooked for five m nutes
inoil at 170°Cin the frying tank while alternating
current was applied in each conbination. As shown in FIG
33B, the rating is high (65 points or higher) when both of
the first frequency and the second frequency are in a range
of 10 kHz to 150 kHz (enclosed by a thick line in the
table). The result when a phase difference is applied
between the first frequency (100 kHz) and the second
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frequency (150 kHz) is 85 points. The result with no phase
difference is 84 points, and the difference is +1 point.
This is applicable to the follow ng tables show ng the test
results. The rating is slightly increased by applying a
phase di fference.

[ 0193] The test descri bed above was perforned for frozen
fried chicken instead of silken tofu. Specifically, no-fry
chi cken (not cooked) was cooked in oil at 170°C for five
mnutes in the frying tank. FIG 33C shows the result of
the sensory test of the chicken. The rating is high when
both of the first frequency and the second frequency are in
a range of 10 kHz to 150 kHz. The result when a phase
difference is applied between the first frequency and the
second frequency is 82 points. The result with no phase
difference is 81 points, and the rating is slightly

i ncreased by applying a phase difference.

<Thi rd Enbodi nent: Effects>

[ 0194] In the food conposition control device in the
present enbodi nent, even when raw food containing water is
put into the frying tank contai ning heated oil, oil splash
scarcely occurs. The food conposition control device can
nmake the eating quality juicy and |less dried out after

cooki ng.

<<Fourth Enbodi nent >>

<Fourth Enbodi nent: Overvi ew>

[ 0195] The food conposition control device in the
present enbodi nent is based on the second enbodi nent,
further includes a food soaking tank capable of storing
edible liquid for soaking or/and extracting food to all ow
the edible liquid to soak into or/and extract the food, and
is characterized by perform ng food conposition control by
allowng edible liquid to soak into food.

<Fourt h Enbodi nent: Confi guration>
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[ 0196] FIG 34A is a conceptual diagram show ng an
overvi ew of the food conposition control device in the
present enbodi nent. The food conposition control device in
the present enbodi nent further includes a food soaking tank
(1643) capable of storing edible |iquid for soaking or/and
extracting food (1661) to allow the edible liquid (1662) to
soak into or/and extract the food. A pair of antenna
function portions (1601, 1602) are disposed to form an

el ectromagnetic field in the food soaki ng tank.

[0197] The tenperature for allowing edible liquid to
soak into or extract food is not limted. Wen the food

i ncludes an ingredient that is easily denatured or

vol ati zed by heating, processing at |ow tenperature is
preferabl e, whereas when heating facilitates penetration of
the ingredient in the edible liquid into the food,
processing at high tenperature is possible.

<Fourt h Enbodi nent: Exanpl es>

[ 0198] Uncooked rice was soaked in water in the food
soaki ng tank and an el ectromagnetic field was fornmed in the
food soaking tank to reduce the tinme for soaking and make
rice fluffy. Sticky rice was also nmade fluffy simlarly to
rice. It is known that when water is soaked into rice,

hi gher water tenperature can reduce the tine for soaking.

It is also said that soaking rice at |ow tenperature

i nproves the eating quality. In the food conposition
control device in the present enbodi nent, even when rice is
soaked in water at |ow tenperature, the tinme for soaking
can be reduced. When tsukenono (Japanese pickles) or

pi ckl es were preserved, for exanple, vegetable was soaked
in a pickle solution in the food soaking tank and an

el ectromagnetic field was forned in the food soaking tank
to all ow seasoning to soak well into the vegetable and
reduce the soaking tinme. For exanple, when neat or fish
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was stewed in soup, neat or fish was soaked in soup
cont ai ni ng umam conponents in the food soaking tank and an
el ectromagnetic field was forned in the food soaking tank
to allow the soup to soak well into the neat or fish and
reduce the tinme for stew ng.

[ 0199] When fruit |iquor was made, fruit was soaked in
edible liquid such as liquor in the food soaking tank and
an el ectromagnetic field was forned in the food soaking
tank. The fruit in the edible liquid was then extracted
into the edible liquid for a short tine, resulting in a
mature fruit liquor. This process is effective also for
tea and coffee. For exanple, green tea was soaked in hot
water in the food soaking tank, and an el ectromagnetic
field was forned in the food soaking tank. G een tea was
extracted for a short time with vivid color and good fl avor.
When coffee was extracted using the food conposition
control device in the present enbodi nent, for exanple,

cof fee was extracted in an anmount smaller than usual but
the taste and flavor was the sane as usual, because the
amount of extract in hot water was increased.

<Fourth Enbodi ment: Eval uation Test>

[ 0200] A sensory test was conducted on "rice" simlarly
to the test perfornmed in the third enbodi nent. The food
soaking tank has a width of 50 cm a depth of 40 cm and a
hei ght of 30 cm The antenna function portions that
constitute a pair of antenna function portions (genera
type) are disposed about 1 cmapart fromthe side walls
facing each other in the width direction of the food
soaki ng tank, and the distance between the antenna pl ate
surfaces of the antenna function portions is about 48 cm
The antenna function portions are each di sposed such that
the | engthwi se direction of the antenna function portion
extends al ong the depth direction of the food soaking tank.
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Both ends in the | engthw se direction of the antenna
function portion are disposed about 5 cmapart fromthe
side walls facing each other in the depth direction of the
food soaking tank. In such a configuration, 1 kg of
Koshi hi kari was qui ckly washed, then drained in a strainer,
and put into the food soaking tank. As edible liquid, 1 kg
of water was added, and a first frequency and a second
frequency were applied in a variety of conbinations in a
simlar manner as in the third enbodinent. After soaking
for 10 minutes, the rice was drained in a strainer. "Rice"
cooked with the sane type of rice cooker under the sane
condition with the food conposition controlled was

i ndividually evaluated. FIG 34B shows the result of this
sensory test. The rating is high when both of the first
frequency and the second frequency are in a range of 10 kHz
to 150 kHz. The result when a phase difference is applied
between the first frequency and the second frequency is 83
poi nts, one point up.

[ 0201] A sensory test simlar to the test for "rice"
above was conducted on "green tea". Ten grans of green tea
in a nonwoven fabric bag and one liter of hot water at 95°C
as edible liquid were put into the food soaking tank to
make tea by soaking for one mnute. FIG 34C shows the
result of this sensory test. The rating is high when both
of the first frequency and the second frequency are in a
range of 10 kHz to 150 kHz. The result when a phase
difference is applied between the first frequency and the
second frequency is 77 points, one point up.

[ 0202] A sensory test simlar to the one described above
was conducted on "green tea". Ten grans of green tea in a
nonwoven fabric bag and two liters of hot water at 95°C as
edible liquid were put into the food soaking tank to nmake
tea by soaking for two mnutes. FIG 34D shows the result
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of this sensory test. The rating is high when both of the
first frequency and the second frequency are in a range of
10 kHz to 150 kHz. The result when a phase difference is
appl i ed between the first frequency and the second
frequency is 77 points, one point up.

[ 0203] Subsequently, a test to neasure the anpunt of

wat er absorption by soaking was conducted on "rice". The
test environnent was simlar to the one in the sensory test
for rice. One hundred grans of Koshi hi kari were quickly
washed, then drained in a strainer, and put into the food
soaking tank. As edible Iiquid, 100 g of water was added,
and after soaking for 10 minutes, rice was drained in a
strainer and its weight was neasured. A simlar test was
repeated three tinmes, and a total value of the increased
wei ght was neasured. This value was used as a score. The
tenperature of the food soaking tank was 15°C. FIG 34E
shows the result of this test. The anmpunt of water
absorption is a high value when both of the first frequency
and the second frequency are in a range of 10 kHz to 150
kHz. The result when a phase difference is applied between
the first frequency and the second frequency is 73 points,
one poi nt up.

[ 0204] A test for the anmount of water absorption simlar
as descri bed above was conducted on "soybeans”. One
hundred grans of soybeans were put into the food soaki ng
tank, and 100 g of consommé soup was put into the food
soaking tank as edible liquid. After soaking for 30

m nut es, the soybeans were drained in a strainer and the
wei ght was neasured. A simlar test was repeated three
tinmes, and a total value of the increased wei ght was
measured. This value was used as a score. FIG 34F shows
the result of this test. Also in this test, the value is
hi gh when both of the first frequency and the second
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frequency are in a range of 10 kHz to 150 kHz. The result
when a phase difference is applied between the first
frequency and the second frequency is 90 points, two points
up.

<Fourth Enbodi nent: Effects>

[ 0205] The food conposition control device in the
present enbodinent allows edible liquid to penetrate faster
into the food soaked in the edible liquid. Since the
edible liquid penetrates into the food and the ingredients
in the food dissolves into the edible liquid, the tine
taken to extract the ingredients in the food into the
edible liquid can be reduced, and the anount of extract can
be increased.

<<Fi ft h Enbodi nent >>

<Fi fth Enbodi nent: Overvi ew>

[ 0206] The food conposition control device in the
present enbodi nent is based on the second enbodi nent,
further includes a high-tenperature food cooking portion
for heating food at high tenperature, and is characterized
by perform ng food conposition control by making food hot.
<Fi fth Enbodi nent: Configuration>

[ 0207] FIG 35A is a conceptual diagram show ng an
overvi ew of the food conposition control device in the
present enbodi nent. The food conposition control device in
the present enbodi nent further includes a high-tenperature
food cooking portion (1744) for heating food (1761a, 1761b,
1761c) at high tenperature. A pair of antenna function
portions (1701, 1702) are disposed to form an

el ectromagnetic field in the high-tenperature food cooking
portion.

[ 0208] The hi gh-tenperature food cooking portion of the
food conposition control device in the present enbodi nent
can be used not only for cooking, for exanple, boiling,
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baki ng, steam ng, and frying, but also for preserving food,
for exanple, storing cooked rice at a tenperature of 60°C
or higher and preventing degradation of starch and
proliferation of mcroorganisns to keep the eating quality
of cooked rice. The food conposition control also includes
keepi ng taste or soy sauce at high tenperature and
pronoting the activity of mcroorganisns and fernment to
mature the food. In the high-tenperature food cooking
portion, food is heated at high tenperature. The
tenperature is normal tenperature or higher and preferably
40°C or higher, although the tenperature varies dependi ng

on the kinds of food and the purpose of food conposition

control
<Fi fth Enbodi ment: Exanpl es>
[ 0209] FI G 35A(a) shows an exanple in which one (1701)

of a pair of antenna function portions also serves as a

hi gh-tenperature food cooking portion (1744). \Wen the
antenna function portion also has the function of the high-
tenperature food cooking portion, it is preferably formned
of iron or stainless steel. In this exanple, one antenna
function portion is formed in the shape of a rectangul ar
plate 50 cmin the |l engthwi se direction and 40 cmin the
wi dt hwi se direction. One antenna function portion and the
ot her antenna function portion face each other at a

di stance of about 4 cmfromeach other. Beef for steak
(1761a) was placed on the high-tenperature food cooking
portion al so serving as an antenna function portion, and
while an el ectromagnetic field was fornmed, beef for steak
was cooked for two m nutes on each side. Wthout form ng
an el ectromagnetic field, beef for steak was cooked
simlarly, for conparison. The beef for steak cooked with
an el ectromagnetic field formed was cooked through, while
the beef for steak cooked wi thout form ng an
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el ectromagnetic field was not cooked through. O her
exanpl es in which the antenna function portion also has the
function of the high-tenperature food cooking portion

i nclude, but not limted to, plates of hot plates, baking
sheets or grills of ovens or toasters, pots of rice cookers,
iron pans, and iron plates.

[ 0210] Referring to FIG 35A(b), an exanple of cooking
the ingredients of beef-on-rice bows w il be described.
The container shown in the figure is a container that has a
simlar size as the frying tank shown in the third

enbodi nent or the food soaking tank shown in the fourth
enbodi nent, and a pair of general -type antenna function
portions are disposed in the container. The manner of
their arrangenent is simlar to the manner shown in the
third enbodi ment or the fourth enbodi nent. Chopped oni ons
(1761a), thinly sliced beef (1761b) cut into bite-size

pi eces, and broth for beef-on-rice bows (1761c) were

pl aced in the high-tenperature food cooking portion (1744),
and the food conposition control device in the present
enbodi nrent was used to form an el ectronagnetic field,

t hereby reducing the stewing tinme taken to cook the

I ngredi ents of beef-on-rice bow s.

[ 0211] FI G 35A(c) al so shows an exanple, simlar to FIG
35A(a), in which one (1701) of a pair of antenna function
portions serves as a high-tenperature food cooking portion
(1744). In this exanple, the antenna function portion
shown in FIG 35A(a) is disposed to cover the opening of
the container shown in FIG 35A(b). An exanple of heating
precooked food is described using FIG 35A(c). This is an
exanpl e of continuing heating for precooked warm food and
an exanple of the food conposition control device for
keepi ng food warm \Wen the ingredients of beef-on-rice
bow s cooked by form ng an el ectromagnetic field using the
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food conposition control device in the present enbodi nent
were heated, the state after cooking remained the sane even
after two hours, the onions were still crunchy, and the
beef kept tendered. When the simered ingredients of beef-
on-rice bows were heated continuously for two hours

wi thout form ng an el ectromagnetic field, the onions |ost
crunchi ness and the beef becane tough.

[ 0212] An exanpl e of heating precooked food is described
using FIG 35A(d). This is an exanple of continuing
heati ng for precooked warm food and an exanple of the food
conmposition control device for keeping food warm simlar
to the exanple in FIG 35A(c). This exanple has an opening
in the horizontal direction, has several (three, in the
figure) shelves inside, and is installed, for exanple, in a
conveni ence store. As a configuration exanple, in a
cont ai ner having inside dinmensions of 60 cmin width, 40 cm
in depth, and 50 cmin height, a pair of general -type
antenna function portions are disposed such that the plate
surfaces of the antennas face each other in the width
direction of the container with the | engthw se direction
oriented vertically. Wen precooked fried food such as
fried chicken, french fries, and fritter was heated with an
el ectromagnetic field forned using the food conposition
control device in the present enbodinent, the state after
cooki ng renai ned al nost the sane even after two hours, and
the food texture was not greasy and was crispy. Wen
precooked fried food such as fried chicken, french fries,
and fritter was heated continuously for two hours w thout
formng an el ectromagnetic field, the food texture was
greasy and no |longer crispy. The food conposition contro
device in the present enbodi nent can heat precooked food

ot her than precooked fried food and can heat, for exanple,
boxed neals. The food conposition control device in the
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present enbodi nent can be used as an apparatus for
delivering food while keeping food warm when neals are
served to inpatients in a hospital, for exanple.

<Fi fth Enbodi nent: Eval uation Test>

[0213] A sensory test simlar to the test perforned in
the third enbodi nrent or the fourth enbodi mrent was conduct ed
on "beef" with the configuration shown in FIG 35A(a). Two
hundred grans of neat for steak were heated for two m nutes
on each side, in total, for four mnutes. The tenperature
of the high-tenperature food cooking portion was set to
240°C. The first frequency was applied fromthe antenna
function portion also serving as a high-tenperature food
cooki ng portion. FIG 35B shows the result of this test.
The rating is high when both of the first frequency and the
second frequency are in a range of 10 kHz to 150 kHz. The
result when a phase difference is applied between the first

frequency and the second frequency is 84 points, one point

up.
[ 0214] Wth the configuration shown in FIG 35A(d), a
sensory test was conducted on "french fries". Precooked

french fries were placed on the high-tenperature food
cooki ng portion and kept warmat 60°C for 60 mnutes. FIG
35C shows the result of this sensory test. The rating is
hi gh when both of the first frequency and the second
frequency are in a range of 10 kHz to 150 kHz. The result
when a phase difference is applied between the first
frequency and the second frequency is 66 points, one point

up.
[ 0215] Wth the configuration shown in FIG 35A(d), a
sensory test was conducted on "fried chicken". Precooked

fried chicken was placed on the high-tenperature food
cooki ng portion and kept warmat 60°C for 60 mnutes. FIG
35D shows the result of this sensory test. The rating is
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hi gh when both of the first frequency and the second
frequency are in a range of 10 kHz to 150 kHz. The result
when a phase difference is applied between the first
frequency and the second frequency is 79 points, one point

up.
<Fi fth Enbodi ment: Effects>
[ 0216] Wth the food conposition control device in the

present enbodi nent, the food heated at high tenperature in
the hi gh-tenperature food cooking portion can be cooked for
a short tinme. |In addition, when precooked food is stored
at high tenperature in the high-tenperature food cooking
portion, the eating quality and the food texture

i medi ately after cooking can be kept for a long tine.
<<Si xt h Enbodi nment >>

<Si xth Enbodi nent: Overvi ew>

[ 0217] The food conposition control device in the
present enbodi nent is based on the second enbodi nent,
further includes a roomtenperature food cooking portion in
which food is placed at roomtenperature, and is
characterized by perform ng food conposition control at
room t enper at ure.

<Si xt h Enbodi nent: Configuration>

[0218] FIG 36A is a conceptual diagram show ng an
overvi ew of the food conposition control device in the
present enbodi nent. The food conposition control device in
the present enbodi nent further includes a roomtenperature
food cooking portion (1845) in which food (1861) is placed
at roomtenperature. A pair of antenna function portions
(1801, 1802) are disposed to forman el ectromagnetic field
in the roomtenperature food cooking portion. 1In the food
conposition control device in the present enbodi nent, room
tenperature is preferably tenperature of 10°C or higher to
40°C or | owner.
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<Si xt h Enbodi nent: Exanpl es>

[ 0219] Wne a few days after opening and oxidi zed was

pl aced in the roomtenperature food cooking portion, and
the roomtenperature food cooking portion forned an

el ectromagnetic field for 10 m nutes, whereby aronma and
taste were inproved. Wen wne imedi ately after opening
was brought into contact wwth an el ectromagnetic field for
10 m nutes, aroma and taste were inproved, resulting in a
wi ne having a flavor of aging wine. There is no difference
in effect between wine put into a decanter with no stopper
and placed in the roomtenperature food cooking portion and
wine put into a bottle with a lid on and placed in the
roomtenperature food cooking portion. Wen unopened w ne
was stored in the roomtenperature food cooking portion in
whi ch an el ectromagnetic field was formed, aroma and taste
were i nproved conpared with unopened wi ne stored in a room
In addition to the roomtenperature food cooking portion,
the food conposition control device in the present

enbodi nent may further include a vapor supply portion to
supply water vapor or/and water spray to control the

hum dity as described later. Wen food such as wine is
stored for along tinme, it is preferable that humdity is
controlled by the vapor supply portion.

<Si xt h Enbodi nent: Eval uati on Test>

[ 0220] A sensory test simlar to the test perforned in
the third enbodinment to the fifth enbodi nent was conducted
on "wine". The container that forns the roomtenperature
food cooking portion has inner dinensions of 50 cmin w dth,
40 cmin depth, and 30 cmin height. The antenna function
portions that constitute a pair of antenna function
portions (general type) are disposed about 1 cmapart from
the side walls facing each other in the width direction of
the container, and the distance between the antenna plate
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surfaces of the antenna function portions is about 48 cm
The antenna function portions are each di sposed such that
the | engthwi se direction of the antenna function portion
extends al ong the depth direction of the container. Both
ends in the I engthwi se direction of the antenna function
portion are disposed about 5 cmapart fromthe side walls
facing each other in the depth direction of the container.
Wne 10 days after opening was placed substantially at the
center of the container that forns the roomtenperature
food cooking portion. After processing at 15°C for 10

m nutes, the wi ne having the food conposition controlled
was evaluated in ternms of two itens: taste and aroma. FIG
36B shows the result of this test. The rating is high when
both of the first frequency and the second frequency are in
a range of 10 kHz to 150 kHz. The result when a phase
difference is applied between the first frequency and the
second frequency is 79 points, one point up.

[ 0221] Wne inmedi ately after opening was al so tested
under a simlar environnent as in the test above.
Simlarly, after processing at 15°C for 10 m nutes, the

wi ne having the food conposition controlled was eval uat ed
interns of two itens: taste and aroma. FIG 36C shows the
result of this test. The rating is high when both of the
first frequency and the second frequency are in a range of
10 kHz to 150 kHz. The result when a phase difference is
appl i ed between the first frequency and the second
frequency is 75 points, one point up.

<Si xth Enbodi nent: Effects>

[ 0222] Wth the food conposition control device in the
present enbodi nent, the taste and aroma of food in contact
with an el ectromagnetic field in the roomtenperature food
cooki ng portion can be enhanced or i nproved.

<<Sevent h Enbodi nent >>



10

15

20

25

30

88

<Sevent h Enbodi nent: Overvi ew>

[ 0223] The food conposition control device in the
present enbodi nent is based on the second enbodi nent,
further includes a refrigerated food cooking portion for
refrigerating food and a refrigerating portion for
refrigerating the refrigerated food cooking portion, and is
characterized by perform ng conposition control while
storing food in the refrigerated food cooking portion.
<Sevent h Enbodi nent: Confi guration>

[ 0224] FIG 37A is a conceptual diagram show ng an
overvi ew of the food conposition control device in the
present enbodi mnent. The food conposition control device in
the present enbodi nent further includes a refrigerated food
cooki ng portion (1946) for refrigerating food (1961) and a
refrigerating portion (1947) for refrigerating the
refrigerated food cooking portion. A pair of antenna
function portions (1901, 1902) are disposed to form an

el ectromagnetic field in the refrigerating layer. 1In the
food conposition control device in the present enbodi nent,
refrigerating is preferably at tenperatures of 0°C or

hi gher to 10°C or | ower.

<Sevent h Enbodi nent: Exanpl es>

[ 0225] After the refrigerated food cooking portionis
cooled by the refrigerating portion, |ettuce was placed in
the refrigerated food cooking portion and refrigerated for
seven days while an electromagnetic field was forned. The
| ettuce was not discolored and stayed fresh. Simlarly,
when lettuce was refrigerated for seven days w t hout
formng an el ectromagnetic field, the lettuce was w thered
and discolored. The lettuce refrigerated in the food
conposition control device in the present enbodi nent was
fresh and felt crunchy. On the other hand, the |ettuce
refrigerated without formng an el ectromagnetic field did
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not taste fresh or crunchy even at a non-discol ored portion.
[ 0226] After the refrigerated food cooking portion was
cooled by the refrigerating portion, tuna fillet for

sashim was placed in the refrigerated food cooking portion
and refrigerated at a tenperature around zero degree for
seven days while an electromagnetic field was forned. The
tuna fillet was not discolored and stayed fresh. Simlarly,
when tuna fillet for sashim was refrigerated for seven
days without form ng an el ectronmagnetic field, the tuna
fillet was darkly discolored. Tuna sashim refrigerated in
the food conposition control device in the present

enbodi nent tasted good and did not have a fishy snell. On
the other hand, tuna sashim refrigerated w thout form ng
an el ectromagnetic field did not taste good and had a fishy
snell, even at a non-discolored portion. In this way, the
food conposition control device in the present enbodi nent
can forman el ectromagnetic field at a tenperature near
zero degree, just above the tenperature at which food is
frozen, or at a tenperature at which food is slightly
frozen.

<Sevent h Enbodi nent: Eval uati on Test >

[0227] A sensory test simlar to the test perforned in
the third enbodi nent to the sixth enbodi nent was conducted
on "lettuce". The food conposition control device is as
shown in the conceptual diagramin FIG 37A. Specifically,
a container that forns the refrigerated food cooking
portion has inner dinensions of 50 cmin wdth, 40 cmin
depth, and 30 cmin height. The antenna function portions
that constitute a pair of antenna function portions
(general type) are disposed about 1 cmapart fromthe side
wal | s facing each other in the width direction of the
contai ner, and the distance between the antenna pl ate
surfaces of the antenna function portions is about 48 cm
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The antenna function portions are each di sposed such that
the |l engthw se direction of the antenna function portion
extends al ong the depth direction of the container. Both
ends in the I engthw se direction of the antenna function
portion are disposed about 5 cmapart fromthe side walls
facing each other in the depth direction of the container.
Lettuce was placed in the container of the refrigerated
food cooking portion kept at tenperatures of 5 to 7°C and
processed for seven days. The |lettuce was evaluated in
terns of two itens: taste and texture. FIG 37B shows the
result of this test. The rating is high when both of the
first frequency and the second frequency are in a range of
10 kHz to 150 kHz. The result when a phase difference is
appl i ed between the first frequency and the second
frequency is 80 points, one point up.

[ 0228] A test was conducted simlarly on "tuna" using
the refrigerated food cooking portion described above.
Tuna fillet for sashim (about 500 g) was placed in the
contai ner of the refrigerated food cooking portion kept at
tenperatures of 5 to 7°C and processed for seven days, and
sashim prepared fromthis fillet was evaluated in terns of
two itens: taste and color. FIG 37C shows the result of
this test. The rating is high when both of the first
frequency and the second frequency are in a range of 10 kHz
to 150 kHz. The result when a phase difference is applied
between the first frequency and the second frequency is 80
poi nts, one point up.

<Sevent h Enbodi nent: Effects>

[ 0229] Wth the food conposition control device in the
present enbodi nent, the food stored in the refrigerated
food cooking portion can be kept in a fresh state for a

| ong tine.

<<Ei ght h Enbodi nent >>
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<Ei ght h Enbodi nent: Overvi ew>

[ 0230] The food conposition control device in the
present enbodi nent is based on the second enbodi nent,
further includes a |l owtenperature refrigerated food
cooki ng portion for storing food by | owtenperature
refrigeration, and is characterized by performng
conposition control while storing food by | owtenperature
refrigeration.

<Ei ght h Enbodi nent: Confi guration>

[ 0231] FIG 38A is a conceptual diagram show ng an
overvi ew of the food conposition control device in the
present enbodi mnent. The food conposition control device in
the present enbodi nent further includes a | owtenperature
refrigerated food cooking portion (2048) for storing food
(2061) by lowtenperature refrigeration. A pair of antenna
function portions (2001, 2002) are disposed to form an

el ectromagnetic field in the |owtenperature refrigerated
food cooking portion. Chilling often refers to a
tenperature range of near 0°C, ice tenperature refers to a
tenperature range of near mnus 1°C, and partial freezing
refers to a tenperature range of near mnus 3°C. In the
food conposition control device in the present enbodi nent,

| ow-tenperature refrigeration is preferably at tenperatures
of mnus 5°C or higher to 0°Cor lower. |In the food
conposition control device in the present enbodi nent,
storing by lowtenperature refrigeration refers to keeping
freshness in a tenperature range in which food is not

frozen.
<Ei ght h Enbodi nent: Exanpl es>
[ 0232] About 2 kg of neat was placed in the | ow

tenperature refrigerated food cooking portion for storage
by | owtenperature refrigeration (mnus 2°Cto 0°C) and
stored for 30 days while an el ectromagnetic field was
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formed. The neat was then cut into about 200 g of a steak.
Simlarly, beef stored in the |owtenperature refrigerated
food storing portion for 30 days w thout form ng an

el ectromagnetic field was cooked into to a steak. The
steak made from beef stored in the food conposition contro
device in the present enbodi nent had a concentrated fl avor
with no snell unique to neat, and the eating quality was
excellent. On the other hand, a steak of beef refrigerated
wi thout form ng an el ectronmagnetic field did not taste good
and had snell unique to neat.

<Ei ght h Enbodi nent: Eval uati on Test>

[ 0233] A sensory test simlar to the test perforned in
the third enbodi nrent to the seventh enbodi nent was
conducted on "beef". The food conposition control device
is as shown in a conceptual diagram FIG 38A. Specifically,
the container that forns the | owtenperature refrigerated
food cooking portion has inner dinmensions of 50 cmin wdth,
40 cmin depth, and 30 cmin height. The antenna function
portions that constitute a pair of antenna function
portions (general type) are disposed about 1 cmapart from
the side walls facing each other in the width direction of
the container, and the distance between the antenna plate
surfaces of the antenna function portions is about 48 cm
The antenna function portions are each di sposed such that
the |l engthwi se direction of the antenna function portion
extends al ong the depth direction of the container. Both
ends in the I engthwi se direction of the antenna function
portion are disposed about 5 cmapart fromthe side walls
facing each other in the depth direction of the container.
Two kilograns of a beef lunp was placed in the | ow
tenperature refrigerated food cooking portion kept at
tenperatures of mnus 5 to mnus 2°C and processed for 30
days. Two hundred grans prepared fromthe beef were
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evaluated in terns of two itens: taste and texture. FIG
38B shows the result of this test. The rating is high when
both of the first frequency and the second frequency are in
a range of 10 kHz to 150 kHz. The result when a phase
difference is applied between the first frequency and the
second frequency is 69 points, one point up.

<Ei ght h Enbodi nent: Effects>

[ 0234] The food conposition control device in the
present enbodi nent can inprove umam conmponents such as
glutamic acids in the food stored in the | owtenperature
refrigerated food cooking portion and can mature the food.
<<Ni nt h Enbodi nent >>

<Ni nt h Enbodi nent: Overvi ew>

[ 0235] The food conposition control device in the
present enbodi ment is based on the second enbodi nent,
further includes a food placenent portion for defrosting
frozen food, and is characterized by perform ng conposition
control while defrosting the food.

<Ni nt h Enbodi nent: Configuration>

[ 0236] FIG 39A is a conceptual diagram show ng an
overvi ew of the food conposition control device in the
present enbodi nent. The food conposition control device in
the present enbodi nent further includes a food defrost
cooki ng portion (2149) for defrosting frozen food such as
tuna fillet. A pair of antenna function portions (2101,
2102) are disposed to forman el ectronagnetic field in the
food defrost cooking portion. The tenperature at which
food is defrosted in the food conposition control device in
the present enbodinent is preferably, but not limted to,
15°C or lower. However, it is needless to say that sone
food can be defrosted at roomtenperature or high

t enper at ur es.

<Ni nt h Enbodi nent: Exanpl es>
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[ 0237] A packaged product containing four slices of 200
g frozen beef was obtained, and one slice of the beef was
pl aced in the food defrost cooking portion for defrosting
frozen food and defrosted while an el ectromagnetic field
was formed for 10 mnutes in the food defrost cooking
portion. Another slice of four slices was left in a
refrigerator overni ght and defrosted. Each slice was
cooked into a steak, and the eating quality was conpared.
No drip | oss was observed in the beef defrosted in the food
conmposition control device in the present enbodi nent,
whereas drip |l oss during defrosting was observed in the
beef defrosted in the refrigerator, and the beef was

di scol ored. The steak of beef defrosted in the food
conmposition control device in the present enbodi nent did
not taste dried out and was juicy. On the other hand, the
steak of beef defrosted in the refrigerator tasted dried
out and was not j uicy.

<Ni nt h Enbodi nent: Eval uati on Test >

[ 0238] A sensory test simlar to the test perforned in
the third enbodi nent to the eighth enbodi nent was conduct ed
on "tuna". The food conposition control device is as shown
in the conceptual diagramin FIG 39A. Specifically, the
container that forns the food defrost cooking portion has
i nner dinmensions of 50 cmin wdth, 40 cmin depth, and 30
cmin height. The antenna function portions that
constitute a pair of antenna function portions (genera
type) are disposed about 1 cmapart fromthe side walls
facing each other in the wdth direction of the container,
and the distance between the antenna plate surfaces of the
antenna function portions is about 48 cm The antenna
function portions are each di sposed such that the

| engt hwi se direction of the antenna function portion
extends al ong the depth direction of the container. Both
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ends in the I engthwi se direction of the antenna function
portion are disposed about 5 cmapart fromthe side walls
facing each other in the depth direction of the container.
Two hundred grans of frozen tuna fillet were placed in the
food defrost cooking portion and processed for 10 m nutes
and defrosted. Sashim prepared fromthe tuna fillet was
evaluated in terns of two itens: taste and texture. FIG
39B shows the result of this test. The rating is high when
both of the first frequency and the second frequency are in
a range of 10 kHz to 150 kHz. The result when a phase
difference is applied between the first frequency and the
second frequency is 79 points, one point up.

<Ni nt h Enbodi nent: Effects>

[ 0239] The food conposition control device in the
present enbodi ment can reduce the tinme for defrosting food
wi t hout causi ng uneven defrosting.

<<Tent h Enbodi nment >>

<Tent h Enbodi nent: Overvi ew>

[ 0240] The food conposition control device in the
present enbodi nent is based on the third enbodinment to the
ni nth enbodi nent, further includes a vapor supply portion
for supplying water vapor or/and water spray in the cooking
portions shown in the third enbodinent to the ninth

enbodi nent, and is characterized by perform ng conposition
control while replenishing water in food by supplying water
vapor or/and water spray.

<Tent h Enbodi nent: Configuration>

[ 0241] FIG 40A is a conceptual diagram show ng an
overvi ew of the food conposition control device in the
present enbodi nent. The food conposition control device in
the present enbodi nent further includes a vapor supply
portion (2250) for supplying water vapor or/and water spray
I n the cooking portion shown in the third enbodi nent to the
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ninth enbodi nent. A pair of antenna function portions
(2201, 2202) are disposed to forman el ectronmagnetic field
in a high-tenperature food cooking portion (2244), which is
one of the cooking portions. The tenperature inside the
food conposition control device in the present enbodi nent
is not limted. The food conposition can be controlled at
tenperatures suitable for the cooking portions shown in the
third enbodi nent to the ninth enbodi nent.

<Tent h Enbodi nment: Exanpl es>

[ 0242] FIG 40A is a conceptual diagram show ng an
overvi ew of the food conposition control device in the
present enbodinment. Referring to FIG 40A, an exanpl e of
keepi ng food warmw th the high-tenperature food cooking
portion and the vapor supply portion will be descri bed.
Frozen neat buns were placed in the high-tenperature food
cooki ng portion (2244) of the food conposition contro
device in the present enbodinent. Wen the frozen neat
buns were cooked with an el ectromagnetic field while water
vapor or water spray was supplied fromthe vapor supply
portion (2250), the cooking time was reduced conpared with
cooki ng wi thout form ng an el ectromagnetic field.

[ 0243] An exanpl e of heating precooked food is described
using FIG 40A. This is an exanple of continuing heating
for precooked warm food and an exanple of the food
conposition control device for keeping food warm Cooked
meat buns were placed on the high-tenperature food cooking
portion (2244) of the food conposition control device, and
t he cooked neat buns were heated with an el ectromagnetic
field while water vapor and water spray were supplied from
the vapor supply portion (2250). Even after 30 m nutes,
the state imedi ately after cooking remai ned al nost the
sanme, the neat buns did not |ook watery or dried and tasted
fluffy like imredi ately after cooking. On the other hand,



10

15

20

25

30

97

when the cooked nmeat buns were heated continuously for 30
m nutes while water vapor and water spray were supplied
fromthe vapor supply portion without form ng an

el ectromagnetic field, the nean buns | ooked watery and the
texture was also watery. Wen the cooked neat buns were
heated continuously for 30 mnutes with an el ectromagnetic
field and wi thout supplying water vapor or water spray from
t he vapor supply portion, the neat buns | ooked dry and
shrunken and had tough texture.

[ 0244] In this way, the food conposition control device
in the present enbodi nent can be used as a steaner or a

st eam convection oven. In the food conposition contro
device in the present enbodi nent, the food conposition
control device having the roomtenperature food cooking
portion, the refrigerated food cooking portion, the | ow
tenperature refrigerated food cooking portion, or the food
defrost cooking portion, other than the high-tenperature
food cooking portion, may have the vapor supply portion for
suppl yi ng wat er vapor or/and water spray to cook food by
controlling the water content in the food.

<Tent h Enbodi nent: Eval uation Test>

[ 0245] A sensory test simlar to the test perforned in
the third enbodi nent to the ninth enbodi nent was conducted
on "neat buns". The food conposition control device is as
shown in the conceptual diagramin FIG 40A. Specifically,
the container that forns the high-tenperature food cooking
portion has inner dinensions of 50 cmin wdth, 40 cmin
depth, and 30 cmin height. The antenna function portions
that constitute a pair of antenna function portions
(general type) are disposed about 1 cmapart fromthe side
wal | s facing each other in the width direction of the
contai ner, and the distance between the antenna pl ate
surfaces of the antenna function portions is about 48 cm
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The antenna function portions are each di sposed such that
the |l engthw se direction of the antenna function portion
extends al ong the depth direction of the container. Both
ends in the I engthw se direction of the antenna function
portion are disposed about 5 cmapart fromthe side walls
facing each other in the depth direction of the container.
The vapor supply portion is configured to supply water
vapor or/and water into the container. The cooked neat
buns were placed in the container of the high-tenperature
food cooking portion and kept warmfor 30 mnutes with

wat er vapor and water spray supplied fromthe vapor supply
portion. FIG 40B shows the result of this test. The
rating i s high when both of the first frequency and the
second frequency are in a range of 10 kHz to 150 kHz. The
result when a phase difference is applied between the first
frequency and the second frequency is 79 points, one point
up.

<Tent h Enbodi nent: Effects>

[ 0246] Wat er vapor or/and water spray is supplied to the
cooki ng portions shown in the third enbodinment to the ninth
enbodi nent to replenish water in the food or to control the
hum dity of the environnment in which food is put, whereby
the water content in the food can be controlled. This
configuration can further enhance the effects of food
control by the food conposition control device of the
present invention, such as enhancenent and i nprovenent of
the eating quality or keeping food fresh for a long tine.
<<El event h Enbodi nent >>

<El event h Enbodi nent: Overvi ew>

[0247] The food conposition control device in the
present enbodi nent is based on the second enbodi nent,
further includes a frozen food storing portion for storing
food by freezing, and is characterized by perform ng
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conposition control while storing food by freezing.

<El event h Enbodi nent: Confi guration>

[ 0248] FIG 41A is a conceptual diagram show ng an
overvi ew of the food conposition control device in the
present enbodi nent. The food conposition control device in
the present enbodi nent further includes a frozen food
storing portion (2351) for storing food by freezing. A
pai r of antenna function portions (2301, 2302) are di sposed
to forman el ectromagnetic field in the frozen food storing
portion. In the food conposition control device in the
present enbodi ment, freezing is preferably at tenperatures
of m nus 60°C or higher to minus 5°C or lower. The frozen
food storing portion of the food conposition control device
in the present enbodi nent can perform cooking, for exanple,
maki ng freeze-dried food by freeze-drying or mxing ice
creamwith fruits or nuts.

<El event h Enbodi nent: Exanpl es>

[ 0249] About 200 g of beef was placed in the frozen food
storing portion for freeze-storage and stored for 60 days
while an el ectromagnetic field was fornmed. After
defrosting, a steak was made. Simlarly, beef stored in
the frozen food storing portion without form ng an

el ectromagnetic field was cooked into a steak. Al nbst no
drip loss occurred during defrosting in the beef stored in
the food conposition control device in the present

enbodi nent, whereas drip | oss occurred during defrosting in
the beef defrosted without formng an el ectromagnetic field,
and the beef was discolored. The steak of beef stored in
the food conposition control device in the present

enbodi nent did not taste dried out and was juicy. On the
ot her hand, the steak of beef stored w thout form ng an

el ectromagnetic field tasted dried out and was not j uicy.
<El event h Enbodi nent: Eval uation Test>
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[ 0250] A sensory test simlar to the test perforned in
the third enbodinent to the tenth enbodi nent was conducted
on "beef". The food conposition control device is as shown
in the conceptual diagramin FIG 41A. Specifically, the
container that fornms the frozen food storing portion has

i nner dinmensions of 50 cmin wdth, 40 cmin depth, and 30
cmin height. The antenna function portions that
constitute a pair of antenna function portions (genera
type) are disposed about 1 cmapart fromthe side walls
facing each other in the width direction of the container,
and the distance between the antenna plate surfaces of the
antenna function portions is about 48 cm The antenna
function portions are each di sposed such that the

| engt hwi se direction of the antenna function portion
extends along the depth direction of the container. Both
ends in the | engthw se direction of the antenna function
portion are disposed about 5 cmapart fromthe side walls
faci ng each other in the depth direction of the container.
Then, 200 g of beef for steak was placed in the frozen food
storing portion for 60 days. The beef was defrosted to
roomtenperature, cooked into a steak, and evaluated in
terms of two itens: taste and texture. FIG 41B shows the
result of this test. The rating is high when both of the
first frequency and the second frequency are in a range of
10 kHz to 150 kHz. The result when a phase difference is
appl i ed between the first frequency and the second
frequency is 82 points, one point up.

<El event h Enbodi nent: Effects>

[ 0251] The food conposition control device in the
present enbodi nent can suppress growh of ice crystals in
the food stored in the frozen food storing portion and thus
can prevent drip loss during defrosting due to growth of
ice crystals. Accordingly, degradation of food stored by
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freezing can be prevented, and the eating quality can be
mai nt ai ned.

<<Twel ft h Enbodi nent >>

[ 0252] Japanese Patent No. 4637051 di scl oses a water
activating device in which the north pole and the south
pol e of a pair of permanent magnets are di sposed to face
each other with a water pipe interposed therebetween, and a
paramagnetic netal plate and a diamagnetic netal plate are
di sposed in a direction at the right angle to the magnetic
line of force of the permanent nagnets. The paramagnetic
netal plate is a nickel-plated copper plate or a nicke
single nmetal plate. The diamgnetic netal plate is a
silver-plated copper plate or a single netal plate of
copper or silver. The paranagnetic netal plate and the

di amagnetic netal plate are connected through a good
conductive wire to forma contact battery. The description,
the clains, and the draw ngs of Japanese Patent No. 4637051
are incorporated herein by reference.

[ 0253] A nol ecul ar arrangenent adjusting unit, a

nol ecul ar arrangenment adjusting device, and a
transportati on nethod using the same according to a twelfth
enbodi nent adj ust the arrangenent of nolecules of a liquid
with a sinple structure and at | ow costs and can keep an
obj ect such as food and beverages fresh.

[ 0254] FIG 42 is a diagram show ng the nol ecul ar
arrangenent adjusting unit and the nol ecul ar arrangenent

adj usti ng device according to the present enbodi nent.

[ 0255] The nol ecul ar arrangenent adjusting unit 1 in the
present enbodi nent includes a power source 2 for generating
alternating current, a first electrode 3 coupled to one

el ectrode of the power source 2, a second el ectrode 4
coupled to the other el ectrode of the power source 2, and a
wire 5 coupling one el ectrode of the power source 2 with
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the first electrode 3 and coupling the other el ectrode of
the power source 2 with the second el ectrode 4.

[ 0256] An AC power source with an effective val ue of

vol tage of 100 V to 200 V and a frequency of about 5 kHz to
200 kHz may be used as the power source 2. Direct current
froma DC power source nay be converted into alternating
current using an inverter or the Iike. The DC power source
may be a 12V battery or a dry battery, for exanple. The
power source 2 may adjust voltage, frequency, phase, and
the like. A not-shown switch nay be used for OV OFF
control of the power source 2. In addition, for exanple, a
timer nmay be used to power on the power source 2 only for a
certain tinme and subsequently power off the power source 2.
[ 0257] The first electrode 3 and the second el ectrode 4
are disposed with a space therebetween. The first

el ectrode 3 and the second electrode 4 are forned of a
conductive material such as nmetal or nmetal alloy. For
exanpl e, when the first electrode 3 and the second

el ectrode 4 are nenbers such as copper plates or al um num
pl ates, they can be nade thin and nodified i n shape and
thus can be Iightweight and installed in a small space.

[ 0258] The first electrode 3 and the second el ectrode 4
may have surfaces coated with an insulating material. The
coating of an insulating naterial can prevent users of the
fryer 1 fromreceiving an electric shock.

[ 0259] The wire 5 is a conductive material. For exanpl e,
the conductive material used for the wire 5 nay be netal
such as copper or alum numor netal alloy, or may be carbon.
Preferably, the wire 5 is coated with an insulating
material on its periphery.

[ 0260] The nol ecul ar arrangenent adjusting unit 1 in the
present enbodinment is installed in a container 11 to
configure the nol ecul ar arrangenment adjusting device 10.
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An obj ect 3100 of which nol ecul ar arrangenent is to be

adjusted is installed in the container 11. The container

11 is preferably an insulating nenber. Wen the container

11 is a conductive nenber, the first electrode 3 and the

second electrode 4 are installed in an insul ated st ate.

The container 11 in the present enbodi nent has a box 1lla in

whi ch the object 3100 and the nol ecul ar arrangenent

adjusting unit 1 are i

nstalled and a lid 11b closing the

openi ng of the box 1la.

[ 0261] The contai ner 11 does not necessarily have the
lid 11b and may only have the box 1la. The object 3100 and
t he nol ecul ar arrangenent adjusting unit 1 nmay be installed
inthe lid 11b. One of the object 3100 and t he nol ecul ar

arrangenent adj usting

unit 1 may be installed in the box

1la, and the other may be installed in the lid 11b.

[ 0262] The nol ecul ar arrangenent adjusting unit 1

activates the power source 2, for exanple, by a not-shown

switch. An electric f

ield is then generated between the

first electrode 3 and the second el ectrode 4.

[ 0263] FIG 43 is a diagram showi ng the arrangenent of

wat er nol ecul es of an

object in a normal state and the

arrangenent of water nol ecul es HO of an object in an

electric field generat

ed between the first el ectrode 3 and

the second el ectrode 4.
[ 0264] The object 3100 includes a liquid ingredient.
For exanple, the object 3100 may be food such as neats,

fish, and veget abl es,

beverages or plant/animl cells or

oils and fats. The object 3100 in the present enbodi nent

i ncl udes water nol ecul

es HO

[ 0265] Wat er nol ecul es H,O are usual ly arranged

irregularly, as shown
take in active oxygen
that the size of water

in FIG 43A. Hence, hydrogen atons H
111 or generate hydrogen bonds, so
nol ecul es H,O i ncreases and wat er
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nol ecul es H,O becone inert. Oxidation of water nolecul es
HO then starts.

[ 0266] By contrast, when an electric field is generated
between the first electrode 3 and the second el ectrode 4,
wat er nol ecules HbOtend to orient in a certain direction.
This is because oxygen atons O of water nol ecules HO t hat
have strong force of attracting el ectrons becone slightly
m nus and hydrogen atons H that tend to rel ease el ectrons
becone slightly positive, and they are apt to turn to the
direction of the electric field between the first el ectrode
3 and the second el ectrode 4.

[ 0267] Since the power source 2 generates alternating
current, water nol ecul es HO change directions alternately.
Since the power source 2 in the present enbodi nent
generates alternating current of about 50 kHz, water

nol ecul es H,O change directions about 50,000 times per
second and appear to be vibrating. As this vibration is
repeated, as shown in FIG 43B, the hydrogen bonds of water
nol ecul es HbO to active oxygen 111 or other ingredients are
cut off, and water nol ecul es HO gradually becone finely
particul ate and regularly arranged. The frequency of
alternating current generated fromthe power source 2 may
be in a range of 5 kHz to 200 kHz.

[ 0268] Water will now be described. Water can be
classified into "bound water" and "free water". Bound

wat er i s bound by hydrogen bonding to other ingredients and
stable. By contrast, free water is freely novable and is
fresh and not stale (see FIG 43A). However, free water
has nol ecul es easily bonded to the other ingredients and is
easily rotten.

[ 0269] Wat er nol ecul es H,O regularly arranged by the

nol ecul ar arrangenent adjusting unit 1 in the present
enbodi nrent forma pearl-chain structure in which free water
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I's bound into a stable state |ike bound water. To be nore
specific, water nolecules HO regularly arranged by the

nol ecul ar arrangenent adjusting unit 1 in the present
enbodi nent are not bonded to other ingredients, although
they are free water, and can stay fresh and not stale.
[0270] The nol ecul ar arrangenent adjusting device 10

i ncl udi ng the nol ecul ar arrangenent adjusting unit 1 in the
present enbodi ment installed in the container 11 therefore
can adjust the liquid nol ecul e arrangenent of the object
3100 and can keep freshness of the object 3100. For
exanpl e, the nol ecul ar arrangenent adjusting device 10 can
be used as a transportation container to transport an

obj ect farther than now whil e keeping freshness. The
contai ner 11 may be, for exanple, styrene foam and the
nol ecul ar arrangenment adjusting unit 1 in the present
enbodi nent may be attached to the existing styrene foamto
forma transportati on contai ner.

[0271] Wat er nol ecul es H,O once regul arly arranged by

t he nol ecul ar arrangenent adjusting unit 1 in the present
enbodi nent are kept in the regularly arranged state for a
few days. Therefore, even when the object 3100 is stored
I n anot her container after the |iquid nol ecul ar arrangenent
in the cells of the object 3100 is adjusted in the

nol ecul ar arrangenent adjusting device 10 including the
nol ecul ar arrangenent adjusting unit 1 in the present
enbodi nent installed in the container 11, the freshness of
the object 3100 can be kept. Even when the object 3100 is
noved to and transported in another transportation

contai ner after the Iiquid nolecular arrangenent of the
object 3100 is adjusted in the nol ecul ar arrangenent

adj usting device 10 including the nol ecul ar arrangenent
adjusting unit 1 in the present enbodinent installed in the
contai ner 11, the object 3100 can be transported farther
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t han now whil e keeping fresh

[0272] FIG 44 is a diagram show ng an exanpl e incl uding
a tenperature controller in the nol ecul ar arrangenent
adjusting unit in the present enbodi nent.

[0273] As shown in FIG 44, the nol ecul ar arrangenent
adjusting unit 1 in the present enbodi nent may include a
tenperature controller 6 for controlling the anbient
tenperature. The tenperature controller 6 can regul ate the
inside of the container 11 to a predeterm ned tenperature.
For exanple, when the inside of the container 11 is set in
a refrigerated state, the fresh state can be nuai ntai ned for
a long tinme. Food or beverage nay be transported in a
refrigerated state in the container 11, and its tenperature
may be increased during transportation to be ready for
eating or drinking on arrival.

[ 0274] FIG 45 is a diagram show ng the nol ecul ar
arrangenent adj usting device according to anot her

enbodi nrent. FIG 45(a) is a diagramshow ng a cross
section of the nol ecul ar arrangenent adjusting device 10 in
anot her enbodinent. FIG 45(b) is a diagram showi ng a top
vi ew of the nol ecul ar arrangenent adjusting device 10 in
anot her enbodi nment .

[ 0275] The nol ecul ar arrangenent adjusting device 10 in
anot her enbodi nent shown in FIG 45 is an exanple in which
the container 11 al so serves as electrodes 3 and 4. The
container 11 of the nol ecul ar arrangenent adjusting device
10 is a box 1l1a in the shape of a tube with a bottom The
box 1l1la has a first electrode 3 on one side made of a
conductive material such as netal or alloy, a second

el ectrode 4 on the other side made of a conductive materia
such as netal and alloy, and an insulating nenber 7
installed between the first electrode 3 and the second

el ectrode 4. The first electrode 3 and the second
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el ectrode 4 are separated fromeach other by the insulating
menber 7.

[ 0276] The nol ecul ar arrangenent adjusting device 10 in
anot her enbodi nent shown in FIG 45 contains a liquid as a
first object 3101 in the box 1la and contains a second
object 3102 in the liquid. The nolecul ar arrangenent

adj usting device 10 in the present enbodi nent can adj ust
the liquid nol ecul ar arrangenent of the first object 3101
and the second object 3102 and keep the freshness of the
first object 3101 and the second object 3102. Since the
box 1la serves as the electrodes 3 and 4, the nol ecul ar
arrangenent adj usting device 10 can be conpact and slimin
appearance. |In the nol ecul ar arrangenent adjusting device
10 in anot her enbodi nent shown in FIG 45, the electrodes 3
and 4 are provided only in the box 1la. However, a lid 11b
may be further provided, and el ectrodes connected to the

el ectrodes 3 and 4 may be provided in the Iid 11b.

[0277] An experinment was conducted to conpare an object
3100 stored by refrigeration using the nol ecul ar
arrangenent adj usting device 10 in the present enbodi nent
with an object 3100 stored using a normal refrigerator. In
t he nol ecul ar arrangenent adjusting device 10 in this
exanpl e, the power source 2 generated alternating current
of about 50 kHz. The refrigerator held a tenperature of
about 4°C for 10 days. Bean sprouts were used as the

obj ect 3100. The bean sprouts changed as listed in Table 1

bel ow.
[ Tabl e 1]
) Mol ecul ar arrangenent
Bean sprouts Ref ri ger at or

adj usti ng device

Bef ore storage 223.03 g 215.31 g

After 10 days 185.56 ¢ 207.46 ¢
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Wei ght reduction
_ 16. 80% 3.65%
ratio
Amount of drip
26.64 ¢ 1.08 g
| oss

[ 0278] As listed in Table 1, 223.03 g of bean sprouts
before storage decreased to 185.56 g after being stored in
the refrigerator for 10 days. The weight reduction ratio
Is 16.80% and the anmount of drip |oss, which is escaping
water, is 26.64 g.

[ 0279] By contrast, 215.31 g of bean sprouts before
storage, stored in the nolecul ar arrangenent adjusting
device 10, decreased to 207.46 g after 10 days. The wei ght
reduction ratio is 3.65% and the anount of drip | oss, which
IS escaping water, is only 1.08 g.

[ 0280] The nol ecul ar arrangenent adjusting device 10
thus can keep the water in the bean sprouts for a long tine
and keep the bean sprouts not stale and fresh.

[ 0281] In the nol ecul ar arrangenent adjusting device 10
in the next exanple, pea sprouts were used as the object
3100. The power source 2 generated alternating current of
about 50 kHz. The refrigerator held a tenperature of about
4°C for 35 days. The pea sprouts changed as listed in
Tabl e 2 bel ow.

[ Tabl e 2]
) Mol ecul ar arrangenent
Pea sprouts Ref ri ger at or . . .
adj usti ng device
Bef ore storage 380.47 ¢ 377.56 ¢
After 35 days 323.87 ¢ 347.08 ¢
Wei ght reduction
. 15. 00% 8. 00%
ratio

[ 0282] As listed in Table 2, 380.47 g of pea sprouts
bef ore storage decreased to 323.87 g after 35 days in the
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refrigerator. The weight reduction ratio is 15.00%

[ 0283] By contrast, 377.56 g of pea sprouts before
storage, stored in the nol ecul ar arrangenent adjusting
device 10, decreased to 347.08 g after 35 days. The wei ght
reduction ratio is 8.00%

[ 0284] The nol ecul ar arrangenent adjusting device 10
thus can keep the water in the pea sprouts for a long tine
and keep the pea sprouts not stale and fresh.

[ 0285] As descri bed above, the nol ecul ar arrangenent
adjusting unit 1 in the present enbodi nent includes a power
source 2 for generating alternating current, a first

el ectrode 3 coupled to one el ectrode of the power source 2,
a second el ectrode 4 coupled to the other el ectrode of the
power source 2, and a wire 5 coupling one el ectrode of the
power source 2 with the first electrode 3 and coupling the
ot her el ectrode of the power source 2 with the second

el ectrode 4. The nol ecul ar arrangenent adjusting unit can
adj ust the arrangenent of nolecules of liquid with a sinple
structure and at |ow costs and can keep the freshness.

[ 0286] In the nol ecul ar arrangenent adjusting unit 1 in
the present enbodinent, the first electrode 3 and the
second el ectrode 4 are sheet-like nenbers. The nol ecul ar
arrangenent adjusting unit therefore can be made thin and
nodi fied in shape and can be |ightweight and installed in a
smal | space.

[ 0287] The nol ecul ar arrangenent adjusting unit 1 in the
present enbodi nent includes the tenperature controller 6
for controlling the anbient tenperature. The nol ecul ar
arrangenent adjusting unit therefore can keep a fresh state
for a long termwhen the inside of the container 11 is
refrigerated. Food or beverage may be transported in a
refrigerated state in the container 11, and its tenperature
may be increased during transportation to be ready for
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eating or drinking on arrival.

[ 0288] The nol ecul ar arrangenent adjusting device 10 in
the present enbodi nent includes the nol ecul ar arrangenent
adjusting unit 1 and the container 11 in which the object
3100 of which nol ecular arrangenent is to be adjusted and
the nol ecul ar arrangenment adjusting unit 1 are installed.
The nol ecul ar arrangenent adjusting device 10 can adj ust
the arrangenent of nolecules of liquid with a sinple
structure and at |ow costs and can keep the freshness.

[ 0289] In the nol ecul ar arrangenent adjusting device 10
in the present enbodi nent, the container 11 has a part
serving as the first electrode 3 and anot her part serving
as the second electrode 4, and the insulating nmenber 7 is
install ed between the first electrode 3 and the second

el ectrode 4 to separate the first electrode 3 and the
second el ectrode 4 fromeach other. The nol ecul ar
arrangenent adj usting device 10 therefore can be conpact
and slimin appearance. As used herein "the container 11
having a part serving as an el ectrode” neans that a part of
the container 11 is, for exanple, nmetal and functions as an
el ectrode, or that a copper plate or a plate-like or sheet-
i ke menber such as an alumnumfoil is attached to a part
of the container 11.

[ 0290] In the transportation nethod in the present
enbodi nent, the object 3100 of which nol ecul ar arrangenent
Is to be adjusted is installed between the first el ectrode
3 and the second el ectrode 4 of the nol ecul ar arrangenent
adj usting device 10, and the object 3100 is transported
while an electric field is generated between the first

el ectrode 3 and the second el ectrode 4. The transportation
met hod usi ng the nol ecul ar arrangenent adjusting device 10
therefore can adjust the arrangenent of nolecules of |iquid
with a sinple structure and at | ow costs and can transport
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the object while keeping the freshness.

[ 0291] In the transportation nethod in the present
enbodi nent, the object 3100 of which nol ecul ar arrangenent
Is to be adjusted is installed between the first el ectrode
3 and the second el ectrode 4 of the nol ecul ar arrangenent
adj usting device 10, and an electric field is generated
between the first electrode 3 and the second el ectrode 4.
After the el apse of a predeterm ned period of tine, the
obj ect 3100 is renoved fromthe nol ecul ar arrangenent

adj usting device 10, and the object 3100 is thereafter
transported. Even when the object is noved to and
transported in another transportation container, it can be
transported farther than now whil e keeping the freshness.

[ 0292] Al t hough the nol ecul ar arrangenent adjusting unit,
t he nol ecul ar arrangenent adjusting device, and the

nol ecul ar arrangenent adjusting method have been descri bed
based on sone exanpl es, the present invention is not
limted to those exanples and is susceptible to various
conbi nati ons and nodi fi cati ons.

<<Thi rt eent h Enbodi nent >>

[ 0293] A cooki ng nethod according to a thirteenth
enbodi nent enabl es uni form cooking in a short tinme and

I nproves the eating quality.

[ 0294] FIG 46 is a diagramshowing a fryer in the
present enbodi nent. The sane configuration as in the

twel fth enbodi nent is denoted by the sane reference sign
and a description thereof is omtted.

[ 0295] A fryer 4001 in the present enbodi nent includes a
power source 2 for generating alternating current, a first
el ectrode 3 coupled to one el ectrode of the power source 2,
a second el ectrode 4 coupled to the other el ectrode of the
power source 2, a wire 5 coupling one el ectrode of the
power source 2 with the first electrode 3 and coupling the
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ot her el ectrode of the power source 2 with the second

el ectrode 4, an oil reservoir 4006 for storing oil, a
heating portion 4007 for heating oil stored in the oi
reservoir 4006, a tenperature neasuring portion 4008 for
nmeasuring the tenperature of oil stored in the oi

reservoir 4006, and a controller 4009 for controlling the
power source 2 and the heating portion 4007.

[ 0296] The oil reservoir 4006 is a box-shaped nenber
havi ng an opening on the top. The oil reservoir 4006 is
preferably formed of a conductive material such as

stainl ess steel |ess degraded. Wen the oil reservoir 4006
is formed of an insulating nenber, the first electrode 3
and the second electrode 4 are insulated. Food oil 200 is
stored in the oil reservoir 4006. An ingredient 4100 such
as food is put into the heated food oil 200.

[ 0297] The heating portion 4007 heats the food oil 200
stored in the oil reservoir 4006. The structure of the
heati ng portion 4007 may be a heating structure that feeds
current to a heating coil, a heating structure that burns
gas, or a heating structure by el ectronmagnetic induction.
The heating portion 4007 nay be installed in the inside of
the oil reservoir 4006 or nay be forned as a structure
integrated with the oil reservoir 4006. The heating
portion 4007 in the present enbodinent is installed on the
outside of the oil reservoir 4006 and heats the food oi
200 in the oil reservoir 4006 to 120 degrees to 200 degrees
centi grade.

[ 0298] The tenperature measuring portion 4008 neasures
the tenperature of the food oil 200 stored in the oi
reservoir 4006. At least a part of the tenperature
nmeasuring portion 4008 that neasures the tenperature is
installed in the food oil 200 stored in the oil reservoir
4006.



10

15

20

25

30

113

[ 0299] The controller 4009 controls the power source 2
and the heating portion 4007 in accordance with the kind of
the ingredient 4100 and the tenperature neasured by the

t enperature neasuring portion 4008. For exanple, the
controll er 4009 controls the voltage or the frequency
applied by the power source 2 to the first electrode 3 and
the second el ectrode 4. The controller 4009 controls

el ectric power generated by the heating portion 4007 or the
flowrate of gas flow ng through the heating portion 4007.

[ 0300] In this manner, the controller 4009 controls the
power source 2 and the heating portion 4007 in accordance
with the kind of the ingredient 4100 and the tenperature
neasured by the tenperature nmeasuring portion 4008, whereby
the food oil 200 is set to the tenperature and the electric
field nost suitable for cooking the ingredient 4100.
Different ingredients 4100 therefore have individua
excel l ent eating quality.

[ 0301] The fryer 4001 in the present enbodi nent may have
a not-shown oxi dati on degree sensor that neasures the
degree of oxidation of the food oil 200 stored in the oi
reservoir 4006. Wen the fryer 4001 has an oxi dation
degree sensor, the controller 4009 may control the power
source 2 and the heating portion 4007 in accordance with
the degree of oxidation of the food oil 200 neasured by the
oxi dati on degree sensor.

[ 0302] In this manner, the controller 4009 controls the
power source 2 and the heating portion 4007 in accordance
with the kinds of the ingredient 4100 and the degree of

oxi dation of the food oil 200 neasured by the oxidation
degree sensor, whereby the food oil 200 is set to the
tenperature and the electric field nost suitable for
cooking the ingredient 4100. Different materials 4100

t herefore have individual excellent eating quality.
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[ 0303] A description will now be given to the water
content in the ingredient 4100 in the electric field
generated between the first electrode 3 and the second

el ectrode 4 and the nol ecul ar arrangenent of the food oi
200 when the power source 2 of the fryer 4001 is turned on.
[ 0304] The ingredient 4100 includes a liquid ingredient.
For exanple, the ingredient 4100 may be food such as neat,
fish, and vegetable. The ingredient 4100 in the present
enbodi nent contai ns water nol ecul es HO.

[ 0305] Wat er nol ecul es H,O regul arly arranged by the
fryer 4001 in the present enbodi nent forma pearl-chain
structure in which free water is bound into a stable state
i ke bound water. To be nore specific, water nolecul es HO
regularly arranged by the fryer 4001 in the present

enbodi nent are not bonded to other ingredients and are
finely particul ate, although they are free water, and can
stay fresh and not stale.

[ 0306] FIG 30 is a diagram show ng the arrangenent of

| ong-chain fatty acid in food oil

[ 0307] The food oil in the present enbodi nent includes
fatty acid. The fatty acid is preferably a | ong-chain
fatty acid or a nmediumchain fatty acid.

[ 0308] The I ong-chain fatty acid is preferably those
with 12 or nore carbons. Exanples of the long-chain fatty
acid include lauric acid, nyristic acid, pentadecylic acid,
palmtic acid, palmtoleic acid, margaric acid, stearic
acid, oleic acid, vaccenic acid, linoleic acid, a-linolenic
acid, y-linolenic acid, arachidic acid, arachidonic acid,
ei cosapent aenoi ¢ aci d, and docosahexaenoi c acid. The
medi um chain fatty acid is preferably those with 8 to 10
carbons. Exanples of the nmediumchain fatty acid include
caprylic acid, capric acid, and lauric acid.

[ 0309] For exanple, the fatty acid has a carboxyl chain
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noi ety functioning as hydrophilic group and a hydrocarbon
chain noiety functioning as |ipophilic group and m xes the
oi | conponent of the food oil 200 with the water conponent
present on the surface of the ingredient 4100 put into the
food oil 200. For exanple, when particulate water is
present on the surface of the ingredient 4100, the
hydrophilic group of the fatty acid aligns on the surface
of water.

[ 0310] When the food oil 200 stored in the oil reservoir
4006 of the fryer 4001 is heated to a predeterm ned
tenperature by the heating portion 4007, and the ingredient
4100 having particul ate water on the surface is put with an
electric field generated between the first el ectrode 3 and
the second el ectrode 4, the particulate water on the
surface of the ingredient 4100 and the hydrophilic group of
the fatty acid of the food oil 200 vibrate simlarly to the
wat er nol ecul es shown in FIG 43. The nol ecul es of
particul ate water on the surface of the ingredient 4100
beconme finely particulate. The hydrophilic group of the
fatty acid aligns on the ingredient 4100 side.

[ 0311] Even when the ingredient 4100 having particul ate
wat er on the surface is put into the hot food oil 200, the
water on the surface is instantaneously formed into fine
particles, and oil does not splash. The hydrophilic group
of the fatty acid arranged on the surface side of the

i ngredi ent 4100 reduces the food oil 200 penetrating into
the inside of the ingredient 4100 and prevents the

i ngredi ent 4100 from becom ng greasy and at the sane tine
prevents ejection of water fromthe ingredient 4100. That
is, the ingredient 4100 is cooked crispy on the surface and
noi st in the inside.

[0312] FIG 47 is a diagram show ng a cooking nethod in
the present enbodinent. FIG 47A is a diagramshow ng an
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i ngredient put into food oil. FIG 47B is a diagram
show ng an ingredi ent washed wwth water. FIG 47Cis a

di agram showi ng baking of an ingredient. FIG 47D is a

di agram showi ng boiling of an ingredient. FIG 47Eis a

di agram show ng steam ng of an ingredient.

[ 0313] At step 1, as shown in FIG 47A, the ingredient
4100 is fried in food oil 200 using the fryer 4001 in the
present enbodi nent shown in FIG 46 (ST1l). Preparation is
necessary before frying in the fryer 4001. |In the cooking
nmethod in the present enbodi nent, batter such as bread
crunbs usually put on the ingredient 4100 is not used.

[ 0314] First of all, the first electrode 3 and the
second el ectrode 4 are installed in the oil reservoir 4006.
A predeterm ned anount of food oil 200 is then stored in
the oil reservoir 4006. The food oil 200 is stored such
that the first electrode 3 and the second el ectrode 4 are
at |l east partially submerged. Next, the power source 2 is
turned on to forman electric field between the first

el ectrode 3 and the second el ectrode 4. Subsequently, the
controller 4009 controls the voltage and the frequency of
the power source 2 and the tenperature of the heating
portion 4007. The voltage and the frequency of the power
source 2 and the tenperature of the heating portion 4007
may be preset.

[ 0315] Next, the ingredient 4100 is put into the food
oil 200 in the oil reservoir 4006. The ingredient 4100 is
fried in the food oil 200 for a predeterm ned period of
time. A not-shown tinmer may be installed to give an alarm
when a predeterm ned period of tinme passes. The voltage
and the frequency of the power source 2 and the tenperature
of the heating portion 4007 may be set after the ingredient
4100 is put or may be set before and after the ingredient
4100 is put.
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[ 0316] After the ingredient 4100 is fried in the food
oil 200, at step 2, the ingredient 4100 is washed with
water as shown in FIG 47B (ST2). |In washing, the fried

i ngredient 4100 is put into water 300 stored in a water
reservoir 13. Alternatively, the ingredient 4100 may be
exposed to running tap water and washed. After washi ng
with water, water is preferably w ped off.

[0317] Typically, when the ingredient 4100 is fried in
the food oil 200 and then i medi ately washed with water for
a short time within five mnutes or so, water reacts with
the hot food oil 200 adhering to the ingredient 4100, and
wat er splashes to cause a dangerous situation. The

i ngredi ent 4100 fried by the fryer 4001 in the present
enbodi nent, however, is fried at a |l ow tenperature in a
short tine, and the ingredient 4100 is not greasy and can
be washed i nmedi ately.

[ 0318] The ingredient 4100 fried by the fryer 4001 in
the present enbodi nent is washed with water so that the oi
is washed away. In this way, in the ingredient cooking
nmethod in the present enbodi ment, after the ingredient 4100
is fried in the food oil 200, the fried ingredient 4100 is
washed with water immediately and water is wi ped off, so
that the ingredient 4100 is cooked in a simlar state to
bei ng baked while it is cooked through evenly w thout
produci ng snoke.

[ 0319] After washing with water, as shown in FIG 47C,
the ingredient 4100 may be baked for a short time, for
exanple, in a grill or a frying pan. 1In this way, when the
surface of the ingredient 4100 is additionally baked in a
grill for a short tinme after washing with water, the

i ngredi ent 4100 i s browned and cooked in the sanme way as
bei ng baked. Conpared with typical baking in a grill or
the like, the ingredient 4100 can be cooked through evenly
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for a short tinme w thout producing snoke.

[ 0320] After washing with water, as shown in FIG 47D
the ingredient 4100 may be boiled, for exanple, in a pan
for a short tinme. |In this way, when the ingredient 4100 is
additionally boiled in a pan for a short tine after washing
with water, the ingredient 4100 is stewed and cooked in the
same way as being simered. Conpared with typica

simering in a pan or the like, the ingredient 4100 can be
cooked t hrough evenly for a short tine w thout unevenness
in heating or losing its shape.

[ 0321] After washing with water, as shown in FIG 47E
the ingredient 4100 may be steaned, for exanple, in a
steaner for a short tinme. 1In this way, when the ingredient
4100 is additionally steaned in a steanmer after washing
with water, the ingredient 4100 is steaned and cooked in
the sane way as being steaned. Conpared with typical steam
cooking in a steanmer or the like, the ingredient 4100 can
be cooked through evenly for a short tinme wthout
unevenness in heating or losing its shape.

[ 0322] These ingredi ent cooking nethods can be entirely
system zed and all the steps can be performed automatically
through a production Iine. For exanple, the step of
putting the ingredient 4100 into the fryer 4001 shown in
FIG 47A, the step of renoving the fried ingredient, and
the step of washing with water shown in FIG 47B may be
performed automatically through a production line. The
baki ng step shown in FIG 47C, the boiling step shown in
FIG 47D, and the steam ng step shown in FIG 47E nmay al so
be perforned automatically through a production |ine.

[ 0323] FIG 48 is a diagramshowing a fryer and an oi
reservoir in another enbodinent. FIG 48A is a diagram
show ng a cross section of the fryer and the oil reservoir

i n anot her enbodinment. FIG 48B is a diagram showing a top
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view of the fryer and the oil reservoir in another

enbodi nent .

[ 0324] A fryer 4010 in another enbodi nent shown in FIG
48 is an exanple in which an oil reservoir 4011 al so serves
as electrodes 3 and 4. The oil reservoir 4011 is a box-
shaped nenber in the shape of a tube with a bottom The
oil reservoir 4011 has a first electrode 3 on one side nade
of a conductive material such as netal or alloy, a second
el ectrode 4 on the other side nade of a conductive materi al
such as netal and alloy, and an insul ating nenber 12
installed between the first electrode 3 and the second

el ectrode 4. The first electrode 3 and the second

el ectrode 4 are separated fromeach other by the insulating
menber 12.

[ 0325] In the fryer 4010 and the oil reservoir 4011 in
anot her enbodi nent shown in FIG 48, food oil 200 is put
into the oil reservoir 4011, and an ingredient 4100 is put
into the food oil 200. 1In the fryer 4010 in this

enbodi nent, since the oil reservoir 4011 al so serves as the
el ectrodes 3 and 4, the fryer 4010 can be conpact and slim
i n appear ance.

[ 0326] In the present enbodi nent shown in FIG 46 and
FIG 48, the first electrode 3 and the second el ectrode 4
are used as vibration generating portions. The vibration
generating portions in the present enbodi nent, however, nmay
be those that generate electric waves or ultrasonic waves,
rat her than el ectrodes. The vibration generating portions
in the present enbodi nent may use any frequency range. The
vi bration generating portions vibrate water and oil, so
that an enul si on phenonmenon occurs in which water and oi
are enulsified, the affinity between water and oi

I ncreases, the interfacial tension decreases, and

consequently, the size of water droplets beconmes small
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Water on the surface of the ingredient becones fine, and
the ingredient is pronptly covered with water skin. This
prevents intrusion of oil into the ingredient and nmakes
fried food with oil |ess absorbed.

[ 0327] Typically, when the ingredient 4100 is fried in
the food oil 200 and then i medi ately washed with water for
a short tinme wwthin five mnutes or so, water reacts with
the hot food oil 200 adhering to the ingredient 4100, and
wat er splashes to cause a dangerous situation. The

i ngredi ent 4100 fried by the fryer 4001 in the present
enbodi nent, however, is fried at a |l ow tenperature in a
short tinme, and the ingredient 4100 is not greasy and
therefore can be washed with water imedi ately.

[ 0328] The ingredient 4100 fried by the fryer 4001 in
the present enbodi nent is washed with water so that the oi
is washed away. In this way, in the ingredient cooking
nmethod in the present enbodi ment, after the ingredient 4100
is fried in the food oil 200, the fried ingredient 4100 is
washed with water inmediately and water is wi ped off, so
that the ingredient 4100 is heated in the sane way as being

baked while it is cooked through evenly w thout producing

snoke.
[ 0329] In a conventional cooking nethod for fried food
using oil, cooking at high tenperature nmakes protein and

burnt bits bonded to each other and accel erates gl ycation.
Moreover, protein and cells in the ingredient are destroyed,
and the ingredient rapidly | oses water and becones tough.

By contrast, when the vibration generating portions in the
present enbodi nent are used, the ingredient can be cooked

at |l ow tenperature, and the ingredient can be cooked noi st
and tender w thout destroying protein.

[ 0330] Traditionally, grillers, iron plates, frying pans,
charcoal, or ovens are used for bake cooking and produce
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snoke. By contrast, the use of the vibration generating
portions in the present enbodi nent can reduce snoki ng.

[ 0331] In conventional bake cooking using a griller, the
ingredient is heated only on one side, and the ingredi ent
is not evenly baked. By contrast, when the vibration
generating portions in the present enbodi nent are used, the
ingredient is heated on all surfaces, thereby elimnating
baki ng unevenness. Since the ingredient is heated on al
surfaces, the time for cooking can be controlled, and the
evenly cooked state can be al ways achi eved by setting the
time for heating, for exanple, using a tiner.

[ 0332] The i ngredi ent cooking nethod in the present
enbodi nent as descri bed above uses the fryer 4001 incl uding
the power source 2 and the vibration generating portions 3
and 4 connected to the power source 2 to generate

vi brations. The ingredi ent cooking method incl udes:
storing oil in the oil reservoir 4006 in which the

vi bration generating portions 3 and 4 of the fryer 1 are
installed; frying the ingredient 4100 in the oil in the oi
reservoir 4006 in which the vibration generating portions 3
and 4 generate vibrations; and thereafter washing the

I ngredi ent 4100 with water. The ingredi ent cooking nethod
in the present enbodi nent therefore ensures even cooki ng at
| ow tenperature in a short tine, thereby inproving the
eating quality.

[ 0333] In the ingredient cooking nethod in the present
enbodi nent, after the ingredient 4100 is washed with water,
the ingredient 4100 is baked. The ingredient cooking
method in the present enbodi ment therefore ensures even
cooking at low tenperature in a short tine and inproves the
eating quality in bake cooking.

[ 0334] In the ingredient cooking nethod in the present
enbodi nent, after the ingredient 4100 is washed with water,
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the ingredient 4100 is boiled. The ingredient cooking

met hod in the present enbodi ment therefore ensures even
cooking at low tenperature in a short tine and inproves the
eating quality in boil cooking.

[ 0335] In the ingredient cooking nethod in the present
enbodi nent, after the ingredient 4100 is washed with water,
the ingredient 4100 is steanmed. The ingredient cooking
method in the present enbodi ment therefore ensures even
cooking at |l ow tenperature in a short tine and inproves the
eating quality in steam cooking.

[ 0336] In the ingredi ent cooking nethod in the present
enbodi nent, the vibration generating portions 3 and 4
generate electric waves. The eating quality therefore can
be i nproved i nexpensively with a sinple structure.

[ 0337] In the ingredi ent cooking nethod in the present
enbodi nent, the oil reservoir 4011 has a part serving as
the first electrode 3 and another part serving as the
second el ectrode 4, and the insulating nenber 12 is
installed between the first electrode 3 and the second

el ectrode 4 to separate the first electrode 3 and the
second el ectrode 4 fromeach other. The fryer 4010
therefore can be conpact and slimin appearance.

[ 0338] Al t hough the ingredi ent cooking nethod has been
described in the present enbodi nent based on sone exanpl es,
the present invention is not limted to those exanpl es and
I's susceptible to various conbi nations and nodi fi cations.

[ 0339] The principal features of the present invention
can be enployed in various enbodi nents and vari ati ons

wi t hout departing fromthe broad spirit and scope of the

i nvention. The enbodi nent descri bed above is nerely
illustrative of an exanple of the present invention and
does not Iimt the scope of the invention.
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[ 0340] This application clainms priority to Japanese
Pat ent Application No. 2017-100354 filed on May 19, 2017,
Japanese Patent Application No. 2017-126102 filed on June
28, 2017, and Japanese Patent Application No. 2017-153591
filed on August 8, 2017, the entire contents of which are
I ncor porated herein by reference.

Ref erence Signs Li st
[ 0341] 1 nol ecul ar arrangenent adjusting unit
(i ngredi ent control device)

2 power source
first electrode (vibration generating portion)
second el ectrode (vibration generating portion)
Wi re

tenperature controller

~N o O b~ W

, 12 insulating nenber

10 nol ecul ar arrangenent adjusting device (ingredient
control device)

11 contai ner

1la box

11b 1lid

13 water reservoir

100, 4001, 4010 fryer (ingredient control device)

101, 4006, 4011 oil reservoir

102 opposed plate antenna (vi bration generating
portion)

103 drive portion

104, 1542, 4007 heating portion

111 base portion

112 wvertical portion

113 term nal

200 food oil

300 water



10

15

20

25

30

0100,

124

0400 food conposition control device

(i ngredi ent control device)

0101,

0401, 1501, 1601, 1701, 1801, 1901, 2001, 2101,

2201 antenna function portion (first vibration generating

portion)
0102,

0402, 1502, 1602, 1702, 1802, 1902, 2002, 2102,

2202 antenna function portion (second vibration generating

portion)

0103,
0104,
0105,
0106,
0107,
0108,
0209

0210

0211,

0403 first frequency

0404 second frequency

0405 first circuit portion

0406 second circuit portion

0407 first controller

0408 second controller

ant enna

f eedi ng poi nt

0511, 0611, 0711, 0811, 0911 electromagnetic

wave of first frequency

0212,

0512, 0612, 0712, 0812, 0912 electromgnetic

wave of second frequency

0413
0414
0415
0416
0417
0418
1019
1020
1321
1322
1323
1324
1325

first frequency controller
second frequency controller
first phase controller

second phase controller

first timng controller

second timng controller

region of electromagnetic field
region of electromagnetic field

CPU

mai N menory

HDD

circuit interface
/0



1326
1541
1643
1744,
5 1845
1946
1947
2048
portion
10 2149
2250
2351
1561,
(obj ect)
15 1662
4100

125

user interface

frying tank

food soaki ng tank

2244 high-tenperature food cooking portion
roomtenperature food cooking portion
refrigerated food cooking portion
refrigerating portion

| ow-tenperature refrigerated food cooki ng

food defrost cooking portion

vapor supply portion

frozen food storing portion

1661, 1761, 1861, 1961, 2061, 2161, 2216 food

edible liquid
i ngredi ent (object)
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CLAI M5
1. An ingredient control device (100, 0100, 0400, 10,
4001, 4010) conprising a pair of vibration generating
portions (102, 0101, 0102, 0401, 0402, 3, 4) configured to
generate vibrations, wherein vibration is generated between
the vibration generating portions to control an ingredient
i n an object disposed between the vibration generating
portions.

2. The ingredient control device (100, 0100, 0400, 10,
4001, 4010) according to claim1, wherein

the vibration generating portions (102, 0101, 0102,
0401, 0402, 3, 4) are electrodes configured to generate
el ectromagneti ¢ waves, and

a water activity of the object is controlled by

generating el ectronagneti c waves between the el ectrodes.

3. The ingredient control device (100, 0100, 0400, 10,
4001, 4010) according to claim2, wherein el ectronmagnetic
waves are generated between the el ectrodes to increase
interfacial polarization between a water phase and anot her
phase of the object and thus decrease an interfacial
tensi on between the water phase and the ot her phase and
bind water in the object into a pearl-chain structure.

4. The ingredient control device (0100, 0400) according
toclaim1, 2, or 3, further conprising:

a first circuit portion (0105, 0405) configured to
apply alternating current of a first frequency to a first
vi bration generating portion (0101, 0401) of the pair of
vi bration generating portions; and

a second circuit portion (0106, 0406) configured to
apply alternating current of a second frequency to a second
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vi bration generating portion (0102, 0402) of the pair of
vi bration generating portions.

5. The ingredient control device (0400) according to
claim4, further conprising a frequency controller (0413,
0414) configured to control the first frequency and the
second frequency to different frequencies.

6. The ingredient control device (0400) according to
claim4 or 5, wherein the first frequency and the second
frequency are at |east 10 kilohertz to at nost 150

kil ohertz.

7. The ingredient control device (0400) according to
claim4, 5, or 6, further conprising a phase controller
(0415, 0416) configured to control a phase of the

alternating current.

8. The ingredient control device (0100, 0400) according
to any one of clainms 4 to 7, further conprising:

a frying tank (1541); and

a heating portion (1542) configured to heat the frying
tank, wherein

the vibration generating portions (1501, 1502)
generate el ectronagneti c waves, and

the pair of vibration generating portions are di sposed
to forman el ectromagnetic field in the frying tank.

9. The ingredient control device (0100, 0400) according
to any one of clains 4 to 7, further conprising a food
soaki ng tank (1643) capable of storing edible liquid for
soaking food (1661) to allow the edible liquid (1662) to
soak into the food and/or to extract an ingredient fromthe
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food into the edible liquid, wherein

the vibration generating portions (1601, 1602)
generate el ectronagneti c waves, and

the pair of vibration generating portions (1601, 1602)
are disposed to forman el ectromagnetic field in the food
soaki ng tank.

10. The ingredient control device (0100, 0400) according
to any one of clainms 4 to 7, further conprising a high-
tenperature food cooking portion (1744) configured to heat
food (1761a, 1761b, 1761c) as the object at high
tenperature, wherein

the vibration generating portions (1701, 1702)
generate el ectronagneti c waves, and

the pair of vibration generating portions are di sposed
to forman electromagnetic field in the high-tenperature

food cooking portion.

11. The ingredient control device (0100, 0400) according
to any one of clainms 4 to 7, further conprising a room
tenperature food cooking portion (1845) in which food
(1861) as the object is placed at roomtenperature, wherein

the vibration generating portions (1801, 1802)
generate el ectronagneti c waves, and

the pair of vibration generating portions are disposed
to forman el ectromagnetic field in the roomtenperature
food cooking portion.

12. The ingredient control device (0100, 0400) according
to any one of clainms 4 to 7, further conprising a
refrigerated food cooking portion (1946) configured to
refrigerate food (1961) as the object, wherein

the vibration generating portions (1901, 1902)



10

15

20

25

30

129

generate el ectronagneti c waves, and

the pair of vibration generating portions are disposed
to forman electromagnetic field in the refrigerated food
cooki ng portion.

13. The ingredient control device (0100, 0400) according
to any one of clainms 4 to 7, further conprising a | ow
tenperature refrigerated food cooking portion (2048)
configured to store food (2061) as the object by | ow
tenperature refrigeration, wherein

the vibration generating portions (2001, 2002)
generate el ectronagneti c waves, and

the pair of vibration generating portions are di sposed
to forman electromagnetic field in the | owtenperature

refrigerated food cooking portion.

14. The ingredient control device (0100, 0400) according
to any one of clainms 4 to 7, further conprising a food
defrost cooking portion (2149) for defrosting food as the
obj ect frozen, wherein

the vibration generating portions (2101, 2102)
generate el ectronagneti c waves, and

the pair of vibration generating portions are disposed
to forman electromagnetic field in the food defrost
cooki ng portion.

15. The ingredient control device (0100, 0400) according
to any one of clains 10 to 14, further conprising a vapor
supply portion (2250) configured to supply water vapor
and/ or water spray.

16. The ingredient control device (0100, 0400) according
to any one of clainms 4 to 7, further conprising a frozen
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food storing portion (2351) configured to store food as the
obj ect by freezing, wherein

the vibration generating portions (2301, 2302)
generate el ectronagneti c waves, and

the pair of vibration generating portions are di sposed
to forman el ectromagnetic field in the frozen food storing
portion.

17. The ingredient control device (10, 4001, 4010)
according to claim1, further conprising a power source
(10) configured to generate alternating current, wherein
a first vibration generating portion (3) of the pair
of vibration generating portions is coupled to one
el ectrode of the power source, and
a second vibration generating portion (4) of the pair
of vibration generating portions is coupled to another

el ectrode of the power source.

18. The ingredient control device (10, 4001, 4010)
according to claim 17, wherein the vibration generating

portions (3, 4) are sheet-Ilike nenbers.

19. The ingredient control device (10) according to claim
17 or 18, further conprising a tenperature controller (6)
configured to control anbient tenperature.

20. The ingredient control device (10) according to claim
17, 18, or 19, further conprising a container (11) in which
the object is disposed, wherein
the vibration generating portions (3, 4) are
el ectrodes configured to generate el ectromagnetic waves,
the container has a part serving as one el ectrode of a
pair of the el ectrodes and anot her part serving as anot her
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el ectrode of the pair of the el ectrodes, and

an insulating nenber (7) is installed between a pair
of the electrodes to separate a pair of the electrodes from
each ot her.

21. An ingredient control method using an ingredient
control device (100, 0100, 0400, 10, 4001, 4010) i ncl uding
a pair of vibration generating portions (102, 0101, 0102,
0401, 0402, 3, 4) configured to generate vibrations,

the net hod conprising generating vibrations between
the vibration generating portions to control an ingredient
in an obj ect disposed between the vibration generating

portions.

22. The ingredient control method according to claim 21,
wher ei n

the vibration generating portions (102, 0101, 0102,
0401, 0402, 3, 4) are electrodes configured to generate
el ectromagneti ¢ waves, and

a water activity of the object is controlled by

generating el ectronagneti c waves between the el ectrodes.

23. The ingredient control nethod according to claim?21 or
22, wherein el ectromagneti c waves are generated between the
el ectrodes to increase interfacial polarization between a
wat er phase and anot her phase of the object to decrease an
interfacial tension between the water phase and the other
phase and bind water in the object into a pearl-chain

structure.

24. The ingredient control method according to claim 22,
wherein a DC electric field is applied as an offset
electric field to an AC electric field to increase
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interfacial polarization between a water phase and anot her
phase of the object to decrease an interfacial tension

bet ween the water phase and the other phase and bind water
in the object into a pearl-chain structure.

25. The ingredient control method according to claim 24,
wherein the DC electric field of approximtely +100 V is
applied as an offset electric field on the water phase side
relative to the other phase in the AC electric field to

i ncrease interfacial polarization between the water phase
and the other phase of the object and thus decrease the
interfacial tension between the water phase and the ot her
phase and bind water in the object into a pearl-chain

structure.

26. The ingredient control nethod according to any one of
claims 22 to 25, wherein the el ectronmagnetic waves are | ow

frequency waves.

27. The ingredient control nmethod according to any one of
claims 22 to 25, wherein the el ectromagneti c waves have a

frequency of approxinmately 10 kHz to approxi mately 500 kHz.

28. The ingredient control nethod according to any one of
claims 22 to 27, wherein

the water in the object is divided into bound water
and free water, and

the free water in the object is bound in a pearl-chain

structure.

29. The ingredient control method according to claim 21,
wherein
the vibration generating portions generate
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el ect ronagneti c waves,

one (0101, 0401) of the pair of vibration generating
portions applies an electronmagnetic field of a first
frequency to the object, and

the other (0102, 0402) of the pair of vibration
generating portions applies an electromagnetic field of a
second frequency different fromthe first frequency to the
obj ect .

30. A transportation nmethod using an ingredient contro
device (10) including a pair of vibration generating
portions (3, 4) configured to generate vibrations, the
nmet hod conpri sing:

installing an object between the vibration generating
portions; and

transporting the object while generating vibrations
bet ween the vibration generating portions to control an

i ngredient in the object.

31. A transportation method using an ingredient contro
device (10) including a pair of vibration generating
portions (3, 4) configured to generate vibrations, the
met hod conpri sing:
installing an object between the vibration generating
portions;
generating vibrations between the vibration generating
portions to control an ingredient in the object;
renmoving the object fromthe ingredient control device
after el apse of a predeterm ned period of tine; and
thereafter transporting the object.

32. A cooking nmethod using an ingredient control device
(4001, 4010) including a pair of vibration generating



10

15

20

25

30

134

portions (3, 4) configured to generate vibrations and an
oil reservoir (4006, 4011) in which the vibration
generating portions are installed, the nmethod conprising:
storing oil in the oil reservoir;
frying an ingredient in oil in the oil reservoir in
whi ch the vibration generating portions generate
vi brations; and

thereafter washing the ingredient with water.

33. The cooking nmethod according to claim 32, wherein
after the ingredient is washed with water, the ingredient
I s baked.

34. The cooking nmethod according to claim 32, wherein
after the ingredient is washed with water, the ingredient

is boiled.

35. The cooking nmethod according to claim 32, wherein
after the ingredient is washed with water, the ingredient

i s steaned.

36. The cooki ng nethod according to any one of clains 32
to 35, wherein the vibration generating portions (3, 4)

generate el ectronagneti c waves.

37. The cooking nethod according to any one of clains 32
to 36, wherein
the vibration generating portions (3, 4) are
el ectrodes configured to generate el ectromagnetic waves,
the oil reservoir has a part serving as one el ectrode

of a pair of the electrodes and another part serving as the

ot her el ectrode of the pair of the el ectrodes, and
an insulating nmenber (12) is installed between a pair
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of the electrodes to separate a pair of the electrodes from
each ot her.

38. A program for a conputer of an ingredient contro
devi ce (0100, 0400) including a pair of vibration
generating portions configured to generate el ectromagnetic
waves, the program causing the conputer to perform
applying an el ectronagnetic field of a first frequency
by one (0101, 0401) of the pair of vibration generating
portions to an object installed between the pair of
vi bration generating portions; and
appl ying an el ectromagnetic field of a second
frequency different fromthe first frequency by the other
(0102, 0402) of the pair of vibration generating portions
to the object installed between the pair of vibration

generating portions.



