DESCRIPTION

TITLE OF THE INVENTION: METHOD FOR KILLING SPORES

TECHNICAL FIELD
[0001]
The present invention relates to a method for Kill

spore forming bacteria having spores.

BACKGROUND ART
[0002]

Bacteria of Bacillus, Clostridium and the like for
strong shell structures and form spores having extr
resistance against heat, drugs, and the like. Cert
of bacteria capable of forming spores are known to
toxin when they enter the human body. For example,
care setting, linens such as bed sheets and pillow
mainly heat disinfected, but heat disinfection cann
bacteriahavingspores,whichareresistantagainst
this reason, there have occurred damages in that a
hospital-spreadinfectionofbacteriacapableoffo
via linens sometimes results in deaths.

[0003]

In order to kill bacteria having spores, steriliza

is performed with high pressure steam or strong che

bactericides such as Na hypochlorite in a high conc
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in many cases. In food processing, severe heat tre
a low-temperature distribution method has been empl
hedge against spores.

[0004]

In WO 01/66471 is disclosed a method for controlli

spores in a water-sealed system, which includes con
germinantwithawater-sealedsystemforatimelon
germinable bacteriato germinate and become aveget
and under proper conditions, and sterilizing the ge
vegetative cell. JP-A-2009-118775 discloses a meth
germinatingbacteriahavingsporescontainedinliq

in egg preparations in which the bacteriais pressu

at a prescribed temperature and a prescribed pressu
methodinwhichbacteriaisgerminated bythatmeth

the germinated bacteria is killed.

SUMMARY OF THE INVENTION
[0005]

The present invention relates to a method for Kill
spores in which Step 2 defined below is performed a
completion of Step 1 defined below,

Step 1:astepofcontacting spore formingbacteri
dipicolinic acid or a salt thereof under conditions
of 6 or less; and

Step 2: a step of killing the spore forming bacter
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[0006]

Furthermore, the present invention relates to a me
for killing spores, the method having a period in w
1 defined below and Step 2A defined below are perfo
simultaneously,

Step1:astepofcontactingsporeformingbacteri
dipicolinic acid or a salt thereof under conditions
of 6 or less; and

Step 2A: a step of killing the spore forming bacte
physically.
[0007]

Furthermore, the present invention relates to a
sporicidal assistant composition containing dipicol

or a salt thereof and having a pH of 6 or less.

MODE FOR CARRYING OUT THE INVENTION

[0008]

The technology concretely disclosed in Patent Docu

loftreatingbacteriahavingsporeswithagermina
such as L-alanine is not sufficient in bactericidal
[0009]
Methods for killing spores with high concentration
bactericides or by high pressure steam sterilizatio
suited for disinfecting an extensive environment, s

hospitals, and are possibly damaging to instruments
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to human bodies, and therefore such methods are lim
applicationand use environment. Forexample, the
disclosed in Patent Document 2 has the disadvantage
technology requires application of high pressure of
moreforgerminationofbacteriahavingsporesand

a special device. In addition, one is concerned ab
deterioration in quality due to application to food

like.

[0010]

In food processing, severe heat treatment or a
low-temperature distribution method has been employ
hedgeagainstspores,butthesewouldcausedisadva
as deterioration in flavor or quality and power cos
[0011]

The present invention relates to a method for Kill
sporesbywhichbacteriahavingsporeswhichwould
in the medical or food field can be killed efficien
effectively regardless of the species of the bacter
Furthermore, the present invention relates to a spo
assistantcompositiontobeusedinordertokills
bacteria.

[0012]

The presentinventor has found thatif dipicolinic

(2,6-pyridinedicarboxylicacid)orasaltthereofi

with spore forming bacteria at pH 6 or less, the sp
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killedeffectivelybyuseofabactericidewithac
lowerthantheusualconcentrationorbytheuseof
lower than usual, and thus has reached the present
[0013]

According tothe presentinvention, thereis provi
methodforkillingsporesbywhichsporeformingba
spores can be killed. Furthermore, according to th
invention thereisprovidedasporicidalassistant
to be used to kill spore forming bacteria.

[0014]

Spore forming bacteria refers to any bacteria havi

resistanceagainstcertainheattreatmentordrying
formation of spores in the absence of nutrition. S
indicate a strong shell structure formed by bacteri
are distinguished from bacteria itself. The "spore
bacteria,” which is to be subjected to spore Killin
present invention, is a common spore forming bacter
is present in medical sites, foods, and beverage pr
Examples thereof include Bacillus bacteria, such as
cereus and Bacillus subtilis, Clostridium bacteria,
Clostridium difficile, Amphibacillus bacteria, Spor
bacteria, Geobacillus bacteria, Aeribacillus bacter
Alicyclobacillusbacteria. Sincethe"sporeformin
amenable tothe presentinvention has heatresistan

thesporeformingbacteriaisbacteriahavingspore
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resistance asreferredtoherein meansthat10

of bacteria can survive when bacteria having spores in an
initial number of bacteria of 10 "t0 10 ° CFU/mL are heated at
80°Cfor30minutesormoreasshownin Examplesofth epresent
invention.

[0015]

"Killingspores"inthepresentinventionmainlyi ntends
to germinate bacteria having spores, thereby killin g the
bacteria. Germination is the process by which spor e forming
bacteria having spores germinates and the germinati on refers

tothephenomenonthatthebacteriaistherebygrow
cellhavingnormalproliferativeormetabolicabili
killing spores includes killing bacteria having spo
completely and sterilizing. Inaddition, killings
includes reducing the total number of bacteria exis
population. Killing spores is not particularly lim
representsastate,expressedbyasporicidaleffec
inExamples,of0.21ormore,morepreferably0.30
preferably 0.5 or more. The sporicidal effectasr
inthepresentinventionindicatesthedifferencee
asporicidaleffectindexfromcontrolinbacterici
[0016]

The reason why the method for killing spores of th
present invention has a superior sporicidal effect

considered as follows although it is not limited.
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germination is promoted by applying dipicolinic aci
(henceforthalsoreferredtoasDPA)orasaltther
forming bacteria having spores under conditions wit
6orless,sothatsterilizationin Step2isperfo

Itis presumed that dipicolinic acid under conditio
pHof6orlesseasilyentersintobacteriabecause
affinity with the bacteria and thus germination is
effectively.

[0017]

Dipicolinic acid or a salt thereof is expected to
asporicidaleffectorabactericidal effectregard
type of the spore forming bacteria because the acti
dipicolinic acid or a salt thereof in spore forming
IS not an action via a selected receptor specific w
species.

[0018]

Germination can be confirmed, for example, by chec
the presence of darkening of spores with a phase co
microscope. That s, a larger proportion of darken
means that germination has been induced.

[0019] <Step 1>
[0020]

Steplofthepresentinventionisastepofbring

forming bacteria into contact with dipicolinic acid

thereof under conditions with a pH of 6 or less. |
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thesporeformingbacteriaisdesirablybacteriaha

The spore forming bacteriamay contain bacteriacon
spores but being capable of containing bacteria.
[0021]

Dipicolinicacidorasaltthereofisprovidedin
orsolidstate. Fromtheviewpointsofconvenience
improvement in sporicidal effect, dipicolinic acid
thereof is preferably liquid. From the viewpoints
convenience, dipicolinicacid or a saltthereofis
provided in the form of a sporicidal assistant comp
described below.

[0022]

The method of contacting dipicolinic acid or a sal

thereof with spore forming bacteria in Step 1 of th
inventionmay be, inthe casewherethe spore formi
ispresentinaliquid,amethodinwhichahighco
solution of dipicolinic acid or a salt thereof or a
dipicolinic acid or a salt thereof is mixed with a
which spore forming bacteria is present, and then c
them while always stirring the mixed liquid, a meth
stirring after mixing, or a method of resting after
When spore forming bacteriais presentonasolid,
applying a liquid sporicidal assistant composition
below,suchasasolutionofdipicolinicacidora

ontothesolidisavailable. Themethodofapplyin
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ofdipicolinicacidorasaltthereofontoasolid maybeamethod

ofsprayingoramethodusingatoolsuchasabrus handsponge.
In addition, a method in which a solid sporicidal a ssistant
compositionsuchasapowderisplacedonasolida ndthenwater
or the like is sprayed is also available. "Onto a solid" is
not particularly limited herein and refers to a har d surface
or the like.

[0023]

Because of convenience consideration, the method o f
contactingdipicolinicacidorasaltthereofwith sporeforming
bacteriaispreferablyamethodofcontactingtheb acteriawith
a liquid composition containing dipicolinic acid or a salt
thereof, more preferably with a solution of dipicol inic acid
orasaltthereof,andmorepreferablywithanaque oussolution

of dipicolinic acid or a salt thereof.

[0024]

In Step 1, when contacting spore forming bacteria with
dipicolinicacid orasaltthereofinasolution,t he pHofthe
solution at 24 °C is preferably, from the viewpoint of further
improvement in sporicidal effect, 5 or less, more p referably
4 or less, more preferably 3 or less, more preferab ly 2.5 or
less,morepreferablyl.8orless. Fromtheviewpo intofsafety,
thepHofthesolutionat24 °Cispreferablylormore,andmore

preferably 1.2 or more. Totally considering the

aforementioned points of view, the pH of the soluti onat24 °C



is preferably 1to 6, more preferably 1to 5, more

1to 4, more preferably 1 to 3, more preferably 1t
morepreferablyl.2tol1.8. pHcanbemeasuredusi

pH meter, Model 9611 (manufactured by HORIBA, Ltd.)
[0025]

pH adjustment may be performed when a solution of

dipicolinic acid or a salt thereof is prepared in a
Alternatively, pH adjustment can be performed after
solution of dipicolinic acid or a salt thereof to a
containing spore forming bacteria when contacting w
spore forming bacteria. Examples of a pH adjuster
conventionalacidsandbases,forexample,inorgani
as hydrochloric acid and sulfuric acid, organic aci
lactic acids, citricacid, and salts thereof, inorg
such as sodium hydroxide and potassium hydroxide, a
basessuchastriisopropanolamine. AstothepHad
the viewpoint of versatility, inorganic acids such
hydrochloric acid and sulfuric acid are preferred a
and inorganic bases such as sodium hydroxide and po
hydroxide are preferred as a base.
[0026]

In the case of contacting spore forming bacteria w
dipicolinic acid or a salt thereof in a solution, t
of dipicolinic acid in the solution is preferably,

viewpointoffurtherimprovementinsporicidal effe

10

preferably

02.5,and

ngatabletop

at24 °C.

dvance.
adding a
solution
ith the
include
cacidssuch
dssuchas
anic bases
ndorganic
juster,from
as
san acid

tassium

ith
he content
from the

ct,0.05mM



or more, more preferably 0.5 mM or more, more prefe rably 3mM
ormore, more preferably 4 mM or more, more prefera blyémMor
more,andmore preferably8mMormore,andfromth eviewpoints
ofthe stability of the solution of dipicolinic aci dorasalt
thereof and economical efficiency, the contentis p referably
30 mM or less, more preferably 25 mM or less, more preferably
20 mM or less, more preferably 15 mM or less, more preferably
12 mM or less, more preferably 10 mM or less. Int he case of
contacting spore forming bacteria with dipicolinic acidina
solution totallyconsideringtheaforementionedpo intsofview,
the content of dipicolinic acid in the solutionis preferably
0.05 to 30 mM, more preferably 0.5 to 30 mM, more p referably
3 to 30 mM, more preferably 3 to 25 mM, more prefer ably 3to
20mM, more preferably 3to 15 mM, more preferably 4t015mM,
morepreferably6tol12,morepreferably8to10mM . Thecontent
of dipicolinic acid as referred to hereinis a valu einterms
of dipicolinic acid when using a salt of dipicolini Cc acid.
[0027]

Incontact, therelationship betweenthe initialn umber
of bacteria and the concentration of dipicolinic ac id is not
particularly limited. For example, from the viewpo int of
furtherimprovementinsporicidaleffect,theconce ntrationof

dipicolinicacidrelativeto 10 8 CFU/mL, theinitial number of
bacteria, is preferably 0.1 mM or more, more prefer ably 1 mM

ormore, more preferably 10 mM or more, more prefer ably100mM
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or more, and from the viewpoint of economical effic iency, the

concentration of dipicolinic acid relative to 1 CFU /mL, the
initial number of bacteria, is preferably 1 M or le Ss, more
preferably 100 mM orless, more preferably 30mMor less, more
preferably 10 mM or less, more preferably 1 mM or | ess.
[0028]

The contact temperature of spore forming bacteria with
dipicolinic acid or a salt thereof in Step 1 before the
commencementofStep2ofthe presentinventionis preferably,
fromtheviewpointoffurtherimprovementinsporic idaleffect
andtheviewpointofeconomical efficiency, 15 °Cormore, more

preferably 20 °C ormore, and from the viewpoint of economical

efficiency thecontacttemperatureispreferablyl essthan50  °C,
morepreferably49 °Corless,morepreferably45 °Corless,more
preferably40 °Corless,morepreferably30 °Corless. Fromthe

same points of view, the contact temperature of spo re forming
bacteriawithasolutionofdipicolinicacidoras altthereof
inStep lispreferably 15 °Ctolessthan50 °C, more preferably
15°Cto49 °C, more preferably 15 °Cor40 °C,more preferably 15

to 30 °C.

[0029]

The contact time for which spore forming bacteria IS
contacted with dipicolinic acid or a salt thereof a tpH 6 or
lessinStep 1beforethe commencementofStep 2 of thepresent
invention is preferably, from the viewpoint of furt her

12



improvement in sporicidal effect, 30 seconds or mor
preferably 1minuteormore,morepreferably3minu
more preferably 5 minutes or more, more preferably
or more, more preferably 10 minutes or more, more p
15 minutes or more, more preferably 20 minutes or m
preferably 25 minutes or more, and from the viewpoi
economical efficiency, the contact time is preferab
minutes or less, more preferably 50 minutes or less
preferably 40 minutes or less, more preferably 35 m
less. Totally consideringthe aforementioned point

the contact time for which a solution of dipicolini
asaltthereofwithsporeformingbacteriainStep
commencementof Step 2ispreferably 30 secondsto
more preferably 1 minute to 60 minutes, more prefer
minutesto60minutes, morepreferably5Sminutesto
more preferably 5 minutes to 50 minutes, more prefe
minutesto40minutes,morepreferably8minutesto
more preferably 8 minutes to 35 minutes, more prefe
minutesto35minutes,morepreferablyl5minutest
more preferably 20 minutes to 35 minutes, more pref
minutes to 35 minutes.

[0030]

The sum total of the contact time of spore forming

bacteria and dipicolinic acid or a salt thereof in

the present invention is preferably, from the viewp
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further improvement in sporicidal effect, 5 minutes
more preferably 10minutesormore, more preferably
or more, more preferably 20 minutes or more, more p
30minutesormore,morepreferably45minutesorm

the viewpoint of economical efficiency, the sum tot
preferably 90 minutes or less, more preferably 80 m
less, more preferably 70 minutes or less.

When Step 2isfinished before Step 1, the time fr
finish of Step 2tothe finish of Step Lisnotinc
sum total of the contact time.

[0031]

Althoughitis fundamental to perform Step 2 after
1, Step 2 may be performed after Step 1 is finished
1 and Step 2 may be performed at the same time befo
is finished. Step 1 and Step 2 may be commenced at
time or Step 1 may be commenced after Step 2 is com
[0032]

Step 1 can be finished by removing dipicolinic aci
asaltthereof. The method of removing dipicolinic
saltthereof when finishing Step 1 may, in the case
spore forming bacteria and dipicolinic acid or a sa
are present in a liquid, be to discard a supernatan
centrifugal separation, thereby removing dipicolini
a salt thereof.

Step 1 may be finished by adjusting pH to more tha
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As means for pH adjustment to be used when finishin
apHadjustercanbeused. ExamplesofthepHadju
those given above, and from the viewpoint of versat
inorganic acid or an inorganic base is preferred, a
hydrochloric acid or sulfuric acid, or sodium hydro
potassium hydroxide is more preferred.
[0033] <Step 2>
Step2ofthepresentinventionisastepofkilli
formingbacteria. ThesporeformingbacteriainSt
tosporeformingbacteriabeinginastatewhereit
has been promoted via the treatment of Step 1. Dep
the conditions described below, bacteria being in a
ungerminated state are also included.
[0034]
Means for killing bacteria include means of physic
killing bacteria and means of chemically killing ba
InStep2mentionedabove,themeansofphysically
bacteria and the means of chemically killing bacter
used alone, or two or more types of physical means
moretypesofchemicalmeansmaybecombined. Two
ofphysicalmeansandchemicalmeansmaybeusedin
[0035] [Physical Sterilization]
<Step 2A>
Step 2Aofthe presentinventionisastep of phys

killing spore forming bacteria, for example, spore
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bacteria promoted to germinate.

[0036]

Examples of the means of physically killing bacter ia
include heat, pressure, and electromagnetic waves. Examples
ofsuchelectromagneticwavesincluderadiationsuc hasX-rays
and vy-rays, and ultraviolet rays. From the viewpoints o f
economicalefficiencyandconvenience themeansfo rphysically

killing bacteria is preferably heat.
Step 2A can be commenced by applying physical mean sto
spore forming bacteria having been subjected to Ste pl. Step

2A can be quitted by stopping the physical means.

[0037]

Fromtheviewpointsoffurtherimprovementinspor icidal
effect and economical efficiency, Step 2A of the pr esent
inventionispreferablyastepofkillingsporefor mingbacteria
by heat, and more preferably a step of killing spor e forming
bacteria at a temperature of from 50 °Cto 250 °C.

[0038]

The temperature applied when killing spore forming
bacteria by heatis preferably, from the viewpoint of further
improvementinsporicidaleffect,50 °Cormore,morepreferably
55°Cormore,morepreferably60 °Cormore,morepreferably65 °C
ormore, morepreferably 70 °Cormore,andmorepreferably 75 °C
or more, and from the viewpoints of further improve ment in
sporicidaleffect,economicalefficiency,andversa tility,the

16



temperatureis preferably 250 °Corless, more preferably 200 °C

or less, more preferably 150 °C or less, more preferably 120 °C
or less, more preferably 100 °C or less, more preferably 90 °C
or less, and more preferably 85 °C or less.

[0039]

Fromthe aforementioned points of view, the temper ature
appliedwhenkilling bacteriaby heatin Step 2 of the present
invention s preferably 50 °Cto 250 °C, more preferably 50 °Cto
200°C, more preferably 50 °Cto 150 °C, more preferably 50 °Cto
100°C, more preferably 55 °Cto 100 °C, more preferably 60 °Cto
100 °C,morepreferably65 °Cto90 °C,morepreferably70 °Cto90 °C,
and more preferably 75 °Cto 85 °C.

[0040]

Usually, itis difficult to kill spore forming bac teria
at a temperature of 100 °C or less if the bacteria has not
germinated. In the present invention, however, a s poricidal
effect is exhibited even at atemperature of 100 °Corlessin
Stepz2becausegerminationispromotedbyStepl. Itispossible
tokillthe bacteriaattemperatures higherthan 10 0°Calsoin
the present invention, and according to circumstanc es,itis
alsopossibletokillthe bacteriaattemperatures higherthan
100°C.

[0041]

The time of killing bacteria by heat in Step 2A of the

presentinventionispreferably,fromtheviewpoint offurther
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improvement in sporicidal effect, 3 minutes or more
preferablySminutesormore,morepreferably8min
more preferably 10minutesormore, morepreferably
or more, and more preferably 25 minutes or more, an
viewpoints of economical efficiency and versatility

is preferably 90 minutes or less, more preferably 7
or less, more preferably 50 minutes or less, more p
40 minutes or less, and more preferably 35 minutes
[0042]

From the aforementioned points of view, the time o
killing bacteria by heat in Step 2A of the present
ispreferably3minutesto90minutes,moreprefera
to 70 minutes, more preferably 8 minutes to 50 minu
preferably 10 minutes to 50 minutes, more preferabl
minutes, and more preferably 25 to 35 minutes.
[0043]

Examplesofthemethodofkillingbacteriabyheat
2A0fthepresentinventionincludemethodsofappl
wet heat, boiling heat, hot water, steam heat, ort
spore forming bacteria: e.g., a method of immersing
formingbacteriainhotwater,amethodofplacing
as a hard surface on which spore forming bacteriai
a liquid containing spore forming bacteria, or the
thermostatic bath, and a method involving heating t

such as heat cooking for food processing.
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[0044]

The pH conditionforkilling bacteriabyheatin S
is not particularly limited, and the sterilization
performed under any conditions such as pH 1 to 9.
1, conditions with pH 6 or lower are also available
[0045]

Inthemethodforkillingsporesofthepresentin
Step 2A can be finished by rapidly cooling the spor
bacteriakilled by heatin Step 2A, withwater cont
acooledcontainer, orthelike. Alternatively, St
finished by removingheatnaturally byleaving for
spore forming bacteria killed by heat in Step 2A.
formingbacteriakilledcanbeinastatewherethe
bacteria is present in a liquid.

[0046]

Whensporeformingbacteriaispresentinaliquid
1 or Step 2A, the method for killing spores of the
inventionmayhaveastepofstirringthesporefor
in Step 1 or Step 2A or before or after these steps
and Step 2 may be repeated.

[0047] [Chemical Sterilization]
<Step 2B>

Step 2B ofthe presentinventionisastep of chem
killing spore forming bacteria.

[0048]
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Fromtheviewpointofeconomicalefficiency,thes
chemicallykillingbacteriaispreferablyuseofa
[0049]

Astothebactericidetobeusedinthe method of
bacteriawithabactericideinStep2ofthepresen
examples of a bactericide to be used in the form of
includebactericidescontaininghalidessuchaschl
antiseptics,suchasaqueoussolutionsofhypochlor
a salt thereof, chlorous acid or a salt thereof,
dichloroisocyanuric acid or a salt thereof,
trichloroisocyanuricacidorasaltthereof,chlori
and the like, and iodine-based antiseptics, such as
iodine and iodoform; alcohols such as ethanol, 1-pr
isopropylalcohol,andmethanol;aldehydessuchas
andglutaraldehyde;phenolssuchaslimeacid,cres
isopropylmethylphenol, and triclosan; and peroxides
peraceticacid,hydrogenperoxide,andozone. Exam
bactericidetobeusedinagaseousstateincludee
formaldehyde, hydrogenperoxide,ozone,andchlorin
[0050]

In the present invention, since germination of spo
formingbacteriahavingsporesispromotedbyStep
forming bacterial treated in Step 1 can be killed w
bactericideusedinanamountsmallerthanusual.

when killing spore forming bacteria having spores w
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chlorine-based antiseptic, preferably with a chlori
antiseptic selected fromhypochlorous acid and salt
chlorous acid and saltsthereof, dichloroisocyanuri
saltsthereof trichloroisocyanuricacidandsalts
chlorinedioxide,morepreferablywithsodiumhypoc
effectivechlorineconcentrationof1000ppmormor
required if Step 1 of the presentinventionis not

In contrast, when performing Step 1 of the present
the effective chlorine concentration necessary for
sterilizationmaybelowerthan1000ppm. Specific
present invention, the effective chlorine concentra
preferably, from the viewpoint of further improveme
sporicidal effect, 10 ppm or more, more preferably
more,andmorepreferably80ppmormore,andfrom
ofeconomicalefficiency,theconcentrationispref

ppm or less, more preferably 800 ppm or less, more
500 ppm or less, more preferably 300 ppm or less, a
preferably 150 ppm or less. The temperature at whi
forming bacteria is killed by chemical sterilizatio
including a chlorine-based antiseptic such as sodiu
hypochlorite is preferably, from the viewpoint of f
improvementinsporicidaleffect, 5
10°Cormore,morepreferably15
ormore,andmorepreferably23

of economical efficiency, the temperature is prefer
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orless, more preferably 40
less, and more preferably 25 °C or less.
[0051]

Also in the present invention, sterilization can b
performed with a usual dosage of a bactericide. Fo
sterilizationcanbeperformedwithachlorine-base
preferably a chlorine-based antiseptic selected fro
hypochlorous acid and salts thereof, chlorous acid
thereof, dichloroisocyanuric acid and salts thereof
trichloroisocyanuric acid and salts thereof, and ch
dioxide, more preferably sodium hypochlorite, havin
effective chlorine concentration of 2000 ppm or mor
[0052]

Step2canbeperformedafterfinishingStepl(Em
1).

When Step 2is Step 2A of killing sporeforming ba
physically, there may be a period in which Step 1 a
are performed simultaneously (Embodiment2). Embod
divided as follows.

Embodiment 2-1: Step 1 is started first.

Embodiment2-2:SteplandStep2Aarestartedat
time.

Embodiment 2-3: Step 2A is started first.

Of Embodiments 2, Embodiment 2-1 is preferred from

viewpoint of further improvement in sporicidal effe
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Step 2A of Embodiment 2 is preferably a step of ki
bacteria by heat.
[0053][Embodimentl:anembodimentinwhichStep2
after the finish of Step 1]

Inthe presentinvention, Step 2 can be performed
the finish of Step 1. Here, Step 1 can be finished
completed promotion of the germination of spore for
bacteria. Even if Step 2 is either of Step 2A (phy
sterilization)andStep2B(chemicalsterilization)
conditions for Step 1 and Step 2 of this embodiment
previously described. Step 1 can be finished by br
pH to greater than 6 or by removing dipicolinic aci
embodiment thereof is as previously described.

Here,"toperformStep2afterthefinishofStep
toperformStep2atthefinishofStepl,andmean
to Step 2 preferably within 1 hour, more preferably
minutes, more preferably within 15 minutes, more pr
withinsminutes,morepreferablywithinlminute,
of Step 1 at the latest.

[0054] [Embodiment 2: an embodiment having a period
Step 1 and Step 2A are performed simultaneously]

Inthe presentinvention, therecanbeaperiodin
Step 1 and Step 2A are performed simultaneously.

The conditions of time and temperature where Step

Step 2A overlap each other during the period in whi
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and Step 2A are performed simultaneously are the sa
conditions of Step 2A previously described when Ste
step of killing bacteria by heat. When Step 2A is
performing physical sterilization other than heatin
condition of temperature at the time of performing
Step 2A simultaneously is the same as the condition
previously described.

Conditionsotherthanthetimeandthetemperature
the period in which Step 1 and Step 2A are performe
simultaneously, the conditions of, for example, dip
acid content and pH are the same as the conditions
previously described.

Preferableconditionsatthetimeofperformingon
1 other than the above are as previously described.
[0055] [Embodiment 2-1: an embodimentwhere Step 1
first]

Inthemethodforkillingsporesofthepresentin
having a period in which Step 1 and Step 2 are perf
simultaneously, Step 1 can be started first. That
sterilization of Step 2A can be started by applying
means at the middle of Step 1. For example, when S
astepofkillingsporeformingbacteriabyheatan
wherethestepofcontactingdipicolinicacidora
with the spore forming bacteria in Step 1 is perfor

solution, the solutioncanbe subjectedto Step2A
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the temperature of the solution can be transferred
temperature zone of Step 2A.
[0056]

As to the finish of the individual steps, any of t
followingisavailable:tofinish Step 1first, to
1 and Step 2A at the same time, and to finish Step
The methods of finishing Step 1 and Step 2A are as
described. When Step 2A s finished earlierthan S
time of Step 1 fromthefinish of Step 2Atothefi
1 is not included in the "sum total of the contact
mentioned in the present specification.
[0057]

In Embodiment 2-1, the time for which spore formin
bacteria is contacted with dipicolinic acid or a sa
in Step 1 before starting Step 2A is preferably, fr
viewpoint of further improvement in sporicidal effe
seconds or more, more preferably 1 minute or more,
preferably3minutesormore,morepreferably5min
more preferably 8 minutes or more, more preferably
or more, more preferably 15 minutes or more, more p
20minutesormore,andmorepreferably25minutes
fromthe viewpoint of economical efficiency, the co
is preferably 60 minutes or less, more preferably 5
or less, more preferably 40 minutes or less, more p

35 minutes or less, more preferably 30 minutes or |

25

to the

he
finish Step
2A first.
previously
tep 1, the
nish of Step

time" as

It thereof
om the
ct, 30
more
utesormore,
10 minutes
referably
ormore,and
ntacttime
0 minutes
referably

€SS, more



preferably 25 minutes or less, more preferably 20 m
less, more preferably 15 minutes or less, more pref
minutesorless. Fromtheviewpointoffurtherimp
sporicidal effect, the contact time is preferably 3

to 60 minutes, more preferably 1 minute to 60 minut
preferably 3 minutes to 60 minutes, more preferably
to 60 minutes, more preferably 5 minutes to 50 minu
preferably 5 minutes to 40 minutes, more preferably
to 40 minutes, more preferably 10 minutes to 40 min
preferablyl5minutesto40minutes,morepreferabl
to40minutes, more preferably 25 minutesto 40 min
the viewpoint of furtherimprovementin sporicidal

the viewpoint of economical efficiency, the contact
preferably 25 minutes to 35 minutes.

[0058]

In Embodiment 2-1, the sum total of the contact ti

spore forming bacteria and dipicolinic acid or a sa
in Step 1 is preferably, from the viewpoint of furt
improvement in sporicidal effect, 30 minutes or mor
preferably 35 minutes or more, more preferably 40 m

more, more preferably 45 minutes or more, more pref

minutes or more, more preferably 55 minutes or more

preferably 60 minutes or more, and from the viewpoi
economical efficiency, the sumtotal is preferably

or less, more preferably 80 minutes or less, more p
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70 minutes or less, more preferably 65 minutes or |
When Step 2Ais finished earlier than Step 1, the
fromthefinishofStep2AtothefinishofStepl
in the sum total of the contact time.
[0059]
Conditions of temperature, pH, etc. used during th
periodinwhichSteplorStep2isperformedalone
as the conditions inthe embodimentwhere Step 2 is
after the finish of Step 1.
[0060] [Embodiment 2-2: Step 1 and Step 2A are star
same time]
Inthemethodforkillingsporesofthepresentin
having a period in which Step 1 and Step 2A are per
simultaneously, Step 1 and Step 2A can be started a
time. That is, the contact of spore forming bacter
dipicolinic acid or asaltthereofata pH of 6 or
started concurrently with the application of physic
Whenusing heatas physicalmeans, thetemperature
caseofperformingSteplandStep2Asimultaneousl
as the temperature of the step of killing bacteria
Step 2A. That is, dipicolinic acid or a salt there
contacted with spore forming bacteria, from the beg
within atemperature range of the step of killing b
heat of Step 2A, under the condition of a pH of 6 0

[0061]
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As to the finish of the individual steps, any of t
followingisavailable:tofinish Step 1first, to
1 and Step 2A at the same time, and to finish Step
The methods of finishing Step 1 and Step 2A are as
described. When Step 2A isfinished earlierthan S
time of Step 1 fromthefinish of Step 2Atothefi
1 is not included in the "sum total of the contact
mentioned in the present specification.

[0062]

Conditions of temperature, pH, etc. used during th
period in which Step 1 or Step 2A is performed alon
same as the conditions in the embodiment where Step
performed after the finish of Step 1.

[0063] [Embodiment 2-3: Step 2A is started first]

Inthemethodforkillingsporesofthepresentin
having a period in which Step 1 and Step 2A are per
simultaneously,Step2Acanbestartedfirst. That
means of Step 2A is applied to spore forming bacter
and then the contact of the spore forming bacteria
dipicolinic acid or a salt thereof is started while
thephysicalmeans. Whenusingheatasthephysica
temperature of the spore forming bacteriais brough
temperature zone of Step 2A beforehand, and dipicol
orasaltthereofis contactedwiththe sporeformi

at a pH of 6 or less while keeping the temperature.
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[0064]

As to the finish of the individual steps, any of t
followingisavailable:tofinish Step 1first, to
1 and Step 2A at the same time, and to finish Step
The methods of finishing Step 1 and Step 2A are as
described. When Step 2A s finished earlierthan S
time of Step 1 fromthefinish of Step 2Atothefi
1 is not included in the "sum total of the contact
mentioned in the present specification.
[0065]

Conditions of temperature, pH, etc. used during th
period in which Step 1 or Step 2A is performed alon
same as the conditions in the embodiment where Step
performed after the finish of Step 1.
[0066] <Sporicidal Assistant Composition>

The sporicidal assistant composition of the presen
inventionisacompositionincludingdipicolinicac
thereof. The sporicidal assistantcomposition oft
invention is used for treatment performed for the p
germination. The sporicidal assistant composition
distinguished frombactericide compositions, which
normal temperature (20 °C to about 38
killing spores. In particular, there is referred t
composition capable of exerting a sporicidal effect

bactericidaleffectbykillingbacteriabyphysical
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means after Step 1 of the present invention or curr
Step 1. In the present invention, the sporicidal a
composition can be used in Step 1.

[0067]

The sporicidal assistant composition may be a liqu
composition or a solid composition.
[0068]

The liquid sporicidal assistant composition includ
dipicolinic acid or a salt thereof and a solvent.
[0069]

When the sporicidal assistant composition is a liq
the solvent contained may be water or a hydrophilic
Examples of the hydrophilic solvent include alcohol
ethanol, methanol,andisopropanol, polyhydricalco
asglycerol,ethyleneglycol,andpropyleneglycol,
such as methylcarbitoland ethylcarbitol. Fromthe
offurtherimprovementin sporicidal effectand the
of economical efficiency, the solvent is preferably
amixture of water and a hydrophilic solvent, more
water.

[0070]

Fromtheviewpointofconvenience,theliquidspor
assistantcompositionis preferably asolution ofd
acidorasaltthereof, more preferablyanaqueous

dipicolinic acid or a salt thereof.
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[0071]

Theliquid sporicidalassistantcompositioncanfu
include a pH adjuster. Examples of the pH adjuster
in the liquid sporicidal assistant composition incl
conventionalacidsandbases,forexample,inorgani
as hydrochloric acid and sulfuric acid, organic aci
lactic acids, citricacid, and salts thereof, inorg
such as sodium hydroxide and potassium hydroxide, a
basessuchastriisopropanolamine. AstothepHad
the viewpoint of versatility, inorganic acids such
hydrochloric acid and sulfuric acid are preferred a
and inorganic bases such as sodium hydroxide and po
hydroxide are preferred as a base.

[0072]

From the viewpoint of safety, the pH at 24
sporicidal assistant composition, preferably a solu
dipicolinicacid orasaltthereof, morepreferably
solution of dipicolinic acid or a salt thereof, is
1lormore, more preferably 1.2 ormore, and fromth
of further improvement in sporicidal effect in the
contacting spore forming bacteria with a solution o
dipicolinic acid or a salt thereof, the pH is prefe
less,morepreferably5orless,morepreferably4
preferably 3 or less, more preferably 2.5 or less,

preferably 1.8 or less. Totally considering the
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aforementioned points of view, the pH of the soluti
dipicolinic acid or a salt thereof at 24
6,morepreferablylto5 morepreferablylto4,

1to 3, more preferably 1to 2.5, more preferably 1
[0073]

The content of dipicolinic acid in a liquid sporic
assistantcomposition,preferablyinasolutionof
acidoorasaltthereof, more preferablyinanaqueo
of dipicolinic acid or a saltthereof is preferably
viewpointoffurtherimprovementinsporicidaleffe
or more, more preferably 0.5 mM or more, more prefe
or more, more preferably 5 mM or more, more prefera
more, and from the viewpoints of the stability of a
ofdipicolinicacidorasaltthereofandeconomica
the contentis preferably 30 mM or less, more prefe
or less, more preferably 20 mM or less, more prefer
or less, more preferably 12 mM or less. Totally co
the aforementioned points of view, the content ofd
acid in the solution of dipicolinic acid or a salt
preferably 0.05 to 30 mM, more preferably 0.5 to 30
preferably3to30mM,morepreferably3to25mM,

3 to 20 mM, more preferably 3 to 15 mM, more prefer
15 mM, more preferably 8 to 12.
[0074]

The sporicidal assistant composition of the presen

32

on of

°Cispreferably 1to

morepreferably

.2t01.8.

idal
dipicolinic
ussolution
, fromthe
ct,0.05mM
rably 3mM
bly8 mMor
solution
lefficiency,
rably25mM
ably 15mM
nsidering
ipicolinic
thereofis
mM, more
morepreferably

ably 5to



invention can be a composition including dipicolini
asaltthereofandapHadjuster,water,oranother
notcontaininganyoneofperaceticacid,sulfopero

acid and dicarboxylic acid diester. "Not containin
referred to herein means that the sporicidal assist
composition does not have sporicidal effects, and p
indicates 1000 ppm or less, more preferably 100 ppm
more preferably 10 ppmorless, more preferably 1 p
more preferably substantially O ppm. "Substantiall
being at or lower than the detection limit.

[0075]

The liquid sporicidal assistant composition of the
presentinventionispreferablyasolutionofdipic
or a salt thereof, more preferably an aqueous solut
dipicolinic acid ora saltthereof. The sporicidal
compositionofthiscase canbe preparedbymixing,
dissolving,powderydipicolinicacidorasaltther
or another solvent.

[0076]

Examples of the solid sporicidal assistant composi
include a composition containing dipicolinic acid o
thereof itself, or dipicolinic acid or a salt there
firming agent.

[0077]

The firming agent which the solid sporicidal assis
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compositioncontainsmaybe,butisnotlimitedto,
glycol having a number average molecular weight of
100,000; a wax, such as carnauba wax, candelilla wa
oil, ceraflava, and lanolin; a hydrocarbon having
carbon atoms, such as paraffin, vaseline, ceresin,
microcrystallinewax;ahigherfattyacidhaving12
atoms, such as lauric acid, myristic acid, and stea
orahigheralcoholhaving14to22carbonatoms,s
alcohol and stearyl alcohol.
[0078]

The solid sporicidal assistant composition can fur
include a pH adjuster. Examples of the pH adjuster
in the solid sporicidal assistant composition inclu
conventionalacidsandbases,forexample,inorgani
as hydrochloric acid and sulfuric acid, organic aci
lactic acids, citricacid, and salts thereof, inorg
suchas sodium hydroxide and potassium hydroxide, a
basessuchastriisopropanolamine. AstothepHad
the viewpoint of versatility, inorganic acids such
hydrochloric acid and sulfuric acid are preferred a
and inorganic bases such as sodium hydroxide and po
hydroxide are preferred as a base.
[0079]

The content of the dipicolinic acid in the solid

sporicidal assistant composition is preferably, fro
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viewpointoffurtherimprovementinsporicidal effe
massormore,morepreferablyl%bymassormore,m

5% by mass or more, more preferably 10% by mass or
preferably 20% by mass or more, more preferably 30%
more, more preferably 40% by massormore, more pre
bymassormore,andfromtheviewpointofeconomic
thecontentispreferably100%bymassorless, mor
90% by mass orless, more preferably 80% by mass or
preferably 70% by massorless, more preferably 60%
less, more preferably 50% by mass or less.

[0080]

Thecontentofthefirmingagentinthe solidspor
assistant composition is preferably, from the viewp
convenience, 0% by mass or more, more preferably 10
or more, more preferably 20% by mass or more, more
30% by mass or more, more preferably 40% by mass or
preferably50%bymassormore,andfromtheviewpo
improvement in sporicidal effect and from the viewp
economicalefficiency,thecontentispreferably99
or less, more preferably 99% by mass or less, more
95% by mass orless, more preferably 90% by mass or
preferably 80% by massorless, more preferably 70%
less, more preferably 60% by massorless, more pre
by mass or less.

[0081]

35

ct,0.1%by

orepreferably

more, more
by massor
ferably 50%
alefficiency,
epreferably
less, more

by massor

icidal
oint of
% by mass
preferably
more, more
intoffurther

oint of
.9%bymass
preferably
less, more
by massor

ferably 50%



Inuse in Step 1 of the method for killing spores

ofthe

presentinvention,thesporicidalassistantcomposi tionofthe
presentinvention is preferably used such that the pHat24 °C
of the solution containing the spore forming bacter iaandthe
sporicidal assistant composition is preferably, fro m the
viewpoint of safety, 1 or more, more preferably 1.2 or more,
and from the viewpoint of further improvement in sp oricidal
effect, the pH is preferably 5 or less, more prefer ably 4 or
less, more preferably 3 or less, more preferably 2. 5orless,
more preferably 1.8 or less. Totally considering t he
aforementioned points of view, in use in Step 1 of the method
for killing spores of the present invention, the sp oricidal
assistant composition of the presentinventionis p referably
used such that the pH at 24 °C of the solution containing the
sporeformingbacteriaandthesporicidalassistant composition
is preferably 1to 6, more preferably 1to 5, more preferably
1to4, more preferably 1to 3, more preferably 1t 02.5,more
preferably 1.2 to 1.8.

[0082]

Inuse in Step 1 of the method for killing spores ofthe
presentinvention,thesporicidalassistantcomposi tionofthe
presentinventionis preferably used such thatthe content of
dipicolinicacid inthe solution containing the spo re forming
bacteriaandthesporicidalassistantcompositioni spreferably,
fromtheviewpointoffurtherimprovementinsporic idaleffect,

36



0.05mMormore,morepreferably0.5mMormore,mo

3 mM or more, more preferably 4 mM or more, more pr

mM or more, and more preferably 8 mM or more, and f

viewpoints of the stability of a solution of dipico
or a salt thereof and economical efficiency, the co
preferably 30 mM or less, more preferably 25 mM or
preferably 20 mM or less, more preferably 15 mM or
preferablyl2mMorless,morepreferablylOmMor
consideringthe aforementioned points of view, the
assistant composition of the presentinventionis p
usedsuchthatthe contentofdipicolinicacidint
containing the spore forming bacteria and the spori
assistant composition is preferably 0.05 to 30 mM,
preferably 0.5 to 30 mM, more preferably 3 to 30 mM
preferably3to25mM,morepreferably3to20mM,
3 to 15 mM, more preferably 4 to 15 mM, more prefer
12,andmorepreferably8to10mM,inuseinStep
for killing spores of the present invention.
[0083]

Asthedipicolinicacid orasaltthereofofthe p
invention, either asynthesized product oraproduc
by use of a fermentation method using a method of e
thedipicolinicacidorasaltthereoffromamicro
be employed.

[0084]

37

repreferably
eferably 6
rom the
linicacid
ntent is
less, more
less, more
less. Totally
sporicidal
referably
he solution
cidal
more
, more
morepreferably
ably 6 to

lofthemethod

resent
tprepared
xtracting

organismcan



Regarding the embodiments described above, the pre

invention discloses the sporicidal method and the s
assistant composition described below.
[0085] <ltem 1>
AmethodforkillingsporesinwhichStep2define
is performed after the completion of Step 1 defined
Step 1:astepofcontacting spore formingbacteri
dipicolinic acid or a salt thereof under conditions
of 6 or less; and
Step 2: a step of killing the spore forming bacter
[0086] <ltem 2>
The method for killing spores set forth in <ltem 1
wherein the Step 2 is Step 2A defined below,
Step 2A: a step of killing the spore forming bacte
physically.
[0087] <ltem 3>
The method for killing spores set forth in <ltem 2
whereinthe Step2Aisastepofkillingsporeform
by heat, pressure, or electromagnetic waves.
[0088] <Item 4>
The method for killing spores set forth in <ltem 2
<ltem 3>, wherein the spore forming bacteria is kil
temperature of 50 °Cto 250 °C inthe Step 2A.
[0089] <Item 5>

Themethodforkillingsporessetforthinanyone

38

sent

poricidal

dbelow
below,
awith

withapH

ria

>

ingbacteria

>or

led at a

of<ltem



2> to <Item 4>, wherein the spore forming bacteria
inthe Step2Apreferablyatatemperatureof50
preferably 55 °C or more, more preferably 60
preferably 65 °C or more, more preferably 70
preferably 75 °C or more, and preferably 250
preferably 200 °C orless, more preferably 150
preferably 120 °C orless, more preferably 100
preferably 90 °C or less, more preferably 85
killed preferably at a temperature of 50
preferably 50 °Cto 200 °C, more preferably 50
preferably 50 °Cto 100 °C, more preferably 55
preferably 60 °Cto 100 °C, more preferably 65
preferably 70 °Cto 90 °C, more preferably 75
[0090] <Item 6>
Themethodforkillingsporessetforthinanyone
2>to <Iltem 5>, wherein the time of killing the spo
bacteriain the Step 2A is preferably 3 minutes or
preferably5minutesormore,morepreferably8min
more preferably 10 minutes or more, preferably 20 m
more, more preferably 25 minutes or more, and prefe
minutes or less, more preferably 70 minutes or less
preferably 50 minutes or less, more preferably 40 m
less, more preferably 35 minutes or less.
[0091] <Item 7>

Themethodforkillingsporessetforthinanyone
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1> to <Item 6>, wherein the Step 2 is Step 2B defin

Step 2B: a step of killing the spore forming bacte
chemically.
[0092] <Item 8>

The method for killing spores set forth in <ltem 7
wherein the Step 2B is a step of killing the spore
bacteria with a bactericide.
[0093] <Item 9>

The method for killing spores set forth in <ltem 8
wherein the bactericide is used in the form of a li
material.
[0094] <Item 10>

Themethodforkillingsporessetforthinanyone
8>to<Item 9>, whereinthe bactericideisone orm
selected from halides, alcohols, aldehydes, phenols
peroxides, or one or more species selected from hyp
acid or a salt thereof, chlorous acid and salts the
dichloroisocyanuric acid and salts thereof,
trichloroisocyanuricacidandsaltsthereof,chlori
povidone iodine, iodoform, ethanol, 1-propanol, iso
alcohol, methanol, formaldehyde, glutaraldehyde, li
cresol, xylenol, isopropylmethylphenol, triclosan,
acid, hydrogen peroxide, and ozone.
[0095] <Item 11>

Themethodforkillingsporessetforthinanyone
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8>to<Item10>,whereinthebactericideisanaque oussolution
ofoneormorespeciesselectedfromhypochlorousa cidorasalt
thereof, chlorousacidandsaltsthereof,dichloroi socyanuric
acid and salts thereof, trichloroisocyanuric acid a nd salts
thereof, and chlorine dioxide.
[0096] <ltem 12>

Themethodforkillingsporessetforthinanyone of<ltem
8>to<Item 11>, whereinthe effective chlorine con centration
ofthebactericideispreferablylOppmormore,mo repreferably
50 ppm or more, more preferably 80 ppm or more, and preferably
1000 ppm or less, more preferably 800 ppm or less, more
preferably 500 ppm or less, more preferably 300 ppm or less,
more preferably 150 ppm or less.
[0097] <ltem 13>

Themethodforkillingsporessetforthinanyone of<ltem
8>to <Item 12>, wherein the bactericide isinaga seous form
and is one or more species selected from ethylene o xide,
formaldehyde,hydrogenperoxide,ozone,andachlor inedioxide.
[0098] <Item 14>

Themethodforkillingsporessetforthinanyone of<ltem
8>to<Item 13>, whereinthe pHat24 °Catthetime ofthe step
of contacting in the Step 1 is preferably 1 or more , more
preferably 1.2 or more, and preferably 5 or less, m ore

preferably4orless,morepreferably3orless,mo

2.50rless, more preferably 1.8 or less, and prefe
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6,morepreferablylto5 morepreferablylto4,

1to 3, more preferably 1to 2.5, more preferably 1

[0099] <ltem 15>
Themethodforkillingsporessetforthinanyone

1>to<Item14>,whereinthesporeformingbacteria

withdipicolinicacidorasaltthereofinaliquid

1.

[0100] <ltem 16>
Themethodforkillingsporessetforthinanyone

1>to<Item15>,whereinthecontentofdipicolinic

liquid is 0.05 mM to 30 mM.

[0101] <Item 17>
Themethodforkillingsporessetforthinanyone

1>to<Item16>,whereinthecontentofdipicolinic

liquid is preferably 0.05 mM or more, more preferab

ormore, more preferably 3mM or more, more prefera

more,morepreferablyemMormore,morepreferably

and preferably 30 mM or less, more preferably 25 mM

more preferably 20 mM or less, more preferably 15m

more preferably 12 mM, more preferably 10 mM or les

preferably 0.05 to 30 mM, more preferably 0.5 to 30
preferably3to30mM,morepreferably3to25mM,

3 to 20 mM, more preferably 3 to 15 mM, more prefer
15mM, more preferably 6 to 12 mM, more preferably

[0102] <Item 18>
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Themethodforkillingsporessetforthinanyone of<ltem
1>to<ltem17>,whereintheSteplisperformedat atemperature

of 15 °C or more and less than 50 °C.

[0103] <Item 19>

Themethodforkillingsporessetforthinanyone of<ltem
1>to<ltem 18>, whereinthe Step 1is performed pr eferably at
a temperature of 15 °C or more, more preferably 20 °C or more,
and preferably less than 50 °C, more preferably 49 °C or less,
morepreferably45 °Corless,morepreferably40 °Corless,more

preferably 30 °C or less, and is performed preferably at a

temperatureof15 °Cormoreandlessthan50 °C,morepreferably
15°Cto49 °C,morepreferably1l5 °Cto40 °C,morepreferably1l5 °C
to 30 °C.

[0104] <Item 20>

Themethodforkillingsporessetforthinanyone of<ltem
1>to<Item 19>, whereinthe Step 1is performedfo ratime of
5 minutes to 60 minutes.

[0105] <Item 21>

Themethodforkillingsporessetforthinanyone of<ltem
1>to<Item20>,whereinthe Step lisperformedpr eferablyfor
atimeof30secondsormore, more preferably 1 min uteormore,
more preferably 3 minutes or more, more preferably 5 minutes
ormore, more preferably 8 minutes ormore, more pr eferably 10
minutes or more, more preferably 15 minute or more, more
preferably20minuteormore, morepreferably25mi nutesormore,
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and60minutesorless,morepreferably50minutes
preferably 40 minutes or less, more preferably 35 m
less, and is performed preferably for a time of 30
60 minutes, more preferably 1 minute to 60 minutes,
preferably 3 minutes to 60 minutes, more preferably
to 60 minutes, more preferably 5 minutes to 50 minu
preferably 5 minutes to 40 minutes, more preferably
to 40 minutes, more preferably 8 minutes to 35 minu
preferablylOminutesto35minutes,morepreferabl
to 35 minutes, more preferably 20 minutes to 35 min
preferably 25 minutes to 35 minutes.
[0106] <ltem 22>

A method for killing spores, the method havingap
in which Step 1 defined below and Step 2A defined b
performed simultaneously,

Step1:astepofcontacting sporeformingbacteri
dipicolinic acid or a salt thereof under conditions
of 6 or less; and

Step 2A: a step of killing the spore forming bacte
physically.
[0107] <Item 23>

The method for killing spores set forth in <ltem 2
whereinthe Step2Aisastepofkillingsporeform
by heat, pressure, or electromagnetic waves.

[0108] <Item 24>
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The method for killing spores set forth in <ltem 2
<ltem 23>, wherein the spore forming bacteria is ki
°C to 250

temperature of 50 °C in the Step 2A.

[0109] <Item 25>
Themethodforkillingsporessetforthinanyone

22>to<lItem 24>, whereinthe spore formingbacteri

inthe Step2Apreferablyatatemperatureof50

preferably 55 °C or more, more preferably 60
preferably 65 °C or more, more preferably 70
preferably 75 °C or more, and preferably 250
preferably 200 °C orless, more preferably 150
preferably 120 °C orless, more preferably 100
preferably 90 °C or less, more preferably 85

killed preferably at a temperature of 50

preferably 50 °Cto 200 °C, more preferably 50
preferably 50 °Cto 100 °C, more preferably 55
preferably 60 °Cto 100 °C, more preferably 65
preferably 70 °Cto 90 °C, more preferably 75

[0110] <Item 26>

Themethodforkillingsporessetforthinanyone
22>to<Item25>,whereinthetimeofkillingthes
bacteria at a temperature of 50 °C to 250
3 minutes to 90 minutes.

[0111] <Item 27>

Themethodforkillingsporessetforthinanyone
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22>to<ltem26>,whereinthetime ofkillingthes

poreforming

bacteriain the Step 2A is preferably 3 minutes or more, more
preferably5minutesormore,morepreferably8min utesormore,
more preferably 10 minutes or more, preferably 20 m inutes or
more, more preferably 25 minutes or more, and prefe rably 90
minutes or less, more preferably 70 minutes or less , more
preferably 50 minutes or less, more preferably 40 m inutes or
less, more preferably 35 minutes or less.
[0112] <Item 28>

Themethodforkillingsporessetforthinanyone of<ltem
22> to <ltem 27>, wherein the spore forming bacteri ais
contacted with dipicolinic acid or a salt thereofi naliquid
in the Step 1.
[0113] <ltem 29>

Themethodforkillingsporessetforthinanyone of<ltem
22>to<Item28>,whereinthepHat24 °Catthetimeofthecontact
of the Step 1is preferably 1 or more, more prefera bly 1.2 or
more,andpreferably5orless, morepreferably4o rless,more
preferably 3 or less, more preferably 2.5 or less, more
preferably1.8orless,and preferably 1to6, more preferably
1to 5, more preferably 1 to 4, more preferably 1t 0 3, more
preferably 1 to 2.5, more preferably 1.2 to 1.8.
[0114] <ltem 30>

Themethodforkillingsporessetforthinanyone of<ltem
22>to<Item29>,whereintheconcentrationofdipi colinicacid
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in the liquid is 0.05 mM to 30 mM.
[0115] <Item 31>
Themethodforkillingsporessetforthinanyone
22> to <Item 30>, wherein the content of dipicolini
the liquid is preferably 0.05 mM or more, more pref
mM or more, more preferably 3 mM or more, more pref
or more, more preferably 6 mM or more, more prefera
more, and preferably 30 mM or less, more preferably
less, more preferably 20 mM or less, more preferabl
less,morepreferably12mM, morepreferablyl0mM
preferably 0.05 to 30 mM, more preferably 0.5 to 30
preferably3to30mM,morepreferably3to25mM,
3 to 20 mM, more preferably 3 to 15 mM, more prefer
15mM, more preferably 6 to 12 mM, more preferably
[0116] <ltem 32>
Themethodforkillingsporessetforthinanyone
22>to<Item31>,whereinthemethodhasaperiodo
the Step 1 at atemperature of 15
before the commencement of the Step 2A.
[0117] <ltem 33>
Themethodforkillingsporessetforthinanyone
22> to <Item 32>, wherein the Step 1 is performed b
commencementofthe Step2Apreferablyatatempera
ormore, morepreferably20

50°C,morepreferably49

a7

°Corless,morepreferably45

of<ltem
cacidin
erably 0.5
erably4 mM
bly8 mMor
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more preferably 40 °Corless, more preferably 30 °Corless,and

Is performed preferably at a temperature of 15 °C or more and
less than 50 °C, more preferably 15 °Cto49 °C, more preferably
15°Cto 40 °C, more preferably 15 °Cto 30 °C.

[0118] <Item 34>

Themethodforkillingsporessetforthinanyone of<ltem
22>to<ltem33>,whereinthemethodhasaperiodo fperforming
the Step 1 for a time of 30 seconds to 60 minutes b efore the

commencement of the Step 2A.

[0119] <Item 35>

Themethodforkillingsporessetforthinanyone of<ltem
22> to <Item 34>, wherein the Step 1 is performed b efore the
commencementofthe Step 2A preferablyfor30secon dsormore,
more preferably 1 minute ormore, more preferably 3 minutesor
more, more preferably 5 minutes or more, more prefe rably 8
minutes or more, more preferably 10 minutes or more , more
preferably 15 minutes or more, more preferably 20 m inutes or
more, more preferably 25 minutes or more, and prefe rably 60
minutes or less, more preferably 50 minutes or less , more
preferably 40 minutes or less, more preferably 35 m inutes or
less, and is performed preferably for a time of 30 secondsto
60 minutes, more preferably 1 minute to 60 minutes, more
preferably 3 minutes to 60 minutes, more preferably 5 minutes
to 60 minutes, more preferably 5 minutes to 50 minu tes, more
preferably 5 minutes to 40 minutes, more preferably 8 minutes
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to 40 minutes, more preferably 10 minutesto 40 min utes, more
preferablyl5minutesto40minutes,morepreferabl y20minutes
to 40 minutes, more preferably 25 minutes to 40 min utes, more
preferably 25 minutes to 35 minutes.
[0120] <Item 36>

Themethodforkillingsporessetforthinanyone of<ltem
22> to <Item 35>, wherein the Step 1 is performed f oratime
of 30 minutes to 90 minutes in total.

[0121] <Item 37>

Themethodforkillingsporessetforthinanyone of<ltem
22> to <Item 36>, wherein the Step 1 is performed p referably
for30minutesormore,morepreferably40minutes ormore,more
preferably 45 minutes or more, more preferably 50 m inutes or
more,preferably55minutesormore,morepreferabl y60minutes
ormore, and preferably 90 minutesorless, more pr eferably 80
minutes or less, more preferably 70 minutes or less , more

preferably 65 minutes or less, in total.
[0122] <Item 38>

Asporicidalassistantcompositionincludingdipic olinic
acid or a salt thereof and having a pH of 6 or less

[0123] <Item 39>

The sporicidal assistantcomposition setforthin <ltem
38>, wherein the pH thereof at 24 °C is preferably 1 or more,
more preferably 1.2 ormore, and preferablyis5or less, more
preferably4orless,morepreferably3orless,mo repreferably
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2.5 or less, more preferably 1.8 or less.
[0124] <Item 40>
The sporicidal assistantcomposition setforthin
38>o0r<Item39>,whichisaliquidcompositioncon
mM to 30 mM of dipicolinic acid.
[0125] <ltem 41>
Thesporicidalassistantcompositionsetforthin
of <Item 38> to <ltem 40>, wherein the content ofd
acid is preferably 0.05 mM or more, more preferably
more,morepreferably3mMormore,morepreferably
morepreferably8mMormore,andpreferably30mM
preferably 25 mM or less, more preferably 20 mM or
preferably 15 mM or less, more preferably 12 mM or
preferably 0.05 to 30 mM, more preferably 0.5 to 30
preferably3to30mM,morepreferably3to25mM,
3 to 20 mM, more preferably 3 to 15 mM, more prefer
15 mM, more preferably 8 to 12 mM.
[0126] <ltem 42>
Thesporicidalassistantcompositionsetforthin
of <Iltem 38> to <ltem 41>, which is a liquid compos
including dipicolinic acid or a saltthereofand a
a liquid composition including dipicolinic acid or
thereof, a pH adjuster, and a solvent.
[0127] <Item 43>

Thesporicidalassistantcompositionsetforthin
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of <ltem 38> to <ltem 42>, wherein the solventis p referably
water or a mixture of water and a hydrophilic solve nt, more
preferably is water.

[0128] <Item 44>

Thesporicidalassistantcompositionsetforthin anyone
of<ltem38>to<Iltem43>,whereinthepHadjuster ispreferably
selected from inorganic salts such as hydrochloric acid and
sulfuricacidandorganicacidssuchaslacticacid ,Citricacid
orsaltsthereof,preferablyfrominorganicbasess uchassodium
hydroxide and potassium hydroxide and organic bases such as

triisopropanolamine.

[0129] <Item 45>

Thesporicidalassistantcompositionsetforthin anyone
of <ltem 38> to <Item 44>, which includes dipicolin icacidor
asaltthereof, a pH adjuster, water, or another so Ivent, and
wherein the content of peracetic acid, sulfoperoxyc arboxylic
acid and dicarboxylic acid diester is preferably 10 00 ppm or
less, more preferably 100 ppm or less, more prefera bly 10 ppm
or less, more preferably 1 ppm or less, more prefer ably

substantially 0 ppm.
[0130] <ltem 46>

Use of a sporicidal assistant composition includin g
dipicolinicacidorasaltthereofandhavingapH of6orless,

as a sporicidal assistant.
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EXAMPLES

[0131]

Test 1: Examples 1-1 to 1-4 and Comparative Example
Sporicidal Test

With the use of a 10 mM aqueous solution of dipico
acid (henceforth, DPA solution) adjusted to pH give
1 and B. cereus NBRC 13494 strain as a strain to be
testwas performedinaccordance with the following
toevaluateasporicidaleffect. Theresultsofth
aregiveninTablel. Inallthefollowingtests,
bacteria was used for tests after confirming that 9
thereof had formed spores by microscopic observatio

InStepl-1,Stepl-2andStep2A-1describedbelo
forming bacteria was contacted with dipicolinic aci
(henceforth DPA) under conditions with a pH of 6 or
therefore thestepsareincludedinStepl. Step
in Step 2. Thistestcorresponds to Embodiment 2-1
in paragraph 0052.

[0132]

Aqueous solution of dipicolinic acid: The dipicoli
acid used was a reagent (produced by Wako Pure Chem
Industries, Ltd., production code 165-05342), the w
was ion-exchanged water, and the pH adjuster used w
hydrochloricacidorsodiumhydroxide. Theprepara

agueoussolutionofdipicolinicacidwasperformed
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pHadjusterwasdroppedintotheaqueoussolutiono

fdipicolinic

acid while measuring the pH of the aqueous solution of
dipicolinic acid with a benchtop pH meter Model 961 1
(manufacturedbyHORIBA,Ltd.),therebyadjustingt hepHofthe
aqueous solution of dipicolinic acid. In Examples, anypHis
apHat24 °C unless otherwise stated.

[0133]

- Procedure -

(1) Step 1-1: A test liquid was prepared by mixing 100 pL of
anaqueousdispersionwithacontentofsporeformi ngbacteria
having spores (B. cereus NBRC 13494 strain) of 10 8 CFU/mL
(henceforth,sporesolution)and900 pLofalOmMDPASsolution

with a pH given in the table.

(2)Step1-2:Thetestliquidoftheabove(1)was lefttostand

at 24 °C for 30 minutes.

(3) Step 2A: The test liquid was heat treated at 80 °C for 30
minutes after the above (2). An aluminum block the rmostatic
bath MD-01N-110 available from Major Science was us edforthe
heating step.

(4) The test liquid heat treated in (3) was diluted stepwise
withsterilizedwater,andindividualdilutedliqui ds(100 L)
were smeared to an LB agar medium (produced by BD) and then
cultivated at 30 °C for 16 hours.

(5) After the cultivation of (4), the number of sur viving
bacteria, X (CFU/mL)wasdetermined onthe basis of thenumber
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of grown colonies.

(6) The sporicidal effect was evaluated on the basi
sporicidal effect index calculated according to the
given below.

A larger sporicidal effect index indicates higher
sporicidal effect.

[0134]

(Sporicidal effect index) = Log10[(the number of
surviving bacteria of control)/(the number of survi
bacteria X)]

[0135]

The number of surviving bacteria (CFU/mL) of contr
the number of surviving bacteria determined by perf
above (1) to (6) using sterilized water with indivi
adjusted pH instead of the DPA solution. In the ta
number of surviving bacteria X and the number of su
bacteriaofcontrolare expressedbyalogarithmta
asthebase. Sincethenumberofsurvivingbacteri
1-1waslessthanthedetectionlimit,calculation
withthe number of surviving bacteria Xassumed as
convenience.

[0136]

As shown in Table 1, comparison of Examples 1-1 to

withComparativeExamplel-1revealsthatthemetho

sporesofthepresentinventionissuperiorinspor
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and bactericidal effect.

55



"I se X eus 19eq BUIAIAINS JO Jaquinu ay Buiye) Aq pate[naes «
00 680 v'e 961 +8T'9 xapul 108)8 [eprouods
N : . : : (Mwynyo]otboT)
wp ¢S LE'6 989 81's [043U09 JO el19eq BUIAIAINS JO JaqUINN insay
. : . : N (Mwynyp]otboT)
LE'6 €98 9%6's 061 uonoaleq X ‘el1919eq BUIAIAINS JO JaquINN
L9 8V g€ N uonn|os vda jo Hd
1 T T 1 1
so|dwex3 sorduex
anneredwo) ! 3
[T siqeL]

[2£T0]

56


ip-temp
Rectangle

Administrator
Typewritten Text
56


[0138]

Test 2: Examples 2-1 to 2-3:

A sporicidal effect was evaluated by performing a test
under the same conditions as Example 1-2 except hav inguseda
DPA solution with a concentration givenin Table 2 instead of
the 10 mM aqueous solution of dipicolinic acid. Th e results

of the evaluation are given in Table 2.

[0139]
[Table 2]
Example | Example | Example | Example
2-1 2-2 2-3 1-2
DPA concentration [mM] o.L 1 5 10
Number of surviving
bacteria, X (Log10[cfu/mL]) 6.19 545 p-00 1,90
Numberofsurvivingbacteria
Result 5
esu of control (Log10[cfu/mL]) 6.57 6.57 p-66 6.6
Sporicidal effect index 0.38 1.12 3.66 4.96
[0140]

Test 3: Example 3-1:

Asporicidaleffectwasevaluatedbyperformingth esame
testas Example 1-2 except having changed the resti ng time of
Step 1-2 to the time given in Table 3. The results of the
evaluationareshowninTable3. Thattheresting timeofStep
1-2wasOmeansthatStepsland2werestartedat thesametime.

[0141]
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[Table 3]

Examples
3-1 1-2
Still standing time _of Step 1-2 0 30

[minute]
Number of surviving
bacteria, X (Log10[cfu/mL]) 3.71 1.90
Numberofsurvivingbacteri a
Result of control (Log10[cfu/mL]) 6.47 6.86
Sporicidal effect index 2.76 4.96
[0142]

Test 4: Examples 4-1 to 4-3:

Asporicidal effectwasevaluatedbyperformingth esame
test as Example 1-2 except having changed the tempe rature of
the heating treatment of Step 2A to the heating tem perature
givenin Table 4. The results of the evaluation ar egivenin
Table 4.

[0143]
[Table 4]
Examples
4-1 4-2 1-2 4-3
Heating temperature [ °C] 50 60 80 100
N“mbe;o‘zsl_‘ég’il‘g’[]cgfg/a;tl_e];ia' 6.30 | 4.00 1.90 b6
Rl | Noe G e
Sporicidal effect index 0.22 2.34 4.96 0.74
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[0144]

In Example 4-3, since the sporicidal effect was
relatively high even in the control, the value of t
bactericidal effect index was small.

[0145]
Test 5: Examples 5-1 to 5-2:

Asporicidaleffectwasevaluatedbyperformingth

he

esame

testasExamplel-2excepthavingchangedthetime oftheheating

treatmentof Step2Atothe heatingtimegiveninT
results of the evaluation are shown in Table 5.
[0146]

[Table 5]

able5. The

Examples

5-1 5-2 1-2

Heating time [minute] 5 10 30

Number of surviving

bacteria, X (Log10[cfu/mL]) 6.63 4.62 1.90

Numberofsurvivingbacteria

Result of control (Log10[cfu/mL])

7.58 6.02 .86

Sporicidal effect index 0.95 1.40 4.96

[0147]

Test 6: Comparative Examples 6-1 to 6-4:
Asporicidaleffectwasevaluatedbyperformingth

test as Test 1 using the aqueous solutions given in

Specifically, asporicidal effectwas evaluated by
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a test using agents with the concentrations given i
insteadofDPA. Theresultsoftheevaluationare

6. Thewaterusedwasion-exchangedwaterandthe
used was hydrochloric acid or sodium hydroxide. Th
given in Table 6 are as follows.

[0148]

*DPA-Ca:preparedusingdipicolinicacidCasalt,

by Wako Pure Chemical Industries, Ltd., production
165-05342), and calcium chloride (produced by Wako
Chemical Industries, Ltd., production code 039-0047
e L-alanine: produced by Wako Pure Chemical Industr
production code 010-01042

* Inosine: produced by Wako Pure Chemical Industrie

production code 095-00233
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[0150]

AsshowninTable6,Examplesl-2and1-4exhibit
sporicidal effects as compared with Comparative Exa
to6-4. Thatis,themethodforkillingbacteriao
invention using a DPA solution with a pH of 6 or le
superior sporicidal effect as compared with the cas
usual DPA-Ca in a usual pH or the case of using L-a
L-alanine in combination with inosine.

[0151]
Test 7: Examples 7-1, 7-2:
Sporicidal Test

With the use of a 10 mM aqueous solution of dipico
acid (henceforth, DPA solution) the pH of which had
adjustedto2.2andB.cereusNBRC 13494 strainas
betested,asporicidaltestwasperformedusingth
procedure and asporicidal effectwas evaluated. T
of the evaluation are given in Table 7.

[0152]

In Step 1-1 and Step 1-2 described below, spore fo
bacteriawas contacted with dipicolinicacid (hence
underconditionswithapHof6orlessand,theref
are includedin Step 1. Step 2B isincluded in Ste
testcorresponds to Embodiment 1 described in parag
[0153]

- Procedure -

62

superior
mples 6-1
fthepresent
ss has a
e of using

lanine or

linic
been
astrainto
efollowing

heresults

rming
forthDPA)
ore,thesteps
p 2. This

raph 0052.



(1) Step 1-1: A test liquid was prepared by mixing 100 pL of
anaqueousdispersionwithacontentofsporeformi ngbacteria
having spores (B. cereus NBRC 13494 strain) of 10 8 CFU/mL
(henceforth, sporesolution)and900 pLofalOmMDPASsolution

with a pH of 2.2.

(2)Step1-2:Thetestliquidoftheabove(1)was lefttostand

at 24 °C for the time given in Table 7.

(3) Step 1-3: The test liquid of Step 1-2 was subje cted to
centrifugal separation with a centrifuge (Table Top Micro
Refrigerated Centrifuge 3500, manufactured by KUBOT A
Corporation)at12krpmfor10minutes,andthesup ernatantwas
removed.

(4) Step 2B: After Step 1-3, the supernatantwas re moved, and
immediately thereafter, 1 mL of an aqueous solution of sodium
hypochlorite with a concentration givenin Table 7 was added,
followed by being left to stand at 24 °C for 10 minutes.

(5) Thetestliquid of Step 2B was diluted tentime sbyadding
4.5mLofanLP solution containing 0.1% sodiumthi osulfateto
0.5mLofthetestliquidofStep2B,andtheresul tantwasleft

to stand for 10 minutes, and thus the bactericidal action of
sodium hypochlorite was stopped.

(6) Thetestliquidof(5)wasdilutedstepwisewit hsterilized
water,andindividualdilutedliquids (100 puL)weresmearedto

an LB agarmedium (produced by BD) and then cultiva tedat30 °C

for 16 hours.
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(7) After the cultivation of (6), the number of sur
bacteria, X (CFU/mL)was determined onthe basis of
of grown colonies.

(8) The sporicidal effect was evaluated on the basi
sporicidal effect index calculated according to the
given below.

A larger sporicidal effect index indicates higher
sporicidal effect.

[0154]

(Sporicidal effect index) = Log10[(the number of
surviving bacteria of control)/(the number of survi
bacteria X)]

[0155]

The number of surviving bacteria (CFU/mL) of contr
the number of surviving bacteria determined by perf
above(1)to(8)usingsterilizedwateradjustedto
instead of the DPA solution. In the table, the num
surviving bacteria X and the number of surviving ba
controlareexpressedbyalogarithmtakenwith 10
[0156]

The agents used in Test 7 are as follows.

« Sodium hypochlorite: produced by Nankai Chemical
*LP solution containing 0.1% sodium thiosulfate: p
accordance with a manual of an LP diluent"DAIGO" u

diluent"DAIGO"producedbyWakoPureChemicallndu
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and sodium thiosulfate produced by Wako Pure Chemic al
Industries, Ltd.
[0157]
[Table 7]
Examples
7-1 7-2
Step 1-2 DPA contact time [minute] 1 30
Sodium hypochlorite Effective
Step 2B chlorine concentration [ppm] 100 100
Number of surviving bacteria,
X (Log10[cfu/mL]) 4.3 2.0
Number of surviving bacteria
Result of control (Log10[cfu/mL]) 8.0 8.0
Sporicidal effect index 3.7 6.0
[0158]
Usually, an effective chlorine concentrationashi ghas
about 1000 ppmisrequiredforkilling spores, but asshownin
Table7,ithasbeenrevealedthatthe sporicidale ffectindex

washigheveninthecaseofusingalowerconcentr

hypochlorite and a superior sporicidal effect and a

bactericidaleffectwereachievedbyperformingSte

a low concentration of sodium hypochlorite.

[0159]

<Check of Germination>

In the present description, "germination” can be
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confirmed, for example, by checking the darkening o
The method for the confirmation may be to check the
of darkened spores after Step 1 and Step 2. That i
presence of darkening is checked with a phase contr
microscope. Where spores have notgerminated, spor
whitewilldarkenongermination,anddarkenedspor
to have germinated.
[0160]

The method for killing spores of the present inven
can be used for a wide variety of applications, suc
washing, prevention of food decomposition, and envi

purification.
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CLAIMS

1. Amethod for killing spores in which Step 2 de
belowisperformedafterthecompletionofStepld

Step 1:astepofcontacting spore formingbacteri
dipicolinic acid or a salt thereof under conditions
of 6 or less; and

Step 2: a step of killing the spore forming bacter

2. The method for killing spores according to cla
wherein the Step 2 is Step 2A defined below,
Step 2A: a step of killing the spore forming bacte

physically.

3. The method for killing spores according to clai
wherein the Step 2 is Step 2B defined below,
Step 2B: a step of killing the spore forming bacte

chemically.

4. The method for killing spores according to cla

whereinthe Step 2Ais a step of killing the bacter

5. The method for killing spores according to cla
wherein the Step 2B is a step of killing the spore

bacteria with a bactericide.
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6. The method for killing spores according to any
ofclaimslto5,whereinthesporeformingbacteri
withdipicolinicacidorasaltthereofinaliquid

1.

7. The method for killing spores according to cla
wherein the content of dipicolinic acid in the liqu

mM to 30 mM.

8. The method for killing spores according to any
ofclaimslto7,whereintheSteplisperformeda

of 15 °C or more and less than 50 °C.

9. The method for killing spores according to any
of claims 1 to 8, wherein the Step 1 is performed f

of 5 minutes to 60 minutes.

10. A method for killing spores, the method havin
period inwhich Step 1 defined below and Step 2Ade
are performed simultaneously,

Step 1:astepofcontacting spore formingbacteri
dipicolinic acid or a salt thereof under conditions
of 6 or less; and

Step 2A: a step of killing the spore forming bacte
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physically.

11. Themethodforkillingsporesaccordingtocl

whereinthe Step 2A is astep of killing the bacter

12. Themethodforkillingsporesaccordingtocl
or 11, wherein the spore forming bacteria is killed

temperature of 50 °Cto 250 °C inthe Step 2A.

13. Themethodforkillingsporesaccordingtocl

wherein the time of killing the spore forming bacte

aim10,

iaby heat.

aim10

ata

aiml2,

ria at a

temperature of 50 °Cto 250 °Cinthe Step 2Ais 3 minutesto 90

minutes.

14. The method for killing spores according to an
of claims 10 to 13, wherein the spore forming bacte
contacted with dipicolinic acid or a salt thereofi

in the Step 1.

15. Themethodforkillingsporesaccordingtocl
wherein the content of dipicolinic acid in the liqu

mM to 30 mM.

16. The method for killing spores according to an

of claims 10to 15, wherein method has a period of
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the Step 1 at atemperature of 15 °C ormore and less than 50 °C

before the commencement of the Step 2A.

17. The method for killing spores according to an yone
of claims 10to 16, whereinthe Step 1is performed foratime
of30secondsto60minutesbeforethecommencement ofthe Step
2A.

18. The method for killing spores according to an yone
ofclaims 10to 17, whereinthe Step 1is performed foratime

of 30 minutes to 90 minutes in total.

19. A sporicidal assistant composition comprising

dipicolinic acid and having a pH of 6 or less.

20. The sporicidal assistant composition accordin gto

claim19,whichisaliquidcompositioncontaining dipicolinic

acid in an amount of 0.05 mM to 30 mM.
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