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DESCRI PTI ON
MO STURE CONTROL APPARATUS, MJ STURE CONTROL METHOD
PROGRAM STORAGE MEDI UM PRODUCED OBJECT, PRODUCT,
APPARATUS, AND FACI LITY

Field
[ 0001] The present invention relates to a noisture
control apparatus that controls noisture in an object, a
noi sture control nethod, a program a storage nedium a
produced object, a product, an apparatus, and a facility.
Backgr ound
[ 0002] Fryers have been known that can cook exquisitely
tasty food. Such fryers cook food using heat within a
space in which el ectromagnetic waves within a predeterm ned
frequency range are generated (see Patent Literature 1).
The entirety of the specification, clains, and draw ngs of
Patent Literature 1 are incorporated herein by reference.
The cooking of food within the space in which
el ectromagneti ¢ waves within a predeterm ned frequency
range are generated are known to have hi ghly advant ageous
effects such as prevention of oxidation/deterioration of
cooking oil, and inprovenent in the taste of the food
cooked.
Ctation List
Patent Literature
[ 0003] Patent Literature 1. JP-A-2016-129672
Summary
Techni cal Probl em
[ 0004] However, the fryer and the heat cooking nethod
di sclosed in Patent Literature 1 are nade based on
i nsufficient consideration on the nmechani smof the taste
I nprovenent. Thus, the technique is difficult to apply to
all kinds of foods, to other styles of cooking, or to
obj ects ot her than food.
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[ 0005] In view of this, the present inventors have

anal yzed the inpact of the el ectronagnetic waves within a
predet erm ned frequency range on food from vari ous
perspectives. As a result, the present inventors have
found out that control on noisture (including free water)
contained in food is the key, and thus has cone up with a
met hod for the noisture control. Furthernore, the present
I nventors have al so found out that the noisture control is
i nportant for objects other than food, and thus conpleted a
noi sture control apparatus and a noisture control method
according to the present invention.

[ 0006] In view of the above, an object of the present
invention is to provide a noisture control apparatus that
can i nprove the characteristics of an object through

noi sture control, a noisture control method, a program a
storage nedium a produced object, a product, an appar at us,
and a facility.

Sol ution to Probl em

[ 0007] The above-descri bed object of the present

i nventi on can be achi eved by:

a noi sture control apparatus, in which a predeterm ned
vol tage or current including a DC conponent and/or an AC
conponent is applied to at | east one el ectrode that
generates at | east one of an electric field, a magnetic
field, an electromagnetic field, electromagnetic waves,
sound waves, and ultrasonic waves to achi eve a bonded state
of noisture elenents in an object disposed to face the
el ectrode, so that a property of the object is able to be
I nproved,

a noi sture control nethod, including applying a
predet erm ned voltage or current including a DC conponent
and/ or an AC conponent to at |east one el ectrode that
generates at | east one of an electric field, a magnetic
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field, an electromagnetic field, electromagnetic waves,
sound waves, and ultrasonic waves to achi eve a bonded state
of noisture elenents in an object disposed to face the
el ectrode, so that a property of the object is able to be
I nproved,

a program for executing the noisture control nethod;

a storage nedium storing the program

an object nade into a bonded state of noisture
el enents in the object by the noisture control apparatus;
or

a product, an apparatus, or a facility including the
noi sture control apparatus.
[ 0008] The free water as the noisture is water other
than the bonded water. The free water is in a normal state
and can nove freely, whereas the bonded water is in a
bonded state which could be of various |evels chemcally.
In a food product, the free water is water exhibiting
characteristics of normal water, and exists between tissues
whi | e being mechanically held (references: Encycl opedi a
Ni pponica, digital Daijisen, Eiyo Seikagaku Jiten
(Dictionary of Nutrition and Bi ochem stry)).
Advant ageous Effects of Invention
[ 0009] Wth the noisture control apparatus, the noisture
control nethod, the program the storage nedium the
produced object, the product, the apparatus, and the
facility according to the present invention,
characteristics of an object can be inproved through
noi sture contr ol
Brief Description of Draw ngs
[ 0010] FIG 1 is a conceptual view of an el ectrode
according to a first enbodi nent.

FIG 2 is a schematic view of water nol ecules, FIG 2A
illustrates water nolecules in a freely noving state, and
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FIG 2B illustrates water nolecules in a pearl-chain
structure.

FIG 3 is a photom crograph of free water, FIG 3A
show ng a state of the free water before application of an
electric field and FIG 3B showng a state of the free
wat er after the application of the electric field.

FIG 4 illustrates potential sinmulation results of
water particles FIG 4A being a diagramillustrating a
sinmulation nodel and FIG 4B illustrating a potentia
simulation result.

FIG 5 is a photograph showing a result of preserving
sea bream for 5 days.

FIG 6 includes photographs showi ng a result of
preserving bean sprouts for 10 days.

FIG 7 includes photographs showi ng a result of
preserving pea sprouts for 35 days.

FI G 8 includes photographs showi ng a result of
preserving white radi sh sprouts for 10 days.

FIG 9 includes photographs showi ng a result of
preserving a tuna fillet for 10 days.

FI G 10 includes photographs showi ng a result of
preserving a salad for six days.

FIG 11 is a photograph showing a result of preserving
a Chi nese cabbage for 79 days.

FIG 12 is a photograph showing a result of processing
a sea breamfor an hour wth an apparatus according to the
present enbodi nent.

FIG 13 includes photographs showing a result of
processi ng strawberries for an hour with the apparatus
according to the present enbodi nent.

FIG 14 includes photographs show ng a result of
thawi ng a piece of tuna.

FI G 15 includes phot ographs showi ng a state of food
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cooked in cooking oil

FIG 16 is a photograph showing a state of pork
cutl ets cooked in cooking oil.

FIG 17 includes photographs show ng a result of
produci ng rock sugar.

FIG 18 illustrates results of conparison in
hydr oponi cs.

FIG 19 illustrates a result of conparison in fresh
fl ower preservation.

FIG 20 illustrates results of conparison regarding
antifouling effect for an aquarium

FIG 21 is a graph showi ng a conparison in blood flow
I mprovenent .

FIG 22 includes blood flow imges illustrating bl ood
fl ow i nprovenent.

FIG 23 is a graph show ng conparison in inprovenent
in blood glucose | evel for diabetes.

FIG 24 is a graph show ng conparison in inprovenent
in HbAlc val ue for diabetes.

FIG 25 illustrates a result of conparison in gasoline
fuel efficiency inprovenent for a go-cart.

FIG 26 is a graph of interfacial tension between
cooking oil and water as a result of changing the frequency
and voltage value (0 to 75 V) of the voltage appli ed.

FIG 27 is a graph of interfacial tension between
cooking oil and water as a result of changing the frequency
and voltage value (0 to 150 V) of the voltage applied to
t he el ectrode.

FI G 28 includes photographs show ng droppi ng of
droplets in oil.

FIG 29 includes photographs showi ng fine particles
around droplets in oil.

FIG 30 is a conceptual view of electrodes according
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to a second enbodi nment.

FIG 31 is a conceptual view of an el ectrode according
to a nodification of the second enbodi nent, FIG 31A
Illustrates an exanple where a single electrode is used,
and FIG 31B illustrates an exanple where a single
el ectrode and two el ectrodes facing the el ectrode are used.

FIG 32 is a diagramillustrating waveforns according
to a third enbodi nent in cases where voltage with different
frequenci es are used.

FIG 33 is a diagramillustrating waveforns according
to the third enbodi nent in cases where voltage with
di fferent phases are used.

FIG 34 illustrates an exanple where el ectrodes 13 and
14 according to a fourth enbodi nent are provided to a
refrigerator

FIG 35 illustrates an exanple where the el ectrodes 13
and 14 according to the fourth enbodi nent are provided to a
cont ai ner.

FIG 36 illustrates an exanple where the el ectrodes 13
and 14 according to the fourth enbodi nent are provided to

an existing fryer.

FIG 37 illustrates another enbodi nent of the
el ectrode.

FIG 38 illustrates another enbodi nent of the
el ectrode.

FIG 39 illustrates another enbodi nent of the
el ectrode.

FIG 40 illustrates another enbodi nent of the
el ectrode.

FIG 41 illustrates another enbodi nent of the
el ectrode.

FIG 42 is a block diagramillustrating a noisture
control apparatus 1 according to a fifth enbodi nent.
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FIG 43 is a graph show ng sweeping of a voltage val ue,
a current value, and frequency according to a sixth
enbodi ment .
Descri ption of Enbodi nents
[ 0011] The foll owi ng describes a noisture control
apparatus, a noisture control nethod, a program a storage
medi um and a produced object according to sone enbodi nents
of the present invention with reference to the acconpanying
drawi ngs. The follow ng enbodi ments are intended to
illustrate a noisture control apparatus, a noisture contro
nmet hod, a program a storage nedium and a produced object
for enbodyi ng the technical concept of the present
i nvention, and are not intended to limt the present
i nvention to these enbodi nents. The present invention is
equal |y applicable to any ot her enbodi nents within the
scope of the appended clainms. Wile the follow ng
enbodi nents illustrate free water serving as noi sture
i ncluded in an object, exanples of the noisture included in
an obj ect according to the present invention are not
limted to free water, but may include a solution, water,
mcro water droplets included in an enul sion, and ot her
i ke applications.
[0012] [ First enbodi nent]

A noi sture control apparatus, a noisture control
net hod, a program a storage medi um a produced object, a
product, an apparatus, and a facility according to a first
enbodi nent will be described with reference to FIG 1 to
FIG 9.
[ 0013] FIG 1 is a conceptual view of a noisture contro
apparatus 1. The noisture control apparatus 1 includes a
controller 10 and a pair of electrodes 13 and 14. The
controller 10 includes an AC conponent voltage generation
unit 11 and a DC conponent voltage generation unit 12. 1In
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the actual circuit configuration of the controller 10, the
AC conponent vol tage generation unit 11 and the DC
conponent vol tage generation unit 12 may not be separately
provi ded, and thus the circuit configuration having the
functions of both units may be enpl oyed.

[ 0014] The controller 10 is provided with a

comruni cation unit 35, a central processing unit (CPU 36,
and a storage unit 37. The comunication unit 35

conmuni cates with a server 40 to receive a contro
paraneter and/or a control value fromthe server 40. The
storage unit 37 stores a program and the CPU 36 uses the
program stored in the storage unit 37 to control the AC
conmponent vol tage generation unit 11 and the DC conponent
vol tage generation unit 12 incorporated in the controller
10 based on the control parameter and/or the control val ue
received fromthe server, to control output voltage and/or
out put current. The programcan be rewitten fromthe
server 40 via the comunication unit 35. The program nay
be stored in a renovable nenory such as a flash nmenory, so
that the programfor the controller 10 can be rewitten by
usi ng the renovabl e nenory.

[ 0015] The controller 10 is connected to an object
detection sensor 32 configured to detect the type and/or
the state of an object disposed between the el ectrodes.
Thus, the controller 10 recogni zes the type and/or the
state of the object and controls the AC conponent voltage
generation unit 11 and the DC conponent voltage generation
unit 12 incorporated therein, to achieve output voltage
and/ or output current suitable for the type and/or the
state of the object. The AC conponent voltage generation
unit 11 and the DC conponent voltage generation unit 12

i ncorporated in the controller 10 has a function that is at
| east one of DC-DC conversion, DC AC conversion, AC DC
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conversion, and AC- AC conversion as described | ater.

[ 0016] The controller 10 is further connected to a nan-
machi ne interface 31, and thus can be operated by an
operator. Exanples of the man-nmachine interface 31 include
a display, a touch panel, a keyboard, and a nouse. Wen
the controller 10 is operated by a smartphone, a tabl et
termnal, a personal conputer (hereinafter, referred to as
PC) such as a laptop PC, and the |ike, the smartphone and
the li ke can have the functions of the man-nachi ne
interface 31, the comunication unit 35, and the |iKke.

[ 0017] The controller 10 is connected to an externa
power supply 39. The external power supply 39 may be an AC
power supply or a DC power supply. The DC power supply may
be a battery including a primary cell, a secondary cell,
and the like. |If the noisture control apparatus 1 can be
noved, conveyed, or carried around, it is convenient to use
a battery as the external power supply 39 in terns of
securing power supply.

[ 0018] The controller 10 perforns feedback control on at
| east one of values of current and/or voltage applied to
the el ectrode, their frequencies, and their phases based on
a detection signal froma detector 38 described | ater

[ 0019] A processing target object is disposed between
the el ectrodes 13 and 14. The processing target object is
not particularly limted as long as the object is at |east
one of solid, liquid, and gas. Various objects can be the
processing target as will be described |ater.

[ 0020] [ El ectrode]

In FIG 1, the pair of electrodes 13 and 14 are
illustrated as electrodes in a formof a plate as an
exanple. However, the electrodes 13 and 14 are not |limted
to the plate form and nay be in a formof a foil, a film
or a layer, and can al so have various shapes such as a rod
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shape, a spherical shape, a sem -spherical shape, a
cylindrical shape, a sem -cylindrical shape, a conical
shape, a sem -coni cal shape, a substantially L shape, a
substantially rectangul ar U shape, a pol ygonal shape, a

pol ygonal col umar shape, a polygonal pyram d shape, a
curved shape, or a bent shape (see FIG 34 to FIG 41 and
the like referenced later). The electrodes 13 and 14 in a
formof a foil and a fil mcan have an extrenely small

t hi ckness, and thus are space saving. Furthernore, such

el ectrodes 13 and 14 can have a shape freely designed and
are light weight. Thus, such electrodes 13 and 14 can be
easily installed. The electrode of a |ayer formincludes a
thin-filmelectrode provided to be stacked on a
predet erm ned substrate, for exanple.

[ 0021] The shape of the electrodes 13 and 14 is not
limted to a flat plate shape, and nay be any shape. Wen
the electrodes 13 and 14 in a formof a foil are used, the
el ectrodes can be shaped as desired to conformto the shape
of their installed locations. For exanple, the el ectrodes
can be in a formof a curved surface.

[ 0022] The el ectrodes 13 and 14 nmay be provided with a
plurality of through holes. Wth the plurality of through
hol es provi ded, the el ectrodes can have i nproved
characteristics for generating el ectromgnetic waves and
air perneability, and can also ensure visibility through
the el ectrodes. The holes can have vari ous shapes such as
a circul ar shape, an elliptical shape, a polygonal shape, a
slit shape, a linear shape, or a conbination of these. For
exanpl e, hexagonal hol es may be provi ded.

[ 0023] The material of the electrodes 13 and 14 is not
particularly limted as long as the material has
conductivity. For exanple, conductive netal such as copper,

iron, stainless steel, alumnum titanium gold, silver,
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and platinum an alloy of these netals, a conductive

mat eri al such as a conductive oxide or a conductive gl ass,
or the like is used. The electrodes 13 and 14 may have
surfaces coated with an insulated material. For exanple,
when the el ectrodes are provided to a fryer, an inner
surface of the fryer and the el ectrodes are insulated from
each other. For exanple, when the el ectrodes are provided
on an inner surface of a container, the inner surface of
the container and the el ectrodes are preferably insul ated
fromeach other. The pair of electrodes 13 and 14 may be
made of different materials. For exanple, the material of
the el ectrode 13 nay be stainless steel and the material of
the el ectrode 14 nay be titanium Furthernore,

conbi nati ons between stainless steel and al um num between
stainl ess steel and copper, and the |ike may be enpl oyed.
By changing the materials of the el ectrodes 13 and 14, the
characteristics of the el ectromagneti c waves generated from
the el ectrodes can be adjusted. |In such a case, the
characteristics of the el ectromgneti c waves can al so be
adj usted by exchanging the naterials of the el ectrode 13
and the electrode 14. As will be described later, the
nunmber of electrodes is not limted to one pair, and may be
set as appropriate to be one, three or nore, two pairs or
nore, or the like. Also in these cases, the
characteristics of the el ectromagneti c waves generated from
the el ectrodes can be adjusted by appropriately selecting
the material of each electrode. For exanple, the
characteristics of the el ectromagneti c waves generated from
two pairs of electrodes can be adjusted with one pair of

el ectrodes nmade of stainless steel and the other pair of

el ectrodes made of copper. The electrodes 13 and 14
generate at |east one of an electric field, a magnetic
field, an electromagnetic field, electromagnetic waves,
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sound waves, and ultrasonic waves. Wen only the sound
waves or the ultrasonic waves are generated, the materi al
of the electrodes 13 and 14 is not limted to a conductive
material. For exanple, non-conductive material such as
resin nmay be used.

[ 0024] A dedi cat ed housi ng nay be provided for
installation of the noisture control apparatus 1. However,
this should not be construed in a limting sense, and the
noi sture control apparatus 1 nmay be installed in an

exi sting housing, for exanple. The existing housing in

whi ch the noisture control apparatus 1 can be installed can
be sel ected from various housings including: a refrigerator,
a freezer, a refrigerating warehouse, a freezer warehouse,
a storage house, a warehouse, a refrigerator car, a
freezing car, a cooler box, a container for transport, a
contai ner for storage, a showase, a shelf, a drawer, a
fryer, a cultivation container (for hydroponics, etc.), a
fuel tank, a PC, a nobile phone, a chair bed, furniture,
beddi ng, hone appliances, various manufacturing equi pnent
in a factory, processing equi prment, nedical equipnent,
heal t h equi pnent, beauty equi pment, cooki ng equi pnent,
pol i shi ng equi pnent, vehicles, sem conductor cleaning

equi pnment, and equi pnent for controlling vapor resulting
fromcooling during a refining step, a baking step, and a
dryi ng step.

[ 0025] In a case of the refrigerator, for exanple, the
pair of electrodes 13 and 14 can be arranged along a
ceiling surface and a bottom surface, along side wall
surfaces facing each other, along the ceiling surface, a
tray, and the bottom surface, along the ceiling surface,
the bottom surface, and the side surface, or along an inner
surface of the door and a back side surface. 1In a case of
the fryer, for exanple, the electrodes are provided al ong
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both inner side surfaces of an oil container. Thus, the
pair of electrodes 13 and 14 may be in any arrangenent as
|l ong as they face each other. The pair of electrodes do
not need to be arranged in parallel, and may be in an
ort hogonal positional relationship. Thus, the el ectrodes
can be in any arrangenent as long as the space to
accommodat e the processing target object can be provided
bet ween the el ectrodes. The nunber, arrangenent, and shape
of the electrodes are not particularly limted. The nunber
of electrodes is not limted to one pair, and nay be one,
three or nore, or two pairs or nore, as can be seen in FIGS
30 to 41 described | ater, for exanple.
[ 0026] The noi sture control apparatus 1 is not limted
to the installation in a housing, and can be di sposed at
any location as long as the pair of electrodes 13 and 14
can be di sposed. For exanple, any |location such a shelf or
a wall can be used as long as the pair of electrodes 13 and
14 can be disposed to face each other. Furthernore, a
screen shaped nenber can be used to fix the el ectrodes 13
and 14, for exanple. For exanple, a chopping board may be
used. The nunber of electrodes is not limted to one pair,
and nay be one, three or nore, or two pairs or nore, as can
be seen in FIGS. 30 to 41 described later, for exanple.
[ 0027] [ Vol tage applied to el ectrode]

The controller 10 can apply, to the pair of el ectrodes
13 and 14, at |east the DC conponent voltage and can
additionally apply the AC conponent voltage. The DC
conponent voltage is not particularly limted, and can be
adj usted between 0 V and 2000 V, for exanple, can be
adj usted between 0 V and 500 V, for exanple, can be
adj usted between 0 V and 200 V, for exanple, can be
adj usted between 0 V and 100 V, for exanple, can be
adj usted between 5 V and 20 V, for exanple, and can be
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adj usted between 10 V and 15 V, for exanple. The polarity
may be positive or negative. Thus, when both positive and
negative polarities are taken into consideration in the
exanpl e of the adjustnent between 0 V and 200 V, the

vol tage can be adjusted between -200 V and +200 V. A DC
power supply or an AC power supply may be used for the
power supply voltage. Wen the DC power supply is used, a
battery featuring excellent portability can be used as the
power supply, for exanple. On the other hand, when the AC
power supply is used, a comercial power supply can be used,
for exanple, neaning that the power supply can easily be
ensured. The power supply voltage may be AC vol tage of 100
V to 400 V, for exanple, DC voltage of 5 Vto 20 V, for
exanpl e, and DC voltage of 10 V to 15 V, for exanple.

[ 0028] At | east the DC conmponent voltage is applied to
the pair of electrodes 13 and 14. Thus, only the DC
conmponent vol tage nmay be applied with the AC conponent
voltage set to be 0V, for exanple.

[ 0029] The orientation of the DC conponent voltage may
be positive (+) or negative (-). In the present enbodi nment,
the orientation of the DC conponent voltage is + when the
potential of the electrode 14 is higher than the potenti al
of the electrode 13 (ground potential), and is — when the
potential of the electrode 14 is |ower than the potenti al

of the electrode 13. The effect of inproving the property
of the object is obtained with the positive DC conponent

vol tage and with the m nus DC conponent voltage.

[ 0030] To the pair of electrodes 13 and 14, the AC
conponent vol tage can be applied in addition to the DC
conponent voltage. The frequency of the AC conponent
voltage is not particularly limted, and can be adj usted
between 0 and 1 WHz, for exanple, can be adjusted between
50 Hz and 500 Hz, for exanple, can be adjusted between 5 Hz
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and 200 Hz, for exanple, and can be adjusted between 50 Hz
and 100 Hz, for exanple.

[ 0031] The voltage of the AC conponent voltage is not
particularly Iimted, and the spatial electric field/cm
bet ween peaks is adjustable between 0 and 2000 Vpp/cm for
exanpl e, between 50 and 500 Vpp/cm for exanple, and

bet ween 100 and 250 Vpp/cm for exanple. Furthernore, the
voltage of 0 to 2000 Vpp can be supplied to an el ectrode,
and the voltage can be adjusted between 50 and 500 Vpp, for
exanpl e, and between 100 and 250 Vpp, for exanple. For
exanple, for a pair of electrodes, the voltage between the
el ectrodes is adjusted between 0 and 2000 Vpp, for exanple,
bet ween 50 and 500 Vpp, for exanple, and between 100 and
250 Vpp, for exanple.

[ 0032] Note that the application of the DC conponent
voltage results in high effect of inproving the property of
the object. Still, such an effect can be obtained al so
with the application of the AC conponent voltage only (with
t he DC conponent vol tage being 0 V).

[ 0033] As escri bed above, the voltage of the external
power supply nmay be DC voltage or AC voltage, and the
external power supply nmay be an AC power supply or a DC
power supply. For exanple, a commercial power supply can
be used as the AC power supply. For exanple, the DC power
supply may be a battery including a primary cell and a
secondary cell. Furthernore, various batteries such as 12-
V battery and a dry cell can be used.

[ 0034] For adjusting the voltage value of the DC
conponent voltage in the controller 10, a nethod of
perform ng voltage control on the DC power supply by a DC
DC converter, a nmethod of perform ng the voltage control by
the DC-DC converter when the AC power supply is rectified
by an AC-DC converter or after the AC power supply has been
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rectified, and the |li ke can be enployed. The voltage val ue
and the frequency of the AC conponent voltage can be
controlled in the controller 10 with nethods including: a
met hod of controlling the DC power supply with a DC AC
converter (inverter); a nmethod of rectifying the AC power
supply with an AC-DC converter and then controlling the
resul tant power supply with a DC AC converter (inverter);
and a nmethod of controlling the AC power supply with an AC
AC converter.

[ 0035] When the target voltage val ue of the DC conponent
voltage is equal to the power supply voltage of the DC
power supply, the power supply voltage of the DC power
supply may be directly used as the DC conponent voltage.
Simlarly, when the target voltage and the target frequency
of the AC conponent voltage are equal to the power supply
vol tage of the AC power supply, the power supply voltage of
the AC power supply may be directly used as the AC
conmponent vol t age.

[ 0036] The DC conponent vol tage and the AC conponent

vol tage are added, that is, the DC conponent voltage is
added as offset voltage to the AC conponent voltage, and
the resultant voltage is applied between the pair of

el ectrodes 13 and 14. For exanple, when the AC conponent
voltage is controlled through power conversion using the
DC- AC converter, the DC conponent voltage may al so be
controll ed.

[ 0037] The AC conponent of voltage applied to an

el ectrode includes sinusoidal voltage. However, the AC

vol tage conponent according to the present enbodi nment is
not limted to sinusoidal voltage, and includes voltage of
any waveform such as rectangul ar waveforns or PWM wavef or ns.
The sinusoi dal wave and the rectangul ar wave are not
limted to the sinusoidal wave and the rectangul ar wave in
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a strict sense, and indicate waveforns taking noise,

di stortion, and the like into consideration. The DC
conponent of the voltage applied to the el ectrode is not
limted to constant voltage, and DC conponent voltage
varying over tine may al so be used.

[ 0038] A voltage controlling unit in the controller 10
may be any of an analog circuit, a digital circuit, and a
circuit obtained by conmbining anal og and digital circuits.
For exanpl e, sinusoidal voltage may be generated by the
anal og circuit, or equival ent sinusoidal waves can be
generated with the P\W waveform For exanple, as a circuit
that generates voltage with a rectangul ar waveform a
digital circuit nay be used, and an analog circuit can al so
be used.

[ 0039] The voltage or current generated by the
controller 10 is at | east one voltage or current sel ected
fromthe group consisting of:

(1) voltage or current that reduces an interfacial tension
of an object;

(2) voltage or current that prevents food and drink or a
liquid from becom ng rotten;

(3) voltage or current that contributes to at | east one of
fresh flower preservation, drinking water preservation,
hydr oponi ¢ cul tivation pronotion or environnent al

| nprovenent, germnation rate inprovenment, hatching rate

| nprovenent, aquariumantifouling or purification, water
qual ity inprovenment, rock sugar growth pronotion, fue
reform ng, or fuel efficiency inprovenent;

(4) voltage or current that contributes to at |east one of
preservation of blood or bl ood conponents, inprovenment in
synpt ons of di abetes, inprovenent in synptons of chronic
ki dney di sease, inprovenent in artificial dialysis,

I nprovenent of blood flow, revascul arization, inprovenent
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I n synptons of peripheral neuropathy, inprovenent in
synptons of arthropathy or rheumati sm organ preservation,
antitunor effect, inprovenent in synptons of ischem a,

I nprovenent in synptons of |ynphatic edema, inprovenent in
synpt ons of bed sores, necrosis prevention or inprovenent,
I nprovenent in synptonms of circulatory di seases, or

I nfection control;

(5) voltage or current that inproves efficiency of at | east
one of charging or discharging of a capacitor, a generator,
or a power transmission facility;

(6) voltage that pronotes enul sification or generation of
an emul sion or voltage or current that achieves a |onger
enmul si on state mai ntai ned peri od;

(7) voltage or current that increases the effect of an air
purifier or an ionizer;

(8) voltage or current that separates atons or nol ecul es
into types;

(9) voltage for controlling tenperature or humdity in a
space;

(10) voltage or current that separates noi sture from at

| east one of bacteria, gerns, viruses, or nicroorgani Sis;
and

(11) voltage or current that facilitates chem cal polishing,
mechani cal polishing, chem cal - nechani cal polishing, or
magneti ¢ pol i shing.

[ 0040] [ Control by controller]

The noi sture control apparatus 1 is driven by the
controller 10 and an electric field is generated between
the pair of electrodes 13 and 14. In this case, the
el ectrodes 13 and 14 functions as an antenna, and an
el ectromagnetic field is generated with el ectromagnetic
waves radi ated between the el ectrodes 13 and 14. The
el ectrodes 13 and 14 may al so be vibrated by an electric,
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magnetic, or mechanical unit, so that sound waves and/or

ul trasoni c waves can be generated between the el ectrodes.
An exanple of the unit that can be used for generating the
sound waves and/or ultrasonic waves between the el ectrodes
I ncludes a piezoelectric element. Thus, at |east one of an
electric field, a magnetic field, an electromagnetic field,
el ectromagneti c waves, sound waves, and ultrasonic waves is
gener ated between the el ectrodes 13 and 14. Wth the sound
waves and/or ultrasonic waves used in addition to the
electric field, nagnetic field, electromagnetic field, or

el ectromagneti ¢ waves, a higher effect of inproving the
characteristics of an object can be achieved.

[ 0041] The controller 10 perforns feedback control on at
| east one of the values of the current and/or the voltage
applied to the el ectrode, the frequency of the current
and/or the voltage, and the phase of the current and/or the
vol tage, based on a detection signal fromthe detector 38.
The detector 38 includes at |east one of a voltage sensor
configured to detect the voltage applied to the el ectrode,
a current sensor configured to detect the current applied
to the el ectrode, a frequency sensor configured to detect
the frequency of the voltage and/or current applied to the
el ectrode, a phase sensor configured to detect the phase of
the voltage and/or current applied to the electrode, a
magnetic field sensor configured to detect a nagnetic field
between the el ectrodes 13 and 14, an electric field sensor
configured to detect an electric field between the

el ectrodes 13 and 14, a sound wave sensor configured to
detect the magnitude and/or the frequency of the sound
waves between the el ectrodes 13 and 14, and an ultrasonic
wave sensor configured to detect the magnitude and/or the
frequency of the ultrasonic waves between the el ectrodes 13
and 14.
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[ 0042] The el ectrode nay be provided with the sensor.
The el ectrode itself can be used as the sensor. Wen the
el ectrode is provided with a sensor, wires (for exanple,
two wires) for the sensor are required in addition to the
power supply line for supplying power to the el ectrode.
The nunber of wires between the controller 10 and the

el ectrode is smaller the better. In this context, the
power supply line and the sensor |ines nay be conbined into
a single cord. The single cord used in such a case is at

| east covered with an insulating material. Furthernore,
the cord preferably also has durability and heat resisting
property. Furthernore, considering the application in a
freezer chanber, the cord is preferably capabl e of

wi t hstandi ng col d tenperatures. For exanple, considering
the application in a fryer, the cord is required to have
durability and heat resisting property in addition to

i nsul ating property, and thus may be coated using a
material such as fluorine resin, for exanple. Wen a pair
of electrodes are provided, only one of the el ectrodes may
be provided with the sensor. Alternatively, both

el ectrodes nmay be provided with sensors, so that the sensor
provided to one of the el ectrodes can detect a physical
guantity generated by the other el ectrode. Wen three or
nore el ectrodes are provided, the sensor nmay be provided to
at |east one of the electrodes. However, this should not
be construed in a limted sense, and the sensor nay be
provided to a plurality of electrodes or to all of the

el ect r odes.

[ 0043] At | east one of the control target values in the
controller 10, which is the current value, the voltage

val ue, their frequencies, and their phases, is set in
accordance with the type and/or the state of the target
object. The control target value may be renotely set
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through an unillustrated communi cati on device. The contro
paraneters and/or the control anount of the controller 10
can also be renotely controlled. Thus, the controllers 10
of a plurality of the noisture control apparatuses 1 can be
coll ectively nmanaged by the server 40 at a renote | ocation
whereby the controllers 10 can be appropriately controll ed.
However, the control node for the controller 10 is not
limted to the renote control fromthe server 40. The
controller 10 of each noisture control apparatus 1 can be
individually controlled with the control target val ue
and/or the control paraneter directly set to each
controller 10, for exanple.

[ 0044] The controller 10 is provided with the storage
unit 37 storing a control program The controller 10 is
controll ed based on this control program The contro
programis rewitable through comunications or the storage
medi um and thus a program version can be upgraded by
updating the program as appropriate. The controller 10 and
t he server 40 can communicate with each other. Thus, the
storage unit 37 stores the control paraneter, the contro
anount, the control program or various setting val ues
transmtted fromthe server 40. The control programcan be
stored in any appropriate storage nedi um

[ 0045] FIG 2 is a schematic view of water nol ecul es.
FIG 2A illustrates water nolecules in a freely noving
state, and FIG 2B illustrates water nolecules in a pearl -

chain structure.

[ 0046] The target object (a food product such as neat,
fish, and vegetable, beverage, aninmal/plant cells, oil, and
the |like, for exanple) contains water nol ecul es as noisture
such as free water.

[ 0047] General ly, water nol ecules (HO are randomy
arranged as illustrated in FIG 2A. Thus, hydrogen atons H
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may take in active oxygen 30 or cause hydrogen bond. This
results in larger and thus | ess active water nol ecul es.
Then, oxidation of the water nolecules starts.

[ 0048] The electric field generated between the pair of
el ectrodes 13 and 14 causes the water nol ecules to be
arranged in a single orientation. This is because, in the
wat er nol ecul es, oxygen atons Ow th strong attractive
force for electrons becone slightly negative and hydrogen
atons H, which are likely to emt electrons, becone
slightly positive, and thus the atons are oriented in the
respective directions toward the electric field between the
pair of electrodes 13 and 14.

[ 0049] When the controller 10 causes the AC conponent
voltage to be generated, the water nol ecul es changes their
orientation in an alternating manner. Specifically, the
wat er nol ecul es change their orientations at a frequency
that is the same as that of the AC conponent voltage to be
in a state as if they are vibrating. As the water

nol ecul es repeatedly vibrate, as illustrated in FIG 2B

t he hydrogen bonding with the active oxygen 30 or other
conmponents is rel eased. Thus, the water nol ecul es are
gradually finely grained and arranged.

[ 0050] The sane applies to water particles (fine water
drops) as noisture such as free water in the object. Thus,
the electric field between the pair of electrodes 13 and 14
causes the water particles to be attracted to each ot her,
wher eby the pearl-chain structure is achieved.

[ 0051] The DC conponent vol tage applied between the pair
of electrodes 13 and 14 involves a force conponent causing
the water nolecules to be arranged along the orientation of
the electric field generated by the DC conponent voltage.
Thus, the regul ar arrangenent of the water nol ecul es can

al so be achi eved by applying only the DC conponent voltage
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between the pair of electrodes 13 and 14. Application of
the AC conponent voltage to the DC conponent voltage
results in the water nol ecul es changing their orientation
at a frequency that is the sane as that of the AC conponent
vol tage, and involves the force conponent causing the water
nol ecul es to be arranged in a single direction. Thus, the
novenent of the water nolecules to be regularly arranged is
facilitated. The sane applies to the state of water
particles. Specifically, the electric field between the
pair of electrodes 13 and 14 causes the water particles as
t he noi sture such as free water to be attracted to each

ot her, whereby the pearl-chain structure is achieved.

[ 0052] When the vol tage applied between the pair of

el ectrodes 13 and 14 includes no DC conponent voltage, the
wat er nol ecul es change their orientation at a frequency
that is the same as that of the AC conponent voltage to be
in the vibrating state. As the water nol ecul es repeatedly
vi brate, the hydrogen bonding with the active oxygen 30 or
ot her conponents is released. Thus, the water nol ecul es
are gradually finely grained and arranged. This effect of
t he AC conponent voltage in the case where the voltage
applied between the pair of electrodes 13 and 14 incl udes
no DC conponent voltage simlarly applies to the state of
the water particles. Specifically, the electric field
between the pair of electrodes 13 and 14 causes the water
particles as the noisture such as free water to be
attracted to each other, whereby the pearl-chain structure
I s achi eved.

[ 0053] The sound waves or the ultrasoni c waves have an
effect of vibrating the water nol ecules. Thus, application
of DC conponent voltage and/ or AC conponent vol tage between
the pair of electrodes 13 and 14 with the sound waves

and/ or ultrasonic waves at a predeterm ned frequency and
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with a predetermned intensity generated between the

el ectrodes increases the effect of facilitating the
novenment of the water nolecules to be arranged. Wen the
wat er nol ecul es are vibrated by the predeterm ned sound
waves and/or ultrasonic waves, the water nolecul es can be
aligned even if no voltage is applied between the

el ect r odes.

[ 0054] Wat er can be classified into "bonded water" and
"free water". The bonded water is in a stable state due to
hydr ogen bondi ng with other conmponents. On the other hand,
the free water is in a freely novabl e state correspondi ng
to a fresh and noist state when the object is a food
product. However, nolecules of the free water are |ikely
to bond with other conponents, neaning that the food
containing free water is perishable. Specifically, the
food product is perishable as a result of free water
bondi ng with gerns, viruses, mcroorgani snms, or active
enzyme. Also in the bonded water state, the food product
coul d be perishable, because bonded water turns into free
wat er due to el apse of time, tenperature rise, and dry

envi ronnent and cell conponents that has been hydrogen-
bonded may partly be picked up by the food product. In
view of this, a bonded state where free water is in the
pearl -chain structure (this is distinguished fromthe
"bonded water state" descri bed above) or a state of bonding
to other cell and the Iike is achieved to enable the
freshness to be nmintai ned.

[ 0055] The noi sture control apparatus 1 according to the
present enbodi ment is expected to enable the water

nol ecul es to be in the pearl-chain structure so that free
wat er bonding is achieved to establish a structure as
stable as that of the bonded water. Specifically, the

wat er nol ecul es reqgqularly arranged by the noisture control
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apparatus 1 according to the present enbodi nent do not bond
wi th other conponents while being held in the object,
whereby a food product can be maintained to be in a fresh
and noi st state.

[ 0056] Thus, with the noisture control apparatus 1
according to the present enbodinent installed in a

contai ner, the arrangenent of free water in an object in
the container can be controlled. Thus, when the object is
a food product, a nedicine, or a cell, the freshness of the
food product, the nedicine, or the cell can be maintained.
For exanple, the noisture control apparatus 1 nay be used
as a transportation container, so that a food product can
be transported for a |longer distance with the freshness
mai nt ai ned conpared with conventional cases. The container
may be a styrof oam container or the |like, and a
transportation container can be forned by attaching the

noi sture control apparatus 1 according to the present
enbodi nent to an existing styrofoam contai ner.

[ 0057] Once the water nol ecules are regularly arranged
by the noisture control apparatus 1 according to the
present enbodi nent, the water nolecules are nmaintained to
be in the regularly arranged state for few days. Thus,
when the object is a food product, a nedicine, or a cell,
the freshness of the food product, the nedicine, or the
cell can be maintained even when the object is relocated
and stored in a different container after the pearl-chain
structure state of free water has been achi eved by the

noi sture control apparatus 1 according to the present
enbodi ment .

[ 0058] When predeterm ned voltage is applied to the

el ectrodes 13 and 14, the water nol ecules in noisture of an
object are electrically aligned, to be oriented in
substantially the same direction (orientation of the



10

15

20

25

30

26

electric field). Wth the water nol ecul es aligned, the
conductivity of the object increases. The water nol ecul es
can be aligned al so when the object is liquid. Thus, the
conductivity can be increased even when the object is pure
wat er, for exanple. The water nolecules slightly vibrate
at a predeterm ned frequency in an electric field, and thus

do not crystallize at a tenperature close to 0°C

[ 0059] When predeterm ned voltage is applied to the

el ectrodes 13 and 14, the hydrogen bondi ng bet ween wat er

nol ecul es in the object is suppressed (reduced), and thus
physi ol ogi cal water can be obtained, for exanple. Fine
bubbl es such as m crobubbl es, m cro-nano bubbl es,
nanobubbl es, or the |ike my be added to this water, so
that nore functional water can be obtained. Such

i nprovenent of the function of |iquid achieved by an
electric field and fine bubbles is not [imted to water,
and can be achieved for a solution, enulsion, oil, and the
i ke, for exanple.

[ 0060] When predeterm ned voltage is applied to the

el ectrodes 13 and 14, hydration of water nolecules in the
noi sture in the object is pronoted. For exanple,
deterioration of the object can be suppressed wth proteins
and the like included in the object hydrated to result in a
state where the proteins and the |like bond with the water
nol ecul es to be surrounded by the water nol ecul es.

[ 0061] FIG 3 is a photom crograph of free water. FIG
3A shows a state of the free water before application of an
electric field. FIG 3B shows a state of the free water
after the application of the electric field. As
illustrated in FIG 3B, with free electrons after the
application of the electric field, the pearl-chain
structure of the water particles can be seen in portions

marked with white underlines. On the other hand, as
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illustrated in FIG 3A in the free water before the
application of the electric field, no pearl-chain structure
of the water particles can be found. Thus, it is confirned
in FIG 3 that the noisture control apparatus 1 according
to the present enbodi nent can achi eve the pearl-chain
structure state of the free water

[ 0062] FIG 4 illustrates potential sinulation results
of water particles. FIG 4Ais a diagramillustrating a
sirmulation nodel. FIG 4B illustrates a potentia
simulation result. As illustrated in FIG 4A, free water
in the sinulation nodel includes four water particles in
the pearl-chain structure in a center portion, and two

i ndependent water particles on the |eft side thereof.

[ 0063] FIG 4B illustrates three portions of

equi potential regions in a cross section in a vertica
direction along a longitudinal direction of the water
particles. In the rightnost cross section, it is indicated
that in a portion where the water particles are in the
pearl -chain structure, equipotential water particles are in
the pearl-chain structure. The region with the four water
particles in the pearl-chain structure, in the center
portion in the figure, is substantially uniformy col ored.
Thus, it can be seen that the potential is substantially
uniformin the region with the four water particles in the
pearl -chain structure.

[ 0064] Electric field lines running anong the four water
particles in the pearl-chain structure indicate that these
four water particles are attracted to each other. Electric
field I'ines can al so be found between the four water
particles in the pearl-chain structure and the two

I ndependent water particles separated fromand on the |eft
side of the four water particles in the pearl-chain
structure. Thus, it is expected that force in a direction
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to be attracted to the four water particles in the pearl -
chain structure is also acting on the two i ndependent water
particles. Thus, the two i ndependent water particles nay
join the pearl-chain structure of the four particles.

[ 0065] FIG 5 is a photograph showing a result of
preserving a sea breamfor five days. The |eft photograph
shows a result of preserving the sea breamin an ordinary
refrigerator. The right photograph shows a case where an
el ectromagnetic field is applied by the noisture control
apparatus 1 according to the present enbodinent. 1In the

| eft photograph, the sea breamis rotten due to the free
wat er bonding with germ virus, or active enzyne. On the
ot her hand, in the right photograph, rotting is suppressed
because the water particles as free water is in the pearl -
chain structure to be separated fromthe germ virus, or
active enzyne.

[ 0066] Conpari son between a sea bream preserved in an
ordinary refrigerator for 48 hours and a sea bream
preserved for 47 hours after one-hour-application of the
el ectromagnetic field by the noisture control apparatus 1
according to the present enbodi nent indicates that the
rotting of the latter was further suppressed. Al things
consi dered, there is an advantageous effect that once the
pearl-chain structure of the water particles as the free
water in an object is achieved due to the application of
the el ectromagnetic field to the object by the noisture
control apparatus 1 according to the present enbodi nent,
the pearl-chain structure of the water particles is

mai ntai ned for a predeterm ned period of time even after
the obj ect has been renoved fromthe el ectromagnetic field.
[ 0067] FIG 6 includes photographs showi ng a result of
preserving bean sprouts for 10 days. The |eft photograph
shows a result of preserving the bean sprouts in an
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ordinary refrigerator. The right photograph shows a case
where an el ectromagnetic field is applied by the noisture
control apparatus 1 according to the present enbodi nent.

In the left photograph, free water contained in the bean
sprouts | eaked, resulting in a noisture drip anount of 27 g.
On the other hand, in the right photograph, the noisture
drip amount was 1 g, due to the water particles as the free
wat er contained in the bean sprouts being in the pearl-
chain structure to be in a state of being held inside the
bean sprouts.

[ 0068] FIG 7 includes photographs showing a result of
preserving pea sprouts for 35 days. The |eft photograph
shows a result of preserving the pea sprouts in an ordinary
refrigerator. The right photograph shows a case where an
el ectromagnetic field is applied by the noisture control
apparatus 1 according to the present enbodinent. 1In the

| eft photograph, freshness is conprom sed due to free water
contained in the pea sprouts escaping, and the wei ght
decreased by 15% due to noi sture evaporation. In the right
phot ograph, freshness is maintained due to the water
particles as free water contained in the pea sprouts being
in the pearl-chain structure to be in a nutually bonded
state, neaning that the free water is less likely to
evaporate. In the right photograph, the reduction of

wei ght was suppressed to 8%

[ 0069] FIG 8 includes photographs showi ng a result of
preserving white radi sh sprouts for 10 days. The left

phot ograph shows a result of preserving the white radish
sprouts in an ordinary refrigerator. The right photograph
shows a case where an el ectronagnetic field is applied by
the noisture control apparatus 1 according to the present
enbodi nent. In the left photograph, the freshness is
conprom sed and | eaves are decolored, due to the free water
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contained in the pea sprouts escaping. In the right

phot ograph, the freshness is maintained and the | eaves are
hardly decol ored due to the water particles as free water
contained in the pea sprouts being in the pearl-chain
structure to be in a nutually bonded state, neaning that
the free water is less likely to evaporate.

[ 0070] FIG 9 includes photographs showi ng a result of
preserving a tuna fillet for 10 days. In FIG 9, the upper
phot ograph shows a result of preserving the tuna fillet in
an ordinary refrigerator. The |ower shows the tuna fillet
preserved in the refrigerator under application of an
electric field by the noisture control apparatus 1
according to the present enbodinment. The left one shows a
result of preservation at day 1, the center one shows a
result of preservation at day 5, and the right one shows a
result of preservation at day 10. In the upper photograph,
the surface largely decolored as the preservati on days went
by. On the other hand, alnpbst no decoloring is found in

t he | ower-side photograph, indicating that the freshness of
the tuna fillet was maintai ned by the noi sture control
apparatus 1 according to the enbodi nent.

[0071] FI G 10 incl udes photographs show ng a result of
preserving a salad for six days. In FIG 10, the left
phot ogr aph shows a result of preserving the salad in an
ordinary refrigerator. The right photograph shows the

sal ad preserved in the refrigerator under application of an
electric field by the noisture control apparatus 1
according to the present enbodinent. In the left

phot ograph, sprouts are rotten and lettuce is decol ored.
This salad is Iinp as a whole, and emts rotten odor
indicating it is inedible. In the right photograph, the
freshness of the vegetable is maintained with rotting
prevented, with the water particles as free water contained
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In the vegetables being in the pearl-chain structure to be
in the bonded state, so that the free water is less likely
to evaporate and is prevented from bonding with bacteri a.
Furthernore, in the right photograph, the crispiness of the
veget abl es was mai ntai ned, and sprouts which are relatively
peri shabl e hardly changed. One who ate this salad stil

felt freshness.

[ 0072] FIG 11 is a photograph showing a result of
preserving a Chi nese cabbage for 79 days. The

el ectromagnetic field was applied by the noisture control
apparatus 1 according to the present enbodi nent during the
preservation. After the preservation for 79 days, the
surface was slightly decolored but the cross section on a
cut surface was still in a clean state. A leaf portion
that is likely to be spoilt did not rot, or largely change.
Generally, a Chinese cabbage keeps growi ng even after being
cut and thus consunes energy to conprom se the freshness.
On the other hand, the freshness was maintained with the

el ectromagnetic field applied by the noisture control
apparatus 1 according to the present enbodi nent.

[ 0073] FIG 12 is a photograph showing a result of
processing a sea breamfor an hour with the noisture
control apparatus 1 according to the present enbodi nent.
The right photograph shows a result of preserving the sea
breamin an ordinary refrigerator for 48 hours. The left
phot ogr aph shows a result preserving the sea breamin an
ordinary refrigerator for 47 hours, after one-hour-
application of the electromagnetic field by the noisture
control apparatus 1 according to the present enbodi nent.

In the right photograph, the guts are largely decol ored and
the freshness is conpromsed. 1In the |eft photograph, the
guts are hardly decolored, and the freshness is naintained.
Thus, it can be seen that despite the fact that the
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el ectromagnetic field was applied to the sea breamfor only
the first one hour by the noisture control apparatus 1
according to the present enbodi nent, the freshness

mai ntai ning effect lasted in the subsequent state wth no
application of the electromagnetic field. The initial

el ectromagnetic field application period is not limted to
one hour. The effect can be obtai ned when the period is
from20 mnutes to 60 mnutes, for exanple, and can al so be
obt ai ned when the period is about 10 to 20 m nutes. O
course, the application of electromgnetic waves for nore
than 60 m nutes can achieve the effect, and the application
period can be determ ned within a range between 60 ni nutes
and 120 m nut es.

[ 0074] FI G 13 includes photographs showi ng a result of
processi ng strawberries for an hour with the apparatus
according to the present enbodinent. The |eft photograph
shows a result of preserving the strawberries in an
ordinary refrigerator for 33 days. The right photograph
shows a result preserving the strawberries in an ordinary
refrigerator for 33 days, after one-hour-application of the
el ectromagnetic field by the noisture control apparatus 1
according to the present enbodinent. In the left

phot ograph, nolds were generated in a plurality of portions,
and thus the conditions on their surfaces indicate that the
freshness was |l argely conprom sed. 1In the right photograph,
a fresh appearance was mai ntai ned, and no nol ds were
generated. Thus, it can be seen that despite the fact that
the el ectromagnetic field was applied to the strawberries
for only a first one hour by the noisture control apparatus
1 according to the present enbodi nent, the freshness

mai ntai ning effect lasted in the subsequent state wth no
application of the electromagnetic field. The initial

el ectromagnetic field application period is not limted to
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one hour. The effect can be obtai ned when the period is
from20 mnutes to 60 mnutes, for exanple, and can al so be
obt ai ned when the period is about 10 to 20 m nutes. O
course, the application of el ectronagnetic waves for nore
than 60 m nutes can achieve the effect, and the application
period can be determned within a range between 60 m nutes
and 120 m nutes.

[ 0075] FI G 14 includes photographs show ng a result of
thawi ng a piece of tuna. The right photograph shows a
result of thawing a piece of frozen tuna in an ordinary
refrigerator. The |left photograph shows a result of
thawi ng the piece of tuna while applying the

el ectromagnetic field by the noisture control apparatus 1
according to the present enbodinment. Dripping can be seen
in the right photograph. Specifically, frozen noisture in
cells in a frozen state turned into liquid, resulting in a
change of volune in the cells, whereby the cell nenbranes
wer e destroyed and the noisture dripped out. On the other
hand, in the | eft photograph, alnost no dripping is found
after the thawing. As a result of applying the

el ectromagnetic field by the noisture control apparatus 1
according to the present enbodinent, the water particles as
free water in the cells were in the pearl-chain structure
to be in a state of being bonded to each other. Thus, a
change in volune due to thawi ng can be prevented. Thus,
the cell nenbranes are prevented from being destroyed, and
thus there is alnost no dripping after thaw ng.

[ 0076] Table 1 lists results of inspecting the bacteria
count in sliced tuna. Commercially avail able frozen sliced
tuna was preserved in a refrigerator at 5°C, and the
bacteria i nspection was perfornmed thereon once in every
predeterm ned el apsed tine. The sliced tuna preserved in

the refrigerator under application of the el ectromagnetic
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field by the noisture control apparatus 1 according to the
present enbodi nrent was conpared with that preserved in the
refrigerator in the

in an unprocessed state. Cenerally,

unprocessed state, the general bacteria count increases

with the el apse of tinme. However, the bacteria count
hardly changed when the el ectromagnetic field was applied
by the noisture control apparatus 1 according to the
present enbodi nent.

[ Tabl e 1]

General bacteria count (Frozen sliced tuna purchased at a

super mar ket was preserved in a refrigerator at 5°C, and the

bacteria i nspection was perfornmed thereon.)

Initial bacteria After 24 hours After 48 hours After 72 hours
count
Pr esent Contr ol Pr esent Control Pr esent Cont r ol Pr esent Control
enmbodi nent enbodi ment enbodi nent enbodi nment
Gener al 300 > 300 > 300 > 2,000 > 300 > 40, 000 300 > 100, 000
bacteria < <
count
[ 0077] [ Reduction of interfacial tension]
In WO enmul sion (mcro-water droplets in cooking oil,
for exanple), interfacial tension can be reduced by

appl ying the el ectromagnetic field wth the noisture
control
In such a case, the interfacial
10% or by 20% or
of the electromagnetic field.

nore, or
Fur t her nor e,

tensi on can be reduced by 60% or nore,

apparatus 1 according to the present enbodi nent.
tensi on can be reduced by
nore dependi ng on the condition
the interfacial
by appropriately

controlling the DC conponent voltage and the AC conponent

Thi s effect
attributable to the increase in interfacia

vol t age, for exanple. is expected to be

a result of the electromagnetic field application.
[ 0078]
wat er

When food is cooked in cooking oil,

pol ari zati on as

for exanple,
dropl ets separated fromthe food to be in the cooking
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oil as aresult of the noisture in the food turning into
wat er vapor in the cooking oil are mcro water droplets.

If the interfacial polarization in the mcro water droplets
is sufficient for reducing the interfacial tension, the
pearl -chain structure of the mcro water droplets is
achieved with attraction between di pol es.

[ 0079] When the food is fried with cooking oil by using
a fryer, the interfacial tension of the oil/water interface
cab be reduced with the pair of electrodes 13 and 14 of the
noi sture control apparatus 1 according to the present

enbodi nent installed in the fryer. Generally, when food is
cooked by heating, the noisture in the food turns into

wat er vapor in the cooking oil, resulting in bunmping. Wth
the noisture control apparatus 1 according to the present
enbodi ment, a predeterm ned el ectromagnetic field is
generated, so that surface tension between the oil/water
interface can be reduced. Thus, when npisture contained in
the food is separated, the noisture turns into dispersible
mcro water droplets with a small particle dianeter in the
cooking oil. Thus, vaporization of the mcro water
droplets into water vapor in the heating cooking oi

i nvol ves only snmall bunping. Application of the

el ectromagnetic field results in the free water, contai ned
in food, being in pearl-chain structure to be less |ikely
to be separated fromthe food. Wth the noisture contained
in food thus controlled to suppress the bunping, an effect
of suppressing penetration of oil into the food can be
obtained. Wth this effect, the cooked food can have
superb nout hfeel and taste.

[ 0080] FI G 15 includes photographs showi ng a state of
oil in food cooked in cooking oil. The upper left

phot ogr aph shows a state of food cooked with a conventiona
fryer. The upper right photograph shows a state of food
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cooked with the pair of electrodes 13 and 14 of the

noi sture control apparatus 1 according to the present

enbodi nent provided to the fryer. The |ower photographs
show states of an oil filter laid under the food cooked.

In the lower right photograph, the trace of oil is smaller
than that in the |ower |eft photograph. This indicates
that the food cooked using the noisture control apparatus 1
according to the present enbodi nent (upper right) absorbed
a smal l er amount of oil conpared with the food cooked with
a conventional fryer (upper left). The anmount of oi
absorbed by the food cooked using the noisture contro
apparatus 1 according to the present enbodi nent was

approxi mately 50% of that absorbed by the food cooked with
the conventional fryer. Thus, by using the noisture
control apparatus 1 according to the enbodi nent, the food
cooked in cooking oil can offer excellent nouthfeel for a

| ong period of time after the cooking, the anount of oi
used can be reduced, and the oil intake can be suppressed
for the sake of health.

[ 0081] FIG 16 is a photograph showing a state of frozen
pork cutlet cooked in cooking oil. The left photograph
shows a result of cooking with a conventional fryer. The
ri ght photograph shows a state of cooking under application
of an electromagnetic field with the pair of electrodes 13
and 14 of the noisture control apparatus 1 according to the
present enbodi nent provided to the fryer. In the left

phot ograph, dryness is evident on the cross section,
Indicating that the juiciness is lost. On the other hand,
the cross section in the right photograph | ooks good,

I ndicating that the juiciness is maintained. Cooking under
application of the electromagnetic field with the pair of

el ectrodes 13 and 14 of the noisture control apparatus 1
according to the present enbodi nent provided to the fryer
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provi des various advantageous effects including suppressing
oi | intake and maintaining juiciness. Furthernore, it has
been confirmed that with the el ectromagnetic field applied
for a predeterm ned period of tine, the excellent state of
the fryer can be maintained in the subsequent state w t hout
the electromagnetic field. For exanple, in a state w thout
the el ectromagneti c waves due to the noisture contro
apparatus 1 turned OFF after applying the el ectromagnetic
waves for about 30 minutes to two hours, the fryer can

mai ntain the effect.

[ 0082] Table 2 lists results of nmeasuring cooking tine

using the fryer. Frying tine required for the core

tenperature in food to rise to 65°C is conpared between a
case where the food was cooked with the el ectronagnetic
field applied with the pair of electrodes 13 and 14 of the
noi sture control apparatus 1 according to the present
enbodi nent installed to the fryer and a case where the food
was cooked with an ordinary fryer. A shorter cooking tine
was achieved for all kinds of food listed in Table 1, when
the cooking is performed wwth the el ectromagnetic field
applied with the noisture control apparatus 1 according to
the present enbodi nent.

[ Tabl e 2]

Frying time required for the core tenperature in food to

rise to 65°C

Pr esent Cont .

enbodi nment

Total per Total per Cooki ng Cooki ng
frying day time time
Fried 4 pieces 15 pi eces 5 mn. 5 mn. 30|30 sec.
chi cken sec. |earlier

Deep-fried 12 pieces 25 pieces | 2 min. 00 3mn 00|1 mn.

chi cken sec. sec. |earlier

Skewer ed 5 pi eces 5 pi eces 2 min 30 3 mn. 00|30 sec.




10

15

38

chi cken sec. sec. |earlier

nmeat bal |

Fried 500 g 1,000 g 3 mn. 00 4 min. 00|21 mn.

potato sec. sec. |earlier

Cor ndog 5 pieces 5 pieces 2 mn. 30 3 mn. 00|30 sec.
sec. sec. |earlier

Beef 4 pieces 7 pieces 3 mn. 00 4 mn 30|1 mn. 30

croquette sec. sec. | sec.

earlier

Fried 4 pieces 5 pieces 4 mn. 00 4 mn. 30|30 sec.

nm nced sec. sec. |earlier

nmeat

[ 0083] Table 3 lists results of nmeasuring the calorie of

a food product cooked with a fryer. The calorie of the
cooked food product was conpared between a case where the
food was cooked wth the el ectromagnetic field applied with
the pair of electrodes 13 and 14 of the noisture contro
apparatus 1 according to the present enbodinent installed
to the fryer and a case where the food was cooked with an
ordinary fryer. The results show that the calorie of fried
pot at oes and croquette were |lower in the case where the
el ectromagnetic field was applied by the noisture control
apparatus 1 according to the present enbodi nent.
[ Tabl e 3]

(kcal /100 g)

Item Pr esent Cont . Rat e

enbodi ment
Fried potato (80 203 kcal 229 kcal 113%
9)
Croquette (60 @) 304 kcal 316 kcal 104%
[ 0084] Table 4 lists results of nmeasuring the noisture

content in the food product cooked wwth a fryer. The
noi sture content in the cooked food product was conpared
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bet ween a case where the food was cooked with the

el ectromagnetic field applied with the pair of electrodes

13 and 14 of the noisture control apparatus 1 according to

the present enbodinent installed to the fryer and a case
The
results show that the noisture content in fried potatoes

where the food was cooked with an ordinary fryer.

and croquette was larger in the case where the

el ectromagnetic field was applied by the noisture control

apparatus 1 according to the present enbodi nent.
[ Tabl e 4]

Mbi sture content (average of five tests)

Item Pr esent Cont . Rat e

enmbodi nent
Fried potato (80 61.2 g 57.0 ¢ 93%
9)
Croquette (60 @) 48.4 ¢ 46.8 ¢ 97%
[ 0085] Table 5 lists results of neasuring degradation of
oil inafryer. A value indicating the oil oxidation |evel

obtai ned by a TPM oi | degradati on neasurenent apparatus was

conpared between a case where the food was cooked with the

el ectromagnetic field applied with the pair of electrodes

13 and 14 of the noisture control apparatus 1 according to

the present enbodinent installed to the fryer and a case

where the food was cooked with an ordinary fryer.

A | arger

TPM val ue indicates a higher |evel of oil oxidation.

tester with the follow ng specification

- Measurenent range: 0.5 to 40%

- Accuracy +1 digit: +2.0% TPM (+40 to +190°C)
- Tenperature range: +40 to +190°C

- Resolution: 0.5%

The TPM val ue was neasured after all the frying

The

TPM val ue was neasured using a TESTO di gital cooking oi
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operati on has been conpl eted each day (the val ues was

adj usted to correspond to the sane vol une).

Snmal |l er TPM

val ues were obtained after three to five days in the case

where the el ectronmagnetic field was applied by the noisture

control apparatus 1 according to the present enbodi nent.

[ Tabl e 5]

Accumul at ed After 1 After 2 After 3 After 4 After 5
() day days days days days
Cont . 8 11.5 9 11 12.5

Pr esent 8.8 11.5 7.7 9.6 10. 4
enbodi nent
Rat e 109. 9% 100% 86. 0% 87. 7% 83. 6%
[ 0086] FIG 17 includes photographs show ng a result of

produci ng rock sugar.
i quor was poured into a stainless container,
70°C in a constant tenperature tank.

el ectrodes 13 and 14 of the noisture contro

Appr oxi mat el y ei ght

liters of nother

The pair of

and stored at

apparatus 1

according to the present enbodi nent were provided to apply

the electromagnetic field to the resultant object for a

predet erm ned period of tinmne.

on a crystal

procedure.

Ther eaft er,

crystal

di sh was i npl enented through a normal

The crystal

plurality of stages of crystal

growt h

grow h on the uppernost one of a

di shes was conpared between

a case where the processing using the noisture control

apparatus 1 according to the present enbodi nent was

performed and a case where the processing was not

per f or med.

The result of the conparison indicated that with the

present enbodi nent,

hi gher rate (earlier

by a day

case where the processing was

graining started on the third

The quality of the rock sugar

the case where the processing

not

was not perforned.

the crystallization progressed at a

or two) conpared with the
performed, with the

day of the growth period.
made was the sane as that in
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[ 0087] Table 6 lists results of a sensory taste test on
wi ne. The sensory taste test was perfornmed on wine to

whi ch the el ectromagnetic field had been applied for 10

m nutes wth the el ectrodes of the noisture contro
apparatus 1 according to the present enbodi nent and w ne
not processed by the apparatus. The test was perforned
with a comercially avail able | ow cost wine (sold by Lawson
at 380 yen, 10 mnutes after the bottle opening) tasted by
100 people, and in the scale of 1 to 6 (6: very good, 5:
good, 4: not bad, 3: not so good, 2: bad, 1: awful). In
any of the first to the third days, the w ne processed by
the el ectrodes of the noisture control apparatus 1
according to the present enbodi nent was eval uated with high
scores in snell and taste, and with a high overall score.
In this test, the electric field was applied for 10 m nutes.
However, this tinme is not particularly limted, and nay be
about 3 to 20 mnutes. The effect can be obtained with
even |onger tine. For exanple, the electrodes used may be
that illustrated in FIG 41 described | ater

[ Tabl e 6]

Wne (sold by Lawson at 380 yen, 10 m nutes after the
bottl e openi ng)

Sensory taste test, 100 people

First day Second day Third day
Present Cont . Pr esent Cont . Pr esent Cont .
enbodi nent enmbodi nent enmbodi nent
Snel | 5.2 3.1 5.4 3.8 5.1
Taste 5.4 3.7 5.0 3.7 4.8
Tot al 5.3 3.4 5.2 3.8 5.0

Evaluated in the scale of 1 to 6 (6: very good, 5: good, 4:
not bad, 3: not so good, 2: bad, 1. awful).

[ 0088] Table 7 lists results of a sensory taste test on

soy sauce. The sensory taste test was perforned on soy
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sauce to which the el ectromagnetic field had been applied
for 10 mnutes with the el ectrodes of the noisture contro
apparatus 1 according to the present enbodi nent and soy
sauce not processed by the apparatus. The test was
performed with a comercially avail abl e soy sauce

(manuf actured by Ki kkoman, 10 mi nutes after the bottle
openi ng) tasted by 100 people, and with evaluation in the
scale of 1 to 6 (6: very good, 5: good, 4: not bad, 3: not
so good, 2: bad, 1. awful). In any of the first to the
third days, the soy sauce processed by the el ectrodes of
the noisture control apparatus 1 according to the present
enbodi nrent was evaluated with high scores in snell and
taste, and with a high overall score. As in the case of
Table 1, the electric field was applied for 10 mnutes in
this test. However, this tine is not particularly limted,
and may be about 3 to 20 minutes. The effect can be
obtained with even longer tinme. For exanple, the

el ectrodes used nay be that illustrated in FIG 41

descri bed | ater.

[ Tabl e 7]

Soy sauce (manufactured by Ki kkoman, 10 mi nutes after the
bottl e openi ng)

Sensory taste test, 100 people

First day Second Third day | First day Second Third day
day day
Pr esent Cont . Present Pr esent Cont . Present
enbodi nment enbodi ment | enbodi nent enbodi ment
Snel | 57 5.1 5.8 52 5.5 5.4
Taste 5.8 5.2 5.6 52 5.4 5.1
Tot al 5.8 5.2 5.7 52 5.5 5.3

Evaluated in the scale of 1 to 6 (6: very good, 5: good, 4:
not bad, 3: not so good, 2: bad, 1. awful).




10

15

20

25

43

[ 0089] Table 8 lists results of a sensory taste test on
| enron. The sensory taste test was perfornmed on | enon to
whi ch the el ectromagnetic field had been applied for 10

m nutes wth the el ectrodes of the noisture contro
apparatus 1 according to the present enbodi nent and | enon
not processed by the apparatus. The test was perforned
with commercially available |enon 10 minutes after cutting
tasted by 100 people, and with evaluation in the scale of 1
to 6 (6: very good, 5: good, 4: not bad, 3: not so good, 2:
bad, 1. awful). 1In any of the first to the third days, the
| enon processed by the el ectrodes of the noisture control
apparatus 1 according to the present enbodi nent was

eval uated with a high score in taste. The electric field
was applied for 10 mnutes in this test. However, this
time is not particularly limted, and may be about 3 to 20
m nutes or even |longer. For exanple, |lenobn in a container
may be placed on the electrodes that are a pair of flat

pl ate el ectrodes adjacently arranged side by side on a

si ngl e pl ane.

[ Tabl e 8]

Lenon (purchased at a supermarket, 10 m nutes after

cutting)
Sensory taste test, 100 people
First day Second day Third day
Pr esent Cont . Present Cont . Pr esent Cont .
enbodi nent enbodi nent enmbodi nent
Tast e 5.6 4.4 5.6 4.1 5.2 3.9

Evaluated in the scale of 1 to 6 (6: very good, 5: good, 4:
not bad, 3: not so good, 2: bad, 1. awful).

[ 0090] Table 9 lists results of a sensory taste test on
arice ball stored in a warm storage. The sensory taste

test was perforned on a rice ball, in the warm storage, to
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whi ch the el ectronmagnetic field has been applied for a
predeterm ned period of time with the electrodes of the
noi sture control apparatus 1 according to the present
enbodi nent and a rice ball stored in the warm storage

wi t hout bei ng processed by the apparatus. The test was
performed with a cormmercially available pickled plumrice

ball, stored in the warm storage kept at 60°C for a
predeterm ned period of time, tasted by 30 people, and with
evaluation in the scale of 1 to 6 (6: very good, 5: good,

4: not bad, 3: not so good, 2: bad, 1: awful). In any of
the first to the third days, the rice ball processed by the
el ectrodes of the noisture control apparatus 1 according to
t he present enbodi nent was eval uated with high scores in
appearance and taste, and with a high overall score. The
electric field application time is not particularly limted,
and may be about 10 m nutes, nmay be about 3 to 20 m nutes
or even longer. For exanple, the el ectrodes nay be a pair
of el ectrodes provided on ceiling and bottom surfaces of a
refrigerator. The nunber, arrangenent, and shape of the

el ectrodes are not particularly limted. Specifically, the
nunber of electrodes is not limted to one pair, and may be
one, three or nore, or two pairs or nore, as can be seen in
FIGS. 30 to 41 described later, for exanple.

[ Tabl e 9]

Ri ce ball purchased at a conveni ence store, stored in a

war m st or age kept at 60°C

Sensory taste test, 30 people

First day Second day Third day
Present Cont . Pr esent Cont . Pr esent Cont .
enmbodi nent enbodi nent enbodi nent
Appear ance 5.7 5.5 5.5 4.2 5.5
Taste 5.8 5.4 5.6 4.6 5.4
Tot al 5.8 5.5 5.6 4.4 5.5
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[ 0091]
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not so good, 2: bad,

very good,

awf ul ).

Table 10 lists results of a sensory test

5: good, 4:

as a

result of a sommelier conducting tasting of w ne processed

by the noisture control
present enbodi nent.

apparatus 1 according to the

Four types of w ne each processed for

10 m nutes by using three types of el ectrodes were anal yzed

by the sensory test.

produced sone effect,

mesh or frane el ectrodes.
el ectrodes were the npost effective.
apparatus 1 has the effect of

of not only w ne,

cocktail s,
whi skey.

i nprovenent of the taste and snell

pronotion of maturation with the noisture control

Japanese sake,

1. As the el ectrodes,

FIG 41 described later (an exanple of nmesh el ectrodes) can

for exanpl e,

O these three types,

Wher eas using pi pe el ectrodes

a higher effect was achieved with

t he nmesh

The noi sture control

Japanese distilled beverages,

The enul sion effect contributes to the

i nprovi ng the taste and snel

but al so other beverages such as

and

of beverages and

appar at us

the one illustrated in

be enpl oyed.

[ Tabl e 10]

El ectrode Red wine A Red wi ne B VWite wine C | Wiite wine D

type

Pi pe Sone ef fect Sonme ef f ect Sonme ef f ect Sone ef f ect
felt. Hard. A|felt. A sour felt. A felt. Hard.
sour taste taste sonewhat
remai ni ng. An | renmi ni ng. strong sour
unpl easant t aste.
taste.

Mesh No unpl easant | Mel l ow. A As nel |l ow as Aromatic. A
taste. Mellow | stronger vel vet . deeper

and soft. Not

fruity taste

Aronmatic. Not

aftertaste.
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too strong Snoot h. eye-watering. | No unpl easant
any | onger. Soft and taste any
mld. | onger.
Mel | ow.
Fr ame No unpl easant | Mel l ow. A As nel |l ow as Aromatic. A
taste. Mellow | stronger vel vet . deeper
and soft. Not |[fruity taste. | Aromatic. Not | aftertaste.
too strong Snoot h. eye-watering. | No unpl easant
any | onger. Soft and taste any
mld. | onger.
Mel | ow.
[ 0092] Table 10 lists results of conparing rice soaking
time. Three hundred grans of unwashed rice was placed in a
beaker, into which 260 g of water treated with the noisture
control apparatus 1 was poured, and then the wei ght was

neasured every 10 mnutes. The rice in a fine nmesh bag was
drained in a colander and then the wei ght was neasured. As
a processing nmethod with the noisture control apparatus 1,
bracket el ectrodes were placed in the water and nai ntai ned
for 5 or 10 mnutes. The weight after conpletion of
soaking is usually 1.2 to 1.3 tines the origina
whi ch neans that the weight of 300 g of

conpl eti on of soaking is about 360 g.

wei ght ,
rice after

The rice soaking

time of the rice processed for 5 mnutes and for 10 m nutes

was i mproved conpared with the unprocessed rice.

[ Tabl e 11]

Experiment | Processing | After 10 After After After After
No. nmet hod mn. (g) | 20 nmin. 30 mn. 40 m n. 50 min.
(9) (9) (9) (9)
Cont r ol - 350 370 380 380 380
Experi nent Wth 360 380 390 390 -
1 bracket
el ectrodes
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pl aced in
wat er, the
ri ce was
processed
for 5

m nut es.

Experi nent Wth 360 380 390 390 -
2 br acket

el ectrodes
pl aced in

wat er, the
rice was
processed
for 10

m nut es.

[ 0093] [ Scope of application]

The effect of controlling the free water arrangenent
is not limted to food products. For exanple, the target
obj ect nmay be at | east one object selected fromthe group
consi sting of:

(1) agricultural products, fresh flowers, |ivestock
products, fishery products, processed food products, health
food products, beverages, alcoholic beverages, dry food
products, broth, soup, seasonings, or other food itens,

(2) resin, rubber, glass, |enses, pottery, wooden materials,
cenent, concrete, mnerals, paper, inks, dyes, fibers,
ceram cs, abrasives, cleaners, additives, printed circuit
boards, plating products, refining products, paints, India
i nk, water-repellent products, chem cal products,
fertilizers, animal feeds, mcroorgani sns, water, cloth,
gunpowder, or other |ike products,

(3) gasoline, light oil, heavy oil, kerosene, petroleum or
ot her fuels,

(4) bl ood, vaccines, nedicines, organs, cells, ointnents,
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di al ysi s machi nes, therapy equi pnent, or other nedical
product s,

(5) cosnetics, detergents, soap, shanpoo, hair-care
products, or other commodities,

(6) apparatuses for power generation, power storage, power
transm ssion, or conbustion,

(7) quality-maintained, dried, preserved, frozen, or thawed
products,

(8) enmul sions, objects resulting from oxidation or
reducti on, water absorption, or extraction,

(9) abrasives or abrasive grains used for polishing

i ncluding at | east one of chem cal polishing, nmechanica
pol i shing, chem cal - nechani cal polishing, or magnetic
pol i shing, and

(10) equi prent i ncluding health appliances, exercise

machi nes, nuscl e-buil di ng machi nes, or playground equi pnent.
However, the object is not particularly limted, and the
effect is applicable to any object containing noisture
(free water for exanple).

[ 0094] The noi sture control apparatus 1 according to the
present enbodi ment achi eves excellent effects for
agricultural products, fresh flowers (see FIG 19),

| i vestock products, and fishery products. Exanples of such
effects include germ nation pronotion for seeds and bul bs,

I nprovenent of germination rate, growth pronotion and
growi ng environment inprovenent for plants (see FIG 18),
hat ching rate i nprovenent and hatching pronotion for eggs,
pronotion of fry growth, inprovenent of productivity of
aquacul ture products, and inprovenent in aquaculture

envi ronnent .

[ 0095] Wth the noisture control apparatus 1 according
to the present enbodi nent, extraction of beverage, soup
stock, soup, and the like is inproved, whereby effects such
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as i nprovenent of taste and reduction of extraction tine
can be achieved. For exanple, the beverage may be any
beverage including coffee, tea, and Japanese tea. For

cof fee anong these, the noisture control apparatus 1
according to the present enbodi nent can be used for

achi evi ng advant ageous effects in various stages including:
dryi ng/ storage of raw coffee beans; roasting of raw coffee
beans; dripping of coffee; and keeping the coffee warm
Thus, flavorful coffee can be offered. For w ne, the

noi sture control apparatus 1 according to the present
enbodi nent can be used for achieving advant ageous effects

i n various stages including: grape juice extraction; w ne
brewi ng; w ne agi ng; preservation of bottled w ne; and at
the tine of bottle opening (see FIG 41. Wth a w ne
bottle at the tine of opening or an open w ne bottle

provi ded between the el ectrodes, w ne can have inproved
flavor, taste, and snell). Thus, flavor, taste, and snel
of wi ne can be inproved. For soup stocks and soup, the

noi sture control apparatus 1 according to the present
enbodi nent can be used for achieving various effects such
as shorter extraction time, increased extraction anount,
and flavor inprovenent. The apparatus further achieves
effects for extraction of nedicine such as an her bal
medi ci ne.

[ 0096] The noi sture control apparatus 1 according to the
present enbodi nent can achi eve effects of inproving quality
and taste of food and drink. For exanple, the noisture
control apparatus 1 can be used for a steak neat being
preserved. In such a case, dripping fromthe neat during
cooking with heat is suppressed, whereby the flavor can be
kept inside the neat. As a result, tender neat can be
obt ai ned by various cooking styles such as grilling,
boiling, and steam ng, with nmeat juice prevented from
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dri pping. Furthernore, the noisture control apparatus 1
according to the present enbodi nent can be used during the
cooking with heat. Furthernore, pasta, soba, ranen, and
the like may be processed by the noisture control apparatus
1 according to the present enbodi nent before being forned
into noodles. As a result, glossy, chewy, and well -

fl avored noodl es can be produced. The noisture control
apparatus 1 according to the present enbodi nent can further
be applied to a cutting board, cooking table, sink, and the
li ke.

[ 0097] For exanple, free water contained in a pottery
can be in the pearl-chain structure due to the

el ectromagnetic field applied. Thus, the free water is
stored in the pottery, so that cracking of the pottery can
be suppressed. Sinmlarly, when the free water in the
pearl-chain structure is contained in an object as a result
of applying the electromagnetic field, cenment and concrete
can have higher strength, resulting in a |lower risk of
cracking. Wth inherent noisture in a mneral such as iron
ore kept therein, |eakage of the noisture during
transportation can be suppressed.

[ 0098] For exanple, when the electromagnetic field is
applied to fuels such a gasoline and |ight oil, the surface
tension of the WO enul sion can be reduced. As a result,
the water particles turn into dispersible mcro water
droplets with small particle dianeters. Furthernore, the
water particles are in the pearl-chain structure. Thus,
fuel reform ng and fuel efficiency can be inproved.

[ 0099] For exanpl e, bl ood, vaccine, nedicine, organs,
cell, and the |ike can have the free water in the pearl -
chain structure contained therein with the el ectromagnetic
field applied, and thus can be in an excellent state and
can be stored for a | onger period of tine.
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[ 0100] Furthernore, for exanple, the el ectromagnetic
field can be applied to cosnetics and the like. As a
result, the water particles contained turns into

di spersible mcro water droplets with small particle

di aneters. Furthernore, the mcro water droplets can be in
the pearl-chain structure. Thus, the cosnetics and the

| i ke can have excellent characteristics.

[0101] Furthernore, with the noisture control apparatus
1 according to the present enbodi nent, efficiency of

appar atuses for power generation, power storage, power
transm ssion, or conbustion can be inproved. For exanple,
chem cal reaction related to charging/discharging of a
power storage apparatus can be inproved, whereby efficiency
of a power system can be inproved and the power storage
apparatus and the |ike can have a | onger service life. In
a combustion system for exanple, liquid reformation in a
cooling unit and heat exchanger can be achieved in addition
to the inprovenment of the conbustion efficiency. Thus,
further efficiency inprovenent can be achieved, and a

| onger mai ntenance interval can be achi eved.

[0102] Wth the noisture control apparatus 1 according
to the present enbodi nent, enulsification or generation of
emul si on can be pronoted, and a | onger enulsion state

mai nt ai ned period can be achieved. The noisture control
apparatus 1 according to the present enbodi nent can reduce
the interfacial tension, so that liquid in the enul sion can
be fine particles. Thus, the enulsification or generation
of enul sion can be pronpted, and a | onger enul sion state
mai nt ai ned period can be achieved

[ 0103] The noi sture control apparatus 1 according to the
present enbodi nent can i nprove the effectiveness of an air
purifier or an ionizer. The noisture control apparatus 1

according to the present enbodi nent can al so provide an
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anti-nold effect, can inprove a catalyst effect for a

catal yst operating with noisture, and can al so be applied
to water nolecules in the ionizer. Furthernore, the

noi sture control apparatus 1 according to the present
enbodi nent can separate atons or nolecules into types, for
exanpl e.

[ 0104] The el ectromagnetic field my be applied with a
pair of electrodes of the noisture control apparatus 1
according to the present enbodi nment installed to provide an
effect of maintaining humdity in a space between the

el ectrodes at a constant level. |In such a case, such a
space does not need to be partitioned by walls. Wen the
hum dity is maintained at a constant level, no friction
occurs, and thus a tenperature maintaining effect can
further be achieved. Thus, the npisture control apparatus
1 according to the present enbodi nent can control the
tenperature and the hum dity of the space.

[ 0105] The noi sture control apparatus 1 according to the
present enbodi nent can separate noisture from bacteri a,
gerns, virus, and mcroorganism for exanple. The bacteria,
gerns, virus, mcroorganism and the |like are activated
upon bonding with free water. Thus, the noisture contro
apparatus 1 according to the present enbodi nent acts on

noi sture to separate the noisture from bacteria, gernmns,
virus, mcroorganism and the like. 1In this context, the
noi sture control apparatus 1 according to the present
enbodi nent can be applied to infection prevention
appar at uses, bacteriostatic apparatuses, sterilization
appar at uses, and sterilizers.

[ 0106] Furthernore, for exanple, the noisture control
apparatus 1 according to the present enbodi nent can reform
abrasi ves (polishing agents) or abrasive grains used for
chem cal polishing, nmechanical polishing, chem cal -
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nmechani cal polishing, or magnetic polishing, and thus can

I nprove the polishing quality. For exanple, for the

chem cal - mechani cal polishing, excellent bondi ng between
abrasive grains and machining fluid (which is one type of
the polishing material) and the |Iike are achi eved, whereby
polishing quality is inproved. The magnetic polishing
usi ng nmagneti c abrasive grains can be applied to curved
surfaces and conpl ex shapes. The nmagnetic abrasive grains
are a mxture of abrasive grains and a magnetic materi al.
The m xture can be obtained by a chem cal reaction. Wth
the noisture control apparatus 1, an excellent m xed state
of the nmagnetic abrasive grains and the |i ke can be

achi eved, whereby the quality of the magnetic polishing can
be i nproved.

[0107] For exanple, the noisture control apparatus 1 can
be applied to infection prevention apparatuses,

bacteri ostatic apparatuses, sterilization apparatuses,
sterilizers, redox apparatuses, noisture activating

appar atuses, anti-corruption apparatuses, germ grow h
preventi on apparatuses, anti-drying apparatuses, taste
stabilizing apparatuses, taste-inproving apparatuses, taste
recovery apparatuses, freshness recovery apparatuses, and
the |ike.

[0108] The noi sture control apparatus 1 is, for exanple,
applicable to at | east one field of manufacturing,

di stribution, |ogistics, warehouse, sales, engineering,
construction, civil engineering, machi ne engi neeri ng,

el ectric engineering, electronic engineering,

comruni cations, optics, chem stry, petrochem stry, energy,
st ockbreedi ng, agriculture, comrerce, fishery, food,
restaurant busi ness, cooking, services, nedicine, health,
wel fare, and nursing care, but is not limted to these, and
I's applicable to any other like fields in which target
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obj ects are handl ed.

[0109] FIG 18 illustrates results of conparison in

hydr oponi cs. The three phot ographs on the upper side show
a conventional cultivation nethod, and the three

phot ographs on the | ower side show a cultivation nethod

I nvol vi ng processing on water using the noisture control
apparatus 1 according to the present enbodinent. The
phot ogr aphs correspond to day 1, day 7, and day 12 in this
order fromthe left side. The conventional cultivation

net hod (the three photographs on the upper side in FIG 9)
resulted in the gromh status of |eafy vegetabl es varying
anong | ocations and production of algae. On the other hand,
the cultivation nmethod (the three photographs on the | ower
side) involving processing on water using the noisture
control apparatus 1 according to the present enbodi nment
resulted in a better growh status of |eafy vegetable with
the growm h | evel uniform anong |ocations, a higher growh
rate, and a snaller anmount of al gae production.

[0110] FIG 19 illustrates a result of comparison in
fresh fl ower preservation, and includes photographs show ng
day 26 fromthe start of the preservation. The right

phot ograph shows a result in a case where the el ectrodes of
the noisture control apparatus 1 according to the present
enbodi nent are provided to apply the el ectromagnetic field,
and the left photograph shows a result in a case where the
processing is not performed. |In the |eft photograph, the
flower is withered, whereas in the right photograph, the
flower is maintained in a lively state with no | arge change
fromthe state at the point when the preservation has
started. In FIG 19, a rose in a bloomng state is used.
However, the effect can be simlarly obtained for other
flowers. Wen the preservation is inplenented for a bud
state, the bud state can be maintained. For exanple, the
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noi sture control apparatus 1 according to the present

enbodi ment applies an el ectromagnetic field in the bud
state. The bud state is naintained as |ong as the

el ectromagnetic field is applied, and the bloom ng starts
at a normal rate once the power supply to the noisture
control apparatus 1 is turned OFF. Thus, the flower can be
preserved at its best. The electrodes can be arranged in
the followi ng manner. Specifically, a pair of flat plate
el ectrodes may be arranged on the left and right or above
and below the flower, or the flower nay be placed on a pair
of flat plate el ectrodes adjacently arranged on the sane

pl ane. Wen the el ectrodes are provided in a refrigerating
war ehouse for storing flowers, for exanple, a pair of

el ectrodes may be arranged on the ceiling surface and a

fl oor surface of the refrigerating warehouse, arranged on
the ceiling surface and one of the wall surfaces, and on a
pair of wall surfaces. The nunber, arrangenent, and shape
of the electrodes are not particularly limted.
Specifically, the nunber of electrodes is not limted to
one pair, and nmay be one, three or nore, or two pairs or
nore, as can be seen in FIGS. 30 to 41 described later, for
exanpl e.

[0111] The noi sture control apparatus 1 according to the
present enbodi nent may apply the el ectromagnetic field to a
bulb and a seed to inprove the germnating rate. Wth the
noi sture control apparatus 1 according to the present

enbodi nent, the germnating rate, which is 70 to 85% under
a normal condition, can be inproved to about 98% The sane
applies to hatchability of eggs. For exanple, the

I nprovenent effect can be achieved not only by directly
applying the electromagnetic field using the pair of

el ectrodes, but can al so be achi eved by supplyi ng water
processed by the noisture control apparatus 1 for a
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predeterm ned period of tine.

[0112] The el ectromagnetic field my be applied with the
pair of electrodes 13, 14 of the noisture control apparatus
1 according to the present enbodinent installed to provide
an effect of maintaining humdity in a space between the

el ectrodes at a constant |level. Wen the humdity is
mai nt ai ned at a constant level, no friction occurs, and
thus a tenperature maintaining effect can further be

achi eved. Thus, the noisture control apparatus 1 according
to the present enbodi nent can control the tenperature and
the humdity of the space.

[0113] FIG 20 illustrates results of conparison
regarding antifouling effect for an aquarium The upper
phot ogr aphs show states at the tine of provision. The
upper right photograph corresponds to an aquarium provi ded
with the pair of electrodes 13 and 14 of the noisture
control apparatus 1 according to the present enbodi nent,
and the upper |eft photograph shows an unprocessed aquarium
The | ower photographs show states at day 67. The | ower

| eft photograph shows the state with the pair of el ectrodes
13 and 14 of the noisture control apparatus 1 according to
the present enbodi nent provided, and | ower right photograph
shows an unprocessed state. 1In the |ower right photograph,
contam nation is obvious. On the other hand, there is

al nrost no contamnation in the [ower |eft photograph. Note
that the pair of electrodes were provided inside the water
of the aquarium

[0114] FIG 21 is a graph showi ng a conparison in bl ood
flow i nprovenent. A BALB/c male nouse that was eight-week
old (at the tinme of nodel preparation) was used as a nouse
lower linb ischema nodel, and a lower |inb ischem a nouse
was prepared through the foll ow ng procedure:

1) The nouse under 2% sofl urane inhal ati on anest hesi a was



10

15

20

25

30

57

pl aced in the supine position.
2) The left fenoral artery was exposed. The origin of the
artery was ligated with silk threads.
3) A part immediately before the bifurcation of the fenoral
artery and the superficial epigastric artery was |igated.
4) After the ligation, the fenoral artery was cut.

Mce of this nodel were grouped into those applied
with el ectromagnetic waves with the el ectrodes of the
noi sture control apparatus 1 according to the present
enbodi nent and those unprocessed, and conpared with each
other. The graph of blood flowratio in FIG 21, that is,
Bl ood flow ratio = Blood flow of an ischem c |inb/Bl ood
flow of a normal |inb, indicates that the noisture contro
apparatus 1 according to the present enbodi nent brings
about advant ageous effects after 14 days. For exanple, as
exanpl es of the electrode arrangenent, a pair of el ectrodes
can be provided on the ceiling surface and the fl oor
surface inside the nouse cage, on a pair of facing side
surfaces, or on one side surface and on the ceiling surface
or the floor surface. Wth such an arrangenent, the
el ectrodes do not necessarily need to be fixed to the
affected area, and thus the arrangenent is effective for an
actual treatnent. The nunber, arrangenent, and shape of
the el ectrodes are not particularly limted. Specifically,
the nunber of electrodes is not [imted to one pair, and
may be one, three or nbre, or two pairs or nore, as can be
seen in FIGS. 30 to 41 described later, for exanple.
[ 0115] FIG 22 includes blood flow imges show ng bl ood
flow inprovement. FIG 22 includes blood flow inmges as a
result of nmeasuring a blood flowrate in both Iinbs by
using a bl ood flow i magi ng apparatus noor FLPI (Moor
Instrunments Ltd.). The | ower photograph shows a nodel in
whi ch the el ectrodes of the noisture control apparatus 1
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according to the present enbodi nent applied el ectromagnetic
waves. The upper photograph shows an unprocessed nodel .
The right | eg was subjected to the lower |linb ischemc
processing, and the left leg was in the normal state.
Conparison of the right Ieg, which was subjected to the

|l ower linmb ischem c processing, shows a wider white area in
the | ower photograph after 14 days, indicating inproved

bl ood f I ow.

[0116] FIG 23 is a conparison graph for inproved bl ood
gl ucose levels in diabetes. The experinment used nice,

i ncludi ng genetically obese KK-Ay (yellow), KK (white), and
normal C57BL/6J (black) fenmale mce. The weights of KK-Ay
and KK were about twi ce the weight of C57BL/6J and were 50
g or nore. These mice are grouped into those applied with
el ectromagneti ¢ waves with el ectrodes of the noisture
control apparatus 1 according to the present enbodi nent and
t hose unprocessed, and conpared with each other. The
advant age of the noisture control apparatus 1 according to
the present enbodi nent was found between day 7 and day 14
fromthe start of the test, in FIG 23. For exanple, as
exanpl es of the electrode arrangenent, a pair of el ectrodes
can be provided on the ceiling surface and the fl oor
surface inside the nouse cage, on a pair of facing side
surfaces, or on one side surface and on the ceiling surface
or the floor surface. Wth such an arrangenent, the

el ectrode does not necessarily need to be fixed to the
affected area, and thus the arrangenent is effective for an
actual treatnent. The nunber, arrangenent, and shape of
the electrodes are not particularly limted. Specifically,
the nunber of electrodes is not [imted to one pair, and
may be one, three or nbre, or two pairs or nore, as can be
seen in FIGS. 30 to 41 described later, for exanple.

[0117] FIG 24 is a graph show ng conparison in
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I nprovenent of HbAlc val ues for diabetes. Through the
experinment as that in FIG 23, conparison in inprovenent of
the HbAlc val ues of mce was perfornmed. Over the three-
week investigation period, the HbAlc val ues obtai ned by
usi ng the noi sture control apparatus 1 according to the
present enbodi nent were bel ow t he val ues under the
unprocessed condition.

[0118] Wth the blood flow inprovenent effect, the

noi sture control apparatus 1 according to the present
enbodi nent is effective for inprovenent in synptons of bed
sores, prevention and inprovenent in synptons of necrosis,
and for inprovenment in synptons of circulatory diseases.
Furthernore, the noisture control apparatus 1 according to
the present enbodinment is effective for preservation of

bl ood or bl ood conmponents, inprovenent in synptons of

di abet es, inprovenent in synptons of chronic kidney disease,
i nprovenent of dialysis, inprovenent in blood flow,
revascul ari zation, inprovenment in synptons of peripheral
neur opat hy, inprovenment in synptons of arthropathy or
rheumati sm organ preservation, antitunor effect,

i nprovenent in synptons of ischema, inprovenent in
synptons of |ynphatic edema, inprovenent in synptons of bed
sores, prevention or inprovenent of necrosis, inprovenent
In synptons of circulatory diseases, or infection control
measures. For exanple, the noisture control apparatus 1
according to the present enbodi ment applied to the nedical
field is effective for dialysis, diabetes treatnent, bed
sore prevention, necrosis prevention, and prevention of
circul atory disorder

[0119] The noi sture control apparatus 1 according to the
present enbodi nent can be used for preservation of blood or
bl ood conmponents. Anong the bl ood conponents, platelets
can only be stored for four days, and thus bl ood donation
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I's required when transfusion is required. The preservation
of platelet is plagued by bacterial growmh. The noisture
control apparatus 1 according to the present enbodi nent has
an anti-bacterial gromh effect, and thus can be applied
for the platelet preservation. Furthernore, the apparatus
Is not only applicable to platelets, and is also applicable
to preservation of blood or blood conmponents. The

el ectrodes do not need to be provided for each bl ood

contai ner. For exanple, the pair of electrodes may be
provi ded to face each other with a predeterm ned space for
storing the blood container provided in between.

[ 0120] FIG 25 illustrates a conparison result regarding
gasoline fuel efficiency inprovenent for a go-cart. The

| eft photograph shows the go-cart used for the experinent,
and the right photograph shows a result of neasuring a
remai ni ng anount of gasoline. Gasoline to which the

el ectromagnetic field had been applied for an hour by the
el ectrode of the noisture control apparatus 1 according to
the present enbodi nent and the sane type of gasoline
unprocessed by the noisture control apparatus 1 were
prepared. Each type of gasoline was supplied to the engine
of the go-cart (cleaned inside), and the remaini ng anount
of the gasoline was neasured after the go-cart was idle for
an hour. Results of the neasurenent show that the noisture
control apparatus according to the present enbodi nent
achieved a 5%increase in the fuel efficiency.

[0121] Table 12 lists results of experinent to exam ne
the fuel consunption of an autonobile. The neasurenment was
performed using Honda L15A as the engi ne and usi ng MOTEC
for engine control, and under conditions of an engi ne speed
of 2000 RPM and an oil tenperature of 75°Ct5°C,

Control 1 in Item No. 1 was neasured using unprocessed

gasoline, with an automatic fuel adjustnment function turned
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OFF, and in a load applied state. For Itens Nos. 2 to 6,
gasol ine processed for 30 mnutes in a plastic funnel
sandwi ched between flat plate el ectrodes was used. For
Itenms Nos. 7 and 8, gasoline was processed for 30 m nutes
with a flexible electrode imersed in the gasoline.
Control 2 in Item No. 9 was neasured using unprocessed
gasoline, with the automatic fuel adjustnment function
turned OFF, and in a no-load state. For Item No. 10,
nmeasur enent was perforned by using gasoline processed for
30 mnutes in a glass container placed on parall el

el ectrodes horizontally di sposed, and with the autonmatic

fuel adjustnent function turned OFF, and in a no-load state.

As can be seen in Table 12, the fuel consunption rate was
i nproved by the noisture control apparatus 1 according to

t he present enbodi nent.

[ Tabl e 12]
Item Processi ng conditions Fuel
consunpti on
rate
(9/ kwh)
1 Control 1 (with a load, automatic fuel adjustnent 353.9
function turned OFF)
2 A plastic funnel storing gasoline was sandw ched 341.6
between flat plate electrodes. 0.15 Vpp, 47.57 kHz.
3 A plastic funnel storing gasoline was sandw ched 340.3
between flat plate el ectrodes. 0.04 Vpp, 47 kHz.
4 A plastic funnel storing gasoline was sandw ched 344. 6
between flat plate el ectrodes. 0.08 Vpp, 47 kHz.
5 A plastic funnel storing gasoline was sandw ched 345.5
between flat plate el ectrodes. 0.12 Vpp, 47 kHz.
6 A plastic funnel storing gasoline was sandw ched 346. 2
between flat plate electrodes. 0.3 Vpp, 47 kHz.
7 A flexible electrode was i mersed in the gasoline. 345.7
0.03 Vpp, 47 kHz.
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8 A flexible electrode was i mersed in the gasoline. 345.3
0.15 Vpp, 47 kHz.
9 Control 2 (without |oad, automatic fuel adjustnent 1680. 3

function turned OFF)

10 A gl ass contai ner was placed on parallel electrodes 1515. 8
hori zontal ly di sposed. (w thout |oad, automatic

fuel adjustnent function turned OFF)

[0122] FIG 26 and FIG 27 are graphs show ng reduction
of interfacial tension between cooking oil and water

achi eved by the noisture control apparatus 1 according to
the present enbodinent. FIG 26 is a graph of interfacia
tensi on between cooking oil and water as a result of
changi ng the frequency and the voltage value (0 to 75 V) of
the applied voltage. FIG 27 is a graph of interfacia

t ensi on between cooking oil and water as a result of
changi ng the frequency and the voltage value (0 to 150 V)
of the applied voltage. For FIG 26 and FIG 27,
nmeasurenent different fromthat using the neasurenent
apparatus described in the section [Reduction of
interfacial tension] described above was conduct ed.
Specifically, a pair of stainless electrodes were inserted
into a container including water (lower |ayer) and cooking
oil (upper layer) in a state of having their interfaces in
contact with each other, and the interfacial tension

bet ween the cooking oil and the water was neasured while
appl yi ng AC voltage with various frequencies and voltage
val ues. Face Automatic Surface Tensioneter (Kyowa
Interface Science, Inc.) was used for neasuring the
interfacial tension. Here, a pair of flat plate el ectrodes
were used as the el ectrode. However, this should not be
construed in a limting sense. For exanple, a curved

el ectrode conformng to an inner wall of a cylindrical

contai ner may be used, or a flexible electrode such as
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stainless foil may be arranged al ong an i nner surface of a
cont ai ner.

[0123] FIG 26 is a graph showing the interfacia

tension of the cooking oil and water, as a result of
changi ng the frequency of the AC voltage applied to the

el ectrode from 10 kHz to 50 kHz and changi ng the voltage
fromO Vto 75 V. It can be seen in FIG 26 that the
interfacial tension between the cooking oil and water is
associated with the frequency and vol tage val ue of the AC
vol tage applied to the electrode. Mre specifically, the
interfacial tension decreased with the frequency drop from
50 kHz to 20 kHz and then to 10 kHz, and increased with the
increase in the voltage value from0O Vto 75 V. Thus,
based on such associ ati on between the interfacial tension
and the frequency and voltage val ue of the AC voltage, the
noi sture control apparatus 1 can control the interfacial
tension by adjusting the applied voltage. For exanple,
when the noisture control apparatus 1 is applied to a fryer,
reduction of the interfacial tension results in the

noi sture contained in food turning into dispersible mcro
wat er droplets with a small particle dianmeter in the
cooki ng oil upon being separated fromthe food as descri bed
above. Thus, even when the droplets evaporate in the

heat ed cooking oil to be vaporized, resulting bunping is
small. In such a situation, the magnitude of the bunping
can be adjusted with the noisture control apparatus 1
controlling the interfacial tension. Thus, the voltage
applied to the el ectrode can be set in accordance with
various conditions of cooking using the fryer as well as
various types, states, and anounts of food ingredients.
Thus, even when the condition of the cooking using the
fryer varies, the interfacial tension can be appropriately
controll ed by applying appropriate voltage to the el ectrode,
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wher eby food cooked can have excel l ent nout hfeel and taste.
This is also effective in a case where the feedback contro
Is perfornmed on the voltage applied to the electrode. The
interfacial tension can be nmeasured or estimated, and thus
can be used as one of the control paraneters.

[ 0124] FIG 27 is a graph showing the interfacia

tensi on between the cooking oil and water, as a result of
changi ng the frequency of the AC voltage applied to the

el ectrode from 10 kHz to 20 kHz and changi ng the vol t age
fromO Vto 160 V. FIG 27 illustrates an exanpl e of
nmeasur enent perforned by a certain experinment apparatus.

O course, it is inpossible to expand the nmeasurenent
result to cover any kinds of neasurenent system Still,
the results at least indicate that the interfacial tension
Is associated with the frequency and the voltage val ue of
the AC voltage applied to the electrode. The interfacial
tensi on can be optim zed by adjusting the frequency and the
vol tage val ue of the AC voltage applied to the el ectrode.
As described above, the association between the effect of
the noisture control apparatus 1 according to the present
and the interfacial tension has been understood. Thus, the
ef fect can be optim zed based on the association with the
interfacial tension, not only in the case of fryers, but

al so in cases where the present invention is applied to
other targets, that is, used for cold storage, storage, and
the like. The neasurenent of the interfacial tension
descri bed above is relatively easy. Thus, the voltage
applied to the el ectrode can be nore appropriately and nore
easily controlled with optim zation of the npisture contro
apparatus 1 according to the present enbodi nent being

anal yzabl e based on the association with the interfacial

t ensi on.

[ 0125] FI G 28 includes photographs showi ng droplets
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dropping into oil. The photograph shows a state where
saline is dropped into cooking oil froma thin tube (a
metal straw with a dianeter of 1.0 mm wth an annul ar
el ectrode provided to surround an area around a tip of the
thin tube, and with voltage of 100 V applied between the
thin tube and the annul ar el ectrode. Wthout the voltage
application, no droplet drops into the oil as illustrated
in FIG 28A. The voltage application |eads to reduction of
interfacial tension between the cooking oil and sali ne,
resulting in droplets dropping into the oil as illustrated
in FIG 28B. FIG 28Cis an enlarged view showi ng the
dropping state in FIG 28B. It can be seen in FIG 28C
that fine bubbles are dispersed around the dropping
droplets. The voltage application |leads to the reduction
of the interfacial tension, resulting in a snmaller particle
di aneter of the droplets as well as generation of fine
bubbl es when the dropl ets drop.
[0126] FIG 29 includes enlarged views illustrating the
experinment in FIG 28. Droplets of saline drop into the
cooking oil in response to the voltage application. The
figure is aresult of nonitoring, with a high-speed canera,
nmonent of the dropping of the droplet. FIG 29A
illustrates a state before the voltage application, FIG
29B illustrates a state where the voltage application has
started, FIG 29C illustrates a state after the voltage
application. FIG 29A FIG 29B, and FIG 29C are in a
chronol ogi cal order. Fine bubbles can be found as
illustrated in FIG 29B and FIG 29C as a result of voltage
application. In sone parts, they cannot be clearly
di sti ngui shed from gas generated fromthe el ectrode due to
el ectrol ysis.
[0127] [ Second enbodi nent |

A noi sture control apparatus, a noisture control
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nmet hod, a program a storage medi um a produced object, a
product, an apparatus, and a facility according to a second
enbodi nent will be described with reference to FIG 30.

FIG 30 is a conceptual view of electrodes according to the
second enbodi nent. For configurations that are the sanme as
those in FIG 1 to FIG 29, the same reference nunerals are
used and the description thereof are omtted. The noisture
control apparatus according to the second enbodi nent is
different fromthe noisture control apparatus according to
the first enbodinment in that two pairs of electrodes are
provi ded.

[0128] A noi sture control apparatus 1A includes
controllers 10A and 10B as well as first el ectrodes 13 and
14 and second el ectrodes 15 and 16 as two pairs of

el ectrodes. The controllers 10A and 10B each include an AC
conmponent vol tage generation unit and a DC conponent

vol tage generation unit. In the actual circuit
configuration of the controller 10, the AC conponent

vol tage generation unit and the DC conponent voltage
generation unit nmay not be separately provided, and thus
the circuit configuration having the functions of both
units may be enployed. The two controllers 10A and 10B may
be configured as a single controller. The single
controller may apply voltage to both of the first

el ectrodes 13 and 14 and the second el ectrodes 15 and 16,
as long as the first electrodes 13 and 14 and the second

el ectrodes 15 and 16 generate simlar el ectromagnetic waves.
[0129] The noi sture control apparatus 1A is driven by
the controllers 10A and 10B and an electric field is
generated between the first pair of electrodes 13 and 14
and between the second pair of electrodes 15 and 16. In
this case, the electrodes 13 to 16 each function as an
antenna, and an electromagnetic field is generated with
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el ectromagneti c waves radi ated between the first el ectrodes
13 and 14 and between the second el ectrodes 15 and 16.
Thus, at | east one of an electric field, a magnetic field,
an el ectromagnetic field, and el ectromagnetic waves is
gener ated between the el ectrodes 13 and 14 and the

el ectrodes 15 and 16. As in the first enbodi nent, the

el ectrodes 13 and 14 may al so be vibrated by an electric,
magnetic, or mechanical unit, so that sound waves and/or

ul trasoni ¢ waves can be generated between the el ectrodes.
Wth the water nol ecul es vibrated by predeterm ned sound
waves and/or ultrasonic waves, the water nol ecul es can be
al i gned wi t hout applying voltage between the el ectrodes.

[ 0130] A processing target object is disposed between
the first electrodes 13 and 14 and between the second

el ectrodes 15 and 16. The processing target object is not
particularly Iimted as long as the object is at |east one
of solid, liquid, and gas, as in the first enbodi nent.

When the noi sture control apparatus 1A according to the
present enbodinment is provided to a refrigerator, for
exanple, the first electrodes 13 and 14 may be provided on
side surfaces in the refrigerator, and the second

el ectrodes 15 and 16 may be provided on the ceiling surface,
the bottom surface, or the tray. FIG 30 illustrates an
exanpl e where the first electrodes 13 and 14 and the second
el ectrodes 15 and 16 are orthogonally arranged. However,
the present invention is not limted to this, and the first
el ectrodes 13 and 14 and the second el ectrodes 15 and 16
may be in any arrangenent as long as at |east part of the
el ectromagnetic field generated by the first electrodes 13
and 14 and the el ectronagnetic field generated by the
second el ectrodes 15 and 16 acts on the processing target
obj ect .

[0131] The controllers 10A and 10B perform f eedback
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control on at |east one of the value of the current and the
vol tage applied to the el ectrode, the frequency of the
current and/or the voltage, and the phase of the current
and/ or the voltage, based on a detection signal from an
unillustrated detector. The detector includes at |east one
of a voltage sensor configured to detect the voltage
applied to the electrode, a current sensor configured to
detect the current applied to the el ectrode, a frequency
sensor configured to detect the frequency of the voltage
and/or current applied to the electrode, a magnetic field
sensor configured to detect a magnetic field between the

el ectrodes 13 and 14 and between the el ectrodes 15 and 16,
an electric field sensor configured to detect an electric
field between the el ectrodes 13 and 14 and between the

el ectrodes 15 and 16, a phase detection sensor for voltage,
a phase detection sensor for current, and a phase detection
sensor for voltage and current.

[0132] At | east one of the control target values in the
controllers 10A and 10B, which is the current value, the
vol tage value, their frequencies, and their phases, is set
in accordance with the type and/or the state of the target
object. For exanple, the current and/or vol tage applied
fromthe controller 10A to the first electrodes 13 and 14
as well as the frequency and the phase of the current

and/ or voltage may be respectively the sane as the current
and/ or voltage applied fromthe controller 10B to the
second el ectrodes 15 and 16 as well as the frequency and
the phase of the current and/or voltage. For exanple,
various conbi nati ons may be enpl oyed including a

conbi nation with voltage and frequency being different

t her ebet ween, a conbination with only the frequency being
different, and a conbination with frequency and the phase
bei ng different therebetween.
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[ 0133] The control target value nay be renptely set
through an unillustrated communi cati on device. The contro
paraneters and/or the control anmount of the controllers 10A
and 10B can al so be renptely controlled. Thus, the
controllers 10A and 10B of a plurality of the noisture
control apparatuses 1A can be collectively nanaged by the
server 40 at a renote | ocation, whereby the controllers 10A
and 10B can be appropriately controlled. However, the
control node for the controllers 10A and 10B is not limted
to the renote control fromthe server 40. The controllers
10A and 10B of each noisture control apparatus 1A can be
individually controlled with the control target val ue
and/or the control paraneter directly set to each of the
controllers 10A and 10B, for exanple.

[ 0134] FIG 31 is a conceptual view of el ectrodes

according to a nodification of the second enbodinment. FIG

31A illustrates an exanple where a single electrode is used.
FIG 31B illustrates an exanple where a single el ectrode
and two el ectrodes facing this electrode are used. 1In the

exanpl e described in the first enbodi nent, a pair of

el ectrodes are used. In the exanple described in the
second enbodi nent, two pairs of electrodes are used.
However, the present invention is not limted to this and a
single el ectrode may be used, and an odd nunber of

el ectrodes such as three el ectrodes may be used. For
exanple, as illustrated in FIG 31A, the electromagnetic
waves can be generated with a single electrode 17. For
exanple, as illustrated in FIG 31B, when three el ectrodes
are used, two electrodes 19 and 20 nmay face a single

el ectrode 18, or three el ectrodes may generate different
types of electromagnetic waves. Thus, the nunber and
arrangenent of el ectrodes can be set as appropriate and are
not limted.
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[ 0135] [ Third enbodi nent ]

A npoi sture control apparatus, a noisture control
nmet hod, a program a storage nmedi um a produced object, a
product, an apparatus, and a facility according to a third
enbodi nent of the present invention will be described with
reference to FIG 32 and FIG 33. FIG 32 is a diagram
illustrating waveforns obtai ned by using voltage at
di fferent frequencies according to the third enbodi nent.
FIG 33 is a diagramillustrating waveforns obtai ned by
using voltage in different phases according to the third
enbodi nent. For configurations that are the sane as those
in FIG 1 to FIG 31, the sane reference nunerals are used
and the description thereof are omtted. A noisture
control apparatus 1B according to the third enbodinent is
different fromthe noisture control apparatuses according
to the first and the second enbodinents in that a pair of
el ectrodes are different fromeach other in the
el ectromagneti ¢ waves they generate.
[ 0136] In FIG 32, an electrode 21A that is one of a
pair of electrodes 21A and 21B generates el ectronagnetic
waves (P wave) at a frequency of 50 kHz and the ot her
el ectrode 21B generates el ectromagneti c waves (Q wave) at a
frequency of 47 kHz. The P wave and the Q wave are
represented by the follow ng fornmul ae corresponding to a
position where both waves are V(t) = 0 at tinet =0 (the
position just in the mddle of the el ectrodes 21A and 21B
for exanple). |In the fornulae, A represents the anplitude
of the el ectromagneti c waves.

Asin(2nfait), fa
Q wave: V(t) Asin(2nfat), f2 = 47 kHz
Thus, the el ectronmagnetic wave that is the sum of the

50 kHz

P wave: V(t)

P and Q waves are applied between the pair of electrodes
21A and 21B as illustrated in FIG 32C
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[0137] In FIG 33A and FIG 33B, an el ectrode 22A that
Is one of a pair of electrodes 22A and 22B gener ates

el ectromagneti c waves (P wave) at a frequency of 50 kHz and
the other el ectrode 22B generates el ectromagneti c waves (Q

wave) at a frequency of 30 kHz. Phases o of the waveforns

match (a = 0). The P wave and the Q wave are represented
by the followi ng fornulae corresponding to a position where
both waves are V(t) = 0 at tinet =0 (the position just in
the m ddle of the electrodes 21A and 21B, for exanple). In
the fornmul ae, A represents the anplitude of the

el ectromagneti c waves.

P wave: V(t) Asin(2nfit), f1 = 50 kHz

Q wave: V(t) Asin(2nfat), f2 = 30 kHz

Thus, the el ectromagnetic wave that is the sumof the

P and Q waves are applied between the pair of el ectrodes
22A and 22B as in FIG 33B

[0138] In FIG 33C and FIG 33D, an el ectrode 23A that
Is one of a pair of electrodes 23A and 23B generates

el ectromagneti c waves (P wave) at a frequency of 50 kHz and
with a phase a = 0 and the other el ectrode 23B generates

el ectromagneti c waves (Q wave) at a frequency of 30 kHz and
with a phase a = n/2. Thus, the phases of the waveforns

are set to n/2. The P wave and the Q wave are represented
by the follow ng fornmul ae corresponding to a position where
both waves are V(t) = 0 at tinet = 0 (the position just in
the m ddle of the electrodes 21A and 21B, for exanple). In
the forrmul ae, A represents the anplitude of the

el ectronmagneti ¢ waves.

P wave: V(t) Asin(2nfit), f1 = 50 kHz

Q wave: V(t) Asin(2nfaot + n/2), fo = 30 kHz

Thus, the el ectromagnetic wave that is the sumof the

P and Q waves are applied between the pair of electrodes
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23A and 23B as in FIG 33D
[0139] In FIGS. 32, 33A, and 33B, the el ectrodes
generate el ectromagneti c waves at different frequencies.
In FIGS. 33C and 33D, the el ectrodes generate
el ectromagneti c waves at different frequencies and with
di fferent phases. However, the present invention is not
limted to these. For exanple, peak-to-peak voltage of the
el ectromagneti c waves can be adjusted by adjusting the AC
conmponent vol tage applied to the el ectrodes. The DC
conmponent vol tage as offset voltage for the AC conponent
vol tage nay be applied by adjusting the DC conponent
vol tage applied to the el ectrodes. The DC conponent
vol tage applied may be di fferent between the el ectrodes.
Furt hernore, the AC conponent voltages applied to the
el ectrodes may be different fromeach other in the peak-to-
peak vol tage val ue, frequency, and phase.
[ 0140] [ Fourth enbodi nment ]

A noi sture control apparatus, a noisture control
nmet hod, a program a storage nedium a produced object, a
product, an apparatus, and a facility according to a fourth
enbodi nent of the present invention will be described with
reference to FIG 34 to FIG 41. FIG 34 illustrates an
exanpl e where el ectrodes 13A and 14A are provided to an
existing refrigerator. FIG 35 illustrates an exanple
where the el ectrodes 13B and 14B are provided to an
exi sting container. FIG 36 illustrates an exanpl e where
the el ectrodes 13C and 14C are provided to an existing
fryer. For configurations that are the sane as those in
FIG 1 to FIG 33, the sane reference nunerals are used and
the description thereof are omtted. |In the noisture
control apparatus according to the fourth enbodi nent, the
el ectrodes 13 and 14 are specifically arranged by way of
exanple. The configurations of the electrodes 13 and 14
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are the same as those in the first to the third enbodi nents.
[0141] In FIG 34, the electrodes 13A and 14A are
provided to an existing refrigerator. The el ectrodes 13A
and 14A provided to the refrigerator serving as a housing
50A are forned of conductive plate nenbers (for exanple,
copper, iron, stainless steel, or alumnun) having a
substantially L-shaped cross section, and have a plurality
of holes (for exanple, polygonal such as hexagonal hol es or
circular holes) on bottom plates, although the el ectrodes
are not limted to these. The electrodes 13A and 14A are
connected to each other via a connector 41. For exanple,
the connector 41 is a substantially rectangular thin plate
made of an insulating material such as fluorine resin such
as pol ytetrafl uoroethylene (Teflon (registered trademark),
for exanple). The refrigerator serving as the housing 50A
i ncl udes various types of refrigerators such as a househol d
refrigerator and a | arge conmercial refrigerator.

[0142] The shape of the electrode is not limted to the
substantially L shape, and may be a flat plate shape or a
thin filmshape, for exanple. 1In such a case, the

el ectrodes 13A and 14A may be provided on inner walls of
the refrigerator serving as the housing 50A to face each
other. Alternatively, the electrodes 13A and 14A may be
arranged to face the ceiling surface, the floor surface, or
atray. Aternatively, the electrodes 13A and 14A may each
be provided to the door-side surface and the back-side
surface. The nunber of electrodes may be any nunber of at

| east 1, and may be 2, 4, or 6, for exanple.

[0143] When the el ectrodes 13A and 14A provided to the
refrigerator serving as the housing 50A apply

el ectromagnetic fields to food inside the refrigerator, the
wat er particles as noisture such as free water contained in
the food are attracted to each other to be in the pearl -
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chain structure. The water nolecules thus regularly
arranged do not bond with other conponents while being held
in the object, whereby a food product can be naintained to
be in a fresh and noi st state.

[ 0144] In FIG 35, electrodes 13B and 14B are provi ded
to an existing container. The electrodes provided to the
cont ai ner serving as a housing 50B are formed of conductive
pl ate nenbers (for exanple, copper, iron, stainless steel,
or alum num having a substantially L-shaped cross section,
and have a plurality of holes (for exanple, polygonal such
as hexagonal holes or circular holes) on bottom pl at es,

al t hough the el ectrodes are not limted to these. The

el ectrodes 13B and 14B are connected to each other via a
connector 41B if necessary. For exanple, the connector 41B
is a substantially rectangular thin plate nade of an
insulating material such as fluorine resin such as

pol yt etraf |l uoroet hyl ene (Teflon (registered trademark), for
exanpl e). The container serving as the housing 50B,
illustrated to be a relatively large container in FIG 35,

i ncl udes various types of container such as a smal

portabl e container and a | arge cargo contai ner.

[ 0145] The shape of the electrode is not Iimted to the
substantially L shape, and may be a flat plate shape or a
thin filmshape, for exanple. 1In such a case, the

el ectrodes 13B and 14B may be provided on inner walls of
the refrigerator serving as the housing 50B to face each
other. Alternatively, the electrodes 13B and 14B may be
arranged to face the ceiling surface, the floor surface, or
atray. Aternatively, the electrodes 13B and 14B nmay each
be provided to the door-side surface and the back-side
surface. The nunber of electrodes may be any nunber of at

| east 1, and may be 2, 4, or 6, for exanple.

[ 0146] When the el ectrodes 13B and 14B provided to the
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cont ai ner serving as the housing 50B apply el ectromagnetic
fields to food inside the container, the water particles as
noi sture such as free water contained in the food are
attracted to each other to be in the pearl-chain structure.
The water nol ecules thus regularly arranged do not bond

wi th other conponents while being held in the object,
whereby a food product can be maintained to be in a fresh
and noi st state. The container provided with the

el ectrodes 13B and 14B may be provided in a refrigerating
war ehouse, a freezer warehouse, a freshness maintaining

war ehouse, or the like to be managed within a predeterm ned
storage tenperature range. Furthernore, the container
provided with the el ectrodes 13B and 14B can naintain
freshness of the food product, while being provided in a
war ehouse wi t hout a special freshness maintaining function.
[0147] In FIG 36, electrodes 13C and 14C are provided
in an oil tank of an existing fryer (housing 50C). The

el ectrodes 13C and 14C provided to the fryer serving as the
housi ng 50C are formed of conductive plate nmenbers (for
exanpl e, copper, iron, stainless steel, or alum num having
a substantially L-shaped cross section, and have a
plurality of holes (for exanple, polygonal such as
hexagonal holes or circular holes) on bottom pl ates,

al t hough the el ectrodes are not limted to these. The

el ectrodes 13C and 14C have bottom surfaces provided al ong
the bottom surface of the oil tank of the fryer. A heating
unit 51 is provided on the outer side of the oil tank of
the fryer, that is, on the outer side of the bottom surface
of the oil tank in the exanple illustrated in FIG 36. The
el ectrodes 13C and 14C are each electrically connected to
the controller 10, and the controller 10 applies the output
voltage to the el ectrodes 13C and 14C.

[ 0148] When the el ectrodes 13C and 14C applies the
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el ectromagnetic field into the oil tank of the fryer, the
interfacial tension of the oil/water interface is reduced,
and the free water contained in the food is in the pearl -
chain structure due to the el ectromagnetic field applied,
so that the noisture is less likely to be separated from
the food. Wth the noisture contained in the food thus
controll ed to suppress bunping, an effect of suppressing
entrance of oil into the food can be obtained. Furthernore,
with this effect, the food cooked can have superb nout hf eel
and taste.

[ 0149] In the exanpl e described in the fourth enbodi nent,
vol tage and/or current is constantly applied to the

el ectrodes 13 and 14. However, the present invention is
not limted to this. The voltage and/or current may be
applied only at a predetermned timng or only for a
predeterm ned period of time, instead of being constantly
applied, to the electrodes 13 and 14 in the housing 50 in
whi ch the object is placed. When the housing 50A is a
refrigerator, for exanple, the freshness of food in the
refrigerator can be constantly nmaintained with an

el ectromagnetic field application pattern repeating:
applying the electromagnetic field to the food in the
refrigerator fromthe el ectrodes 13A and 14A for an hour;
applying no voltage and/or current to the el ectrodes 13A
and 14A for 47 hours; and applying the el ectromagnetic
field to the food in the refrigerator for another hour.
Accordi ngly, the power consunption can be reduced. This is
assunmed to be the effect that application of the

el ectromagnetic field to the food in the refrigerator by
the el ectrodes 13A and 14A for about an hour results in

wat er particles as noisture such as free water contained in
the food being attracted to each other to be in the pearl -
chain structure, which is to be maintained thereafter for a
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predeterm ned period of time without the el ectromagnetic
field. The time during which the electromagnetic field is
applied to food in the refrigerator by the el ectrodes 13A
and 14A and the tinme during which no voltage and/or current
Is applied to the el ectrodes 13A and 14A thereafter can be
set as appropriate based on the type and the state of the
food in the refrigerator, storage tenperature/humdity, and
the like. A period during which the electromagnetic field
is applied nay be set at a timng when a new food product
is placed in the refrigerator. The placenment of the new
food product in the refrigerator can be detected by a
canmera inside the refrigerator or opening/closing of the
door.

[ 0150] Also in the exanple where the housing 50B is a
cont ai ner, when the el ectrodes 13B and 14B apply the

el ectromagnetic field to food in the contai ner for about an
hour, water particles as noisture such as free water
contained in the food are attracted to each to be in the
pearl-chain structure. Once the pearl-chain structure of
the water nolecules is achieved, this state is maintai ned
for a predeterm ned period of tinme even in a state where
the el ectromagnetic field is no | onger applied. Thus, by
repeating the period during which the electromagnetic field
Is applied to the food in the container by the el ectrodes
13B and 14B, a predeterm ned period during which no

el ectromagnetic field is applied, and again the period
during which the electromagnetic field is applied, the
freshness can be naintained with a reduced power
consunption. \Wen the power supply is a battery in
particular, this reduced power consunption results in a

| onger freshness nmaintai ned period per charging. The

el ectromagnetic field application period is not limted to
an hour, and the no el ectromagnetic field application
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period can al so be set as appropriate. These periods can
be adjusted as appropriate based on the type and the state
of the food in the container, storage tenperature/humdity
of the container, and the like. A period during which the
el ectromagnetic field is applied to an object in the
container nay be set at a timng when a new food product is
placed in the container. The placenment of a new object in
the contai ner can be detected by, for exanple, a canera in
the container, a signal fromthe man-nachine interface 31
informati on in a managenent dat abase of a warehouse storing
the container, and the like, for exanple.

[ 0151] For exanple, also in an exanpl e where the housing
50C is a fryer, the electromagnetic field does not need to
be constantly applied into the oil tank of the fryer from
the el ectrodes 13C and 14C. After a period during which
the el ectromagnetic field is applied into the oil tank of
the fryer fromthe el ectrodes 13C and 14C, a predeterm ned
period during which no electromagnetic field is applied may
be provided, followed by the period during which the

el ectromagnetic field is applied again. Also in this case,
the effects that the noisture contained in the food is
controlled to suppress bunping to suppressed penetration of
oil into the food and that the cooked food thus can have
superb nmout hfeel and taste can be nmai ntained. The period
during which the electromagnetic field is applied to the
oil tank of the fryer and the period during which no

el ectromagnetic field is applied can be set as appropriate
based on the food cooked, the type of the oil, the
tenperature of the oil, and the |ike.

[ 0152] FIG 37 to FIG 41 illustrate exanpl es of

el ectrodes with various shapes. The shape, the arrangenent,
and the voltage application pattern of the el ectrodes
according to the present enbodinent are not limted to
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those in FIG 1 to FIG 41, and include nodifications other
than these and conbi nati ons of various enbodi nents. FIG
37 illustrates an alternative enbodi mrent of the shape,
arrangenent, and voltage application pattern of two pairs
of electrodes A, A, B, and B or a pair of electrodes A
and B. In FIG 37A voltage is applied to each of the pair
of flat plate electrodes A and A facing each other and the
pair of flat plate electrodes B and B facing each other.
In FIG 37B, voltage is applied to each of the pair of flat
pl ate el ectrodes A and A" provided on adjacent surfaces and
the pair of flat plate electrodes B and B provi ded on

adj acent surfaces. In FIG 37C, voltage is applied to bent
el ectrodes A and B facing each other. In FIG 37D, a flat
plate el ectrode A and a flat plate electrode B are provided
side by side on one side, and voltage is applied to the
flat plate electrode A and the flat plate electrode B

[ 0153] FIG 38 illustrates yet another enbodi nent of the
shape, arrangenent, and voltage application pattern of two
pairs of electrodes A, A, B, and B or a pair of

el ectrodes A and B. In FIG 38A voltage is applied to
each of a pair of flat plate electrodes A and A facing
each other and flat plate electrodes B and B' facing each
other. In FIG 38B, voltage is applied to each of a pair
of flat plate electrodes A and A facing each other and a
pair of flat plate electrodes B and B' provided on adj acent
surfaces. In FIG 38C, voltage is applied to square U
shaped el ectrodes A and B facing each other.

[ 0154] FIG 39 illustrates yet still another enbodi nent
of shapes, arrangenents, and vol tage application patterns
of a pair of curved electrodes A and B. In FIG 39A
voltage is applied to electrodes A and B with a shape

obtai ned by cutting a hem sphere in half. In FIG 39B,
voltage is applied to hem spherical electrodes A and B
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facing each other. In FIG 39C, voltage is applied to a
pair of electrodes A and B with shapes obtai ned by cutting
a cylinder in half along the height direction. In FIG 39D
voltage is applied to a pair of electrodes A and B with
shapes obtained by cutting a bottonmed cylinder in half
al ong the height direction.
[ 0155] FIG 40 illustrates an el ectrode used for a fryer
The electrode is divided in two in the wwdth direction, and
the el ectrodes divided are integrated while being
el ectrically insulated fromeach other. Voltage is applied
between this pair of electrodes. In FIG 41, the pair of
el ectrodes that have a shape along a cylindrical shape and
have a plurality of notches form ng a nesh are provi ded on
a base nenber (a black portion on the bottom surface) while
bei ng i nsul ated fromeach other. Voltage is applied
between this pair of electrodes.
[ 0156] [Fifth enmbodi nment]

A noi sture control apparatus, a noisture control
nmet hod, a program a storage nedium a produced object, a
product, an apparatus, and a facility according to a fifth
enbodi nent of the present invention will be described with
reference to FIG 42. FIG 42 is a block diagramof the
noi sture control apparatus 1. For configurations that are
the same as those in FIG 1 to FIG 41, the sane reference
nunmeral s are used and the description thereof are omtted.
[ 0157] FIG 42 is a block diagramcorresponding to FIG
1. Note that the conmunication unit 35, the storage unit
37, the external power supply 39, and the like are omtted.
Specifically, although the CPU 36 actually comuni cat es
with a server and the |like via the conmunication unit 35,
I nputs and outputs data to and fromthe storage unit 37,
and receives power fromthe external power supply 39, these
operations are omtted in FIG 42. In FIG 1, the
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controller 10 is illustrated to be outside the housing 50.
However, this should not be construed in a limting sense,
and the controller 10 nmay be provi ded inside the housing 50.
[ 0158] Flows (a) to (h) in FIG 42 will be described in
this order. In the flow (a), settings of the controller 10
are input through an input on the man-nmachi ne interface 31.
The settings include a setting on OV OFF and an operation
node of the controller 10, a type and/or a state of an

obj ect, output voltage and/or output current of the AC
conmponent vol tage generation unit 11 and the DC conponent
vol tage generation unit 12, and the like. Exanples of the
operation node include an automati c node, an object input
node, a manual setting node, and the like. For exanple, in
the automatic node, the controller 10 is automatically
controlled so that an appropriate state of the object is
achi eved based on a detection signal fromthe object
detection sensor 32, a detection signal fromthe detector
38, and a control paranmeter and/or a control value fromthe
server 40, as described later. In the object input node,
for exanple, the controller is appropriately controlled
based on the object, with the type and/or the state of the
obj ect input through the man-machine interface 31. |In the
manual setting node, for exanple, the output voltage and/or
out put current of the AC conponent voltage generation unit
11 and the DC conponent voltage generation unit 12 is
manual |y set. The follow ng description is given assum ng
that the automatic node is set, for exanple, unless stated
otherwise. In the flow (a), when the housing 50 further
has an automatic adjustnent function, a housing setting

val ue for the housing 50 may be able to be input through

t he man-machi ne interface 31.

[ 0159] In the flow (b), information about an object is
collected fromthe object detection sensor 32 in response
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to an instruction fromthe CPU 36. In the exanple where
the housing 50 is a refrigerator, the information about an
obj ect collected by the object detection sensor 32 includes
an image froma canera in the refrigerator, a detection
signal related to noisture in a food product froma

noi sture anmount sensor, a detection signal froma
tenperature sensor and/or a humdity sensor (including a
detection signal froma sensor built in the refrigerator),
and the like. In the exanple where the housing 50 is a
contai ner, the informati on about an object collected by the
obj ect detection sensor 32 includes an inage froma canera
in the container, a detection signal froma tenperature
sensor and/or a humdity sensor in the container, a signa
froma GPS provided to the container (the GPS may be
provided to the controller 10), and the like. 1In the
exanpl e where the housing 50 is a fryer, the information
about an object collected by the object detection sensor 32
i ncludes an inmage froma canera capturing an i nage of a
food product cooked, a detection signal related to the

noi sture of the food product froma noi sture anbunt sensor,
a detection signal related to the tenperature of the food
product, a detection signal related to the tenperature of
the oil of the fryer, information about the type of the oi
of the fryer, information indicating a replacenment timng
of the oil of the fryer, and the Iike.

[ 0160] In the flow (c), the information about the object
coll ected by the object detection sensor 32 in response to
an instruction fromthe CPU 36 is transmtted to the server
40 via the communication unit 35. When the setting input
inthe flow (a) is the object input node, for exanple,

I nformati on about the type and the state of the object

I nput through the man-nmachine interface 31 is transmtted
to the server 40, for exanple.
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[0161] When the setting input in the flow (a) is the
manual setting node, for exanple, the information about the
out put vol tage and/or output current of the AC conponent

vol tage generation unit 11 and the DC conponent voltage
generation unit 12 is transmtted to the server 40. Then,
after predetermned correction is perforned in the server
40, a predeterm ned control paraneter and a control val ue
may be transmtted fromthe server 40 to the CPU 36. For
exanpl e, the output voltage and/or output current of the AC
conmponent vol tage generation unit 11 and the DC conponent
vol tage generation unit 12 manually set for the information
collection in the server 40, may be transmtted to the
server 40, and the CPU 36 may cal cul ate the control val ue.
For exanpl e, when the correction of the control value or
the information collection are not required in the server
40, the information about the output voltage and/ or out put
current does not need to be transmtted to the server 40 in
the flow (c).

[0162] In the server 40, a control paranmeter and/or a
control value suitable for the type and the state of the
object is calculated. Wen calculating the control
paranmeter and/or the control value, the server 40 may refer
to information other than the type and the state of the

obj ect by communicating with an external server and a

dat abase 45. The other information includes season,

weat her, weat her forecast, date and tine, |ocation, supply
and demand forecast, warehousing and storage status of a
refrigerator, a transport path of a container and traffic
condition thereof, a status of a group of containers
related to the container, inventory control information,
store congestion, economc indicators, information on the
Vb, and the I|ike.

[0163] Among i nformati on about the object collected by
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the obj ect detection sensor 32, the inmage fromthe canera
enabl es the type and the state of the object to be

determ ned by image recognition in the server 40. For this
I mge recognition, Al using deep |earning can be used, for
exanple, so that the type and the state of the object can
be accurately recognized. Specifically, the type and the
state of the object can be accurately recogni zed based on
the image fromthe canera, by using a neural network
trained by the i mage of a food product fromthe canera and
data about the actual type and the state of the food
product. The server can comruni cate with anot her
controller 10 to accunul ate a | arge anmount of i nmage

recogni tion data, whereby the inage recognition accuracy
for various objects can be increased. Wen the controller
10 includes an Al program the CPU 36 nmay performthe inage
recognition, and transmt the result of the imge
recognition to the server 40 in the flow (c). Wen the

i mage recognition is thus perfornmed by the controller 10,

t he communi cati on anpbunt of data transmi ssion in the flow
(c) can be reduced.

[ 0164] In the flow (d), the control paraneter and/or the
control value calculated in the server 40 is transmtted to
the CPU 36 of the controller 10.

[ 0165] In the flow (e), the CPU 36 uses the control
paraneter and/or the control value transmtted fromthe
server 40 to control the output voltage and/ or out put
current of the AC conponent voltage generation unit 11 and
the DC conponent voltage generation unit 12.

[0166] In the flow (f), the CPU 36 perforns feedback
control on at |east one of the values of the current and
vol tage applied to the el ectrodes 13 and 14, their
frequencies, and their phases, based on the detection
signal detected by the detector 38. The detection signal
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detected by the detector 38 includes at |east one of

vol tage applied to the electrode, the current applied to
the el ectrode, the frequency and/or the phase of the

vol tage and/or current applied to the el ectrode, the
magnetic field between the el ectrodes 13 and 14, the
electric field between the el ectrodes 13 and 14, and the
sound waves and/or the ultrasonic waves between the

el ectrodes 13 and 14. The control value fed back in this
case nay be a control value calculated by the CPU 36 or nay
be a control value calculated by the server 40.

[0167] When the control value fed back is the control
val ue cal cul ated by the CPU 36, the control target value is
transmtted fromthe server 40 to the CPU 36 in the flow
(d). Wien the manual node is set, the setting value as the
control target value is input in the flow (a). The contro
target value may be set variably over tinme based on the

i nformati on about the object collected by the object
detection sensor 32. \Wen the control value fed back is a
control value cal culated by the server 40, the detection
signal as a result of the detection by the detector 38 is
transmtted to the server 40 in the flow (c) for

cal culating the control value fed back by the server 40.
Then, the server 40 cal cul ates the control value fed back
and the control value is transmtted fromthe server 40 to
the CPU 36 in the flow (d).

[0168] Al t hough the exanple of using the detector 38 is
described in the present enbodi ment, control not using the
detector 38 may be enployed. |In such a case, the flow (f)
Is omtted, and the output voltage and/or output current of
t he AC conponent voltage generation unit 11 and the DC
conponent voltage generation unit 12 is controlled in the
flow (e). For the control in this case, various control
such as sensor-less control and open | oop control can be
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appl i ed.

[0169] In the flow (g), the CPU 36 may transmt a
control conmand to the housing 50 when the housing 50 has
the automatic adjustnent function. Wen the housing 50 is
a refrigerator, the control command is a setting val ue of
tenperature and/or humdity in the refrigerator, for
exanpl e. When the housing 50 is a container having a
tenperature/ hum dity adjustnent function, the control
command is a setting value of the tenperature/ humdity for
the container, for exanple. Wen the housing 50 is a
container and is stored in a warehouse with adjustable
tenperature/ hum dity, as described later, in the flow (i),
i nformati on about the adjustment of the
tenperature/ hum dity of the container is transmtted to a
managenent server of the warehouse that is the externa
server and the database 45, for appropriately adjusting the
state of the tenperature/humdity of all the containers

al so including other containers. Wen the housing 50 is a
fryer, the control conmand is a tenperature setting val ue
of oil in the oil tank, for exanple, and may be used for
notifying the oil replacenent timng if necessary. Wen

t he housing 50 has no automatic adjustnent function, the
flow (g) is not a necessary elenent. |n such a case, the
I nformati on about the control command fromthe CPU 36 is
di spl ayed on the man-machine interface 31 in the flow (h).
[0170] In the flow (h), the man-machine interface 31

di spl ays, for exanple, the control status of the output

vol tage and/or output current of the AC conponent voltage
generation unit 11 and the DC conponent voltage generation
unit 12 as an exanple of the control status in the CPU 36,
I nformati on about the type and the state of the current
target object, the status of the housing 50 (detection

i nformati on fromthe object detection sensor 32), and
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I nformati on about the control command fromthe CPU 36 to
the housing 50 if the housing 50 has no automatic
adjustnent function. In addition to these pieces of

i nformati on, the man-nmachine interface 31 can display
information transmtted fromthe server 40 in the flow (d)
in addition to the control paraneter and/or the contro

val ue, when required or in response to an operation on the
man- machi ne interface 31. Exanples of such information

i ncl ude season, weather, weather forecast, date and tine,

| ocation, supply and demand forecast, warehousing and
storage status of a refrigerator, a transport path of a
container and traffic condition thereof, a status of a
group of containers related to the container, inventory
control information, store congestion, econom c indicators,
i nformati on on the Wb, and the |like. An operator can
appropriately produce and manage the object by referring to
such pieces of information.

[0171] The man-machine interface 31 may be integrated
with the controller 10. The man-nmachine interface 31 and
the controller 10 may be separately provided. The machine
interface 31 as well as sone of the functions of the
controller 10 may be provided separately fromthe
controller 10. 1In such a case, the man-machine interface
31 may be a nobile term nal having a conmunication function,
exanpl es of which including a snartphone, a nobile phone, a
tablet termnal, or a PC. Wen the nmachine interface 31 as
well as sone of the functions of the controller 10 are
provi ded separately fromthe controller 10, the man-nmachine
interface 31 and at | east one of the functions of the
communi cation unit 35 and the storage unit 37, and the
arithmetic function of the CPU 36 or sone of such functions
may be provided separately fromthe controller 10.

Furt hernore, the man-machine interface 31 as well as the
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functions of the object detection sensor 32 or the detector
38 or sone of their functions can be integrated. For
exanpl e, the canmera function built in a smartphone, a
nobi | e phone, a tablet termnal or a PC may be used as the
obj ect detection sensor 32.

[0172] In the flow (i), the server 40 conmunicates with
the external server and the database 45 to exchange

i nformation required for object managenent or to coll ect
data. The server 40 can conmunicate with a required
external server through the Internet. Thus, when the
housing 50 is a container, for exanple, a nanagenent

dat abase or a nmanagenent server for a warehouse managi ng

t he contai ner can be accessed, for exanple.

[0173] An operation of the present enbodinment is

descri bed based on a configuration exanple in a case where
the housing 50 is a refrigerator. In this exanple, a
tablet termnal is used as the nman-machine interface 31
and the refrigerator includes an inside canmera, a
tenperature/ hum dity sensor, and an automatic
tenperature/ hum dity adjustnment function. An exanple is
descri bed where the "automatic node" is selected as the
operation node and "low' is selected as the refrigerator
tenperature using the tablet termnal, and this infornmation
is transmtted to the CPUiIin the flow (a).

[0174] The canera in the refrigerator serving as the
obj ect detection sensor 32 captures an inmage in a range

I ncluding a food product preserved between the el ectrodes,
and this information is transmtted to the server 40 in the
flows (b) and (c). Then, in the server 40, the type and
the state of the target food product is identified by Al-
based i mage recognition, for exanple. The range of image
capturing by the canera in the refrigerator preferably
covers the entirety of the stored food product, and a
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plurality of caneras can be provided if necessary.
Furthernore, information detected by the

tenperature/ humdity sensor in the refrigerator serving as
the object detection sensor 32 is transmtted to the server
40 in the flows (b) and (c). The server 40 uses the type
and the state of the food product identified by the inmge
recognition and the information about the tenperature and
the humdity in the refrigerator transmtted thereto, to
cal cul ate the control paranmeter and/or the control val ue
related to the output voltage and/or output current of the
AC component vol tage generation unit 11 and the DC
conmponent vol tage generation unit 12 based on the

el ectromagnetic field to be generated by the el ectrodes 13
and 14. The control paraneter and/or the control val ue
vari es depending on the type and the state of the food
product preserved, that is, varies anong a case where | eafy
vegetable is preserved, a case where raw sea breamis
stored, a case where cooked (boiled) sea breamis preserved.
[0175] In the flow (d), the control paraneter and/or the
control value is transmtted to the CPU 36, and the out put
vol tage and/ or output current of the AC conponent voltage
generation unit 11 and the DC conponent voltage generation
unit 12 is appropriately controlled based on the contro
paraneter and/or the control value. Furthernore, in the
flow (f), the feedback control is perfornmed on the output
vol tage and/or output current of the AC conponent voltage
generation unit 11 and the DC conponent voltage generation
unit 12, based on the detection value fromthe detector 38.
In the flow (g), the tenperature and humdity of the
refrigerator are appropriately controll ed based on the
information ("low' refrigerator tenperature) input in the
flow (a), the information cal cul ated by the server 40, and
the |ike.
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[0176] In the flow (h), various pieces of information
related to the food product stored can be displayed on the
tablet termnal together with the information transmtted
fromthe server 40. An exanple of the information that can
be di splayed on the tablet termnal is at |east one of the
type and the state of the food product preserved, a
preserved date, best before date, notification on a food
product that is close to the best before date, nenu of a

di sh prepared using the food product preserved, a recipe, a
shopping list, and the like. 1In the flow (i), data
required for the calculation in the server 40 nay be
acquired. The information simlar to that obtained by the
server can be acquired by the conmuni cation function of the
tablet termnal. Thus, a URL and the |like nmay be
transmtted in the flows (d) and (h), whereby the

comuni cation armount in the flows (d) and (h) can be
reduced.

[0177] Next, an operation of the present enbodinent is
descri bed based on a configuration exanple in a case where
the housing 50 is a container. 1In this exanple, a tablet
termnal is used as the man-machi ne interface 31, the
container is provided wwth the GPS, and the managenent

dat abase and the managenent server are provided to the

war ehouse in which the container is stored. An exanple is
descri bed where information including the "automatic node"
as the operation node and "apple harvested on Z (day), Y
(nmonth), X (year) (just harvested)" as the type and the
state of the object is transmtted to the CPUiIn the flow
(a).

[0178] The GPS serving as the object detection sensor 32
transmts information about the position of the container
to the server 40 in the flows (b) and (c) together with the
I nformati on about the type and the state of the object.
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Thus, the server 40 recogni zes the position of the

contai ner, and stores information indicating that the
cont ai ner including the "apple harvested on Z (day), Y
(month), X (year)" was transported by land fromthe
harvested | ocation and stored in a predeterm ned war ehouse.
The server 40 can al so access (the flow (i) described
above) the managenent dat abase of such a warehouse, and

t hus can recogni ze data about the managenent status of the
contai ner in the warehouse.

[0179] The server 40 uses information (including the

i nformati on indicating the position of the container, the
type and the state of the object, the status in the

war ehouse, the |ocation, the season, weather, weather
forecast, and information acquired in the flow (i) such as
a status of a group of containers related to the container)
to calculate the control paraneter and/or the control val ue
related to the output voltage and/or output current of the
AC component vol tage generation unit 11 and the DC
conmponent vol tage generation unit 12 based on the

el ectromagnetic field to be generated fromthe el ectrodes
13 and 14. Thus, the server 40 can calculate the control
paranmeter and/or the control value appropriate for storing
the "apple harvested on Z (day), Y (nmonth), X (year)" in a
predet er m ned war ehouse.

[ 0180] In the flow (d), the control paraneter and/or the
control value is transmtted to the CPU 36, and the out put
vol tage and/ or output current of the AC conponent voltage
generation unit 11 and the DC conponent voltage generation
unit 12 is appropriately controlled based on the contro
paraneter and/or the control value. Furthernore, in the
flow (f), feedback control is performed on the output

vol tage and/ or output current of the AC conponent voltage
generation unit 11 and the DC conponent voltage generation
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unit 12 based on the detection value fromthe detector 38.
In the exanpl e descri bed herein, the container has no
tenperature control function, and thus the flow (g) is
omtted.

[0181] In the flow (h), the tablet term nal can display
various types of information about the object stored in the
container, together with the information transmtted from
the server 40. An exanple of the information that can be
di spl ayed on the tablet termnal is at |east one of the
type and the state of the food product stored in the
container, a route and history of transportation, a future
di stribution schedul e, the warehouse currently storing the
obj ect, the managenent status in the warehouse, when the
object is ripe, best before date, and other infornmation
related to the container. 1In the flow (i), information
required for managi ng the container is directly transnmtted
fromthe server 40 to the nanagenent server of the
managenent dat abase for the warehouse currently storing the
contai ner, to be used for managi ng the warehouse.

[0182] Next, an operation of the present enbodinent is
descri bed based on a configuration exanple in a case where
the housing 50 is a fryer. |In this exanple, a tablet
termnal is used as the man-machine interface 31, a canera
of the tablet termnal is used instead of a canera of the
obj ect detection sensor, and an automatic adj ustnment
function for the tenperature of the oil of the fryer is
provi ded. An exanple is described where the "automatic
node" is selected as the operation node and "autonmatic" is
selected as the oil tenperature using the tablet term nal,
and information indicating these is transmtted to the CPU
in the flow (a).

[ 0183] An image of a food product cooked with the fryer
I's captured using the canera of the tablet term nal instead
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of the canmera of the object detection sensor 32, and

I nformation of the inmage is transmtted to the server 40 in
the flow (c). A canera built in the fryer may be used as
the object detection sensor 32, instead of the canera of
the tablet termnal. The imge of the food product may
only be captured at an initial timng when the cooked food
I's changed. The information about the oil tenperature from
the fryer serving as the object detection sensor 32 is al so
transmtted to the server 40 in the flows (b) and (c).
Furthernore, a sensor that measures the amount of noisture
in the food product, a sensor that neasures the tenperature
of the food product, and the |i ke may be provided, and

i nformati on fromthese sensors nay be transmitted to the
server 40 in the flows (b) and (c) if necessary.

[ 0184] The server 40 determi nes the type and the state
of the target food product through the inage recognition
using Al, for exanple. The server 40 sets the tenperature
of the oil of the fryer and cal cul ates the control

paraneter and/or the control value related to the output

vol tage and/ or output current of the AC conponent voltage
generation unit 11 and the DC conponent voltage generation
unit 12 based on the electromagnetic field to be generated
fromthe electrodes 13 and 14, by using the type and the
state of the food product determ ned by the inmage
recognition, various pieces of information transmtted in
the flow (c), and information acquired in the flow (i) such
as the season, weather, weather forecast, date and tine,

| ocation, and store congestion. The control paraneter
and/or the control value as well as the tenperature of the
oil of the fryer varies in accordance with the type and the
state of the cooked food product, that is, anbng a case
where fried shrinps are cooked, a case where fried potatoes
are cooked, and a case where deep-fried chicken is cooked.
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[ 0185] In the flow (d), the control paraneter and/or the
control value is transmtted to the CPU 36, and the out put
vol tage and/or output current of the AC conponent voltage
generation unit 11 and the DC conponent voltage generation
unit 12 is appropriately controlled based on these. 1In the
flow (f), feedback control is performed on the output
vol tage and/or output current of the AC conponent voltage
generation unit 11 and the DC conponent voltage generation
unit 12 based on the detection value fromthe detector 38.
In the flow (g), the tenperature of the oil of the fryer is
appropriately controll ed based on the information
cal cul ated by the server 40.
[ 0186] In the flow (h), the tablet term nal can display
various types of information related to the food product to
be cooked together with the information transmtted from
the server 40. An exanple of the information that can be
di spl ayed on the tablet termnal is at |east one of the
type and the state of the food product cooked, the
tenperature of the oil of the fryer, the nunber of cooked
di shes, a history of the cooked food products, and a food
product schedul ed to be cooked next. In the flow (i), data
required for the calculation in the server 40 is acquired.
Information simlar to that acquired by the server can be
acquired by a conmmunication function of the tablet termnal.
Thus, a URL and the like may be transmtted in the flows
(d) and (h), whereby the comuni cati on anobunt in the flows
(d) and (h) can be reduced.
[0187] [ Si xt h enbodi nent ]

A npoi sture control apparatus, a npoisture control
net hod, a program a storage medi um a produced object, a
product, an apparatus, and a facility according to a sixth
enbodi nent will be described with reference to FIG 43.
For configurations that are the same as those in FIG 1 to
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FIG 42, the same reference nunerals are used and the
description thereof are omtted. In the noisture contro
apparatuses 1 according to the first to the fifth

enbodi nents, the current value or voltage val ue and the
frequency of the current or voltage are set to be
predeterm ned values. |In the sixth enbodi nent, the current
val ue or voltage val ue and/or the frequency are changed
within a predetermined range with a predeterm ned pattern,
and thus are swept. FIG 43A illustrates an exanple where
the vol tage val ue, current value, or frequency is linearly
and continuously swept. FIG 43B illustrates an exanple
where the voltage value, current value, or frequency is
swept linearly and stepwise. In FIG 43C, for exanple, the
vol tage val ue is changed stepw se, and the frequency is
swept linearly and continuously, or the frequency is
changed stepwi se and the voltage value is swept linearly
and continuously, whereby el ectromagneti c waves with an
appropriate current value or a voltage value and/or an
appropriate frequency can be autonmatically generated for
any target. Thus, an appropriate current value, voltage
val ue, or frequency is generated at a predeterm ned timng
within a sweeping range. Note that FIG 43Cis nerely an
exanpl e, and thus should not be construed in a limting
sense. In FIG 43C, while one value is fixed, the other

val ue changes fromO to the peak and then fromthe peak to
0. However, this should not be construed in a limted
sense. For exanple, a change may be repeated in which one
val ue increases fromO to the peak while the other value is
fixed, and then decreases fromthe peak to O when the other
val ue changes stepwi se and is fixed at a certain value. In
FIG 43C, while one value changes stepw se, the other val ue
changes fromO to the peak continuously and frequently.
However, this should not be construed in a limting sense.
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For exanpl e, while one val ue changes gently and

conti nuously, the other value may change fromO to the peak
conti nuously and frequently.

[ 0188] The sweeping pattern is not limted to those
illustrated in FIG 43. For exanple, in addition to the

| i near or stepw se change, a curved changed, sinusoi dal
change, snooth anal og change, discrete change, random
change, and the |ike may be enpl oyed, for exanple. An AC
vol tage value, a DC voltage value, an AC current value, a
DC current value, a frequency, and the |ike may be changed.
In such a case, the values may be changed one by one, a
plurality of the values nmay be changed in an interl ocked
manner (see, for exanple, the exanple of FIG 43C), or a
plurality of the values may be sinultaneously changed. The
sweep range nay be within a range defined in the first to
the fifth enbodi ments, for exanple, or nay be expanded to
be even w der than such a range.

[ 0189] For any target, an appropriate current val ue,

vol tage value, or frequency is generated at a predeterm ned
timng within a sweeping range. Furthernore, through

f eedback by the object detection sensor 32 and the |iKke,
the controller 10 may recogni ze the state of the target and
anal yze the state in association with the pattern of the
sweep change or the analysis nay be perfornmed on the server
side, so that an appropriate (or optinmum current val ue,

vol tage val ue, or frequency can be automatically detected.
The detected appropriate value may be shared wi th anot her
controller 10 through a server, in addition to being used
by the controller 10 for the control thereafter.

[ 0190] In the first enbodinent, FIGS. 5 to 25 and Tabl es
1to9 illustrate specific effects obtained by applying the
el ectromagnetic field by the noisture control apparatus 1
according to the present enbodinent. These effects can be
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simlarly obtained in the second to the sixth enbodi nents.
[0191] The first to the sixth enbodi ments descri bed
above are not intended to limt the present invention to
these enbodi nents. The present invention is equally
applicable to any ot her enbodi nents within the scope of the
appended clains. The first to the sixth enbodi nents can be
changed as appropriate and sone of these enbodi nents can be
used in conbinati on as appropri ate.
[0192] The present application is based on Japanese
Pat ent Application No. 2017-100354 filed on May 19, 2017,
Japanese Patent Application No. 2017-126102 filed on June
28, 2017, Japanese Patent Application No. 2017-151155 filed
on August 3, 2017, Japanese Patent Application No. 2017-
153591 filed on August 8, 2017, Japanese Patent Application
No. 2017-255302 filed on Decenber 31, 2017, Japanese Patent
Application No. 2018-021666 filed on February 9, 2018, and
Japanese Patent Application No. 2018-143020 filed on July
30, 2018. The description, the scope of clains, and the
drawi ngs of Japanese Patent Application No. 2017-100354,
Japanese Patent Application No. 2017-126102, Japanese
Pat ent Application No. 2017-151155, Japanese Patent
Application No. 2017-153591, Japanese Patent Application No.
2017- 255302, Japanese Patent Application No. 2018-021666,
and Japanese Patent Application No. 2018-143020 are
I ncor porated herein by reference.
Ref erence Signs Li st
[ 0193] 1 noisture control apparatus

10 controller

11 AC conponent voltage generation unit

12 DC conponent voltage generation unit

13 to 23 electrode

30 active oxygen

31 rman-machine interface
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32
35
36
37
38
39
40
41
45
50
51
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obj ect detection sensor
comuni cation unit

CPU

storage unit

det ect or

ext ernal power supply
server

connect or

dat abase

housi ng

heati ng unit
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CLAI M5
1. A noi sture control apparatus, wherein a predeterm ned
vol tage or current including a DC conponent and/or an AC
conponent is applied to at | east one el ectrode that
generates at | east one of an electric field, a magnetic
field, an electromagnetic field, electromagnetic waves,
sound waves, and ultrasonic waves to achi eve a bonded state
of noisture elenents in an object disposed to face the
el ectrode, so that a property of the object is able to be

I mproved.

2. The noi sture control apparatus according to claim1l,
wherein a voltage value of the predeterm ned voltage or
current changes within a predeterm ned range snoothly or

st epwi se.

3. The noi sture control apparatus according to claim1 or
2, wherein a frequency of the AC conponent of the
predet erm ned voltage or current changes within a

predet erm ned range snoothly or stepw se.

4. The noi sture control apparatus according to claiml,
wherein a conductivity of the object is increased by the
application of the predeterm ned voltage or current.

5. The noi sture control apparatus according to claiml,
wherein an interfacial tension is reduced by the
application of the predeterm ned voltage or current.

6. The noi sture control apparatus according to claiml,
wherein an interfacial tension is controlled by the
application of the predeterm ned voltage or current.
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7. The noi sture control apparatus according to claiml,
wherein finer noisture particles are obtained by the
application of the predeterm ned voltage or current.

8. The noi sture control apparatus according to claiml,
wherein water nolecules in the noisture in the object are
orientated in a substantially sane direction by the
application of the predeterm ned voltage or current.

9. The noi sture control apparatus according to claim1l,
wherein the noisture elenents in the bonded state are in a

pearl| -chain structure.

10. The nvoisture control apparatus according to claiml,
wherein the noisture control apparatus is applicable to any

obj ect containing noisture.

11. The nvisture control apparatus according to claiml,
wherein an effect of inproving the property of the object
di sposed in a space between a pair of the electrodes is
mai ntai ned for a predeterm ned period after the object has

been renoved fromthe space between the pair of el ectrodes.

12. The npisture control apparatus according to claim1,
wherein a potential is substantially uniformover a group
of nolecules or particles of water in the bonded state.

13. The npoisture control apparatus according to claim1,
wherein the voltage or current applied to the el ectrode
i ncl udes an AC conponent in addition to the DC conponent.

14. The npisture control apparatus according to claim1,
wherein the voltage or current applied to at | east one of a
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plurality of the electrodes is different in at |east one of
a voltage or current value, a frequency of the voltage or
the current, and a phase of the voltage or the current.

15. The npisture control apparatus according to claim1,
wherein the DC conponent of the voltage applied to the
el ectrode is 100 V or | ower.

16. The nvisture control apparatus according to claiml,
wherei n the object includes at |east one of solid, liquid,

and gas.

17. The nvisture control apparatus according to claiml,
wherein the predeterm ned voltage or current is at |east
one voltage or current selected fromthe group consisting
of :

(1) voltage or current that reduces an interfacial tension
of an obj ect;

(2) voltage or current that prevents food and drink or a
liquid from becom ng rotten;

(3) voltage or current that contributes to at |east one of
fresh flower preservation, drinking water preservation,
hydr oponi ¢ cul tivation pronotion or environnent al

| nprovenent, germnation rate inprovenment, hatching rate

| nprovenent, aquariumantifouling or purification, water
qual ity inprovenent, rock sugar growth pronotion, fue
reformng, or fuel efficiency inprovenent;

(4) voltage or current that contributes to at |east one of
preservation of blood or blood conponents, inprovenent in
synpt ons of di abetes, inprovenent in synptons of chronic
ki dney di sease, inprovenent in artificial dialysis,

I nprovenent of blood flow, revascul arization, inprovenent
I n synptons of peripheral neuropathy, inprovenment in
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synptons of arthropathy or rheumati sm organ preservation,
antitunor effect, inprovenent in synptons of ischem a,

I nprovenent in synptons of |ynphatic edema, inprovenent in
synpt ons of bed sores, necrosis prevention or inprovenent,
I nprovenent in synptons of circulatory di seases, or

i nfection control;

(5) voltage or current that inproves efficiency of at | east
one of charging or discharging of a capacitor, a generator,
or a power transmission facility;

(6) voltage that pronotes enul sification or generation of
an emul sion or voltage or current that achieves a |onger
enmul si on state mai ntai ned peri od;

(7) voltage or current that increases the effect of an air
purifier or an ionizer;

(8) voltage or current that separates atons or nol ecul es
into types;

(9) voltage for controlling tenperature or humdity in a
space;

(10) voltage or current that separates noi sture from at

| east one of bacteria, gerns, viruses, or nicroorgani Sis;
and

(11) voltage or current that facilitates chem cal polishing,
mechani cal polishing, chem cal - nechani cal polishing, or
magneti ¢ pol i shing.

18. The npisture control apparatus according to claim1,
conprising a controller capable of controlling at |east one
of voltage applied to the el ectrode, current applied to the
el ectrode, a frequency of the voltage or the current, and a
phase of the voltage or the current.

19. The npisture control apparatus according to claim18,
wherein the controller is capable of perform ng feedback
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control on at |east one of the voltage applied to the

el ectrode, the current applied to the el ectrode, the
frequency of the voltage or the current, and the phase of
the voltage or the current.

20. The noisture control apparatus according to claim19,
wherein the controller is capable of perform ng feedback
control on a detection value detected in the el ectrode.

21. The npisture control apparatus according to claim 19
or 20, wherein a wire for supplying the predeterm ned
voltage to the electrode and a wire for feedback are forned

as a single cable.

22. The noisture control apparatus according to claim 18,
wherein the controller is capable of setting voltage,
current, a frequency, and a phase as a control target based

on a type and/or state of the object.

23. The npisture control apparatus according to claim 18,
wherein the controller is capable of being renotely

operated and/or renotely controll ed.

24. The noisture control apparatus according to claim 18,
wherein the controller has at |east one of functions

I ncl udi ng DC- DC conversi on, DC- AC conversion, AC DC
conversion, and AC- AC conver si on.

25. The noisture control apparatus according to claim 18,
wherein the controller is driven by a battery.

26. The noisture control apparatus according to claim 18,
wherein the controller comunicates with a server to
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receive a control paraneter and/or a control value fromthe

server.

27. The noisture control apparatus according to claim 18,
wherein the controller is connected to a sensor configured
to detect at |east one of a type of the object, a state of
the object, a state of the electric field, a state of the
magnetic field, a state of the electromagnetic field, a
state of the el ectromagnetic waves, a state of the sound
waves, a state of the ultrasonic waves, a state of the

current, and a state of the voltage.

28. The npisture control apparatus according to claim 18,
wherein the controller is connected to a nman-nachi ne

i nterface.

29. The npisture control apparatus according to claiml,
wherein the el ectrode has a plate shape, a bar shape, a
spherical shape, a seni-spherical shape, a cylindrica
shape, a sem -cylindrical shape, a conical shape, a sem -
coni cal shape, a substantially L shape, a substantially
rectangul ar U shape, a pol ygonal shape, a pol ygonal

col ummar shape, a pol ygonal conical shape, a curved shape,
a bend shape, a foil shape, a filmshape, or a | ayer shape.

30. The noisture control apparatus according to claim1,
wherein the el ectrode includes electrodes all made of a
same material or electrodes including at |east one

el ectrode made of a different material, and the

el ectromagneti c waves generated fromthe el ectrode are
adj usted by selecting the material of the el ectrode.

31. The noisture control apparatus according to claim1,
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wherein the electrode is insul at ed.

32. The noisture control apparatus according to claim1,
wherein the noisture control apparatus is applicable to an
existing facility.

33. The noisture control apparatus according to claim1
capabl e of bei ng noved, conveyed, or carried around.

34. The noisture control apparatus according to claim1,
wherein the el ectrode includes two or nore el ectrodes, and
at | east one of the voltage applied to each el ectrode, the
current applied to each el ectrode, the frequency of the

vol tage or the current, and the phase of the voltage or the

current are capabl e of being set.

35. A npoisture control nmethod, conprising applying a
predet erm ned vol tage or current including a DC conmponent
and/ or an AC conponent to at | east one el ectrode that
generates at | east one of an electric field, a nmagnetic
field, an electronagnetic field, electromagnetic waves,
sound waves, and ultrasonic waves to achi eve a bonded state
of noisture elenents in an object disposed to face the

el ectrode, so that a property of the object is able to be

I mproved.

36. The noi sture control nethod according to clai m 35,
wherein a voltage val ue of the predeterm ned vol tage or
current changes within a predeterm ned range snoothly or
st epw se.

37. The noisture control nethod according to claim35 or
36, wherein a frequency of the AC conponent of the
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predeterm ned vol tage or current changes within a
predeterm ned range snoothly or stepw se.

38. The noisture control nethod according to clai m 35,
wherein a conductivity of the noisture is increased by the
appl yi ng of the predeterm ned voltage or current.

39. The noisture control nethod according to clai m 35,
wherein an interfacial tension is reduced by the applying

of the predeterm ned voltage or current.

40. The noisture control nethod according to claim35,
wherein an interfacial tension is controlled by the

appl yi ng of the predeterm ned voltage or current.

41. The noisture control nethod according to claim 35,
wherein finer noisture particles are obtained by the

appl yi ng of the predeterm ned voltage or current.

42. The noisture control nethod according to claim35,
wherein water nolecules in the noisture in the object are
orientated in a substantially sane direction by the
applying of the predeterm ned voltage or current.

43. The noi sture control nethod according to clai m 35,
wherein the noisture elenents in the bonded state are in a

pearl -chain structure.
44, The noi sture control nethod according to clai m 35,
wherein the noisture control nethod is applicable to any

obj ect contai ning noisture.

45. The noi sture control nethod according to clai m 35,
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wherein an effect of inproving the property of the object
di sposed in a space between a pair of the electrodes is

mai ntai ned for a predeterm ned period after the object has
been renoved fromthe space between the pair of el ectrodes.

46. The noi sture control nethod according to clai m 35,
wherein a potential is substantially uniformover a group
of nol ecules of water in the bonded state.

47. The noi sture control nethod according to claim35,
wherein the voltage or current applied to the el ectrode

i ncl udes an AC conponent in addition to the DC conponent.

48. A program for executing the noisture control nethod

according to cl ai m 35.

49. A storage nediumstoring the program according to

cl ai m 48.

50. An object made into a bonded state of noisture
el enents in the object by the noisture control apparatus

according to claiml.

51. The noisture control apparatus according to claiml,
wherein fine bubbles are further added to the object.

52. The noisture control apparatus according to claiml,
wherein the noisture control apparatus is applied to at

| east one field of manufacturing, distribution, |ogistics,
war ehouse, sal es, engineering, construction, civil

engi neering, machi ne engi neering, electric engineering,

el ectroni ¢ engi neering, comunications, optics, chem stry,

petrochem stry, energy, stockbreeding, agriculture,
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commerce, fishery, food, restaurant business, cooking,

services, nedicine, health, welfare, and nursing care.

53. The noisture control apparatus according to claiml,
wherein the object is at |east one object selected fromthe
group consi sting of:

(1) agricultural products, fresh flowers, |ivestock
products, fishery products, processed food products, health
food products, beverages, alcoholic beverages, dry food
products, broth, soup, seasonings, or other food itens,

(2) resin, rubber, glass, |enses, pottery, wooden material s,
cenment, concrete, mnerals, paper, inks, dyes, fibers,
ceram cs, abrasives, cleaners, additives, printed circuit
boards, plating products, refining products, paints, India
i nk, water-repellent products, chem cal products,
fertilizers, animal feeds, mcroorgani sns, water, cloth,
gunpowder, or other |ike products,

(3) gasoline, light oil, heavy oil, kerosene, petroleum or
ot her fuels,

(4) bl ood, vaccines, nedicines, organs, cells, ointnents,

di al ysi s machi nes, therapy equi pnent, or other nedical
products,

(5) cosnetics, detergents, soap, shanpoo, hair-care
products, or other commodities,

(6) apparatuses for power generation, power storage, power
transm ssion, or conbustion,

(7) quality-maintained, dried, preserved, frozen, or thawed
product s,

(8) enul sions, objects resulting from oxi dation or
reduction, water absorption, or extraction,

(9) abrasives or abrasive grains used for polishing

i ncluding at | east one of chem cal polishing, nechanica

pol i shing, chem cal - mechani cal polishing, or nagnetic
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pol i shing, and
(10) equi prent including health appliances, exercise
machi nes, mnuscl e-buil di ng machi nes, or playground equi pnent.

54. A product, an apparatus, or a facility conprising the
noi sture control apparatus according to claim1.

55. A product, an apparatus, or a facility including at
| east one of a refrigerator, a freezer, a refrigerating
war ehouse, a freezer warehouse; a storage house, a
war ehouse, a refrigerator car, a freezing car, a cool er box,
a container for transport, a container for storage, a
showcase, a shelf, a drawer, a fryer, a cultivation
container, a fuel tank, a personal conputer, a nobile phone,
a chair bed, furniture, bedding, home appliances, various
manuf acturi ng equi pnment in a factory, processing equipnent,
medi cal equi pnent, heal th equi pnent, beauty equi pnent,
cooki ng equi prment, polishing equi pnent, vehicles,
sem conduct or cl eani ng equi pnent, and equi pnent for
controlling vapor resulting fromcooling during a refining
step, a baking step, and a drying step,

the product, apparatus, or facility conprising the
noi sture control apparatus according to claim1.



