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(54) STERILIZATION METHOD

(57) A sterilization method characterized in that the
sterilization method includes carrying out sterilization in-
cluding allowing an object to be sterilized to stand within
a container to which a reactive oxygen is previously irra-
diated; for example, a sterilization method characterized
in that the sterilization method includes irradiating an ob-
ject to be sterilized comprising a dent portion with a re-
active oxygen, stacking an object to be sterilized on top

thereof to cover the dent portion, and carrying out steri-
lization within a formed closed space. The sterilization
method of the present invention shows excellent sterili-
zation activity, so that it can be suitably used in, for ex-
ample, sterilization of containers for foodstuff, bottle caps
sealing the openings of the containers, medical devices,
foodstuff such as vegetables and meat, and the like.
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Description

TECHNICAL FIELD

[0001] The present invention relates to a sterilization
method. More particularly, the present invention relates
to a sterilization method including carrying out steriliza-
tion treatment including irradiating reactive oxygen.

BACKGROUND ART

[0002] Containers for foods or beverages (foodstuff)
or the like are required to be sterilized on internal and
external sides thereof. As a conventional sterilization
method, a method using an aqueous hydrogen peroxide
or a chemical has been known. However, there are some
disadvantages that the aqueous hydrogen peroxide or
chemical is likely to remain, so that the development of
substitute techniques has been studied.
[0003] For example, Patent Publication 1 discloses a
method including generating a plasma jet using dis-
charge in a fluid, contacting a surface of an object with
the plasma jet, and carrying out sterilization (disinfection)
by way of energy transfer from the plasma jet to the sur-
faces. The plasma jet used in this publication is generated
by atmospheric electric discharge in a process gas con-
taining oxygen, preferably the air.

RELATED ART REFERENCES

PATENT PUBLICATIONS

[0004] Patent Publication 1: Japanese Unexamined
Patent Publication No. 2009-519799

SUMMARY OF THE INVENTION

PROBLEMS TO BE SOLVED BY THE INVENTION

[0005] In general, reactive oxygen species (ROS) such
as superoxide radical (•O2

-), hydrogen peroxide (H2O2),
or hydroxy radical (HO•) exhibit an excellent sterilization
action due to their strong oxidizing actions, and these
reactive oxygen species are produced mainly from oxy-
gen molecules or water in the air. Specifically, for exam-
ple, hydroxy radicals are obtained by a reaction of water
molecules with plasma electrons.
[0006] However, the sustaining of the sterilization ac-
tions of reactive oxygen is unknown, and further tech-
niques have been demanded.
[0007] An object of the present invention is to provide
a sterilization method having excellent sterilization ef-
fects.

MEANS TO SOLVE THE PROBLEMS

[0008] The present invention relates to the following
[1] and [2]:

[1] A sterilization method characterized in that the
sterilization method includes carrying out steriliza-
tion including allowing an object to be sterilized to
stand within a container which is previously irradiat-
ed with reactive oxygen.
[2] A sterilization method characterized in that the
sterilization method including irradiating a reactive
oxygen to an object comprising a dent portion at the
dent portion, stacking an object to be sterilized on
top thereof to place a cover over the dent portion,
and carrying out sterilization within a closed space
formed.

EFFECTS OF THE INVENTION

[0009] The sterilization method of the present inven-
tion exhibits some excellent effects that the sterilization
effects are excellent. Also, a chemical or the like which
has been used in conventional sterilization does not re-
main because the sterilization is carried out with a fluid,
which leads to simplifications of processing steps, where-
by productivity can be remarkably improved.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010]

[FIG. 1] FIG. 1 is a schematic view showing one em-
bodiment of a sterilization apparatus used in the
present invention.
[FIG. 2] FIG. 2 is a view showing a method of irradi-
ating a reactive oxygen which was carried out in Test
Example, wherein the left view is Example 1, and
the right view is Comparative Example 1.
[FIG. 3] FIG. 3 is a view showing a sterilization ap-
paratus used in Test Example (Example 2).
[FIG. 4] FIG. 4 is a view showing one embodiment
of moving an object to be sterilized in and out of a
container (chamber) in the sterilization apparatus
used in Test Example (Example 2).

MODES FOR CARRYING OUT THE INVENTION

[0011] The sterilization method of the present inven-
tion is, for example, a method in which reactive oxygen
obtained by generating plasma using an alternating cur-
rent, and generating a reactive oxygen from the plasma
obtained is used, characterized in that the sterilization
method includes carrying out sterilization including allow-
ing an object to be sterilized to stand within a container
which is previously irradiated with reactive oxygen. The
reactive oxygen usable in the present invention is gen-
erated by a reaction of plasma and steam, and it is as-
sumed that a radical formation reaction continues by de-
taining these reactive oxygens within a closed space,
whereby the sterilization effects are sustained. However,
these assumptions do not limit the present invention
thereto. Here, in the present invention, the term "sterile"
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or "sterilization" means breaking of live bodies of mi-
crobes or removal thereof from surfaces of objects to be
sterilized, which, for example, includes disinfection, ster-
ilization or sterile filtration.
[0012] In the present invention, it is preferable to use
sterilization apparatus comprising the following constitu-
tion, and one embodiment thereof will be explained more
specifically based on FIG. 1. Here, the sterilization ap-
paratus shown in FIG. 1 is merely one embodiment of
the present invention, without intending to limit the
present invention thereto.
[0013] As shown in FIG. 1, the sterilization apparatus
usable in the present invention comprises each of the
units of an inlet unit 1 for alternating current, a high-volt-
age unit 2, an inlet unit 3 for gas flow, a nozzle 4, a chilling
unit 5 of the nozzle, an inlet unit 6 for steam flow to the
nozzle, and an inlet unit 7 for water flow to the inlet unit
for steam flow.
[0014] The inlet unit 1 for alternating current is a source
of generating electric charges of plasma discharge. The
alternating current to be supplied is not particularly lim-
ited, and the alternating current includes, for example,
ones generated at a frequency of from 10 to 15 kHz, and
a voltage of from 200 to 500 V or so, which can be properly
set in accordance with known techniques. The level of
amperes of the alternating current is not particularly lim-
ited, and the level can be properly adjusted depending
upon the specifications of the inlet device; for example,
an alternating current of 11 A may be used. In the present
invention, direct current can be used in place of alternat-
ing current but alternating current is preferred from the
viewpoint of adjusting voltage.
[0015] The high-voltage unit 2 is a device which is con-
nected with the inlet unit 1 for alternating current, and
increases voltage of the alternating current supplied from
the unit 1, and any devices that are capable of increasing
voltages can be used without particular problems. In ad-
dition, the high-voltage unit may be integrated with the
unit 1. The increased voltage is not particularly limited,
and is, for example, from 10 to 30 kV or so.
[0016] The inlet unit 3 for gas flow is a device for inlet
of gas flows of various gases to each of a nozzle 4 and
an inlet unit 6 for steam flow, and a known inlet device
for gas flow can be used.
[0017] Specifically, a carrier gas for generating plasma
is allowed to flow to a nozzle 4. As the carrier gas, the
air, oxygen, nitrogen, argon, helium, and mixtures thereof
can be used, among which it is preferable to use two
kinds of the air and oxygen. The flow rate of the carrier
gas is not unconditionally set, depending upon the size,
shape, or the like of the nozzle 4. For example, an em-
bodiment includes allowing the air to flow at a rate of 6
L/min, and oxygen to flow at a rate of 3 L/min.
[0018] The air for mixing with the steam needed when
producing reactive oxygen from plasma is allowed to flow
to the inlet unit 6 for steam flow. By using a water-con-
taining gas in which the steam is mixed with the air, the
mixing of the plasma and steam is accelerated, whereby

hydroxy radicals can be efficiently produced from the
steam. The flow rate of the air to the inlet unit 6 for steam
flow is the same as the flow rate of the water-containing
gas to the nozzle 4. For example, an embodiment of al-
lowing the air to flow at a rate of 3 L/min is exemplified.
Here, the air as used herein refers to a gas of which
relative humidity is from 0 to 10% by volume or so at 20°C.
[0019] The nozzle 4 is a device of irradiating reactive
oxygen obtained by generating plasma, which is also re-
ferred to as a reactive oxygen irradiation unit. The device
comprises an internal electrode and an external elec-
trode, and an elevated voltage is applied between both
the electrodes from the high-voltage unit 2, whereby mak-
ing it possible to generate an electric field. In addition,
the internal electrode may be connected with a coil, so
that an even larger electric field can be formed. The
shape, size or the like of the coil can be adjusted in ac-
cordance with the technical common knowledge of one
of ordinary skill in the art.
[0020] In addition, the device comprises a gas inlet port
and a reactive oxygen irradiation port, wherein the gas
inlet port exists at an end of an opposite side to an end
part at which the reactive oxygen irradiation inlet exists.
Moreover, the gas inlet port is connected with a pipe from
the inlet unit 3 for gas flow, wherein plasma is produced
by passing a carrier gas through the electric field gener-
ated as mentioned above. Since the plasma produced
as described above is also a fluid, the plasma may also
be referred to as a plasma jet. On the other hand, the
reactive oxygen irradiation port has a tubular structure
or a conical structure that is tapered toward a discharge
opening, and connected with a pipe for allowing a water-
containing gas to flow from the inlet unit 6 for steam flow
at any of the parts before reaching the discharge opening,
at which a reactive oxygen would be produced by a re-
action with the plasma produced above, and irradiated
from the discharge opening of the reactive oxygen irra-
diation port.
[0021] The nozzle 4 is not particularly limited in the
shape or size so long as the nozzle has the above parts.
For example, a structure comprising a gas inlet port ar-
ranged at an upper end of a cylindrical structure, and a
reactive oxygen irradiation port having a tubular structure
having a diameter smaller than the diameter of the ap-
paratus at a lower end thereof is exemplified. The cylin-
drical structure may form a layered structure, and, for
example, a structure in which a coil is formed in the sur-
roundings of the tube through which a carrier gas passes,
and optionally a layer of an insulation material is further
formed in the surroundings of the coil is exemplified. The
tube is not particularly limited so long as the tube is an
electroconductive material, and known materials in the
art can be used. In addition, the insulation material is not
particularly limited, and a known insulation material in
the art can be used.
[0022] The chilling unit 5 of the nozzle is a device for
allowing a chilling water to flow to the nozzle 4, and a
known device for chilling water flow can be used. Since
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the nozzle 4 generates heat by applying a high voltage,
it is preferable to chill the nozzle. As the chilling water,
waters at temperatures of, for example, 5°C or so are
preferably used, and the chilling water may be circulated
between the nozzle 4 and the chilling unit 5. The flow
rate of the chilling water can be properly adjusted so that
the surface temperature of the nozzle 4 is controlled to
25°C or lower. Here, the surface temperature of the noz-
zle 4 can be measured with a contact-type thermometer.
[0023] The inlet unit 6 for steam flow to the nozzle is a
device of allowing a water-containing gas to flow to the
nozzle 4, and the inlet unit is connected to a reactive
oxygen irradiation port of the nozzle 4 as mentioned
above. When the water-containing gas is allowed to flow,
first, water from an inlet unit 7 for water flow is heated
with electric heating wires installed therein to produce
steam, and a mixture of the steam with the air allowed
to flow from the inlet unit 3 for gas flow is allowed to flow
to the nozzle 4 as a water-containing gas. Here, the inlet
unit 7 for water flow may be integrated with the inlet unit
6 for steam flow. The heating temperature of the electric
heating wires can be properly adjusted depending upon
the flow rate of water, which is exemplified by, for exam-
ple, 300°C. Also, the flow rate of water from the inlet unit
7 for water flow can be adjusted depending upon the
amount of steam needed to produce reactive oxygen. In
the present invention, the flow rate of water is preferably
0.5 mL/min or more, and more preferably 1.0 mL/min or
more, from the viewpoint of containing a water content
in the reactive oxygen-containing gas in an amount equal
to or greater than the saturated steam. In addition, al-
though the upper limit is not particularly set, the flow rate
of water is preferably 6 mL/min or less, and more pref-
erably 5 mL/min or less. The steam thus obtained is
mixed with the air allowed to flow from the inlet unit 3 for
gas flow in a volume ratio (steam/the air) of from 0.2 to
2.5 or so, and the water-containing air is allowed to flow
to a reactive oxygen irradiation port of the nozzle 4. The
mixing volume ratio of steam to the air can be modified
by fluctuating the flow rate of water mentioned above,
and the amount of steam contained in the water-contain-
ing air can be increased by increasing the flow rate of
water. Examples of the mixing volume ratio of the plasma
jet produced in the nozzle 4 to the water-containing gas
allowed to flow from the inlet unit 6 for steam flow [plasma
jet/water-containing gas] include from 0.8 to 2.6.
[0024] The reactive oxygen is irradiated as described
above, and the present invention is characterized in that
the reactive oxygen is irradiated within a container 8 in
which an object to be sterilized is previously placed, spe-
cifically a sterilization chamber, not directly onto an object
to be sterilized. In other words, the sterilization method
of the present invention includes irradiating reactive ox-
ygen within a container such as a chamber, not directly
irradiating to an object to be sterilized, for preferably at
least within 10 seconds. Depending upon the kind of con-
tainer, the sterilization is carried out by placing an object
to be sterilized under an atmosphere filled with a reactive

oxygen within 2 minutes or so. After the object to be ster-
ilized is loaded into a container, the interior of the con-
tainer may be made into a closed space, and a closed
space may be formed by placing a cover on the container
while placing the object.
[0025] The placing time is preferably 10 seconds or
longer, and more preferably 30 seconds or longer. Al-
though the upper limit is not particularly set, the placing
time is, for example, 60 minutes or less, preferably 30
minutes or less, and more preferably 10 minutes or less,
from the viewpoint of operability. Also, the temperature
within the container while placing the object is not par-
ticularly limited, and the temperature is, for example, from
2° to 40°C.
[0026] The container is not particularly limited so long
as an object to be sterilized can be contained, and pre-
ferred is a container which can have a cover over it.
[0027] Here, the sterilization apparatus usable in the
present invention may further comprise other units be-
sides the units mentioned above. Examples of other units
include an irradiation platform on which an object to be
sterilized is placed, a shielding wall for preventing the
diffusion of reactive oxygen, and the like. The irradiation
platform on which an object to be sterilized is placed is
not particularly limited, so long as an object to be steri-
lized can be placed. It is preferable that the object can
be placed at a temperature of equal to or lower than an
ordinary temperature (40°C), from the viewpoint of allow-
ing hydroxy radicals not to decompose due to high tem-
peratures.
[0028] Thus, hydroxy radicals are continuously pro-
duced under an atmosphere filled with reactive oxygen,
which in turn makes it possible to sustain excellent ster-
ilization activity. Also, since reactive oxygen is a fluid,
even a three-dimensional structured object can be ster-
ilized, thereby exhibiting some excellent effects in that
residues do not remain on edges or corners.
[0029] The reactive oxygen to be irradiated is warm
due to electric discharge within the nozzle 4 or the water-
contained gas from the inlet unit 6 for steam flow, the
temperature of which is from about 50° to about 80°C.
Because of this warmth, the heated load of the irradiated
object is considered to be small. Here, the temperature
of the reactive oxygen refers to a temperature of reactive
oxygen at a discharge opening of the reactive oxygen
irradiation port that is measured with a thermocouple
thermometer.
[0030] In addition, a temperature difference between
the reactive oxygen and the surface of the object to be
sterilized is, for example, 10°C or more, and more pref-
erably from 25° to 40°C, from the viewpoint of increasing
a reactivity of radicals. The temperature of the surface
of the object to be sterilized as used herein refers to a
temperature of an object to be sterilized that is measured
with a contact-type thermometer.
[0031] The irradiation speed can be adjusted accord-
ing to the flow rate of the gas and the shape of the reactive
oxygen irradiation port, and, for example, the irradiation
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speed includes 50,000 mm/sec. The irradiation time may
be adjusted in accordance with a volume of a container
and an opening ratio, so that the gas is sufficiently filled
within the container, and an irradiation time is exemplified
by, for example, from 0.05 to 1 second, and the irradiation
time may be 2 minutes or so, depending upon a container.
[0032] In addition, it is preferable that the distance be-
tween the reactive oxygen irradiation port and the surface
of the object to be sterilized is, for example, from 5 to 50
mm.
[0033] Other embodiments of the sterilization method
of the present invention include an embodiment charac-
terized by irradiating a reactive oxygen to an object hav-
ing a recessed portion, for example, a bottle cap or the
like, within the recessed portion, stacking an object to be
sterilized on top thereof to place a cover over the above
recessed portion, and carrying out sterilization within the
closed space formed.
[0034] Specifically, a sterilization method of a bottle
cap for sealing an open portion of a container includes a
sterilization method characterized by placing a top side
of the bottle cap which is an object to be sterilized facing
downwards, irradiating a reactive oxygen within a dent
portion opening towards an upward direction, thereafter
stacking a fresh bottle cap on top thereof to place a cover
in the dent portion, and carrying out sterilization within a
closed space formed. Here, a bottle cap refers to, for
example, a bottle cap. More specifically, for example, as
shown in the left view of FIG. 2, reactive oxygen is irra-
diated to a recessed portion of a bottle cap (bottle cap
21), i.e. an internal side of the bottle cap 21, and a fresh
bottle cap (bottle cap 22) is stacked on to place a cover,
so that both the internal side of the bottle cap 21 and the
top side of the bottle cap 22 can be sterilized. Here, the
specifications and the methods of use and the like of the
sterilization apparatus are as described in the section of
the sterilization method mentioned above. The placing
time of the bottle cap or the like can be properly set re-
ferring to the previous section. In this case, the bottle
caps can be stacked in plurality vertically, in the same
direction (i.e. recessed portions are the lower sides in all
cases).

EXAMPLES

[0035] The present invention will be described more
specifically by means of Examples given hereinbelow,
without intending to limit the present invention thereto.

TEST EXAMPLE 1

[0036] The influences of the manners of irradiation of
reactive oxygen depending upon the sterilization appa-
ratuses usable in the present invention were studied.

Preparation of Bacterial Solution and Preparation of Bac-
teria-Inoculated Bottle Cap

[0037] Using a bacterial solution of fibroblast bacteri-
um Bacillus atrophaeus, bacterial solutions of various
concentrations (3 standards within the concentration
range of from 2 3 103 to 2 3 108 CFU/mL) were prepared.
The obtained bacterial solution was inoculated in a top
side (external side of bottom) of a resin bottle cap (ma-
terial: polyethylene) as shown in FIG. 2 in an amount of
1 mL 3 1 spot for each bottle cap (each concentration n
= 5). Here, the inoculated resin bottle cap which was
allowed to stand in a sterile petri dish for 24 hours to
dryness was used.

Irradiation 1 of Reactive Oxygen (Example 1: Indirect Ir-
radiation)

[0038] Using the sterilization apparatus shown in FIG.
1, a resin bottle cap other than the inoculated resin bottle
cap was irradiated with reactive oxygen onto the interior
for 1 second per bottle cap, and immediately after the
irradiation, the inoculated resin bottle cap was placed on
top so that the outside of the bottom of the inoculated
resin cap was covered with the recessed portion of the
resin bottle cap irradiated with reactive oxygen, and the
resin caps were allowed to stand for 30 minutes (25°C).
The inoculated bottle cap after being allowed to stand
was collected on a sterile petri dish. Here, the operating
conditions of the sterilization apparatus were as follows.

Operating Conditions of Sterilization Apparatus

[0039]

Inlet unit 1 for alternating current: frequency: 14 kHz,
voltage: 300 V, electric current: 11A
High-voltage unit 2: The raised voltage: 20 kV
Inlet unit 3 for gas flow: flow rate of air: 6 L/min, flow
rate of oxygen: 3 L/min (hereinabove, go to nozzle
4), flow rate of air: 3 L/min (go to inlet unit 6 for steam
flow)
Nozzle 4: temperature of reactive oxygen irradiation:
51°C, irradiation speed: 50,000 mm/sec
Chilling unit 5: chilling water: 5°C
Inlet unit 6 for steam flow: electric heating wires:
300°C, flow rate of water-containing gas: 4.5 L/min
(flow rates of plasma jet/water-containing gas flow
(volume ratio) = 9/4.5)
Inlet unit 7 for water flow: flow rate of water: 1.2
mL/min

Irradiation 2 of Reactive Oxygen (Comparative Example 
1: Direct Irradiation)

[0040] Using the sterilization apparatus shown in FIG.
1, an inoculated resin bottle cap was irradiated with re-
active oxygen onto an external side of the bottom of the
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inoculated bottle cap at a distance 30 mm away from a
top side for 1 second per bottle cap, and the irradiated
bottle cap was collected on a sterile petri dish. The op-
erating conditions of the sterilization apparatus were the
same as detailed above.

Measurement of Sterilization Activity Values

[0041] The collected resin bottle cap was taken out of
the sterile petri dish, and 5 mL of TSA liquid medium
(manufactured by BD Falcon) was injected to the bottle
cap, and cultured at 35°C, a temperature suitable for pro-
liferation of microbes for 3 days. After the cultivation, the
number of bottle caps in which media became turbid due
to microbial proliferation was counted as positive, and
the sterilization activity value LRV (Log Reduction Value)
was calculated according to the most probable number
method (MPN method). The results are shown in Table
1. Here, the "D" value showing the sterilization activity is
expressed by common logarithm (LOG value) of the
number of bacteria per bottle cap, which is a value ob-
tained by subtracting the number of bacteria after the
treatment (LOG value) from the number of bacteria be-
fore the treatment (LOG value). It is shown that the larger
the number, the higher the sterilization activity, and that
if the value is 4.5 D or more, there are no problems as
the sterilization treatment of food containers.

Irradiation 3 of Reactive Oxygen (Example 2: Indirect Ir-
radiation)

[0042] Using the sterilization apparatus shown in FIG.
3 (the details of the chamber are shown in FIG. 4), a gas
was previously irradiated into a container (chamber) for
1 minute to sufficiently fill the container with the gas, and
an inoculated resin bottle cap was then loaded into the
container (chamber), and allowed to stand for 1 minute
(25°C). The irradiated bottle cap was collected on a sterile
petri dish. The operating conditions of the sterilization
apparatus were as follows.

Operating Conditions of Sterilization Apparatus

[0043]

Inlet unit 1 for alternating current: frequency: 14 kHz,
voltage: 300 V, electric current: 11A

High-voltage unit 2: The raised voltage: 20 kV

Inlet unit 3 for gas flow: flow rate of air: 6 L/min, flow
rate of oxygen: 3 L/min (hereinabove, go to nozzle
4), flow rate of air: 3 L/min (go to inlet unit 6 for steam
flow)

Nozzle 4: temperature of reactive oxygen irradiation:
51°C, irradiation speed: 50,000 mm/sec

Chilling unit 5: chilling water: 5°C

Inlet unit 6 for steam flow: electric heating wires:
300°C, flow rate of water-containing gas: 4.5 L/min
(flow rates of plasma jet/water-containing gas flow
(volume ratio) = 9/4.5)

Inlet unit 7 for water flow: flow rate of water: 0.2
mL/min Container (chamber capacity) 8: 4L

[0044] It is suggested from the comparison of Example
1 with Comparative Example 1 that excellent sterilization
effects are obtained even when not directly irradiated to
the bacteria. Also, it can be seen from Example 2 that
excellent sterilization effects are obtained even when an
object to be sterilized is allowed to stand in a chamber
to which irradiation is previously carried out.

INDUSTRIAL APPLICABILITY

[0045] The sterilization method of the present inven-
tion shows excellent sterilization activity, so that it can
be suitably used in, for example, sterilization of contain-
ers for foodstuff, bottle caps sealing the openings of the
containers, medical devices, foodstuff such as vegeta-
bles and meat, and the like.

EXPLANATION OF NUMERALS

[0046]

1 inlet unit for alternating current
2 high-voltage unit
3 inlet unit for gas flow
4 nozzle
5 chilling unit
6 inlet unit for steam flow
7 inlet unit for water flow
8 chamber
21 bottle cap filled with reactive oxygen in the interior

side
22 inoculated resin bottle cap

Claims

1. A sterilization method characterized in that the ster-

Table 1

Irradiation Method LRV, D Value

Comp. Ex. 1 Direct Irradiation 1.9 D or less

Ex. 1 Indirect Irradiation 4.9 D

Ex. 2 Indirect Irradiation 6.0 D

9 10 



EP 3 363 472 A1

7

5

10

15

20

25

30

35

40

45

50

55

ilization method comprises carrying out sterilization
comprising allowing an object to be sterilized to stand
within a container to which reactive oxygen is previ-
ously irradiated.

2. A sterilization method according to claim 1 wherein
the object to be sterilized is loaded in a container,
and an interior of the container is then made into a
closed space.

3. A sterilization method according to claim 1 or 2
wherein the object to be sterilized is allowed to stand
in a container and a cover is then placed on the con-
tainer to form a closed space.

4. A sterilization method according to any one of claims
1 to 3 wherein the reactive oxygen is obtained by
generating plasma using an alternating current, and
generating reactive oxygen from the plasma ob-
tained.

5. A sterilization method characterized in that the ster-
ilization method comprises irradiating an object to
be sterilized comprising a recessed portion with a
reactive oxygen at the recessed portion, stacking an
object to be sterilized on top thereof to cover the
recessed portion, and carrying out sterilization within
the formed closed space.
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