
1

DESCRIPTION

INGREDIENT CONTROL DEVICE, INGREDIENT CONTROL METHOD,

TRANSPORTATION METHOD, COOKING METHOD, AND PROGRAM

Field

[0001] The present invention relates to ingredient5

control devices, ingredient control methods, transportation

methods, cooking methods, and programs, and particularly

relates to an ingredient control device, an ingredient

control method, a transportation method, a cooking method,

and a program that can put an object in a good condition.10

Background

[0002] There is known a fryer by means of which food is

cooked in a space where electromagnetic waves in a

predetermined frequency range generate, so that the eating

quality of the cooked food can be made very high (see15

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

described that when food is cooked in a space where

electromagnetic waves in the predetermined frequency range20

generate, good effects, including prevention of food oil

oxidation and degradation and improvement of the eating

quality of cooked food, can be obtained.

Citation List

Patent Literature25

[0003] Literature 1: JP-A-2016-129672

Summary

Technical Problem

[0004] However, at the time when the fryer and the

cooking method both according to Patent Literature 1 were30

invented, even the inventor did not quite understand

reasons why the above good effects were obtained, and

therefore the above technique could not be applied to all
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kinds of food and had difficulty being applied to things

other than food.

[0005] The present invention is made to solve the

problem above and an object of the present invention is to

provide an ingredient control device, an ingredient control5

method, a transportation method, a cooking method, and a

program that 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) according10

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 disposed15

between 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 electrodes configured

to generate electromagnetic waves, and a water activity of20

the object may be controlled by generating electromagnetic

waves between the electrodes.

[0008] In the ingredient control device (100, 0100, 0400,

10, 4001, 4010), electromagnetic waves may be generated

between the electrodes to increase interfacial polarization25

between a water phase and another phase of the object and

thus 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) may30

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

vibration generating portion (0102, 0402) of the pair of

vibration generating portions.5

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

include a frequency controller (0413, 0414) configured to

control the first frequency and the second frequency to

different frequencies.

[0011] In the ingredient control device (0400), the10

first frequency and the second frequency may be at least 10

kilohertz to at most 150 kilohertz.

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

include a phase controller (0415, 0416) configured to

control a phase of the alternating current.15

[0013] The ingredient control device (0100, 0400) may

further include a frying tank (1541), and a heating portion

(1542) configured to heat the frying tank, in which the

vibration generating portions (1501, 1502) may generate

electromagnetic waves, and the pair of vibration generating20

portions may be disposed to form an electromagnetic field

in the frying tank.

[0014] The ingredient control device (0100, 0400) may

further include a food soaking tank (1643) capable of

storing edible liquid for soaking food (1661) to allow the25

edible liquid (1662) to soak into the food and/or to

extract an ingredient from the food into the edible liquid,

in which the vibration generating portions (1601, 1602) may

generate electromagnetic waves, and the pair of vibration

generating portions (1601, 1602) may be disposed to form an30

electromagnetic field in the food soaking tank.

[0015] The ingredient control device (0100, 0400) may

further include a high-temperature food cooking portion
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(1744) configured to heat food (1761a, 1761b, 1761c) as the

object at high temperature, in which the vibration

generating portions (1701, 1702) may generate

electromagnetic waves, and the pair of vibration generating

portions may be disposed to form an electromagnetic field5

in the high-temperature food cooking portion.

[0016] The ingredient control device (0100, 0400) may

further include a room-temperature food cooking portion

(1845) in which food (1861) as the object is placed at room

temperature, in which the vibration generating portions10

(1801, 1802) may generate electromagnetic waves, and the

pair of vibration generating portions may be disposed to

form an electromagnetic field in the room-temperature food

cooking portion.

[0017] The ingredient control device (0100, 0400) may15

further include a refrigerated food cooking portion (1946)

configured to refrigerate food (1961) as the object, in

which the vibration generating portions (1901, 1902) may

generate electromagnetic waves, and the pair of vibration

generating portions may be disposed to form an20

electromagnetic field in the refrigerated food cooking

portion.

[0018] The ingredient control device (0100, 0400) may

further include a low-temperature refrigerated food cooking

portion (2048) configured to store food (2061) as the25

object by low-temperature refrigeration, in which the

vibration generating portions (2001, 2002) may generate

electromagnetic waves, and the pair of vibration generating

portions may be disposed to form an electromagnetic field

in the low-temperature refrigerated food cooking portion.30

[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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vibration generating portions (2101, 2102) may generate

electromagnetic waves, and the pair of vibration generating

portions may be disposed to form an electromagnetic field

in the food defrost cooking portion.

[0020] The ingredient control device (0100, 0400) may5

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, in10

which the vibration generating portions (2301, 2302) may

generate electromagnetic waves, and the pair of vibration

generating portions may be disposed to form an

electromagnetic field in the frozen food storing portion.

[0022] The ingredient control device (10, 4001, 4010)15

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 may be coupled to one electrode of the power

source, and a second vibration generating portion (4) of20

the pair of vibration generating portions may be coupled to

another electrode of the power source.

[0023] In the ingredient control device (10, 4001, 4010),

the vibration generating portions (3, 4) may be sheet-like

members.25

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

include a temperature controller (6) configured to control

ambient temperature.

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

include a container (11) in which the object is disposed,30

in which the vibration generating portions (3, 4) may be

electrodes configured to generate electromagnetic waves,

the container may have a part serving as one electrode of a
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pair of the electrodes and another part serving as another

electrode of the pair of the electrodes, and an insulating

member (7) may be installed between a pair of the

electrodes to separate a pair of the electrodes from each

other.5

[0026] To attain the above objective, an ingredient

control method 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 second10

aspect of the present invention includes generating

vibrations between the vibration generating portions to

control an ingredient in an object disposed between the

vibration generating portions.

[0027] In the ingredient control method, the vibration15

generating portions (102, 0101, 0102, 0401, 0402, 3, 4) may

be electrodes configured to generate electromagnetic waves,

and a water activity of the object may be controlled by

generating electromagnetic waves between the electrodes.

[0028] In the ingredient control method, electromagnetic20

waves may be generated between the electrodes to increase

interfacial polarization between a water phase and another

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.25

[0029] In the ingredient control method, a DC electric

field may be applied as an offset electric field to an AC

electric field to increase interfacial polarization between

a water phase and another phase of the object to decrease

an interfacial tension between the water phase and the30

other phase and bind water in the object into a pearl-chain

structure.

[0030] In the ingredient control method, the DC electric
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field of approximately +100 V may be applied as an offset

electric field on the water phase side relative to the

other phase in the AC electric field to increase

interfacial polarization between the water phase and the

other phase of the object and thus decrease the interfacial5

tension between the water phase and the other phase and

bind water in the object into a pearl-chain structure.

[0031] In the ingredient control method, the

electromagnetic waves may be low-frequency waves.

[0032] In the ingredient control method, the10

electromagnetic waves may have a frequency of approximately

10 kHz to approximately 500 kHz.

[0033] In the ingredient control method, 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-15

chain structure.

[0034] In the ingredient control method, the vibration

generating portions may generate electromagnetic waves, one

(0101, 0401) of the pair of vibration generating portions

may apply an electromagnetic field of a first frequency to20

the object, and the other (0102, 0402) of the pair of

vibration generating portions may apply an electromagnetic

field of a second frequency different from the first

frequency to the object.

[0035] To attain the above objective, a transportation25

method 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

vibration generating portions, and transporting the object30

while 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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method 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

vibration generating portions, generating vibrations5

between the vibration generating portions to control an

ingredient in the object, removing the object from the

ingredient control device after elapse of a predetermined

period of time, and thereafter transporting the object.

[0037] To attain the above objective, a cooking method10

using 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

which the vibration generating portions are installed

according to a fifth aspect of the present invention15

includes storing oil in the oil reservoir, frying an

ingredient in oil in the oil reservoir in which the

vibration generating portions generate vibrations, and

thereafter washing the ingredient with water.

[0038] In the cooking method, after the ingredient is20

washed with water, the ingredient may be baked.

[0039] In the cooking method, after the ingredient is

washed with water, the ingredient may be boiled.

[0040] In the cooking method, after the ingredient is

washed with water, the ingredient may be steamed.25

[0041] In the cooking method, the vibration generating

portions (3, 4) may generate electromagnetic waves.

[0042] In the cooking method, the vibration generating

portions (3, 4) may be electrodes configured to generate

electromagnetic waves, the oil reservoir may have a part30

serving as one electrode of a pair of the electrodes and

another part serving as the other electrode of the pair of

the electrodes, and an insulating member (12) may be
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installed between a pair of the electrodes to separate a

pair of the electrodes from each other.

[0043] To attain the above objective, a program for a

computer of an ingredient control device (0100, 0400)

including a pair of vibration generating portions5

configured to generate electromagnetic waves according to a

sixth aspect of the present invention causes the computer

to perform applying an electromagnetic field of a first

frequency by one (0101, 0401) of the pair of vibration

generating portions to an object installed between the pair10

of vibration generating portions, and applying an

electromagnetic 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.15

Advantageous Effects of Invention

[0044] The ingredient control device, the ingredient

control method, the transportation method, the cooking

method, and the program according to the present invention20

can put an object in a good condition.

Brief Description of Drawings

[0045] These and other aspects, features and advantages

of which embodiments of the invention are capable of will

be apparent and elucidated from the following description25

of embodiments of the present invention, reference being

made to the accompanying drawings, in which

FIG. 1 is a side view schematically showing a fryer

according to an embodiment.

FIG. 2 shows an example of a processing flow in a30

water control method using the fryer according to the above

embodiment.

FIG. 3A is a graph showing measurement 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 showing measurement

results of interfacial tension when an electric field was

applied to additive-free fresh food oil with saline as a5

water phase.

FIG. 4A is a graph showing measurement results of

interfacial tension when an electric field was applied to

oleic acid-added food oil with phosphate-buffered saline as

a water phase and FIG. 4B is a graph showing measurement10

results of interfacial tension when an electric field was

applied to sodium oleate-added food oil with phosphate-

buffered saline as a water phase.

FIG. 5 is a graph showing measurement results of

interfacial tension when only a DC electric field was15

applied to sodium oleate-added food oil with phosphate-

buffered saline as a water phase.

FIG. 6 is a graph showing measurement results of

interfacial tension when only an AC electric field was

applied to sodium oleate-added food oil with phosphate-20

buffered saline as a water phase.

FIG. 7 is a graph showing measurement results of

interfacial tension when a DC electric field of +100 V was

applied, in an AC electric field, to sodium oleate-added

food oil with phosphate-buffered saline as a water phase.25

FIG. 8 is a graph showing measurement results of

interfacial tension when a DC electric field of -100 V was

applied, in an AC electric field, to sodium oleate-added

food oil with phosphate-buffered saline as a water phase.

FIG. 9 is a graph showing measurement results of30

interfacial tension when an electric field was applied to

sodium oleate-added food oil with saline as a water phase.

FIG. 10 is a graph showing measurement results of
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interfacial tension when only an AC electric field was

applied to sodium oleate-added food oil with saline as a

water phase.

FIG. 11 is a graph showing measurement results of

interfacial tension when a DC electric field of +100 V was5

applied, in an AC electric field, to sodium oleate-added

food oil with saline as a water phase.

FIG. 12 is a graph showing measurement results of

interfacial tension when a DC electric field of -100 V was

applied, in an AC electric field, to sodium oleate-added10

food oil with saline as a water phase.

FIG. 13 is a graph showing measurement results of

interfacial tension when an electric field was applied to

additive-free used food oil with phosphate-buffered saline

as a water phase.15

FIG. 14 is a graph showing measurement 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 showing observation results of W/O

emulsions.20

FIG. 16 is a schematic view showing the formation of

pearl chains.

FIG. 17A is a table showing observation results of

water microdroplets of phosphate-buffered saline to which

various AC electric fields were applied in additive-free25

fresh food oil and FIG. 17B is a table showing observation

results of water microdroplets of saline under the same

conditions.

FIG. 18A is a table showing observation results of

water microdroplets of phosphate-buffered saline to which30

various AC electric fields were applied in sodium oleate-

added food oil and FIG. 18B is a table showing observation
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results of water microdroplets of saline under the same

conditions.

FIG. 19 is a diagram showing an example of the

functional blocks of a food composition control device in a

second embodiment.5

FIG. 20 is a circuit diagram showing an example of a

pair of antenna function portions.

FIG. 21 is a circuit diagram showing an example of one

antenna function portion.

FIG. 22 is a diagram showing an example of the10

functional blocks of the food composition control device in

the second embodiment.

FIG. 23 is a circuit diagram showing an example of the

food composition control device in the second embodiment

and a diagram showing an example of waveforms of15

electromagnetic fields.

FIG. 24 is a circuit diagram showing an example of the

food composition control device in the second embodiment

and a diagram showing an example of waveforms of

electromagnetic fields.20

FIG. 25 is a circuit diagram showing an example of the

food composition control device in the second embodiment

and a diagram showing an example of waveforms of

electromagnetic fields.

FIG. 26 is a circuit diagram showing an example of the25

food composition control device in the second embodiment

and a diagram showing an example of waveforms of

electromagnetic fields.

FIG. 27 is a circuit diagram showing an example of the

food composition control device in the second embodiment30

and a diagram showing an example of waveforms of

electromagnetic fields.

FIG. 28A is a schematic diagram showing an example of
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the arrangement of antennas of a pair of antenna function

portions.

FIG. 28B is an image diagram showing an example of the

timing of stopping and outputting alternating current

output in the food composition control device in the second5

embodiment.

FIG. 29A is a schematic diagram showing an example of

the arrangement of antennas of a pair of antenna function

portions.

FIG. 29B is a schematic diagram showing an example of10

the arrangement of antennas of a pair of antenna function

portions.

FIG. 29C is a schematic diagram showing an example of

the arrangement of antennas of a pair of antenna function

portions.15

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

salt.

FIG. 31 is a schematic diagram showing an example of

the configuration of the food composition control device in

the second embodiment.20

FIG. 32 is a flowchart showing an example of the

process flow in the food composition control device in the

second embodiment.

FIG. 33A is a conceptual diagram showing an overview

of a food composition control device in a third embodiment.25

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

third embodiment.

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

third embodiment.

FIG. 34A is a conceptual diagram showing an overview30

of a food composition control device in a fourth embodiment.

FIG. 34B shows the result of an evaluation test in the

fourth embodiment.
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FIG. 34C shows the result of an evaluation test in the

fourth embodiment.

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

fourth embodiment.

FIG. 34E shows the result of an evaluation test in the5

fourth embodiment.

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

fourth embodiment.

FIG. 35A is a conceptual diagram showing an overview

of a food composition control device in a fifth embodiment.10

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

fifth embodiment.

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

fifth embodiment.

FIG. 35D shows the result of an evaluation test in the15

fifth embodiment.

FIG. 36A is a conceptual diagram showing an overview

of a food composition control device in a sixth embodiment.

FIG. 36B shows the result of an evaluation test in the

sixth embodiment.20

FIG. 36C shows the result of an evaluation test in the

sixth embodiment.

FIG. 37A is a conceptual diagram showing an overview

of a food composition control device in a seventh

embodiment.25

FIG. 37B shows the result of an evaluation test in the

seventh embodiment.

FIG. 37C shows the result of an evaluation test in the

seventh embodiment.

FIG. 38A is a conceptual diagram showing an overview30

of a food composition control device in an eighth

embodiment.

FIG. 38B shows the result of an evaluation test in the
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eighth embodiment.

FIG. 39A is a conceptual diagram showing an overview

of a food composition control device in a ninth embodiment.

FIG. 39B shows the result of an evaluation test in the

ninth embodiment.5

FIG. 40A is a conceptual diagram showing an overview

of a food composition control device in a tenth embodiment.

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

tenth embodiment.

FIG. 41A is a conceptual diagram showing an overview10

of a food composition control device in an eleventh

embodiment.

FIG. 41B shows the result of an evaluation test in the

eleventh embodiment.

FIG. 42 is a diagram showing a molecular arrangement15

adjusting unit and a molecular arrangement adjusting device

according to a twelfth embodiment.

FIG. 43 is a diagram showing the arrangement of water

molecules of an object in a normal state and the

arrangement of water molecules of an object in an electric20

field produced between a first electrode and a second

electrode.

FIG. 44 is a diagram showing an example including a

temperature controller in the molecular arrangement

adjusting unit in the twelfth embodiment.25

FIG. 45 is a diagram showing the molecular arrangement

adjusting device in another embodiment.

FIG. 46 is a diagram showing a fryer in a thirteenth

embodiment.

FIG. 47 is a diagram showing an ingredient cooking30

method in the thirteenth embodiment.

FIG. 48 is a diagram showing a fryer in another

embodiment.



16

Description of Embodiments

[0046] Hereinafter, the present invention will be

described with reference to the drawings. The present

invention is not at all limited by the descriptions of the

specification and drawings and various modifications and5

variations thereof can be appropriately made without

changing the gist of the invention.

[0047] Embodiments of the present invention will be

described below. It should be noted that the present

invention is not limited by those embodiments and can be10

carried out in various modes without departing from the

spirit of the invention. The correspondence between the

embodiments and claims is as follows. The first embodiment

mainly relates to claims 1 and 2 and claims 20 to 26, the

second embodiment mainly relates to claims 1 to 6, claim 27,15

and claim 36, the third embodiment mainly relates to claim

5 and claim 7, the fourth embodiment mainly relates to

claim 5 and claim 8, the fifth embodiment mainly relates to

claim 5 and claim 9, the sixth embodiment mainly relates to

claim 5 and claim 10, the seventh embodiment mainly relates20

to claim 5 and claim 11, the eighth embodiment mainly

relates to claim 5 and claim 12, the ninth embodiment

mainly relates to claim 5 and claim 13, the tenth

embodiment mainly relates to claim 5 and claim 14, the

eleventh embodiment mainly relates to claim 12 and claim 15,25

the twelfth embodiment mainly relates to claims 16 to 19

and claim 29 and claim 30, and the thirteenth embodiment

mainly relates to claims 31 to 35.

<<First Embodiment>>

[0048] A fryer according to this embodiment is formed30

of, for example, an electric field-applicable fryer by

means of which food can be cooked in a space where

electromagnetic waves in a predetermined frequency range



























































45

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

from the first circuit portion. The other antenna function

portion of a pair of antenna function portions has an5

antenna B and receives alternating current of 47 kHz as a

second frequency from the second circuit portion. In FIG.

23B, the waveform (P wave) of electromagnetic wave (0511)

of the first frequency emitted from the antenna A is shown

by a solid line, and the waveform (Q wave) of10

electromagnetic wave (0512) of the second frequency emitted

from the antenna B is shown by a dotted line. The

electromagnetic field formed by a pair of antenna function

portions is the waveform (P wave + Q wave) in FIG. 23C

obtained by adding the solid line and the broken line in15

FIG. 23B.

[0131] In the fryer 100 according to the first

embodiment, an electromagnetic field is formed of

electromagnetic waves of a single frequency, and the

waveform of electromagnetic waves is a simple waveform as20

shown by a solid line in FIG. 23B, for example, when the

frequency applied to the antenna is 50 kHz. On the other

hand, in the food composition control device in the present

embodiment, the waveform can be formed in a complicated

shape with repeating amplification and attenuation, as25

shown in FIG. 23C.

<Example of Electromagnetic Fields Formed with

Electromagnetic Waves of Different Frequencies (50 kHz and

30 kHz)>

[0132] FIG. 24 is a circuit diagram showing an example30

of the food composition control device in the second

embodiment and a diagram showing an example of waveforms of

electromagnetic fields for explaining another example of
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the waveforms of electromagnetic field when a first

frequency and a second frequency that are different are

output. The food composition control device shown in the

circuit diagram in FIG. 24A has a pair of antenna function

portions. One antenna function portion of a pair of5

antenna function portions has an antenna A and receives

alternating current of 50 kHz as a first frequency from the

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 second10

frequency from the second circuit portion. In FIG. 24B,

the waveform (P wave) of electromagnetic wave (0611) of the

first frequency emitted from the antenna A is shown by a

solid line, and the waveform (Q wave) of electromagnetic

wave (0612) of the second frequency emitted from the15

antenna B is shown by a dotted line. Then, the

electromagnetic field formed by a pair of antenna function

portions is the waveform (P wave + Q wave) in FIG. 24C

obtained by adding the solid line and the broken line in

FIG. 24B. In FIG. 24C, compared with FIG. 23C, the20

waveform has regularity but the waveform is very

characteristic.

[0133] As shown in FIG. 23 and FIG. 24, in the food

composition control device in the present embodiment, the

first frequency and the second frequency that are basically25

different are applied, whereby a wide variety of

complicated waveforms can be formed. The circuit diagrams

shown in FIG. 23 and FIG. 24 have the simplest

configuration as an example of a pair of antenna function

portions, and the number, direction, and shape of antennas30

may be changed and combined so that an even more

complicated waveform can be formed into an electromagnetic

field.
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(Control of Phases)

<Description of Phase>

[0134] For example, the voltage of alternating current

of an electromagnetic wave applied to the antenna function

portion at a given time is expressed by Equation (1), where5

V0

angular frequency and frequency (f) is expressed by

Equation 2.

(Equation 1)10

V(t) = V0

(Equation 2)

<Example of Electromagnetic Fields Formed with

Electromagnetic Waves of Different Phases: Same frequency15

of 50 kHz>

[0135] FIG. 25 is a circuit diagram showing an example

of the food composition control device in the second

embodiment and a diagram showing an example of waveforms of

electromagnetic fields for explaining change in waveform of20

the electromagnetic field when different phases are applied

to the first frequency and the second frequency. First of

all, a case where the electromagnetic waves applied to a

pair of antenna function portions have the same phase and

frequency is described. In the food composition control25

device shown in the circuit diagram in FIG. 25A, the first

frequency (0711) applied to the antenna function portion

having an antenna A and the second frequency (0712) applied

to the antenna function portion having an antenna B are 50

30

obtained by adding the waveform (P wave) of the

electromagnetic wave of the first frequency emitted from

the antenna A and the waveform (Q wave) of the
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electromagnetic wave of the second frequency emitted from

the antenna B is shown in FIG. 25B.

[0136] Next, a case where the electromagnetic waves

applied to a pair of antenna function portions have the

same frequency and different phases is described. In the5

food composition control device shown in the circuit

diagram in FIG. 25C, the first frequency (0711) applied to

the antenna function portion having an antenna A' is 50 kHz,

applied to the antenna function portion having an antenna10

obtained by adding the waveform (P wave) of the

electromagnetic wave of the first frequency emitted from

the antenna A' and the waveform (Q wave) of the

electromagnetic wave of the second frequency emitted from15

the antenna B' is shown in FIG. 25D. Basically, the

waveform is a sine wave and a fundamental waveform. When

the waveforms in FIG. 25B and FIG. 25D are compared, the

frequencies are the same but the maximum value and the

minimum value of wave intensity are different. In this way,20

in the food composition control device in the present

embodiment, for example, when the first frequency and the

second frequency are the same, the phase is controlled

whereby the maximum value and the minimum value of wave

intensity can be controlled with the frequency kept25

constant. Controlling the maximum value and the minimum

value of the waveform with the frequency kept constant is

possible even by changing the voltage. However, in the

food composition control device in the present embodiment,

the phase of the first frequency and the second frequency30

are controlled without controlling the voltage.

<Example of Electromagnetic Fields Formed with

Electromagnetic Waves of Different Phases: Different
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Frequencies (50 kHz and 47 kHz)>

[0137] FIG. 26 is a circuit diagram showing an example

of the food composition control device in the second

embodiment and a diagram showing an example of waveforms of

electromagnetic fields for explaining change in waveform of5

the electromagnetic field when different frequencies and

phases are applied to the first frequency and the second

frequency. First, a case where the frequencies of

electromagnetic waves applied to a pair of antenna function

portions are different is described. In the food10

composition control device shown in the circuit diagram in

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

15

each. The waveform obtained by adding the waveform (P

wave) of the electromagnetic wave of the first frequency

emitted from the antenna A and the waveform (Q wave) of the

electromagnetic wave of the second frequency emitted from

the antenna B is shown in FIG. 26B.20

[0138] Next, a case where the frequencies and the phases

of electromagnetic waves applied to a pair of antenna

function portions are different is described. In the food

composition control device shown in the circuit diagram in

FIG. 26C, the first frequency (0811) applied to the antenna25

function portion having an antenna A is 50 kHz, and the

antenna function portion having an antenna B is 47 kHz, and

waveform (P wave) of the electromagnetic wave of the first30

frequency emitted from the antenna A and the waveform (Q

wave) of the electromagnetic wave of the second frequency

emitted from the antenna B is shown in FIG. 26D. When the
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waveforms in FIG. 26B and FIG. 26D are compared, there is

almost no effect on the pattern of the waveform but the

phase is changed. However, the change in phase presumably

gives no change to food.

<Example of Electromagnetic Fields Formed with5

Electromagnetic Waves of Different Phases: Different

Frequencies (50 kHz and 30 kHz)>

[0139] FIG. 27 is a circuit diagram showing an example

of the food composition control device in the second

embodiment and a diagram showing an example of waveforms of10

electromagnetic fields, which is another diagram for

explaining change in waveform of the electromagnetic field

when different frequencies and phases are applied to the

first frequency and the second frequency. First, a case

where the frequencies of electromagnetic waves applied to a15

pair of antenna function portions are different is

described. In the food composition control device shown in

the circuit diagram in 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 the20

antenna function portion having an antenna B is 30 kHz, and

adding the waveform (P wave) of the electromagnetic wave of

the first frequency emitted from the antenna A and the

waveform (Q wave) of the electromagnetic wave of the second25

frequency emitted from the antenna B is shown in FIG. 27B.

[0140] Next, a case where the frequencies and the phases

of electromagnetic waves applied to a pair of antenna

function portions are different is described. In the food

composition control device shown in the circuit diagram in30

FIG. 27C, the first frequency (0911) applied to the antenna

function portion having an antenna A is 50 kHz, and the
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antenna function portion having an antenna B is 30 kHz, and

waveform (P wave) of the electromagnetic wave of the first

frequency emitted from the antenna A and the waveform (Q

wave) of the electromagnetic wave of the second frequency5

emitted from the antenna B is shown in FIG. 27D. When the

waveforms in FIG. 27B and FIG. 27D are compared, they are

similar in that the pattern of the waveform has regularity,

but the pattern of the waveform is changed due to the

changed phase.10

[0141] Which frequency to select may be determined in

accordance with the impedance when an electromagnetic field

is formed for food. Presumably, as the energy consumption

by vibrations of polymer organic substances included in

food, alcohols with a relatively large molecular weight,15

and alcohol derivatives with a relatively large molecular

weight is increased, the effect of controlling the food

composition emerges to have a favorable effect on the food.

It is therefore preferable to control the frequency and the

phase such that the impedance has a relatively large value.20

However, since as many impedance peaks as the kinds of

substances included in the food may appear, the impedance

peaks may be found by changing the frequency, and radiation

for a short time for each peak may be repeated. For this,

the impedance characteristic may be first checked while the25

frequency is swept from the lower limit value to the upper

limit, and an overall radiation plan may be made by

scheduling based on the check result. It is also

preferable that the search for impedance peaks and the

radiation planning are performed automatically.30

(Control of Timing of Stopping and Outputting Alternating

Current Output)

[0142] FIG. 28A is a circuit diagram showing an example
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of the food composition control device in the present

embodiment and an image diagram of an electromagnetic field

region formed for a certain period of time. The food

composition control device shown in the circuit diagram in

FIG. 28A has a pair of antenna function portions. One5

antenna function portion of a pair of antenna function

portions has an antenna A and receives alternating current

from the first circuit portion, in which the timing of

stopping and outputting alternating current output is

controlled by the first controller having the first timing10

controller configured to control the timing 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 from the

second circuit portion, in which the timing of stopping and15

outputting alternating current output is controlled by the

second controller having the second timing controller

configured to control the timing of stopping and outputting

alternating current output. Since the first controller and

the second controller have the first timing controller and20

the second timing controller, respectively, for example,

alternating current can be applied alternately from the

first circuit portion and the second circuit portion to a

pair of antenna function portions, or applied

intermittently, or applied for a fixed time of a day.25

[0143] As an example, 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 be30

described with reference to FIG. 28A. A region (1019) of

the electromagnetic 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 electromagnetic

field formed by the antenna function portion having the

antenna B for 0.0001 second is shown by a broken line. For

example, if alternating current is output for 0.0001 second

alternately from the first circuit portion and the second5

circuit portion to a pair of antenna function portions, the

region in which an electromagnetic field is formed is

switched between the solid-line range and the dotted-line

range every 0.0001 second. Another example will be

described with reference to FIG. 28A. When the first10

controller and the second controller perform control of

outputting alternating current for 0.0001 second from the

first circuit portion and the second circuit portion to a

pair of antenna function portions and then stopping the

output for 0.0001 second, a state in which an15

electromagnetic field is formed in both of the solid-line

region and the broken-line region for 0.0001 second and

thereafter a state in which an electromagnetic field is not

formed for 0.0001 second are alternately repeated. These

two examples have an effect on a food composition,20

different from when alternating current is continuously

output from the first circuit portion and the second

circuit portion to a pair of antenna function portions.

[0144] FIG. 28B is an image diagram showing an example

of the timing of stopping and outputting alternating25

current output in the food composition control device in

the present embodiment. One antenna function portion of a

pair of antenna function portions has an antenna A and

receives alternating current from the first circuit portion,

in which the timing of stopping and outputting alternating30

current output is controlled by the first controller having

the first timing controller configured to control the

timing 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 from the second circuit portion, in

which the timing of stopping and outputting alternating

current output is controlled by the second controller5

having the second timing controller configured to control

the timing of stopping and outputting alternating current

output. The abscissa axis indicates the time and shows the

time when the antennas A and B form electromagnetic fields

by solid lines.10

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

electromagnetic field for a certain time (t0 to t1) and

thereafter stops forming an electromagnetic field for a

certain time (t1 to t2). While the antenna A stops forming

an electromagnetic field (t1 to t2), the antenna B forms an15

electromagnetic field for a certain time (t1 to t2).

Subsequently, while the antenna B stops forming an

electromagnetic field for a certain time (t2 to t3), the

antenna A forms an electromagnetic field (t2 to t3).

Similar control is subsequently repeated, and such an20

example is shown in FIG. 28B(a). By performing the control

as shown in FIG. 28B(a), only the antenna A forms an

repeated.25

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

electromagnetic field for a certain time (t0 to t1) and

thereafter stops forming an electromagnetic field for a

certain time (t1 to t4). The antenna B forms an

electromagnetic field for a certain time (t2 to t3) and30

thereafter stops forming an electromagnetic field for a

certain time (t3 to t6), and subsequently similar control

is repeated. By performing the control as shown in FIG.
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28B(b), only the antenna A forms an electromagnetic field

during which neither antenna forms an electromagnetic field5

[0147] In the example shown in FIG. 28B(c), the antenna

A continuously forms an electromagnetic field, the antenna

B forms an electromagnetic field for a certain time (t1 to

t2) and thereafter stops forming an electromagnetic field10

for a certain time (t2 to t3), and subsequently similar

control is repeated. By performing the control as shown in

FIG. 28B(c), only the antenna A forms an electromagnetic

15

repeated.

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

electromagnetic field for a certain time (t0 to t2),

thereafter stops forming an electromagnetic field for a

certain time (t2 to t3), and forms an electromagnetic field20

again for a certain time (t3 to t6). The antenna B forms

an electromagnetic field for a certain time (t1 to t4) and

thereafter stops forming an electromagnetic field for a

certain time (t4 to t5), and subsequently similar control

is repeated. By performing the control as shown in FIG.25

28B(d), only the antenna A forms an electromagnetic field

there is a time during which both antennas form an30

[0149] In FIG. 28B(e), the antenna A forms an

electromagnetic field for a certain time (t0 to t2),
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thereafter stops forming an electromagnetic field for a

certain time (t2 to t4), and forms an electromagnetic field

again for a certain time (t4 to t6). The antenna B forms

an electromagnetic field for a certain time (t1 to t3) and

thereafter stops forming an electromagnetic field for a5

certain time (t3 to t5), and subsequently similar control

is repeated. By performing the control as shown in FIG.

28B(e), only the antenna A forms an electromagnetic field

10

there is a time during which neither antenna forms an

[0150] It is needless to say that the method of

controlling the timing of stopping and outputting15

alternating current output in the food composition control

device in the present embodiment is not limited to these

five examples shown in FIG. 28B. Controlling alternating

current output in this manner can have an effect on the

food composition, different from when the first circuit20

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 composition control device in the present embodiment

is not limited to the examples shown in FIG. 28A and FIG.25

28B. In addition to the control of frequency or/and phase,

the first controller and the second controller have the

first timing controller and the second timing controller,

respectively, to control the timing of stopping and

outputting alternating current output, thereby enabling30

various control of electromagnetic fields formed by the

food composition control device in the present embodiment.

(Effect of Arrangement of Antennas)
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[0152] FIG. 29A is a schematic diagram showing an

example of arrangement 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 of5

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 example in which four flat plate-shaped antennas

are used to form electromagnetic fields. In FIG. 29A(a),10

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-15

shape, and A and B face each other. In FIG. 29A(a) to FIG.

29A(d), the directions of electromagnetic waves forming

electromagnetic fields are shown. For example, although

the arrangement of the antennas is the same in FIG. 29A(a)

and FIG. 29A(b), the directions of electromagnetic waves20

are different and the formed electromagnetic fields are

also different. As shown in FIG. 29A(d), the arrangement

of the antenna A and the antenna B is not limited to the

position facing each other, and the antennas do not

necessarily face each other. It is needless to say that25

the arrangement and shape of antennas is not limited to the

examples in FIG. 28. In addition to the control of

frequency and/or phase, the shape and arrangement of

antennas allows electromagnetic waves forming

electromagnetic fields to cross each other or to travel30

parallel to each other. In this way, the characteristics

of electromagnetic waves forming electromagnetic fields can

be controlled also by the arrangement of the antennas.
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[0153] FIG. 29B is a schematic diagram showing an

example of the arrangement 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 are5

B and B', in which a plan view is shown on the upper side

and a perspective view is 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-bottom direction. In FIG. 29B(a), the antennas of one10

antenna function portion of a pair of antenna function

portions are disposed in proximity to the side surfaces,

and the antennas of the other antenna function portion are

disposed in proximity to the bottom surface. As shown in

FIG. 29B(c), the antenna A of one antenna function portion15

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. 29C is a schematic diagram showing an

example of the arrangement of antennas of a pair of antenna20

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

other antenna function portion is B, in which a plan view

is shown on the upper side and a perspective view is shown25

on the lower side. The antennas A and B in FIG. 29C(a)

have a shape formed by dividing an approximately spherical

shape into four, and the antennas in FIG. 29C(b) have a

shape formed by dividing an approximately spherical shape

into two. In this manner, the antenna may have a spherical30

surface. The antennas in FIG. 29C(c) and FIG. 29C(d) have

a shape formed by dividing a cylinder into two, in which

FIG. 29C(c) shows an example in which a bottom surface is
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not provided, and FIG. 29C(d) shows an example in which a

bottom surface is provided. It is needless to say that the

arrangement and shape of the antennas A and B is not

limited to the examples in FIGs. 29B and 29C. Similar to

FIG. 29A, FIGs. 29B and 29C also indicate that the5

characteristics of electromagnetic waves forming

electromagnetic fields can be controlled also by the

arrangement of antennas.

(Mechanism by Which Electromagnetic Field Controls Food

Composition)10

<Frying in Dynamic Electromagnetic Field in Single

Frequency>

[0155] The inventor of the present invention has

successfully developed a fryer by means of which food is

cooked in a space where electromagnetic waves in15

frequencies from 10 kilohertz to 150 kilohertz are

generated between the 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 dynamic

electromagnetic fields formed with a single frequency in a20

fry reservoir (first embodiment).

[0156] In the fryer 100 according to the first

embodiment, the mechanism by which the cooked food is

crispy on the surface and juicy inside is as follows.

Long-chain fatty acid salts such as sodium oleate that may25

be generated by heating and hydrolysis of food oil have a

carboxyl chain functioning as hydrophilic group and a

hydrocarbon chain moiety functioning as lipophilic group.

In the first embodiment, the invention of a cooking method

using food oil including long-chain fatty acid salts is30

further provided. Long-chain fatty acid salts play a role

of blending an oil component in food oil with a water

component 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 electromagnetic waves applied

at the electromagnetic waves-generating step allow the

long-chain fatty acid salt to vibrate in proximity to the5

surface of water.

[0157] For example, in the case of sodium laurate shown

in FIG. 30, electromagnetic waves act on and vibrate the

hydrophilic group moiety in the food oil.

[0158] Then, the hydrophilic group in contact with the10

particulate water vibrates to gradually make water

particles finer. Because of this phenomenon, even if

particulate water is present on a surface of food

immediately after the food is applied into hot food oil,

the water is instantaneously formed into fine particles,15

and an oil splash phenomenon 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

lipophilic group on the food oil side, so that penetration

of food oil into the food can be prevented to some extent.20

Because of this, oiliness of food due to penetration of oil

or ejection of water from the inside of the food can be

prevented to some extent. With these actions in

combination, the cooked food has a crispy surface and is

moist and juicy inside.25

<Comparison Between First Embodiment and Second Embodiment>

[0159] The inventor of the present invention has found

that improvement and enhancement of the eating quality and

keeping freshness for a long time can be achieved by

forming an electromagnetic field suitable for each30

individual 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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embodiment, an electromagnetic field is formed with a

single frequency, and a cooking method is also provided

that includes the step of increasing/decreasing the

frequency and the output of electromagnetic waves during

the cooking process. However, as long as the frequency is5

single, the electromagnetic waves forming electromagnetic

fields is unable to have a complicated waveform as in the

present invention even by changing the frequency and the

output during cooking.

[0160] Food contains a large amount of polar ingredients10

besides fatty acid salts such as sodium oleate. Food also

contains a large amount of polar organic polymers. For

example, water contained in large amounts in food is one of

polar molecules. In the food composition control device of

the present invention, an electromagnetic field suitable15

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

electromagnetic waves forming electromagnetic fields is

controlled to have a complicated shape, so that more polar20

substances in the food can be vibrated to exert a good

effect on the food as shown by the third embodiment to the

eleventh embodiment described later.

[0161] There are various cooking methods other than

frying. Even when the cooking method is the same, the25

water content and the surface-active component contained

vary with the food to be cooked, and electromagnetic fields

for controlling the food composition suitable for each

individual cooking method and food should vary. As

described above, in the food composition control device in30

the present embodiment, the frequency, the phase, and the

timing of stopping and outputting of alternating current

output can be controlled, and an electromagnetic field
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suitable for each individual cooking method and food can be

formed. Accordingly, the effect on food is higher than by

the fryer 100 shown in the first embodiment.

[0162] In the food composition control device of the

present invention, since the electromagnetic field formed5

by the food composition control device can mainly vibrate

polar substances with a relatively high molecular weight,

such as long-chain fatty acid salts and proteins, the

vibration of such large molecules indirectly vibrates the

surrounding free water. Food contains polymers having a10

variety of vibration frequencies, and applying

electromagnetic waves with various frequency components can

increase 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 water15

is water that can undergo changes including vaporization,

aggregation, sublimation, solidification, and melting. In

the food composition control device of the present

invention, vibration of large molecules and indirect

vibration of free water in the food enable the food control20

such as improvement and enhancement of the eating quality

or keeping freshness of food for a long time.

[0163] Carbohydrate such as protein and starch contained

in large amounts in food forms hydrogen bonding with water

and is easily hydrated. In the food composition control25

device of the present invention, protein, starch, etc.

vibrate, therefore easily come into contact with water, and

easily form hydrogen bonding, causing hydration. In the

food composition control device of the present invention,

the hydration phenomenon promoted in this manner is thought30

to be one of reasons why improvement and enhancement of the

eating quality and keeping freshness of food for a long

time are achieved by controlling the food composition.
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[0164] In general, when food is frozen, it is important

to quick-freeze the food and suppress growth of ice

crystals in order to prevent degradation of the food. It

is requested to reduce the time passing through the

temperatures of around -1 to -5°C at which water in the5

food is frozen. This is because the growth of ice crystals

destroys cell walls and cell membranes of vegetables and

fish, and water or umami components (savory taste) elude

from the destroyed part in defrosting, making the food

texture and the eating quality worse. Molecules can move10

freely in a liquid state but scarcely move when solidified

into a solid state. On the other hand, bound water having

hydrogen bonding to the ingredients such as protein in the

food is not frozen. In the food composition control device

of the present invention, therefore, the ingredients in the15

food such as proteins presumably vibrate because of the

electromagnetic field, even when the temperature of the

food drops near the temperature at which water freezes.

The free water in the food also keeps indirect vibration

and is less likely to freeze, causing a state close to20

supercooling, because water molecules still move even when

the temperature of the food drops near the temperature at

which water freezes. When water partially starts freezing,

the entire food is rapidly frozen by this stimulus, so that

minute ice crystals are formed. Accordingly, the growth of25

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 example, when sherbet is made by freezing,

the part where ice crystals are grown may contain much30

water and lack taste, while the sherbet may taste strong at

some other parts. However, when food is frozen using the

food composition control device of the present invention,
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unevenness of flavor does not occur in sherbet because of

quick-freezing.

[0166] When cooked food such as gratin and noodles is

frozen, water separates from sauce or noodles during

defrosting, and the eating quality, the food texture, and5

the appearance may be different from those before

defrosting. However, when food is frozen using the food

composition control device of the present invention, growth

of ice crystals is suppressed in sauce or noodles because

of quick-freezing, so that drip loss during defrosting is10

suppressed and the eating quality can be kept as good as

before freezing.

[0167] When food is defrosted, the temperature of the

food rises, and ice in the food dissolves. When water

dissolves, heat (heat of dissolution) is released and15

therefore the temperature of the food is less likely to

rise around -1 to -5°C slightly lower than the dissolution

temperature. Water partially dissolved solidifies again to

cause growth of ice crystals, which may deteriorate the

food. In the food composition control device of the20

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

prevented.25

[0168] One of typical phenomena of food degradation is

oxidation. For example, wine is easily oxidized and once

opened, its taste and aroma are reduced over time. Alcohol,

when oxidized, changes into aldehyde or carboxylic acid,

and the product of such oxidation is often a substance30

having high polarity and easily bound to water through

hydrogen bonding. In the food composition control device

of the present invention, since water indirectly vibrates
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as described above, the oxidation product easily comes into

contact with water and is bound to water through hydrogen

bonding and easily hydrated. Even when wine tastes worse

after opening, its degraded eating quality or aroma is less

likely to be perceived, possibly because the oxidation5

product is hydrated and the oxidation product wrapped in

water touches the tongue or nose. Alternatively, in the

food composition control device of the present invention,

the oxidation product may be reduced by the electromagnetic

field.10

[0169] When the food composition control device of the

present invention is used for wine before opening,

hydration and reduction of the oxidation product makes the

wine smooth and controls the taste and the aroma as if the

wine is an aged wine. The food composition control device15

of the present invention can remove bitterness or

undesirable flavor of whisky or Japanese sake and make the

flavor mellow.

[0170] The food composition control device of the

present invention can form an electromagnetic field under a20

condition with the regulated temperature and humidity as

described later and can control the food composition while

food is cooked or stored. Besides wine, a variety of foods

thus can be aged. For example, it can be used for aging of

fermented food such as meat, cheese, and taste and can25

reduce the time taken for aging.

[0171] One of the reasons of degradation of food is

dryness. For example, it is a well-known fact that if

vegetable or sashimi (raw fish) dries, both food texture

and taste are reduced. Fried food often tastes greasy over30

time. One of the reasons for this is probably that

moisture separates from the ingredient of fried food and

moves to the batter. In the food composition control
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device of the present invention, as described above, the

ingredients in food easily come into contact with water.

This promotes hydration of water with a substance in the

food that can cause a hydration phenomenon, such as ionic

compounds or hydrogen bonding compounds, and can increase5

bound water. Then, water less evaporates from the food,

and inevitably, dryness of the food is suppressed. The

effect of promoting hydration of the ingredients in the

food in the food composition control device of the present

invention presumably increases the water retention ability10

of the ingredient of the fried food, so that water does not

separate or move to the batter, and the fried food is less

likely to become greasy.

[0172] On the other hand, some cooking methods require

water or taste to penetrate into food. In the food15

composition 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 soaking tank

as described later to make rice fluffy. In cooking of

cereals such as rice and sticky rice, starch contained much20

in cereals is hydrated into alpha starch (which requires

heating). In the food composition control device of the

present invention, hydration of starch and water seems to

be promoted because the ingredients in food easily come

into contact with water. This probably facilitates25

gelatinization in the subsequent rice cooking and makes

rice fluffy.

[0173] Stewing the ingredients of beef-on-rice bowls is

described, by taking onions as an example. This cooking

method involves destroying cell walls and cell membranes of30

onions by heating and allowing umami components such as

amino acids in the broth to soak into the softened onions.

When the warmed state is kept after cooking, the cell walls
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and cell membranes are destroyed by heating, so that the

crunchiness of onions is lost as the warm state is kept for

a long time. If the beef is kept warm, the water content

in meat is reduced, making the meat tough. In the food

composition control device of the present invention, umami5

components such as amino acids vibrate and easily penetrate

without destructing the cell walls and cell membranes of

onions, so that seasoning soaks into the ingredients while

keeping the food texture. Even when keeping warm continues

in the food composition control device of the present10

invention, the surface-active component such as long-chain

fatty acid salts contained in the food is affected by the

electromagnetic field, similarly to the effect by the fryer

100 in the first embodiment, so that the lipophilic group

is easily arranged on the outside of the food and oil15

having an affinity to the lipophilic group easily forms a

film around the food such as onions and meat in the broth.

The food in the broth is as if it is coated with oil, which

retains water and umami in the food and keeps the food

texture and the eating quality.20

[0174] The food composition control device of the

present invention can have a cooking portion as described

later and preferably further includes a water vapor supply

portion that supplies water vapor or/and water spray to the

cooking portion. In the food composition control device of25

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

cooking portion having the food thereon. This

configuration is effective in particular for the cooking30

methods that require water supply for controlling the food

compositions.

<Electrocapillary at Interface between Food Oil and
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Physiological Saline Solution>

[0175] The inventor of the present invention has been

continuously seeking for the reasons why electromagnetic

fields have such excellent effects in controlling food

compositions. Noting that the eating quality is improved5

when a dynamic electromagnetic field is formed in a frying

tank, the research group including the inventor of the

present invention has been conducting research on

electrocapillary at the interface between food oil and

physiological saline solution. Electrocapillary is a10

phenomenon in which when an electric field is applied to

two phases that do not mix, the interfacial tension is

changed. It has been found that in food oil that contains

10-3 mol/l of sodium oleate, the interfacial tension is

reduced by 20% when an AC electric field of 50 kHz and 20015

Vpp is applied (FIG. 7 in the first embodiment).

[0176] This suggests that applying an AC electric field

exerts an effect on interfacial activity. Plant or animal-

derived food contains water in the amount of 70% or so, and

the cell membranes are formed of lipid bilayer membranes.20

It is estimated that the food composition can be controlled

by applying an AC electric field to exert an effect on the

interfacial activity of water in cells and cell membranes.

For example, milk forms an o/W emulsion, and most food

probably contains some surface-active component if not25

forming such emulsion. The food composition control device

in the present embodiment can form electromagnetic fields

with various patterns of waveforms and seems to act on the

interfacial activity in the food to control the food.

(Description of Hardware Configuration)30

[0177] FIG. 31 is a schematic diagram showing an example

of the configuration of the food composition control device,

in which the functional components described above are
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implemented as hardware. Referring to this figure, the

functions of the hardware components in the food

composition control process will be described.

[0178] As shown in the figure, the food composition

control device in the present embodiment includes a "CPU"5

(1321) that implements the first controller and the second

controller as hardware, a "main memory" (1322), a "hard

disk drive (HDD)" (1323), a "circuit interface" (1324), an

"input/output (I/O)" (1325), and a "user interface" (1325).

The main memory has a "first control program", a "second10

control program", "control data", and a "circuit driver".

The food composition control device in the present

embodiment can transmit/receive information, for example,

through the I/O such as "keyboard" and "camera" and can

accept an instruction signal associated with a food15

processing method such as freezing and heating and accept

an instruction to specify the kind or the volume of food

through operation of the user interface such as an

operation panel of the food composition control device or a

remote controller. The circuit interface can implement the20

"first circuit portion", the "second circuit portion", and

the "antenna" as hardware. This circuit interface can be

provided by wire or by radio.

[0179] A program is read on the "main memory", and the

"CPU" refers to the read program to execute a variety of25

operation processing in accordance with the procedure

specified by the program. A plurality of addresses are

allocated to each of the "main memory" and the "HDD", and

in the operation processing in the "CPU", the address is

specified, data stored therein is accessed, whereby the30

operation processing using the data can be performed.

[0180] First of all, the CPU reads the first control

program and the second control program from the HDD and
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loads them on the main memory. For example, when

information of food placed in the food composition control

device is input through the user interface such as the

operation panel of the food composition control device, the

control data is referred to, the first control program and5

the second control program are executed, and the frequency

or/and the phase of alternating current output from the

first circuit portion and the second circuit portion are

controlled through the circuit driver. Alternating current

having a predetermined frequency or/and phase is then10

applied from the first circuit portion and the second

circuit portion to the antenna function portion through the

circuit interface. The CPU can control various conditions

including voltage of alternating current and a period of

time in which alternating current is applied, in addition15

to the control of frequency and phase of alternating

current output from the 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, so20

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 example, 100 V, which is the

voltage of a commercial power supply.25

<Process Flow>

[0182] FIG. 32 is a flowchart showing an example of the

process flow in the food composition control device in the

present embodiment. The steps shown below may be steps

executed by the hardware configuration of a computer as30

described above or may be process steps of a program

recorded on a medium for 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 electromagnetic

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,5

which is a frequency different from the first frequency to

the food (second frequency applying step). Here, the

process order of step S1431 and step S1432 may be switched.

<Second Embodiment: Effects>

[0184] The food composition control device in the10

present embodiment can form electromagnetic waves forming

an electromagnetic field in shapes more complicated than

the conventional ones and therefore can enhance the effect

of electromagnetic fields on food, compared with the

conventional technique, and have a good effect on the food15

composition. Specifically, improvement and enhancement of

the eating quality or keeping food fresh for a long time

can be achieved.

<<Third Embodiment>>

<Third Embodiment: Overview>20

[0185] The food composition control device in the

present embodiment is based on the second embodiment,

includes a frying tank and a heating portion for heating

the frying tank, and is characterized by performing food

composition control in frying food.25

<Third Embodiment: Configuration>

[0186] FIG. 33A is a conceptual diagram showing an

overview of the food composition control device in the

present embodiment. The food composition control device in

the present embodiment further includes a frying tank30

(1541) and a heating portion (1542) for heating the frying

tank. A pair of antenna function portions (1501, 1502) are

disposed to form an electromagnetic field in the frying
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tank. An antenna of one antenna function portion has a

rectangular shape about 23 cm in the lengthwise direction

and about 10 cm in the widthwise direction. Power for

activating this antenna is 100 W. The antenna function

portion thus configured is regarded as a general type and5

mainly used in description and testing in the following

embodiments. Although power for activating may be 200 W or

300 W, 100 W is sufficient to fulfill the food composition

function.

<Third Embodiment: Examples>10

[0187] As shown in FIG. 33A, food oil was put into the

frying tank, an electromagnetic field was formed 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 width of 50 cm, a depth of 4015

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 cm apart from

the side walls facing each other in the width direction of

the frying tank, and the distance between the antenna plate20

surfaces of the antenna function portions is about 48 cm.

The antenna function portions are each disposed such that

the lengthwise direction of the antenna function portion

extends along the depth direction of the frying tank. Both

ends in the lengthwise direction of the antenna function25

portion are disposed about 5 cm apart from the side walls

facing each other in the depth direction of the frying tank.

Food oil fills the frying tank up to 25 cm in the height

direction. In such a configuration, 50 g of silken tofu,

not drained, was put into the frying tank, but almost no30

oil splash occurred. After three minutes, silken tofu was

removed from the frying tank. When similar cooking was

performed without forming an electromagnetic 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

compared. The silken tofu with no electromagnetic field

had a plurality of bubbles with diameters of 5 to 20 mm and

tasted dried out. On the other hand, the silken tofu5

cooked with the food composition control device in the

present embodiment had no bubbles. The taste was less

dried out and was juicy.

<Third Embodiment: Evaluation Test>

[0188] Using the food composition control device in the10

present embodiment, an electromagnetic field was formed in

the frying tank in which target food was placed by the

method described below. A sensory test of the food in

which food composition was controlled was conducted for 10

subjects. In the sensory test, the subjects made15

evaluation in six levels: 5 points for "very good", 4

points for "good", 3 points for "rather good", 2 points for

"rather bad", 1 point for "bad", and 0 point for "very bad".

The subjects evaluated two items including taste and food

texture for each individual food, and the points were20

summed up (as used herein the sensory test refers to a test

by summing up the points, unless otherwise specified). The

maximum evaluation score per subject is 10 points (taste 5

points + food texture 5 points = 10 points) and there are

10 tests, so the maximum score is 100 and the minimum score25

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

composition. The first frequency and the second frequency30

were in a range of 5 kHz to 200 kHz, and an electromagnetic

field was formed in the frying tank in actually 36

combinations shown in the table in FIG. 33B.
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[0190] The test was also 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 was5

not applied to either antenna function portion, in order to

make a comparison with the effect brought by the food

composition control according to the present embodiment.

[0191] The lower side in the table indicates the score

in the case where alternating current was applied with the10

first frequency of 100 kHz, the second frequency of 150 kHz,

brackets indicates that the difference from the score in

the case where the first frequency was 100 kHz, the second15

frequency was 150 kHz, and both were applied in the same

phase. The evaluation result is shown in the form of a

graph for each second frequency applied, in which the

abscissa axis indicates the value of first frequency, and

the ordinate axis indicates the evaluation result (0 point20

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. 33A in a similar manner. Silken tofu cut into 25 g25

of a substantially cubic shape was cooked for five minutes

in oil at 170°C in the frying tank while alternating

current was applied in each combination. 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 range30

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 following tables showing the test

results. The rating is slightly increased by applying a

phase difference.5

[0193] The test described above was performed for frozen

fried chicken instead of silken tofu. Specifically, no-fry

chicken (not cooked) was cooked in oil at 170°C for five

minutes in the frying tank. FIG. 33C shows the result of

the sensory test of the chicken. The rating is high when10

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 slightly15

increased by applying a phase difference.

<Third Embodiment: Effects>

[0194] In the food composition control device in the

present embodiment, even when raw food containing water is

put into the frying tank containing heated oil, oil splash20

scarcely occurs. The food composition control device can

make the eating quality juicy and less dried out after

cooking.

<<Fourth Embodiment>>

<Fourth Embodiment: Overview>25

[0195] The food composition control device in the

present embodiment is based on the second embodiment,

further includes a food soaking tank capable of storing

edible liquid for soaking or/and extracting food to allow

the edible liquid to soak into or/and extract the food, and30

is characterized by performing food composition control by

allowing edible liquid to soak into food.

<Fourth Embodiment: Configuration>
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[0196] FIG. 34A is a conceptual diagram showing an

overview of the food composition control device in the

present embodiment. The food composition control device in

the present embodiment further includes a food soaking tank

(1643) capable of storing edible liquid for soaking or/and5

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

electromagnetic field in the food soaking tank.

[0197] The temperature for allowing edible liquid to10

soak into or extract food is not limited. When the food

includes an ingredient that is easily denatured or

volatized by heating, processing at low temperature is

preferable, whereas when heating facilitates penetration of

the ingredient in the edible liquid into the food,15

processing at high temperature is possible.

<Fourth Embodiment: Examples>

[0198] Uncooked rice was soaked in water in the food

soaking tank and an electromagnetic field was formed in the

food soaking tank to reduce the time for soaking and make20

rice fluffy. Sticky rice was also made fluffy similarly to

rice. It is known that when water is soaked into rice,

higher water temperature can reduce the time for soaking.

It is also said that soaking rice at low temperature

improves the eating quality. In the food composition25

control device in the present embodiment, even when rice is

soaked in water at low temperature, the time for soaking

can be reduced. When tsukemono (Japanese pickles) or

pickles were preserved, for example, vegetable was soaked

in a pickle solution in the food soaking tank and an30

electromagnetic field was formed in the food soaking tank

to allow seasoning to soak well into the vegetable and

reduce the soaking time. For example, when meat or fish
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was stewed in soup, meat or fish was soaked in soup

containing umami components in the food soaking tank and an

electromagnetic field was formed in the food soaking tank

to allow the soup to soak well into the meat or fish and

reduce the time for stewing.5

[0199] When fruit liquor was made, fruit was soaked in

edible liquid such as liquor in the food soaking tank and

an electromagnetic field was formed in the food soaking

tank. The fruit in the edible liquid was then extracted

into the edible liquid for a short time, resulting in a10

mature fruit liquor. This process is effective also for

tea and coffee. For example, green tea was soaked in hot

water in the food soaking tank, and an electromagnetic

field was formed in the food soaking tank. Green tea was

extracted for a short time with vivid color and good flavor.15

When coffee was extracted using the food composition

control device in the present embodiment, for example,

coffee was extracted in an amount smaller than usual but

the taste and flavor was the same as usual, because the

amount of extract in hot water was increased.20

<Fourth Embodiment: Evaluation Test>

[0200] A sensory test was conducted on "rice" similarly

to the test performed in the third embodiment. The food

soaking tank has a width of 50 cm, a depth of 40 cm, and a

height of 30 cm. The antenna function portions that25

constitute a pair of antenna function portions (general

type) are disposed about 1 cm apart from the side walls

facing each other in the width direction of the food

soaking tank, and the distance between the antenna plate

surfaces of the antenna function portions is about 48 cm.30

The antenna function portions are each disposed such that

the lengthwise direction of the antenna function portion

extends along the depth direction of the food soaking tank.
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Both ends in the lengthwise direction of the antenna

function portion are disposed about 5 cm apart from the

side walls facing each other in the depth direction of the

food soaking tank. In such a configuration, 1 kg of

Koshihikari was quickly washed, then drained in a strainer,5

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 combinations in a

similar manner as in the third embodiment. After soaking

for 10 minutes, the rice was drained in a strainer. "Rice"10

cooked with the same type of rice cooker under the same

condition with the food composition controlled was

individually 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 kHz15

to 150 kHz. The result when a phase difference is applied

between the first frequency and the second frequency is 83

points, one point up.

[0201] A sensory test similar to the test for "rice"

above was conducted on "green tea". Ten grams of green tea20

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 minute. 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 a25

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 similar to the one described above

was conducted on "green tea". Ten grams of green tea in a30

nonwoven fabric bag and two liters of hot water at 95°C as

edible liquid were put into the food soaking tank to make

tea by soaking for two minutes. 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

applied between the first frequency and the second

frequency is 77 points, one point up.5

[0203] Subsequently, a test to measure the amount of

water absorption by soaking was conducted on "rice". The

test environment was similar to the one in the sensory test

for rice. One hundred grams of Koshihikari were quickly

washed, then drained in a strainer, and put into the food10

soaking tank. As edible liquid, 100 g of water was added,

and after soaking for 10 minutes, rice was drained in a

strainer and its weight was measured. A similar test was

repeated three times, and a total value of the increased

weight was measured. This value was used as a score. The15

temperature of the food soaking tank was 15°C. FIG. 34E

shows the result of this test. The amount 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 between20

the first frequency and the second frequency is 73 points,

one point up.

[0204] A test for the amount of water absorption similar

as described above was conducted on "soybeans". One

hundred grams of soybeans were put into the food soaking25

tank, and 100 g of consommé soup was put into the food

soaking tank as edible liquid. After soaking for 30

minutes, the soybeans were drained in a strainer and the

weight was measured. A similar test was repeated three

times, and a total value of the increased weight was30

measured. This value was used as a score. FIG. 34F shows

the result of this test. Also in this test, the value is

high 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 Embodiment: Effects>5

[0205] The food composition control device in the

present embodiment 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 time10

taken to extract the ingredients in the food into the

edible liquid can be reduced, and the amount of extract can

be increased.

<<Fifth Embodiment>>

<Fifth Embodiment: Overview>15

[0206] The food composition control device in the

present embodiment is based on the second embodiment,

further includes a high-temperature food cooking portion

for heating food at high temperature, and is characterized

by performing food composition control by making food hot.20

<Fifth Embodiment: Configuration>

[0207] FIG. 35A is a conceptual diagram showing an

overview of the food composition control device in the

present embodiment. The food composition control device in

the present embodiment further includes a high-temperature25

food cooking portion (1744) for heating food (1761a, 1761b,

1761c) at high temperature. A pair of antenna function

portions (1701, 1702) are disposed to form an

electromagnetic field in the high-temperature food cooking

portion.30

[0208] The high-temperature food cooking portion of the

food composition control device in the present embodiment

can be used not only for cooking, for example, boiling,
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baking, steaming, and frying, but also for preserving food,

for example, storing cooked rice at a temperature of 60°C

or higher and preventing degradation of starch and

proliferation of microorganisms to keep the eating quality

of cooked rice. The food composition control also includes5

keeping taste or soy sauce at high temperature and

promoting the activity of microorganisms and ferment to

mature the food. In the high-temperature food cooking

portion, food is heated at high temperature. The

temperature is normal temperature or higher and preferably10

40°C or higher, although the temperature varies depending

on the kinds of food and the purpose of food composition

control.

<Fifth Embodiment: Examples>

[0209] FIG. 35A(a) shows an example in which one (1701)15

of a pair of antenna function portions also serves as a

high-temperature food cooking portion (1744). When the

antenna function portion also has the function of the high-

temperature food cooking portion, it is preferably formed

of iron or stainless steel. In this example, one antenna20

function portion is formed in the shape of a rectangular

plate 50 cm in the lengthwise direction and 40 cm in the

widthwise direction. One antenna function portion and the

other antenna function portion face each other at a

distance of about 4 cm from each other. Beef for steak25

(1761a) was placed on the high-temperature food cooking

portion also serving as an antenna function portion, and

while an electromagnetic field was formed, beef for steak

was cooked for two minutes on each side. Without forming

an electromagnetic field, beef for steak was cooked30

similarly, for comparison. The beef for steak cooked with

an electromagnetic field formed was cooked through, while

the beef for steak cooked without forming an
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electromagnetic field was not cooked through. Other

examples in which the antenna function portion also has the

function of the high-temperature food cooking portion

include, but not limited to, plates of hot plates, baking

sheets or grills of ovens or toasters, pots of rice cookers,5

iron pans, and iron plates.

[0210] Referring to FIG. 35A(b), an example of cooking

the ingredients of beef-on-rice bowls will be described.

The container shown in the figure is a container that has a

similar size as the frying tank shown in the third10

embodiment or the food soaking tank shown in the fourth

embodiment, and a pair of general-type antenna function

portions are disposed in the container. The manner of

their arrangement is similar to the manner shown in the

third embodiment or the fourth embodiment. Chopped onions15

(1761a), thinly sliced beef (1761b) cut into bite-size

pieces, and broth for beef-on-rice bowls (1761c) were

placed in the high-temperature food cooking portion (1744),

and the food composition control device in the present

embodiment was used to form an electromagnetic field,20

thereby reducing the stewing time taken to cook the

ingredients of beef-on-rice bowls.

[0211] FIG. 35A(c) also shows an example, similar to FIG.

35A(a), in which one (1701) of a pair of antenna function

portions serves as a high-temperature food cooking portion25

(1744). In this example, the antenna function portion

shown in FIG. 35A(a) is disposed to cover the opening of

the container shown in FIG. 35A(b). An example of heating

precooked food is described using FIG. 35A(c). This is an

example of continuing heating for precooked warm food and30

an example of the food composition control device for

keeping food warm. When the ingredients of beef-on-rice

bowls cooked by forming an electromagnetic field using the
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food composition control device in the present embodiment

were heated, the state after cooking remained the same even

after two hours, the onions were still crunchy, and the

beef kept tendered. When the simmered ingredients of beef-

on-rice bowls were heated continuously for two hours5

without forming an electromagnetic field, the onions lost

crunchiness and the beef became tough.

[0212] An example of heating precooked food is described

using FIG. 35A(d). This is an example of continuing

heating for precooked warm food and an example of the food10

composition control device for keeping food warm, similar

to the example in FIG. 35A(c). This example has an opening

in the horizontal direction, has several (three, in the

figure) shelves inside, and is installed, for example, in a

convenience store. As a configuration example, in a15

container having inside dimensions of 60 cm in width, 40 cm

in depth, and 50 cm in 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 lengthwise direction20

oriented vertically. When precooked fried food such as

fried chicken, french fries, and fritter was heated with an

electromagnetic field formed using the food composition

control device in the present embodiment, the state after

cooking remained almost the same even after two hours, and25

the food texture was not greasy and was crispy. When

precooked fried food such as fried chicken, french fries,

and fritter was heated continuously for two hours without

forming an electromagnetic field, the food texture was

greasy and no longer crispy. The food composition control30

device in the present embodiment can heat precooked food

other than precooked fried food and can heat, for example,

boxed meals. The food composition control device in the
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present embodiment can be used as an apparatus for

delivering food while keeping food warm when meals are

served to inpatients in a hospital, for example.

<Fifth Embodiment: Evaluation Test>

[0213] A sensory test similar to the test performed in5

the third embodiment or the fourth embodiment was conducted

on "beef" with the configuration shown in FIG. 35A(a). Two

hundred grams of meat for steak were heated for two minutes

on each side, in total, for four minutes. The temperature

of the high-temperature food cooking portion was set to10

240°C. The first frequency was applied from the antenna

function portion also serving as a high-temperature food

cooking 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. The15

result when a phase difference is applied between the first

frequency and the second frequency is 84 points, one point

up.

[0214] With the configuration shown in FIG. 35A(d), a

sensory test was conducted on "french fries". Precooked20

french fries were placed on the high-temperature food

cooking portion and kept warm at 60°C for 60 minutes. FIG.

35C 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 result25

when a phase difference is applied between the first

frequency and the second frequency is 66 points, one point

up.

[0215] With the configuration shown in FIG. 35A(d), a

sensory test was conducted on "fried chicken". Precooked30

fried chicken was placed on the high-temperature food

cooking portion and kept warm at 60°C for 60 minutes. FIG.

35D shows the result of this sensory test. The rating is
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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.5

<Fifth Embodiment: Effects>

[0216] With the food composition control device in the

present embodiment, the food heated at high temperature in

the high-temperature food cooking portion can be cooked for

a short time. In addition, when precooked food is stored10

at high temperature in the high-temperature food cooking

portion, the eating quality and the food texture

immediately after cooking can be kept for a long time.

<<Sixth Embodiment>>

<Sixth Embodiment: Overview>15

[0217] The food composition control device in the

present embodiment is based on the second embodiment,

further includes a room-temperature food cooking portion in

which food is placed at room temperature, and is

characterized by performing food composition control at20

room temperature.

<Sixth Embodiment: Configuration>

[0218] FIG. 36A is a conceptual diagram showing an

overview of the food composition control device in the

present embodiment. The food composition control device in25

the present embodiment further includes a room-temperature

food cooking portion (1845) in which food (1861) is placed

at room temperature. A pair of antenna function portions

(1801, 1802) are disposed to form an electromagnetic field

in the room-temperature food cooking portion. In the food30

composition control device in the present embodiment, room

temperature is preferably temperature of 10°C or higher to

40°C or lower.
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<Sixth Embodiment: Examples>

[0219] Wine a few days after opening and oxidized was

placed in the room-temperature food cooking portion, and

the room-temperature food cooking portion formed an

electromagnetic field for 10 minutes, whereby aroma and5

taste were improved. When wine immediately after opening

was brought into contact with an electromagnetic field for

10 minutes, aroma and taste were improved, resulting in a

wine having a flavor of aging wine. There is no difference

in effect between wine put into a decanter with no stopper10

and placed in the room-temperature food cooking portion and

wine put into a bottle with a lid on and placed in the

room-temperature food cooking portion. When unopened wine

was stored in the room-temperature food cooking portion in

which an electromagnetic field was formed, aroma and taste15

were improved compared with unopened wine stored in a room.

In addition to the room-temperature food cooking portion,

the food composition control device in the present

embodiment may further include a vapor supply portion to

supply water vapor or/and water spray to control the20

humidity as described later. When food such as wine is

stored for a long time, it is preferable that humidity is

controlled by the vapor supply portion.

<Sixth Embodiment: Evaluation Test>

[0220] A sensory test similar to the test performed in25

the third embodiment to the fifth embodiment was conducted

on "wine". The container that forms the room-temperature

food cooking portion has inner dimensions of 50 cm in width,

40 cm in depth, and 30 cm in height. The antenna function

portions that constitute a pair of antenna function30

portions (general type) are disposed about 1 cm apart 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 disposed such that

the lengthwise direction of the antenna function portion

extends along the depth direction of the container. Both

ends in the lengthwise direction of the antenna function5

portion are disposed about 5 cm apart from the side walls

facing each other in the depth direction of the container.

Wine 10 days after opening was placed substantially at the

center of the container that forms the room-temperature

food cooking portion. After processing at 15°C for 1010

minutes, the wine having the food composition controlled

was evaluated in terms of two items: 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 phase15

difference is applied between the first frequency and the

second frequency is 79 points, one point up.

[0221] Wine immediately after opening was also tested

under a similar environment as in the test above.

Similarly, after processing at 15°C for 10 minutes, the20

wine having the food composition controlled was evaluated

in terms of two items: 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 is25

applied between the first frequency and the second

frequency is 75 points, one point up.

<Sixth Embodiment: Effects>

[0222] With the food composition control device in the

present embodiment, the taste and aroma of food in contact30

with an electromagnetic field in the room-temperature food

cooking portion can be enhanced or improved.

<<Seventh Embodiment>>
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<Seventh Embodiment: Overview>

[0223] The food composition control device in the

present embodiment is based on the second embodiment,

further includes a refrigerated food cooking portion for

refrigerating food and a refrigerating portion for5

refrigerating the refrigerated food cooking portion, and is

characterized by performing composition control while

storing food in the refrigerated food cooking portion.

<Seventh Embodiment: Configuration>

[0224] FIG. 37A is a conceptual diagram showing an10

overview of the food composition control device in the

present embodiment. The food composition control device in

the present embodiment further includes a refrigerated food

cooking portion (1946) for refrigerating food (1961) and a

refrigerating portion (1947) for refrigerating the15

refrigerated food cooking portion. A pair of antenna

function portions (1901, 1902) are disposed to form an

electromagnetic field in the refrigerating layer. In the

food composition control device in the present embodiment,

refrigerating is preferably at temperatures of 0°C or20

higher to 10°C or lower.

<Seventh Embodiment: Examples>

[0225] After the refrigerated food cooking portion is

cooled by the refrigerating portion, lettuce was placed in

the refrigerated food cooking portion and refrigerated for25

seven days while an electromagnetic field was formed. The

lettuce was not discolored and stayed fresh. Similarly,

when lettuce was refrigerated for seven days without

forming an electromagnetic field, the lettuce was withered

and discolored. The lettuce refrigerated in the food30

composition control device in the present embodiment was

fresh and felt crunchy. On the other hand, the lettuce

refrigerated without forming an electromagnetic field did
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not taste fresh or crunchy even at a non-discolored portion.

[0226] After the refrigerated food cooking portion was

cooled by the refrigerating portion, tuna fillet for

sashimi was placed in the refrigerated food cooking portion

and refrigerated at a temperature around zero degree for5

seven days while an electromagnetic field was formed. The

tuna fillet was not discolored and stayed fresh. Similarly,

when tuna fillet for sashimi was refrigerated for seven

days without forming an electromagnetic field, the tuna

fillet was darkly discolored. Tuna sashimi refrigerated in10

the food composition control device in the present

embodiment tasted good and did not have a fishy smell. On

the other hand, tuna sashimi refrigerated without forming

an electromagnetic field did not taste good and had a fishy

smell, even at a non-discolored portion. In this way, the15

food composition control device in the present embodiment

can form an electromagnetic field at a temperature near

zero degree, just above the temperature at which food is

frozen, or at a temperature at which food is slightly

frozen.20

<Seventh Embodiment: Evaluation Test>

[0227] A sensory test similar to the test performed in

the third embodiment to the sixth embodiment was conducted

on "lettuce". The food composition control device is as

shown in the conceptual diagram in FIG. 37A. Specifically,25

a container that forms the refrigerated food cooking

portion has inner dimensions of 50 cm in width, 40 cm in

depth, and 30 cm in height. The antenna function portions

that constitute a pair of antenna function portions

(general type) are disposed about 1 cm apart from the side30

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.
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The antenna function portions are each disposed such that

the lengthwise direction of the antenna function portion

extends along the depth direction of the container. Both

ends in the lengthwise direction of the antenna function

portion are disposed about 5 cm apart from the side walls5

facing each other in the depth direction of the container.

Lettuce was placed in the container of the refrigerated

food cooking portion kept at temperatures of 5 to 7°C and

processed for seven days. The lettuce was evaluated in

terms of two items: taste and texture. FIG. 37B shows the10

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 points, one point up.15

[0228] A test was conducted similarly on "tuna" using

the refrigerated food cooking portion described above.

Tuna fillet for sashimi (about 500 g) was placed in the

container of the refrigerated food cooking portion kept at

temperatures of 5 to 7°C and processed for seven days, and20

sashimi prepared from this fillet was evaluated in terms of

two items: 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 applied25

between the first frequency and the second frequency is 80

points, one point up.

<Seventh Embodiment: Effects>

[0229] With the food composition control device in the

present embodiment, the food stored in the refrigerated30

food cooking portion can be kept in a fresh state for a

long time.

<<Eighth Embodiment>>
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<Eighth Embodiment: Overview>

[0230] The food composition control device in the

present embodiment is based on the second embodiment,

further includes a low-temperature refrigerated food

cooking portion for storing food by low-temperature5

refrigeration, and is characterized by performing

composition control while storing food by low-temperature

refrigeration.

<Eighth Embodiment: Configuration>

[0231] FIG. 38A is a conceptual diagram showing an10

overview of the food composition control device in the

present embodiment. The food composition control device in

the present embodiment further includes a low-temperature

refrigerated food cooking portion (2048) for storing food

(2061) by low-temperature refrigeration. A pair of antenna15

function portions (2001, 2002) are disposed to form an

electromagnetic field in the low-temperature refrigerated

food cooking portion. Chilling often refers to a

temperature range of near 0°C, ice temperature refers to a

temperature range of near minus 1°C, and partial freezing20

refers to a temperature range of near minus 3°C. In the

food composition control device in the present embodiment,

low-temperature refrigeration is preferably at temperatures

of minus 5°C or higher to 0°C or lower. In the food

composition control device in the present embodiment,25

storing by low-temperature refrigeration refers to keeping

freshness in a temperature range in which food is not

frozen.

<Eighth Embodiment: Examples>

[0232] About 2 kg of meat was placed in the low-30

temperature refrigerated food cooking portion for storage

by low-temperature refrigeration (minus 2°C to 0°C) and

stored for 30 days while an electromagnetic field was
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formed. The meat was then cut into about 200 g of a steak.

Similarly, beef stored in the low-temperature refrigerated

food storing portion for 30 days without forming an

electromagnetic field was cooked into to a steak. The

steak made from beef stored in the food composition control5

device in the present embodiment had a concentrated flavor

with no smell unique to meat, and the eating quality was

excellent. On the other hand, a steak of beef refrigerated

without forming an electromagnetic field did not taste good

and had smell unique to meat.10

<Eighth Embodiment: Evaluation Test>

[0233] A sensory test similar to the test performed in

the third embodiment to the seventh embodiment was

conducted on "beef". The food composition control device

is as shown in a conceptual diagram FIG. 38A. Specifically,15

the container that forms the low-temperature refrigerated

food cooking portion has inner dimensions of 50 cm in width,

40 cm in depth, and 30 cm in height. The antenna function

portions that constitute a pair of antenna function

portions (general type) are disposed about 1 cm apart from20

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 disposed such that

the lengthwise direction of the antenna function portion25

extends along the depth direction of the container. Both

ends in the lengthwise direction of the antenna function

portion are disposed about 5 cm apart from the side walls

facing each other in the depth direction of the container.

Two kilograms of a beef lump was placed in the low-30

temperature refrigerated food cooking portion kept at

temperatures of minus 5 to minus 2°C and processed for 30

days. Two hundred grams prepared from the beef were
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evaluated in terms of two items: 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 the5

second frequency is 69 points, one point up.

<Eighth Embodiment: Effects>

[0234] The food composition control device in the

present embodiment can improve umami components such as

glutamic acids in the food stored in the low-temperature10

refrigerated food cooking portion and can mature the food.

<<Ninth Embodiment>>

<Ninth Embodiment: Overview>

[0235] The food composition control device in the

present embodiment is based on the second embodiment,15

further includes a food placement portion for defrosting

frozen food, and is characterized by performing composition

control while defrosting the food.

<Ninth Embodiment: Configuration>

[0236] FIG. 39A is a conceptual diagram showing an20

overview of the food composition control device in the

present embodiment. The food composition control device in

the present embodiment further includes a food defrost

cooking portion (2149) for defrosting frozen food such as

tuna fillet. A pair of antenna function portions (2101,25

2102) are disposed to form an electromagnetic field in the

food defrost cooking portion. The temperature at which

food is defrosted in the food composition control device in

the present embodiment is preferably, but not limited to,

15°C or lower. However, it is needless to say that some30

food can be defrosted at room temperature or high

temperatures.

<Ninth Embodiment: Examples>
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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

placed in the food defrost cooking portion for defrosting

frozen food and defrosted while an electromagnetic field

was formed for 10 minutes in the food defrost cooking5

portion. Another slice of four slices was left in a

refrigerator overnight and defrosted. Each slice was

cooked into a steak, and the eating quality was compared.

No drip loss was observed in the beef defrosted in the food

composition control device in the present embodiment,10

whereas drip loss during defrosting was observed in the

beef defrosted in the refrigerator, and the beef was

discolored. The steak of beef defrosted in the food

composition control device in the present embodiment did

not taste dried out and was juicy. On the other hand, the15

steak of beef defrosted in the refrigerator tasted dried

out and was not juicy.

<Ninth Embodiment: Evaluation Test>

[0238] A sensory test similar to the test performed in

the third embodiment to the eighth embodiment was conducted20

on "tuna". The food composition control device is as shown

in the conceptual diagram in FIG. 39A. Specifically, the

container that forms the food defrost cooking portion has

inner dimensions of 50 cm in width, 40 cm in depth, and 30

cm in height. The antenna function portions that25

constitute a pair of antenna function portions (general

type) are disposed about 1 cm apart 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 antenna30

function portions are each disposed such that the

lengthwise direction of the antenna function portion

extends along the depth direction of the container. Both
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ends in the lengthwise direction of the antenna function

portion are disposed about 5 cm apart from the side walls

facing each other in the depth direction of the container.

Two hundred grams of frozen tuna fillet were placed in the

food defrost cooking portion and processed for 10 minutes5

and defrosted. Sashimi prepared from the tuna fillet was

evaluated in terms of two items: 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 phase10

difference is applied between the first frequency and the

second frequency is 79 points, one point up.

<Ninth Embodiment: Effects>

[0239] The food composition control device in the

present embodiment can reduce the time for defrosting food15

without causing uneven defrosting.

<<Tenth Embodiment>>

<Tenth Embodiment: Overview>

[0240] The food composition control device in the

present embodiment is based on the third embodiment to the20

ninth embodiment, further includes a vapor supply portion

for supplying water vapor or/and water spray in the cooking

portions shown in the third embodiment to the ninth

embodiment, and is characterized by performing composition

control while replenishing water in food by supplying water25

vapor or/and water spray.

<Tenth Embodiment: Configuration>

[0241] FIG. 40A is a conceptual diagram showing an

overview of the food composition control device in the

present embodiment. The food composition control device in30

the present embodiment further includes a vapor supply

portion (2250) for supplying water vapor or/and water spray

in the cooking portion shown in the third embodiment to the
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ninth embodiment. A pair of antenna function portions

(2201, 2202) are disposed to form an electromagnetic field

in a high-temperature food cooking portion (2244), which is

one of the cooking portions. The temperature inside the

food composition control device in the present embodiment5

is not limited. The food composition can be controlled at

temperatures suitable for the cooking portions shown in the

third embodiment to the ninth embodiment.

<Tenth Embodiment: Examples>

[0242] FIG. 40A is a conceptual diagram showing an10

overview of the food composition control device in the

present embodiment. Referring to FIG. 40A, an example of

keeping food warm with the high-temperature food cooking

portion and the vapor supply portion will be described.

Frozen meat buns were placed in the high-temperature food15

cooking portion (2244) of the food composition control

device in the present embodiment. When the frozen meat

buns were cooked with an electromagnetic field while water

vapor or water spray was supplied from the vapor supply

portion (2250), the cooking time was reduced compared with20

cooking without forming an electromagnetic field.

[0243] An example of heating precooked food is described

using FIG. 40A. This is an example of continuing heating

for precooked warm food and an example of the food

composition control device for keeping food warm. Cooked25

meat buns were placed on the high-temperature food cooking

portion (2244) of the food composition control device, and

the cooked meat buns were heated with an electromagnetic

field while water vapor and water spray were supplied from

the vapor supply portion (2250). Even after 30 minutes,30

the state immediately after cooking remained almost the

same, the meat buns did not look watery or dried and tasted

fluffy like immediately after cooking. On the other hand,
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when the cooked meat buns were heated continuously for 30

minutes while water vapor and water spray were supplied

from the vapor supply portion without forming an

electromagnetic field, the mean buns looked watery and the

texture was also watery. When the cooked meat buns were5

heated continuously for 30 minutes with an electromagnetic

field and without supplying water vapor or water spray from

the vapor supply portion, the meat buns looked dry and

shrunken and had tough texture.

[0244] In this way, the food composition control device10

in the present embodiment can be used as a steamer or a

steam convection oven. In the food composition control

device in the present embodiment, the food composition

control device having the room-temperature food cooking

portion, the refrigerated food cooking portion, the low-15

temperature refrigerated food cooking portion, or the food

defrost cooking portion, other than the high-temperature

food cooking portion, may have the vapor supply portion for

supplying water vapor or/and water spray to cook food by

controlling the water content in the food.20

<Tenth Embodiment: Evaluation Test>

[0245] A sensory test similar to the test performed in

the third embodiment to the ninth embodiment was conducted

on "meat buns". The food composition control device is as

shown in the conceptual diagram in FIG. 40A. Specifically,25

the container that forms the high-temperature food cooking

portion has inner dimensions of 50 cm in width, 40 cm in

depth, and 30 cm in height. The antenna function portions

that constitute a pair of antenna function portions

(general type) are disposed about 1 cm apart from the side30

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.
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The antenna function portions are each disposed such that

the lengthwise direction of the antenna function portion

extends along the depth direction of the container. Both

ends in the lengthwise direction of the antenna function

portion are disposed about 5 cm apart from the side walls5

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 meat

buns were placed in the container of the high-temperature

food cooking portion and kept warm for 30 minutes with10

water vapor and water spray supplied from the vapor supply

portion. FIG. 40B 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 first15

frequency and the second frequency is 79 points, one point

up.

<Tenth Embodiment: Effects>

[0246] Water vapor or/and water spray is supplied to the

cooking portions shown in the third embodiment to the ninth20

embodiment to replenish water in the food or to control the

humidity of the environment 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 composition control device of the25

present invention, such as enhancement and improvement of

the eating quality or keeping food fresh for a long time.

<<Eleventh Embodiment>>

<Eleventh Embodiment: Overview>

[0247] The food composition control device in the30

present embodiment is based on the second embodiment,

further includes a frozen food storing portion for storing

food by freezing, and is characterized by performing
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composition control while storing food by freezing.

<Eleventh Embodiment: Configuration>

[0248] FIG. 41A is a conceptual diagram showing an

overview of the food composition control device in the

present embodiment. The food composition control device in5

the present embodiment further includes a frozen food

storing portion (2351) for storing food by freezing. A

pair of antenna function portions (2301, 2302) are disposed

to form an electromagnetic field in the frozen food storing

portion. In the food composition control device in the10

present embodiment, freezing is preferably at temperatures

of minus 60°C or higher to minus 5°C or lower. The frozen

food storing portion of the food composition control device

in the present embodiment can perform cooking, for example,

making freeze-dried food by freeze-drying or mixing ice15

cream with fruits or nuts.

<Eleventh Embodiment: Examples>

[0249] About 200 g of beef was placed in the frozen food

storing portion for freeze-storage and stored for 60 days

while an electromagnetic field was formed. After20

defrosting, a steak was made. Similarly, beef stored in

the frozen food storing portion without forming an

electromagnetic field was cooked into a steak. Almost no

drip loss occurred during defrosting in the beef stored in

the food composition control device in the present25

embodiment, whereas drip loss occurred during defrosting in

the beef defrosted without forming an electromagnetic field,

and the beef was discolored. The steak of beef stored in

the food composition control device in the present

embodiment did not taste dried out and was juicy. On the30

other hand, the steak of beef stored without forming an

electromagnetic field tasted dried out and was not juicy.

<Eleventh Embodiment: Evaluation Test>
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[0250] A sensory test similar to the test performed in

the third embodiment to the tenth embodiment was conducted

on "beef". The food composition control device is as shown

in the conceptual diagram in FIG. 41A. Specifically, the

container that forms the frozen food storing portion has5

inner dimensions of 50 cm in width, 40 cm in depth, and 30

cm in height. The antenna function portions that

constitute a pair of antenna function portions (general

type) are disposed about 1 cm apart from the side walls

facing each other in the width direction of the container,10

and the distance between the antenna plate surfaces of the

antenna function portions is about 48 cm. The antenna

function portions are each disposed such that the

lengthwise direction of the antenna function portion

extends along the depth direction of the container. Both15

ends in the lengthwise direction of the antenna function

portion are disposed about 5 cm apart from the side walls

facing 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 to20

room temperature, cooked into a steak, and evaluated in

terms of two items: 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 is25

applied between the first frequency and the second

frequency is 82 points, one point up.

<Eleventh Embodiment: Effects>

[0251] The food composition control device in the

present embodiment can suppress growth of ice crystals in30

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

maintained.

<<Twelfth Embodiment>>

[0252] Japanese Patent No. 4637051 discloses a water

activating device in which the north pole and the south5

pole of a pair of permanent magnets are disposed to face

each other with a water pipe interposed therebetween, and a

paramagnetic metal plate and a diamagnetic metal plate are

disposed in a direction at the right angle to the magnetic

line of force of the permanent magnets. The paramagnetic10

metal plate is a nickel-plated copper plate or a nickel

single metal plate. The diamagnetic metal plate is a

silver-plated copper plate or a single metal plate of

copper or silver. The paramagnetic metal plate and the

diamagnetic metal plate are connected through a good15

conductive wire to form a contact battery. The description,

the claims, and the drawings of Japanese Patent No. 4637051

are incorporated herein by reference.

[0253] A molecular arrangement adjusting unit, a

molecular arrangement adjusting device, and a20

transportation method using the same according to a twelfth

embodiment adjust the arrangement of molecules of a liquid

with a simple structure and at low costs and can keep an

object such as food and beverages fresh.

[0254] FIG. 42 is a diagram showing the molecular25

arrangement adjusting unit and the molecular arrangement

adjusting device according to the present embodiment.

[0255] The molecular arrangement adjusting unit 1 in the

present embodiment includes a power source 2 for generating

alternating current, a first electrode 3 coupled to one30

electrode of the power source 2, a second electrode 4

coupled to the other electrode of the power source 2, and a

wire 5 coupling one electrode of the power source 2 with
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the first electrode 3 and coupling the other electrode of

the power source 2 with the second electrode 4.

[0256] An AC power source with an effective value of

voltage 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 current5

from a DC power source may be converted into alternating

current using an inverter or the like. The DC power source

may be a 12V battery or a dry battery, for example. The

power source 2 may adjust voltage, frequency, phase, and

the like. A not-shown switch may be used for ON/OFF10

control of the power source 2. In addition, for example, a

timer may be used to power on the power source 2 only for a

certain time and subsequently power off the power source 2.

[0257] The first electrode 3 and the second electrode 4

are disposed with a space therebetween. The first15

electrode 3 and the second electrode 4 are formed of a

conductive material such as metal or metal alloy. For

example, when the first electrode 3 and the second

electrode 4 are members such as copper plates or aluminum

plates, they can be made thin and modified in shape and20

thus can be lightweight and installed in a small space.

[0258] The first electrode 3 and the second electrode 4

may have surfaces coated with an insulating material. The

coating of an insulating material can prevent users of the

fryer 1 from receiving an electric shock.25

[0259] The wire 5 is a conductive material. For example,

the conductive material used for the wire 5 may be metal

such as copper or aluminum or metal alloy, or may be carbon.

Preferably, the wire 5 is coated with an insulating

material on its periphery.30

[0260] The molecular arrangement adjusting unit 1 in the

present embodiment is installed in a container 11 to

configure the molecular arrangement adjusting device 10.
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An object 3100 of which molecular arrangement is to be

adjusted is installed in the container 11. The container

11 is preferably an insulating member. When the container

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

second electrode 4 are installed in an insulated state.5

The container 11 in the present embodiment has a box 11a in

which the object 3100 and the molecular arrangement

adjusting unit 1 are installed and a lid 11b closing the

opening of the box 11a.

[0261] The container 11 does not necessarily have the10

lid 11b and may only have the box 11a. The object 3100 and

the molecular arrangement adjusting unit 1 may be installed

in the lid 11b. One of the object 3100 and the molecular

arrangement adjusting unit 1 may be installed in the box

11a, and the other may be installed in the lid 11b.15

[0262] The molecular arrangement adjusting unit 1

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

switch. An electric field is then generated between the

first electrode 3 and the second electrode 4.

[0263] FIG. 43 is a diagram showing the arrangement of20

water molecules of an object in a normal state and the

arrangement of water molecules H2O of an object in an

electric field generated between the first electrode 3 and

the second electrode 4.

[0264] The object 3100 includes a liquid ingredient.25

For example, the object 3100 may be food such as meats,

fish, and vegetables, beverages or plant/animal cells or

oils and fats. The object 3100 in the present embodiment

includes water molecules H2O.

[0265] Water molecules H2O are usually arranged30

irregularly, as shown in FIG. 43A. Hence, hydrogen atoms H

take in active oxygen 111 or generate hydrogen bonds, so

that the size of water molecules H2O increases and water
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molecules H2O become inert. Oxidation of water molecules

H2O then starts.

[0266] By contrast, when an electric field is generated

between the first electrode 3 and the second electrode 4,

water molecules H2O tend to orient in a certain direction.5

This is because oxygen atoms O of water molecules H2O that

have strong force of attracting electrons become slightly

minus and hydrogen atoms H that tend to release electrons

become slightly positive, and they are apt to turn to the

direction of the electric field between the first electrode10

3 and the second electrode 4.

[0267] Since the power source 2 generates alternating

current, water molecules H2O change directions alternately.

Since the power source 2 in the present embodiment

generates alternating current of about 50 kHz, water15

molecules H2O 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

molecules H2O to active oxygen 111 or other ingredients are

cut off, and water molecules H2O gradually become finely20

particulate and regularly arranged. The frequency of

alternating current generated from the 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". Bound25

water is bound by hydrogen bonding to other ingredients and

stable. By contrast, free water is freely movable and is

fresh and not stale (see FIG. 43A). However, free water

has molecules easily bonded to the other ingredients and is

easily rotten.30

[0269] Water molecules H2O regularly arranged by the

molecular arrangement adjusting unit 1 in the present

embodiment form a pearl-chain structure in which free water
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is bound into a stable state like bound water. To be more

specific, water molecules H2O regularly arranged by the

molecular arrangement adjusting unit 1 in the present

embodiment are not bonded to other ingredients, although

they are free water, and can stay fresh and not stale.5

[0270] The molecular arrangement adjusting device 10

including the molecular arrangement adjusting unit 1 in the

present embodiment installed in the container 11 therefore

can adjust the liquid molecule arrangement of the object

3100 and can keep freshness of the object 3100. For10

example, the molecular arrangement adjusting device 10 can

be used as a transportation container to transport an

object farther than now while keeping freshness. The

container 11 may be, for example, styrene foam, and the

molecular arrangement adjusting unit 1 in the present15

embodiment may be attached to the existing styrene foam to

form a transportation container.

[0271] Water molecules H2O once regularly arranged by

the molecular arrangement adjusting unit 1 in the present

embodiment are kept in the regularly arranged state for a20

few days. Therefore, even when the object 3100 is stored

in another container after the liquid molecular arrangement

in the cells of the object 3100 is adjusted in the

molecular arrangement adjusting device 10 including the

molecular arrangement adjusting unit 1 in the present25

embodiment installed in the container 11, the freshness of

the object 3100 can be kept. Even when the object 3100 is

moved to and transported in another transportation

container after the liquid molecular arrangement of the

object 3100 is adjusted in the molecular arrangement30

adjusting device 10 including the molecular arrangement

adjusting unit 1 in the present embodiment installed in the

container 11, the object 3100 can be transported farther
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than now while keeping fresh.

[0272] FIG. 44 is a diagram showing an example including

a temperature controller in the molecular arrangement

adjusting unit in the present embodiment.

[0273] As shown in FIG. 44, the molecular arrangement5

adjusting unit 1 in the present embodiment may include a

temperature controller 6 for controlling the ambient

temperature. The temperature controller 6 can regulate the

inside of the container 11 to a predetermined temperature.

For example, when the inside of the container 11 is set in10

a refrigerated state, the fresh state can be maintained for

a long time. Food or beverage may be transported in a

refrigerated state in the container 11, and its temperature

may be increased during transportation to be ready for

eating or drinking on arrival.15

[0274] FIG. 45 is a diagram showing the molecular

arrangement adjusting device according to another

embodiment. FIG. 45(a) is a diagram showing a cross

section of the molecular arrangement adjusting device 10 in

another embodiment. FIG. 45(b) is a diagram showing a top20

view of the molecular arrangement adjusting device 10 in

another embodiment.

[0275] The molecular arrangement adjusting device 10 in

another embodiment shown in FIG. 45 is an example in which

the container 11 also serves as electrodes 3 and 4. The25

container 11 of the molecular arrangement adjusting device

10 is a box 11a in the shape of a tube with a bottom. The

box 11a has a first electrode 3 on one side made of a

conductive material such as metal or alloy, a second

electrode 4 on the other side made of a conductive material30

such as metal and alloy, and an insulating member 7

installed between the first electrode 3 and the second

electrode 4. The first electrode 3 and the second
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electrode 4 are separated from each other by the insulating

member 7.

[0276] The molecular arrangement adjusting device 10 in

another embodiment shown in FIG. 45 contains a liquid as a

first object 3101 in the box 11a and contains a second5

object 3102 in the liquid. The molecular arrangement

adjusting device 10 in the present embodiment can adjust

the liquid molecular arrangement 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 the10

box 11a serves as the electrodes 3 and 4, the molecular

arrangement adjusting device 10 can be compact and slim in

appearance. In the molecular arrangement adjusting device

10 in another embodiment shown in FIG. 45, the electrodes 3

and 4 are provided only in the box 11a. However, a lid 11b15

may be further provided, and electrodes connected to the

electrodes 3 and 4 may be provided in the lid 11b.

[0277] An experiment was conducted to compare an object

3100 stored by refrigeration using the molecular

arrangement adjusting device 10 in the present embodiment20

with an object 3100 stored using a normal refrigerator. In

the molecular arrangement adjusting device 10 in this

example, the power source 2 generated alternating current

of about 50 kHz. The refrigerator held a temperature of

about 4°C for 10 days. Bean sprouts were used as the25

object 3100. The bean sprouts changed as listed in Table 1

below.

[Table 1]

Bean sprouts Refrigerator
Molecular arrangement

adjusting device

Before storage 223.03 g 215.31 g

After 10 days 185.56 g 207.46 g
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Weight reduction

ratio
16.80% 3.65%

Amount of drip

loss
26.64 g 1.08 g

[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 amount of drip loss, which is escaping

water, is 26.64 g.5

[0279] By contrast, 215.31 g of bean sprouts before

storage, stored in the molecular arrangement adjusting

device 10, decreased to 207.46 g after 10 days. The weight

reduction ratio is 3.65% and the amount of drip loss, which

is escaping water, is only 1.08 g.10

[0280] The molecular arrangement adjusting device 10

thus can keep the water in the bean sprouts for a long time

and keep the bean sprouts not stale and fresh.

[0281] In the molecular arrangement adjusting device 10

in the next example, pea sprouts were used as the object15

3100. The power source 2 generated alternating current of

about 50 kHz. The refrigerator held a temperature of about

4°C for 35 days. The pea sprouts changed as listed in

Table 2 below.

[Table 2]20

Pea sprouts Refrigerator
Molecular arrangement

adjusting device

Before storage 380.47 g 377.56 g

After 35 days 323.87 g 347.08 g

Weight reduction

ratio
15.00% 8.00%

[0282] As listed in Table 2, 380.47 g of pea sprouts

before 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 molecular arrangement adjusting

device 10, decreased to 347.08 g after 35 days. The weight

reduction ratio is 8.00%.5

[0284] The molecular arrangement adjusting device 10

thus can keep the water in the pea sprouts for a long time

and keep the pea sprouts not stale and fresh.

[0285] As described above, the molecular arrangement

adjusting unit 1 in the present embodiment includes a power10

source 2 for generating alternating current, a first

electrode 3 coupled to one electrode of the power source 2,

a second electrode 4 coupled to the other electrode of the

power source 2, and a wire 5 coupling one electrode of the

power source 2 with the first electrode 3 and coupling the15

other electrode of the power source 2 with the second

electrode 4. The molecular arrangement adjusting unit can

adjust the arrangement of molecules of liquid with a simple

structure and at low costs and can keep the freshness.

[0286] In the molecular arrangement adjusting unit 1 in20

the present embodiment, the first electrode 3 and the

second electrode 4 are sheet-like members. The molecular

arrangement adjusting unit therefore can be made thin and

modified in shape and can be lightweight and installed in a

small space.25

[0287] The molecular arrangement adjusting unit 1 in the

present embodiment includes the temperature controller 6

for controlling the ambient temperature. The molecular

arrangement adjusting unit therefore can keep a fresh state

for a long term when the inside of the container 11 is30

refrigerated. Food or beverage may be transported in a

refrigerated state in the container 11, and its temperature

may be increased during transportation to be ready for
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eating or drinking on arrival.

[0288] The molecular arrangement adjusting device 10 in

the present embodiment includes the molecular arrangement

adjusting unit 1 and the container 11 in which the object

3100 of which molecular arrangement is to be adjusted and5

the molecular arrangement adjusting unit 1 are installed.

The molecular arrangement adjusting device 10 can adjust

the arrangement of molecules of liquid with a simple

structure and at low costs and can keep the freshness.

[0289] In the molecular arrangement adjusting device 1010

in the present embodiment, the container 11 has a part

serving as the first electrode 3 and another part serving

as the second electrode 4, and the insulating member 7 is

installed between the first electrode 3 and the second

electrode 4 to separate the first electrode 3 and the15

second electrode 4 from each other. The molecular

arrangement adjusting device 10 therefore can be compact

and slim in appearance. As used herein "the container 11

having a part serving as an electrode" means that a part of

the container 11 is, for example, metal and functions as an20

electrode, or that a copper plate or a plate-like or sheet-

like member such as an aluminum foil is attached to a part

of the container 11.

[0290] In the transportation method in the present

embodiment, the object 3100 of which molecular arrangement25

is to be adjusted is installed between the first electrode

3 and the second electrode 4 of the molecular arrangement

adjusting device 10, and the object 3100 is transported

while an electric field is generated between the first

electrode 3 and the second electrode 4. The transportation30

method using the molecular arrangement adjusting device 10

therefore can adjust the arrangement of molecules of liquid

with a simple structure and at low costs and can transport
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the object while keeping the freshness.

[0291] In the transportation method in the present

embodiment, the object 3100 of which molecular arrangement

is to be adjusted is installed between the first electrode

3 and the second electrode 4 of the molecular arrangement5

adjusting device 10, and an electric field is generated

between the first electrode 3 and the second electrode 4.

After the elapse of a predetermined period of time, the

object 3100 is removed from the molecular arrangement

adjusting device 10, and the object 3100 is thereafter10

transported. Even when the object is moved to and

transported in another transportation container, it can be

transported farther than now while keeping the freshness.

[0292] Although the molecular arrangement adjusting unit,

the molecular arrangement adjusting device, and the15

molecular arrangement adjusting method have been described

based on some examples, the present invention is not

limited to those examples and is susceptible to various

combinations and modifications.

<<Thirteenth Embodiment>>20

[0293] A cooking method according to a thirteenth

embodiment enables uniform cooking in a short time and

improves the eating quality.

[0294] FIG. 46 is a diagram showing a fryer in the

present embodiment. The same configuration as in the25

twelfth embodiment is denoted by the same reference sign

and a description thereof is omitted.

[0295] A fryer 4001 in the present embodiment includes a

power source 2 for generating alternating current, a first

electrode 3 coupled to one electrode of the power source 2,30

a second electrode 4 coupled to the other electrode of the

power source 2, a wire 5 coupling one electrode of the

power source 2 with the first electrode 3 and coupling the
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other electrode of the power source 2 with the second

electrode 4, an oil reservoir 4006 for storing oil, a

heating portion 4007 for heating oil stored in the oil

reservoir 4006, a temperature measuring portion 4008 for

measuring the temperature of oil stored in the oil5

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 member

having an opening on the top. The oil reservoir 4006 is

preferably formed of a conductive material such as10

stainless steel less degraded. When the oil reservoir 4006

is formed of an insulating member, 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 200.15

[0297] The heating portion 4007 heats the food oil 200

stored in the oil reservoir 4006. The structure of the

heating 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 electromagnetic induction.20

The heating portion 4007 may be installed in the inside of

the oil reservoir 4006 or may be formed as a structure

integrated with the oil reservoir 4006. The heating

portion 4007 in the present embodiment is installed on the

outside of the oil reservoir 4006 and heats the food oil25

200 in the oil reservoir 4006 to 120 degrees to 200 degrees

centigrade.

[0298] The temperature measuring portion 4008 measures

the temperature of the food oil 200 stored in the oil

reservoir 4006. At least a part of the temperature30

measuring portion 4008 that measures the temperature is

installed in the food oil 200 stored in the oil reservoir

4006.
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[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 temperature measured by the

temperature measuring portion 4008. For example, the

controller 4009 controls the voltage or the frequency5

applied by the power source 2 to the first electrode 3 and

the second electrode 4. The controller 4009 controls

electric power generated by the heating portion 4007 or the

flow rate of gas flowing through the heating portion 4007.

[0300] In this manner, the controller 4009 controls the10

power source 2 and the heating portion 4007 in accordance

with the kind of the ingredient 4100 and the temperature

measured by the temperature measuring portion 4008, whereby

the food oil 200 is set to the temperature and the electric

field most suitable for cooking the ingredient 4100.15

Different ingredients 4100 therefore have individual

excellent eating quality.

[0301] The fryer 4001 in the present embodiment may have

a not-shown oxidation degree sensor that measures the

degree of oxidation of the food oil 200 stored in the oil20

reservoir 4006. When the fryer 4001 has an oxidation

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 measured by the

oxidation degree sensor.25

[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

oxidation of the food oil 200 measured by the oxidation

degree sensor, whereby the food oil 200 is set to the30

temperature and the electric field most suitable for

cooking the ingredient 4100. Different materials 4100

therefore 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

electrode 4 and the molecular arrangement of the food oil

200 when the power source 2 of the fryer 4001 is turned on.5

[0304] The ingredient 4100 includes a liquid ingredient.

For example, the ingredient 4100 may be food such as meat,

fish, and vegetable. The ingredient 4100 in the present

embodiment contains water molecules H2O.

[0305] Water molecules H2O regularly arranged by the10

fryer 4001 in the present embodiment form a pearl-chain

structure in which free water is bound into a stable state

like bound water. To be more specific, water molecules H2O

regularly arranged by the fryer 4001 in the present

embodiment are not bonded to other ingredients and are15

finely particulate, although they are free water, and can

stay fresh and not stale.

[0306] FIG. 30 is a diagram showing the arrangement of

long-chain fatty acid in food oil.

[0307] The food oil in the present embodiment includes20

fatty acid. The fatty acid is preferably a long-chain

fatty acid or a medium-chain fatty acid.

[0308] The long-chain fatty acid is preferably those

with 12 or more carbons. Examples of the long-chain fatty

acid include lauric acid, myristic acid, pentadecylic acid,25

palmitic acid, palmitoleic acid, margaric acid, stearic

eicosapentaenoic acid, and docosahexaenoic acid. The

medium-chain fatty acid is preferably those with 8 to 1030

carbons. Examples of the medium-chain fatty acid include

caprylic acid, capric acid, and lauric acid.

[0309] For example, the fatty acid has a carboxyl chain
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moiety functioning as hydrophilic group and a hydrocarbon

chain moiety functioning as lipophilic group and mixes the

oil component of the food oil 200 with the water component

present on the surface of the ingredient 4100 put into the

food oil 200. For example, when particulate water is5

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 predetermined10

temperature by the heating portion 4007, and the ingredient

4100 having particulate water on the surface is put with an

electric field generated between the first electrode 3 and

the second electrode 4, the particulate water on the

surface of the ingredient 4100 and the hydrophilic group of15

the fatty acid of the food oil 200 vibrate similarly to the

water molecules shown in FIG. 43. The molecules of

particulate water on the surface of the ingredient 4100

become finely particulate. The hydrophilic group of the

fatty acid aligns on the ingredient 4100 side.20

[0311] Even when the ingredient 4100 having particulate

water 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 the25

ingredient 4100 reduces the food oil 200 penetrating into

the inside of the ingredient 4100 and prevents the

ingredient 4100 from becoming greasy and at the same time

prevents ejection of water from the ingredient 4100. That

is, the ingredient 4100 is cooked crispy on the surface and30

moist in the inside.

[0312] FIG. 47 is a diagram showing a cooking method in

the present embodiment. FIG. 47A is a diagram showing an
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ingredient put into food oil. FIG. 47B is a diagram

showing an ingredient washed with water. FIG. 47C is a

diagram showing baking of an ingredient. FIG. 47D is a

diagram showing boiling of an ingredient. FIG. 47E is a

diagram showing steaming of an ingredient.5

[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 embodiment shown in FIG. 46 (ST1). Preparation is

necessary before frying in the fryer 4001. In the cooking

method in the present embodiment, batter such as bread10

crumbs usually put on the ingredient 4100 is not used.

[0314] First of all, the first electrode 3 and the

second electrode 4 are installed in the oil reservoir 4006.

A predetermined amount of food oil 200 is then stored in

the oil reservoir 4006. The food oil 200 is stored such15

that the first electrode 3 and the second electrode 4 are

at least partially submerged. Next, the power source 2 is

turned on to form an electric field between the first

electrode 3 and the second electrode 4. Subsequently, the

controller 4009 controls the voltage and the frequency of20

the power source 2 and the temperature of the heating

portion 4007. The voltage and the frequency of the power

source 2 and the temperature of the heating portion 4007

may be preset.

[0315] Next, the ingredient 4100 is put into the food25

oil 200 in the oil reservoir 4006. The ingredient 4100 is

fried in the food oil 200 for a predetermined period of

time. A not-shown timer may be installed to give an alarm

when a predetermined period of time passes. The voltage

and the frequency of the power source 2 and the temperature30

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

ingredient 4100 is put into water 300 stored in a water

reservoir 13. Alternatively, the ingredient 4100 may be5

exposed to running tap water and washed. After washing

with water, water is preferably wiped off.

[0317] Typically, when the ingredient 4100 is fried in

the food oil 200 and then immediately washed with water for

a short time within five minutes or so, water reacts with10

the hot food oil 200 adhering to the ingredient 4100, and

water splashes to cause a dangerous situation. The

ingredient 4100 fried by the fryer 4001 in the present

embodiment, however, is fried at a low temperature in a

short time, and the ingredient 4100 is not greasy and can15

be washed immediately.

[0318] The ingredient 4100 fried by the fryer 4001 in

the present embodiment is washed with water so that the oil

is washed away. In this way, in the ingredient cooking

method in the present embodiment, after the ingredient 410020

is fried in the food oil 200, the fried ingredient 4100 is

washed with water immediately and water is wiped off, so

that the ingredient 4100 is cooked in a similar state to

being baked while it is cooked through evenly without

producing smoke.25

[0319] After washing with water, as shown in FIG. 47C,

the ingredient 4100 may be baked for a short time, for

example, in a grill or a frying pan. In this way, when the

surface of the ingredient 4100 is additionally baked in a

grill for a short time after washing with water, the30

ingredient 4100 is browned and cooked in the same way as

being baked. Compared with typical baking in a grill or

the like, the ingredient 4100 can be cooked through evenly
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for a short time without producing smoke.

[0320] After washing with water, as shown in FIG. 47D,

the ingredient 4100 may be boiled, for example, in a pan

for a short time. In this way, when the ingredient 4100 is

additionally boiled in a pan for a short time after washing5

with water, the ingredient 4100 is stewed and cooked in the

same way as being simmered. Compared with typical

simmering in a pan or the like, the ingredient 4100 can be

cooked through evenly for a short time without unevenness

in heating or losing its shape.10

[0321] After washing with water, as shown in FIG. 47E,

the ingredient 4100 may be steamed, for example, in a

steamer for a short time. In this way, when the ingredient

4100 is additionally steamed in a steamer after washing

with water, the ingredient 4100 is steamed and cooked in15

the same way as being steamed. Compared with typical steam

cooking in a steamer or the like, the ingredient 4100 can

be cooked through evenly for a short time without

unevenness in heating or losing its shape.

[0322] These ingredient cooking methods can be entirely20

systemized and all the steps can be performed automatically

through a production line. For example, the step of

putting the ingredient 4100 into the fryer 4001 shown in

FIG. 47A, the step of removing the fried ingredient, and

the step of washing with water shown in FIG. 47B may be25

performed automatically through a production line. The

baking step shown in FIG. 47C, the boiling step shown in

FIG. 47D, and the steaming step shown in FIG. 47E may also

be performed automatically through a production line.

[0323] FIG. 48 is a diagram showing a fryer and an oil30

reservoir in another embodiment. FIG. 48A is a diagram

showing a cross section of the fryer and the oil reservoir

in another embodiment. FIG. 48B is a diagram showing a top
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view of the fryer and the oil reservoir in another

embodiment.

[0324] A fryer 4010 in another embodiment shown in FIG.

48 is an example in which an oil reservoir 4011 also serves

as electrodes 3 and 4. The oil reservoir 4011 is a box-5

shaped member in the shape of a tube with a bottom. The

oil reservoir 4011 has a first electrode 3 on one side made

of a conductive material such as metal or alloy, a second

electrode 4 on the other side made of a conductive material

such as metal and alloy, and an insulating member 1210

installed between the first electrode 3 and the second

electrode 4. The first electrode 3 and the second

electrode 4 are separated from each other by the insulating

member 12.

[0325] In the fryer 4010 and the oil reservoir 4011 in15

another embodiment 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. In the fryer 4010 in this

embodiment, since the oil reservoir 4011 also serves as the

electrodes 3 and 4, the fryer 4010 can be compact and slim20

in appearance.

[0326] In the present embodiment shown in FIG. 46 and

FIG. 48, the first electrode 3 and the second electrode 4

are used as vibration generating portions. The vibration

generating portions in the present embodiment, however, may25

be those that generate electric waves or ultrasonic waves,

rather than electrodes. The vibration generating portions

in the present embodiment may use any frequency range. The

vibration generating portions vibrate water and oil, so

that an emulsion phenomenon occurs in which water and oil30

are emulsified, the affinity between water and oil

increases, the interfacial tension decreases, and

consequently, the size of water droplets becomes small.
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Water on the surface of the ingredient becomes fine, and

the ingredient is promptly covered with water skin. This

prevents intrusion of oil into the ingredient and makes

fried food with oil less absorbed.

[0327] Typically, when the ingredient 4100 is fried in5

the food oil 200 and then immediately washed with water for

a short time within five minutes or so, water reacts with

the hot food oil 200 adhering to the ingredient 4100, and

water splashes to cause a dangerous situation. The

ingredient 4100 fried by the fryer 4001 in the present10

embodiment, however, is fried at a low temperature in a

short time, and the ingredient 4100 is not greasy and

therefore can be washed with water immediately.

[0328] The ingredient 4100 fried by the fryer 4001 in

the present embodiment is washed with water so that the oil15

is washed away. In this way, in the ingredient cooking

method in the present embodiment, after the ingredient 4100

is fried in the food oil 200, the fried ingredient 4100 is

washed with water immediately and water is wiped off, so

that the ingredient 4100 is heated in the same way as being20

baked while it is cooked through evenly without producing

smoke.

[0329] In a conventional cooking method for fried food

using oil, cooking at high temperature makes protein and

burnt bits bonded to each other and accelerates glycation.25

Moreover, protein and cells in the ingredient are destroyed,

and the ingredient rapidly loses water and becomes tough.

By contrast, when the vibration generating portions in the

present embodiment are used, the ingredient can be cooked

at low temperature, and the ingredient can be cooked moist30

and tender without destroying protein.

[0330] Traditionally, grillers, iron plates, frying pans,

charcoal, or ovens are used for bake cooking and produce
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smoke. By contrast, the use of the vibration generating

portions in the present embodiment can reduce smoking.

[0331] In conventional bake cooking using a griller, the

ingredient is heated only on one side, and the ingredient

is not evenly baked. By contrast, when the vibration5

generating portions in the present embodiment are used, the

ingredient is heated on all surfaces, thereby eliminating

baking unevenness. Since the ingredient is heated on all

surfaces, the time for cooking can be controlled, and the

evenly cooked state can be always achieved by setting the10

time for heating, for example, using a timer.

[0332] The ingredient cooking method in the present

embodiment as described above uses the fryer 4001 including

the power source 2 and the vibration generating portions 3

and 4 connected to the power source 2 to generate15

vibrations. The ingredient cooking method includes:

storing oil in the oil reservoir 4006 in which the

vibration generating portions 3 and 4 of the fryer 1 are

installed; frying the ingredient 4100 in the oil in the oil

reservoir 4006 in which the vibration generating portions 320

and 4 generate vibrations; and thereafter washing the

ingredient 4100 with water. The ingredient cooking method

in the present embodiment therefore ensures even cooking at

low temperature in a short time, thereby improving the

eating quality.25

[0333] In the ingredient cooking method in the present

embodiment, after the ingredient 4100 is washed with water,

the ingredient 4100 is baked. The ingredient cooking

method in the present embodiment therefore ensures even

cooking at low temperature in a short time and improves the30

eating quality in bake cooking.

[0334] In the ingredient cooking method in the present

embodiment, after the ingredient 4100 is washed with water,
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the ingredient 4100 is boiled. The ingredient cooking

method in the present embodiment therefore ensures even

cooking at low temperature in a short time and improves the

eating quality in boil cooking.

[0335] In the ingredient cooking method in the present5

embodiment, after the ingredient 4100 is washed with water,

the ingredient 4100 is steamed. The ingredient cooking

method in the present embodiment therefore ensures even

cooking at low temperature in a short time and improves the

eating quality in steam cooking.10

[0336] In the ingredient cooking method in the present

embodiment, the vibration generating portions 3 and 4

generate electric waves. The eating quality therefore can

be improved inexpensively with a simple structure.

[0337] In the ingredient cooking method in the present15

embodiment, the oil reservoir 4011 has a part serving as

the first electrode 3 and another part serving as the

second electrode 4, and the insulating member 12 is

installed between the first electrode 3 and the second

electrode 4 to separate the first electrode 3 and the20

second electrode 4 from each other. The fryer 4010

therefore can be compact and slim in appearance.

[0338] Although the ingredient cooking method has been

described in the present embodiment based on some examples,

the present invention is not limited to those examples and25

is susceptible to various combinations and modifications.

[0339] The principal features of the present invention

can be employed in various embodiments and variations

without departing from the broad spirit and scope of the

invention. The embodiment described above is merely30

illustrative of an example of the present invention and

does not limit the scope of the invention.
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[0340] This application claims priority to Japanese

Patent 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 are5

incorporated herein by reference.

Reference Signs List

[0341] 1 molecular arrangement adjusting unit

(ingredient control device)10

2 power source

3 first electrode (vibration generating portion)

4 second electrode (vibration generating portion)

5 wire

6 temperature controller15

7, 12 insulating member

10 molecular arrangement adjusting device (ingredient

control device)

11 container

11a box20

11b lid

13 water reservoir

100, 4001, 4010 fryer (ingredient control device)

101, 4006, 4011 oil reservoir

102 opposed plate antenna (vibration generating25

portion)

103 drive portion

104, 1542, 4007 heating portion

111 base portion

112 vertical portion30

113 terminal

200 food oil

300 water
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0100, 0400 food composition control device

(ingredient control device)

0101, 0401, 1501, 1601, 1701, 1801, 1901, 2001, 2101,

2201 antenna function portion (first vibration generating

portion)5

0102, 0402, 1502, 1602, 1702, 1802, 1902, 2002, 2102,

2202 antenna function portion (second vibration generating

portion)

0103, 0403 first frequency

0104, 0404 second frequency10

0105, 0405 first circuit portion

0106, 0406 second circuit portion

0107, 0407 first controller

0108, 0408 second controller

0209 antenna15

0210 feeding point

0211, 0511, 0611, 0711, 0811, 0911 electromagnetic

wave of first frequency

0212, 0512, 0612, 0712, 0812, 0912 electromagnetic

wave of second frequency20

0413 first frequency controller

0414 second frequency controller

0415 first phase controller

0416 second phase controller

0417 first timing controller25

0418 second timing controller

1019 region of electromagnetic field

1020 region of electromagnetic field

1321 CPU

1322 main memory30

1323 HDD

1324 circuit interface

1325 I/O
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1326 user interface

1541 frying tank

1643 food soaking tank

1744, 2244 high-temperature food cooking portion

1845 room-temperature food cooking portion5

1946 refrigerated food cooking portion

1947 refrigerating portion

2048 low-temperature refrigerated food cooking

portion

2149 food defrost cooking portion10

2250 vapor supply portion

2351 frozen food storing portion

1561, 1661, 1761, 1861, 1961, 2061, 2161, 2216 food

(object)

1662 edible liquid15

4100 ingredient (object)
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CLAIMS 

1. An ingredient control device (100, 0100, 0400, 10, 

4001, 4010) comprising at least one vibration generating 

portion (102, 0101, 0102, 0401, 0402, 3, 4) configured to 

generate vibrations, wherein vibration is generated by the 5 

vibration generating portion to control an ingredient in an 

object disposed to face the vibration generating portion to 

decrease an interfacial tension between a water phase and 

an other phase. 

10 

2. The ingredient control device (100, 0100, 0400, 10, 

4001, 4010) according to claim 1, wherein 

 the vibration generating portion (102, 0101, 0102, 

0401, 0402, 3, 4) includes an electrode configured to 

generate electromagnetic waves, and 15 

 a water activity of the object is controlled by 

generating electromagnetic waves by the electrode. 

3. The ingredient control device (100, 0100, 0400, 10, 

4001, 4010) according to claim 2, wherein electromagnetic 20 

waves are generated by the electrode to increase 

interfacial polarization between the water phase and the 

other phase of the object and thus decrease an interfacial 

tension between the water phase and the other phase and 

bind water in the object into a pearl-chain structure. 25 

4. The ingredient control device (0100, 0400) according 

to claim 1, 2, or 3, wherein 

the vibration generating portion (102, 0101, 0102, 

0401, 0402, 3, 4) includes a pair of avibration generating 30 

portions,  

the ingredient control device (0100, 0400) further 

comprising: 
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 a first circuit portion (0105, 0405) configured to 

apply alternating current of a first frequency to a first 

vibration generating portion (0101, 0401) of the pair of 

vibration generating portions; and 

 a second circuit portion (0106, 0406) configured to 5 

apply alternating current of a second frequency to a second 

vibration generating portion (0102, 0402) of the pair of 

vibration generating portions. 

5. The ingredient control device (0400) according to 10 

claim 4, further comprising 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 15 

claim 4 or 5, wherein the first frequency and the second 

frequency are at least 10 kilohertz to at most 150 

kilohertz. 

7. The ingredient control device (0400) according to 20 

claim 4, 5, or 6, further comprising a phase controller 

(0415, 0416) configured to control a phase of the 

alternating current of the first frequency and the 

alternating current of the second frequency. 

25 

8. The ingredient control device (0100, 0400) according 

to any one of claims 4 to 7, further comprising: 

 a frying tank (1541); and 

 a heating portion (1542) configured to heat the frying 

tank, wherein 30 

 the vibration generating portions (1501, 1502) 

generate electromagnetic waves, and 

 the pair of vibration generating portions are disposed 
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to form an electromagnetic field in the frying tank. 

9. The ingredient control device (0100, 0400) according 

to any one of claims 4 to 7, further comprising a food 

soaking tank (1643) capable of storing edible liquid for 5 

soaking food (1661) to allow the edible liquid (1662) to 

soak into the food and/or to extract an ingredient from the 

food into the edible liquid, wherein 

 the vibration generating portions (1601, 1602) 

generate electromagnetic waves, and 10 

 the pair of vibration generating portions (1601, 1602) 

are disposed to form an electromagnetic field in the food 

soaking tank. 

10. The ingredient control device (0100, 0400) according 15 

to any one of claims 4 to 7, further comprising a high-

temperature food cooking portion (1744) configured to heat 

food (1761a, 1761b, 1761c) as the object at high 

temperature, wherein 

 the vibration generating portions (1701, 1702) 20 

generate electromagnetic waves, and 

 the pair of vibration generating portions are disposed 

to form an electromagnetic field in the high-temperature 

food cooking portion. 

25 

11. The ingredient control device (0100, 0400) according 

to any one of claims 4 to 7, further comprising a room-

temperature food cooking portion (1845) in which food 

(1861) as the object is placed at room temperature, wherein 

 the vibration generating portions (1801, 1802) 30 

generate electromagnetic waves, and 

 the pair of vibration generating portions are disposed 

to form an electromagnetic field in the room-temperature 
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food cooking portion. 

12. The ingredient control device (0100, 0400) according 

to any one of claims 4 to 7, further comprising a 

refrigerated food cooking portion (1946) configured to 5 

refrigerate food (1961) as the object, wherein 

 the vibration generating portions (1901, 1902) 

generate electromagnetic waves, and 

 the pair of vibration generating portions are disposed 

to form an electromagnetic field in the refrigerated food 10 

cooking portion. 

13. The ingredient control device (0100, 0400) according 

to any one of claims 4 to 7, further comprising a low-

temperature refrigerated food cooking portion (2048) 15 

configured to store food (2061) as the object by low-

temperature refrigeration, wherein 

 the vibration generating portions (2001, 2002) 

generate electromagnetic waves, and 

 the pair of vibration generating portions are disposed 20 

to form an electromagnetic field in the low-temperature 

refrigerated food cooking portion. 

14. The ingredient control device (0100, 0400) according 

to any one of claims 4 to 7, further comprising a food 25 

defrost cooking portion (2149) for defrosting frozen food, 

wherein 

 the vibration generating portions (2101, 2102) 

generate electromagnetic waves, and 

 the pair of vibration generating portions are disposed 30 

to form an electromagnetic field in the food defrost 

cooking portion. 
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15. The ingredient control device (0100, 0400) according 

to any one of claims 10 to 14, further comprising a vapor 

supply portion (2250) configured to supply water vapor 

and/or water spray. 

5 

16. The ingredient control device (0100, 0400) according 

to any one of claims 4 to 7, further comprising a frozen 

food storing portion (2351) configured to store food as the 

object by freezing, wherein 

 the vibration generating portions (2301, 2302) 10 

generate electromagnetic waves, and 

 the pair of vibration generating portions are disposed 

to form an electromagnetic field in the frozen food storing 

portion. 

15 

17. The ingredient control device (10, 4001, 4010) 

according to claim 1, wherein the vibration generating 

portion (102, 0101, 0102, 0401, 0402, 3, 4) includes a pair 

of vibration generating portions,  

the ingredient control device (10, 4001, 4010) further 20 

comprising 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 

electrode of the power source, and 25 

 a second vibration generating portion (4) of the pair 

of vibration generating portions is coupled to another 

electrode of the power source. 

18. The ingredient control device (10, 4001, 4010) 30 

according to claim 17, wherein the vibration generating 

portions (3, 4) are sheet-like members. 
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19. The ingredient control device (10) according to claim 

17 or 18, further comprising a temperature controller (6) 

configured to control ambient temperature. 

20. The ingredient control device (10) according to claim 5 

17, 18, or 19, further comprising a container (11) in which 

the object is disposed, wherein 

 the vibration generating portions (3, 4) are 

electrodes configured to generate electromagnetic waves, 

 the container has a part serving as one electrode of a 10 

pair of the electrodes and another part serving as another 

electrode of the pair of the electrodes, and 

 an insulating member (7) is installed between the pair 

of the electrodes to separate the pair of the electrodes 

from each other. 15 

21. An ingredient control method using an ingredient 

control device (100, 0100, 0400, 10, 4001, 4010) including 

at least one vibration generating portion (102, 0101, 0102, 

0401, 0402, 3, 4) configured to generate vibrations, 20 

 the method comprising generating vibrations by the 

vibration generating portion to control an ingredient in an 

object disposed to face the vibration generating portion to 

decrease an interfacial tension between a water phase and 

an other phase. 25 

22. The ingredient control method according to claim 21, 

wherein 

 the vibration generating portion (102, 0101, 0102, 

0401, 0402, 3, 4) includes an electrode configured to 30 

generate electromagnetic waves, and 

 a water activity of the object is controlled by 

generating electromagnetic waves by the electrode. 
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23. The ingredient control method according to claim 21 or 

22, wherein electromagnetic waves are generated by the 

electrode to increase interfacial polarization between the 

water phase and the other phase of the object to decrease 

an interfacial tension between the water phase and the 5 

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 10 

electric field to an AC electric field to increase 

interfacial polarization between the water phase and the 

other phase to decrease an interfacial tension between the 

water phase and the other phase and bind water in the 

object into a pearl-chain structure. 15 

25. The ingredient control method according to claim 24, 

wherein the DC electric field of approximately +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 20 

increase 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 other 

phase and bind water in the object into a pearl-chain 

structure. 25 

26. The ingredient control method according to any one of 

claims 22 to 25, wherein the electromagnetic waves are low-

frequency waves. 

30 

27. The ingredient control method according to any one of 

claims 22 to 25, wherein the electromagnetic waves have a 

frequency of 10 kHz to 500 kHz. 
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28. The ingredient control method 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 5 

structure. 

29. The ingredient control method according to claim 21, 

wherein 

 the vibration generating portion (102, 0101, 0102, 10 

0401, 0402, 3, 4) includes a pair of vibration generating 

portions,  

the vibration generating portions generate 

electromagnetic waves, 

 one (0101, 0401) of the pair of vibration generating 15 

portions applies an electromagnetic 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 from the first frequency to the 20 

object. 

30. A transportation method using an ingredient control 

device (10) including at least one vibration generating 

portion (3, 4) configured to generate vibrations, the 25 

method comprising: 

 installing an object disposed to face the vibration 

generating portion; and 

 transporting the object while generating vibrations by 

the vibration generating portion to control an ingredient 30 

in the object to decrease an interfacial tension between a 

water phase and an other phase. 
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31. A transportation method using an ingredient control 

device (10) including at least one vibration generating 

portion (3, 4) configured to generate vibrations, the 

method comprising: 

 installing an object disposed to face the vibration 5 

generating portion; 

 generating vibrations by the vibration generating 

portion to control an ingredient in the object to decrease 

an interfacial tension between a water phase and an other 

phase; 10 

 removing the object from the ingredient control device 

after elapse of a predetermined period of time; and 

 thereafter transporting the object. 

32. A cooking method using an ingredient control device 15 

(4001, 4010) including at least one vibration generating 

portion (3, 4) configured to generate vibrations and an oil 

reservoir (4006, 4011) in which the vibration generating 

portion is installed, the method comprising: 

 storing oil in the oil reservoir; 20 

 frying an object in oil in the oil reservoir in which 

the vibration generating portion generates vibrations to 

control an ingredient in the object to decrease an 

interfacial tension between a water phase and an other 

phase; and 25 

 thereafter washing the object with water. 

33. The cooking method according to claim 32, wherein 

after the object is washed with water, the object is baked. 

30 

34. The cooking method according to claim 32, wherein 

after the object is washed with water, the object is 

boiled. 
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35. The cooking method according to claim 32, wherein 

after the object is washed with water, the object is 

steamed. 

36. The cooking method according to any one of claims 32 5 

to 35, wherein the vibration generating portion (3, 4) 

generates electromagnetic waves. 

37. The cooking method according to any one of claims 32 

to 36, wherein 10 

 the vibration generating portion (3, 4) is an 

electrode configured to generate electromagnetic waves, 

 the oil reservoir is comprised of a pair of 

electrodes,

 the oil reservoir has a part serving as one electrode 15 

of the pair of the electrodes and another part serving as 

the other electrode of the pair of the electrodes, and 

 an insulating member (12) is installed between the 

pair of the electrodes to separate the pair of the 

electrodes from each other. 20 

38. A program for a computer of an ingredient control 

device (0100, 0400) including a pair of vibration 

generating portions configured to generate electromagnetic 

waves to control an ingredient in an object to decrease an 25 

interfacial tension between a water phase and an other 

phase, the program causing the computer to perform: 

 applying an electromagnetic field of a first frequency 

by one (0101, 0401) of the pair of vibration generating 

portions to the object installed between the pair of 30 

vibration generating portions; and 

 applying an electromagnetic field of a second 



136 

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. 
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