Description

Title of Invention: Sterilization Method

Technical Field

[0001] The present invention relates to a
sterilization method. More specifically, the present
invention relates to a method for sterilizing an object to
be sterilized which contains bacterial spores and the like
having high heat resistance.

Background Art

[0002] As a sterilization method in food industries,
an effect of killing microorganisms caused by heating
(thermal action) is utilized in most cases. Since the
bacteria that form spores are hard-to-kill as compared to
ordinary microorganisms, heating (sterilization) conditions
are necessarily made severer by raising a sterilization
temperature as in a UHT treatment (heat treatment at 120°C
to 150°C for 1 to 3 seconds) and a HTST treatment (at 72°C
to 75°C for 15 seconds or more) or extending a heating and
retention time as in an LTLT treatment (heat treatment at
63°C to 65°C for 30 minutes).

[0002] However, the severer heating conditions
described above entail problems of deteriorations of useful
nutritious ingredients (proteins, vitamins, etc.),
promotion of generation of components which are the causes

of deteriorations of flavor and quality (heating odor such



as furosine, etc.), and so forth. Under the circumstances,
there has been a demand for development of a method for
effectively sterilizing especially the bacteria which form
spores among bacterial microorganisms and the bacterial

spores by employing milder heating conditions

T

(sterilization temperature and heating and retention time) .

[0004] For instance, JP 06-303899 A (Patent
Literature 1) discloses a method for sterilizing liquid
products, characterized by: preliminarily heating a liquid
product obtained by using milk or the like as a raw
material to a temperature of 90°C to 125°C by indirect
heating; performing heating to 140°C to 150°C by spraying
steam directly to the product; cooling a temperature of the
product to 90°C to 120°C by an indirect cooling step, and
cooling to 70°C to 85°C by flash cooling. Since the direct
UHT treatment by steam, the rapid indirect cooling, and the
flash cooling are performed in this order in the method,
the method is capable of suppressing quality deterioration
as compared tc conventional methods of starting the flash
cooling from the high temperature of 140°C to 150°C.

[0005] JP 2003-125701 A (Patent Literature 2)
discloses a method for sterilizing a fermented milk raw
material, characterized by: performing a first heat
treatment of heating to a predetermined temperature of 90°C
or more and 100°C or less and retaining the temperature for
5 minutes or more; and performing a second heat treatment

of heating to a predetermined temperature of 110°C or more



and 115°C or less and retaining the temperature for 2
seconds or more and 15 seconds or less, followed by
cooling. Since the first heat treatment is performed at
90°C or more and 100°C or less, it is possible to perform
the sterilization of spore-forming bacteria at the
temperature lower than the heating temperature of the UHT
treatment. Therefore, the method is capable of realizing
commercialization of fermented milk having favorable flavor
attained by long-term fermentation and, in short time
fermentation and production of liquid fermented milk and
the like, of preventing unfavorable flavor with an
alleviated work load of method control of the fermented
milk raw material.

[0006] JP 05-227925 A (Patent Literature 3) discloses
a method for sterilizing bacterial endospores including
performing an germination activation treatment by heating
bacterial endospores which are an object to be sterilized
at 60°C to 100°C and subsequently performing a high
pressure treatment at 100 to 1000 MPa and at a room
temperature to 100°C for several hours or less. With the
method, the sterilization at milder conditions of the
shorter treatment time and the lower pressure is enabled as
compared to sterilization achieved solely by a high
pressure treatment. Alsco, the publication discloses the
sterilization of the bacterial endospores which can be
problematic in terms of hygiene and gquality control in

foods, drugs, and the like by performing heat treatment at



100°C or less.

[0007] JP 2003-235528 A (Patent Literature 4)
discloses a method for sterilizing foods, characterized by
reducing resistance of bacterial spores through a treatment
of foods with high pressure carbon dioxide and then
sterilization is performed at 100°C or less with the
method, the bacterial spores in the foods are killed while
minimizing gquality deterioration of foods caused by
heating.

Citation List
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Summary of Invention

Technical Problem

[000%8] However, it cannot be said that the heating
conditions during the sterilization are satisfactorily
alleviated in the method disclosed in Patent Literature 1
since the endospore-forming bacteria are sterilized by the
UHT treatment including direct heating. Further, a
generation/increase rate of the flavor/quality-
deteriocrating component such as furosine is increased in

proportion to a heating temperature. Therefore, the method



disclosed in Patent Literature 2 in which the temperature
in the second heat treatment is relatively high the
flavor/quality-deteriorating component tends to be
increased.

[0010] It is assumed that an amount of the
flavor/quality-deteriorating component to be generated is
suppressed in the method disclosed in Patent Literature 3
or Patent Literature 4 since the heating is performed at
100°C or less, but the method requires a pressurizing
device for retaining the sterilization object under the
high pressure. Therefore, not only the facility investment
for the pressurizing device, but also a complicated control
requiring a third factor of pressure control in addition to
the two factors of temperate and time is necessitated.
Further, since the high pressure treatment makes it
difficult to adopt a continuous method, work efficiency is
deteriorated.

[0011] An object of the present invention is to
provide an effective bacterial spore sterilization method
capable of attaining an effect of effectively sterilizing
bacteria which form spores having high heat resistance
under milder heating conditions than the UHT treatment and
the LTLT treatment which are standard sterilization methods
and of suppressing degeneration of various useful
nutritious ingredients (proteins, vitamins, etc.) and
generation/increase of components which are the causes of

deteriorations of flavor and quality (heating odor of



furosine, etc.) caused by excessgive heating (superheating)
or the like. Particularly, the object is to provide a
sterilization method which is controlled with two factors
of a temperature and a time as in the UHT treatment and the
LTLT treatment which are the standard sterilization
methods.
Sclution to Problem

[0012] The inventors conducted researches on a
sterilization method capable of attaining a favorable
effect on bacteria which form spores under mild conditions
to find that the bacterial spores are effectively
sterilized under milder conditions (sterilization
temperature and heating and retention time) than standard
sterilization methods, i.e. with a milder thermal history
than the standard sterilization methods, by performing a
stepwise heat (sterilization) treatment by changing heating
conditions, in which heat resistance (heat stability) of
the bacterial spores is reduced, and then a heat treatment
at a temperature lower than that set for the heat
resistance reduction is performed.

[0013] Specifically, the invention set forth in claim
1 according to the present invention is a sterilization
method characterized by comprising performing a first heat
treatment step on an object to be sterilized and then
performing a second heat treatment step which is performed
at a temperature lower than that of the first heat

treatment step.



[0014] The invention set forth in claim 2 is the
sterilization method according to claim 1, characterized by
comprising a preheating step before the first heat
treatment step.

[0015] The invention set forth in claim 3 is the
sterilization method according to claim 1 or 2,
characterized by comprising a cooling step after the first
heat treatment.

[0016] The invention set forth in claim 4 ig the
sterilization method according to any one of claims 1 to 3,
characterized in that the cooling step after the first heat
treatment step is performed at a temperature lower than the
heat treatment temperature of the second heat treatment
step.

[0017] The invention set forth in claim 5 is the
sterilization method according to any one of claims 1 to 4,
characterized in that the first heat treatment step is
performed under heating conditions which are not capable of
completely inactivating spore-forming bacteria and
bacterial spores in the sterilization object solely by the
first heat treatment step.

[0018] The invention set forth in claim 6 is the
sterilization method according to any one of claims 1 to 4,
characterized in that the first heat treatment step is
performed under heating conditions which are capable of
completely inactivating spore-forming bacteria and

bacterial spores in the sterilization object solely by the



first heat treatment step.

[0019] The invention set forth in claim 7 is the
sterilization method according to any one of claims 1 to 6,
wherein the first heat treatment step is the step in which
a temperature of the sterilization object is retained at
100°C to 180°C, and a retention time at the temperature is
1 second or more and 60 seconds or less.

[0020] The invention set forth in claim 8 is the
sterilization method according to any one of claims 1 to 7,
wherein the first heat treatment step is the step in which
a temperature of the sterilization object is retained at
100°C to 180°C, and a retention time at the temperature is
1 second or more and 60 seconds or legs, and the second
heat treatment step 1is the step in which the temperature of
the sterilization object is retained at 40°C to 100°C, and
a retention time at the temperature ig 5 seconds oOr more
and 60 minutes or less.

Advantageous Effects of Invention

[0021] Since the present invention combines the first
heat treatment step and the second heat treatment step in
which the heat treatment i1s performed at the temperature
lower than that of the first heat treatment step, a thermal
history accompanying the heat treatments is reduced as
compared to a case of attaining a sterilization effect
equivalent to the present invention. Therefore, the
bacterial spores are inactivated while suppressing

deterioration of various useful nutritious ingredients



(proteins, wvitamins, etc.) and generation/increase of
components which are the causes of deteriorations of flavor
and quality (heating odor of furosine, etc.). More
specifically, the treatment is performed in the first heat
treatment step under the heating conditions which are not
capable of completely inactivating the spore-forming
bacteria and bacterial spores, e.g. under the heating
conditions capable of damaging the spores, and then the
damaged spores are inactivated when treated under the
heating conditions including the temperature lower than
that of the first heat treatment step. In other words, in
the case where a microorganism-killing effect to be
attained when the first heat treatment step and the second
heat treatment step are finished is set to the effect
egquivalent (similar) to those of the standard methods,
foods and beverages (fruit juice, milk, dairy product,
soymilk, soy product (e.g. soybean curd)) with higher
freshness and richer flavor are produced with the milder
thermal history.

[0022] Altermatively, the first heat treatment may be
performed at heating conditions which are capable of
completely inactivating the spore-forming bacteria and
bacterial spores, e.g. under heating conditions of the
standard UHT treatment, and then the second heat treatment
may be performed under heating conditions including a
temperature lower than that of the first heat treatment

step. In other words, in the case where the thermal



history is set to that equivalent (similar) to or more than
those of the standard methods, the sterilization method
attains a higher microorganisms-killing effect than the
conventional methods and reduces the danger (risk) of
bacterial contamination, thereby extending a shelf life.
[0023] Further, it is possible to put the present
invention into practice by adding a small change to an
existing treatment apparatus since the heat treatments are

performed without application of a high pressure.

Brief Description of Drawings

[00624] Fig. 1 is a graph showing one example of a
relationship between a time and a temperature 1in the
sterilization method of the present invention.

Fig. 2 is a block flow diagram showing the example of
the present invention.

Fig. 23 is a graph showing a temperature profile of
the embodiment of the present invention.

Fig. 4 is a graph showing results of measurements of
numbers of cells of Bacillus cereus B-164 spores according

to the embodiment of the present invention.

Description of Embodiments
[0025] B stevilization method of the present
invention comprises a first heat treatment step which is
performed on an object to be sterilized and a second heat

treatment step which is performed after the first heat
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treatment and at a temperature lower than that of the first
heat treatment step. When so required, the sterilization
method comprises a preheating step which is performed
before the first heat treatment step. Further, the
sterilization method comprises a cooling step which is
performed after the first heat treatment step as required.

[0026] The preheating step is the step for heating
the sterilization object which has been stored in a
refrigerator or at a room temperature until a temperature
of the sterilization object reaches to a predetermined
temperature of 40°C to 100°C. The preheating step is
performed for the purpose same as that of a preheating step
performed in known sterilization methods such as a UHT
treatment and a HTST treatment.

[0027] A heating device used for the preheating step
may be any device insofar as the device is capable of
heating from 1°C to 30°C to about 40°C to 100°C. A heating
method is not particularly limited, and examples thereof
include indirect heating, direct heating, electric heating,
microwave heating, and the like.

[0028] The preheating step is not essential and can
be omitted as required. In short, the method of the
present invention may be started from the first heating
step.

[0029] A temperature condition of the preheating step
may preferably be 50°C to 95°C, more preferably 60°C to

90°C, furthermore preferably 70°C to 85°C, and particularly
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preferably 75°C to 85°C, though it is varied depending on
the temperature in the first heat treatment step.

[0030] The sterilization method of the present
invention comprises the first heat treatment step which may
be performed after the preheating step. The first heat
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object to a high temperature and retaining the temperature
for a short time. The step is a first stage of
inactivating bacteria and spores (also called endospores)
in the sterilization object. 1In the step, either one of
heating conditions which are not capable of completely
inactivate the spore-forming bacteria and the spores solely
by the step or heating conditions which are capable of
completely inactivating the spore-forming bacteria and the
spores may be selected.

[0031] More specifically, in the case where it ig
desired to attain a microorganism sterilization effect
equivalent to that of the standard methods with a mild
thermal history, the heating conditions under which the
spore-forming bacteria and bacterial spores are not
completely inactivated solely by the step may be selected.
Alternatively, in the case where it is degired to attain a
microorganism sterilization effect equivalent to or more
than that of the standard methods, the heating conditionsg
under which the spore-forming bacteria and bacterial spores
are completely inactivated solely by the step may be

selected. In other words, the aim of the first heat
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treatment step is to at least cause damage to the bacterizl
spores. Preferably, the heating conditions with the aim of
sterilizing general bacteria and causing damage to the
bacterial spores may be set in order to attain the mild
thermal history, and the heating conditions with the aim of
the completely inactivation of spore-forming bacteria and
spores may be set in order to alleviate the risk of
bacterial contamination. The thermal history is an index
which is understood in proportion to the product of the
heating temperature and the temperature retention time in
the sterilization step, and it is considered that the
thermal history is increased along with increases in
heating temperature and temperature retention time. Also,
as used herein, the heating conditions under which are not
capable completely inactivation of spore forming bacterial
and spores mean the conditions which are milder than those
of the UHT treatment and the HTST treatment which are the
standard sterilization methods and are not capable of
attain the inactivation of bacterial spores solely by the
step, for example, and it is not questioned as to whether
or not the general bacteria are killed by the heating
conditions.

[0032] More specifically, the sterilization object is
heated to a predetermined temperature of 100°C to 180°C and
retained at the temperature for a time period of 1 second
or more and 60 seconds or less in the step. A heating

device to be used for the first heat treatment step may be
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any heating device insofar as the device is capable of
heating from about 40°C to 100°C to 100°C to 180°C. A
heating method is not particularly limited, and examples
thereof include indirect heating, direct heating, electric
heating, microwave heating, and the like. 1In the step, a
as a plate heat
exchanger, a tube heat exchanger, a steam injection heater,
a steam infusion heater, and a joule heating type heater
may be used. Also, a batch type device or eguipment such
as a tank or a tray may be used.

[0033] For example, the heating conditions may be
110°C to 160°C for a retention time of 1 to 30 seconds,
110°C to 150°C for a retention time of 1 to 20 seconds,
115°C to 145°C for a retention time of 1 to 15 seconds,
120°C to 145°C for a retention time of 1 to 10 seconds,
100°C to 120°C for a retention time of 1 to 10 seconds,
100°C to 115°C for a retention time of 1 to 10 seconds, or
110°C to 115°C for a retention time of 1 to 5 seconds.
Among these conditions, the preferred conditions are 100°C
to 120°C for a retention time of 1 to 10 seconds, and more
preferred conditions are 110°C to 115°C for a retention
time of 1 to 5 seconds, in order to attain the mild thermal
history. Further, in order to attain the microorganism
sterilization effect equivalent to or more than those of
the standard methods, the preferred conditions are 115°C to
145°C for a retention time of 1 to 15 seconds, and the more

preferred conditions are 120°C to 145°C for a retention
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time of 1 to 10 seconds. More specifically, in order to
attain the latter effect, the heating temperature and the
temperature retention time in the ultrahigh temperature
(UHT) sterilization method or the like, for example, may be
selected.

[0034] The sterilization method of the present
invention comprises a cooling step which is performed after
the first heat treatment step as required. The cooling
step is the step for reducing the temperature of the
sterilization object which underwent the treatment with the
high temperature. For the reason in terms of eqguipment or
the reason of facilitating inactivation of the spores which
are not damaged by the first heat treatment step, and the
like, the cooling step may be comprised in order to
temporarily reduce the product temperature before entering
the second heat treatment step. In the cooling step, the
sterilization object is cooled to a predetermined
temperature of 80°C to 1°C, preferably to a temperature
lower than a temperature retained in the second heat
treatment step. A cooling device to be used in the cooling
step may be any cooling device insofar as the device is
capable of cooling from about 100°C to 180°C to about 80°C
to 1°C. A cooling method is not particularly limited, and
examples thereof include indirect cooling, vacuum cooling
(rapid decompression boiling and cooling), a method of
directly injecting cooling water, and the like, for

example.
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[0035] In the step, the sterilization object may
preferably be cooled to 70°C to 1°C, more preferably 60°C to
1°C, furthermore preferably 50°C to 1°C, and particularly
preferably 40°C to 1°C. Because the step is the
arbitrarily selected step, the method may proceed to the

second t treatment ste

ke Feirat h
men r the first

th nheat

treatment is finished.

[0036] The sterilization method of the present
invention comprises the second heat treatment step. The
second heat treatment step is the step for heating the
sterilization object, retaining the temperature, and
cooling as required. The temperature retained in the
gsecond heat treatment step is lower than the temperature of
the first heat treatment step. In the step, the treatment
in the first heat treatment step is reinforced. More
specifically, the second heat treatment step is performed
with the aim of sterilizing general bacteria and
inactivating bacterial spores and inactivates the bacterial
spores that are not completely inactivated by the first
heat treatment step. Also, the second heat treatment step
sterilizes the general bacteria which are not sterilized by
the first heat treatment step. Since the bacterial spores
and the like having high heat resistance contained in the
sterilization object are damaged by the first heat
treatment step, 1t i1s unnecessary to newly apply a large
thermal load (high temperature and long time) in order to

sterilize the bacterial spores, and a satisfactory
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sterilization effect is attained at a low temperature and a
short time. Alsco, by performing the heat treatment at the
low temperature, the bacterial spores and the like that are
not inactivated by the first heat treatment step are
inactivated without fail. Further, even in the case where
the bacterial gpores and the like are completely
inactivated in the first heat treatment step, the more
reliable inactivation of bacterial spores and the like is
achieved, and the risk by bacterial contamination is
suppressed.

[0037] In the step, more specifically, the
sterilization object is heated until the temperature
thereof reaches to a predetermined temperature of 40°C to
100°C, and the temperature is retained for a time period of
5 seconds or more and 60 minutes or less. A heating device
to be used in the second heat treatment step may be any
heating device insofar as the device is capable of heating
from about 1°C to 80°C to about 40°C to 100°C. A heating
method ig not particularly limited, and examples thereof
include indirect heating, direct heating, electric heating,
microwave heating, and the like. In the step, a continuous
device or equipment such as a plate heat exchanger, tube
heat exchanger, a steam injection heater, a steam infusion
heater, and a joule heating type heater and, also, a batch
type device or eguipment such as a tank or a tray may be
used.

[0038] For example, the heat treatment conditions are
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about 50°C to 100°C for a retention time of 5 seconds to 230
minutes, about 60°C to 100°C for a retention time of 5
seconds to 20 minutes, about 70°C to 100°C for a retention
time of 5 seconds to 10 minutes, about 80°C to 100°C for a
retention time of 5 seconds to 10 minutes. More

speci Firally the heatin

ClhUaL Gy y i e 44

g conditions in the low temperat:
long time (LTLT) sterilization method, the high temperature
short time (HTST) sterilization method (72°C to 75°C for 15
seconds or more), or the like may be adopted.

A temperature for cooling after the heat treatment
may be 30°C to 1°C, 20°C to 1°C, 15°C to 1°C, or 10°C to 1°C,
for example.

[0039] The sterilization method of the present
invention comprises the above-described steps. A
relationship between the time and the temperature in the
sterilization method of the present invention is shown in
Fig. 1. 1In Fig. 1, the section A indicates the preheating
step, the section B indicates the first heat treatment
step, the section C indicates the cooling step, and the
sections from D to F indicate the second heat treatment
step.

[0040] The sterilization object on which the
sterilization method of the present invention is to be
performed is not particularly limited insofar as the
sterilization object can be sterilized by heating and may
preferably be a substance which can cause a hygienic

problem due to bacterial contamination and is subject to
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change in quality due to heating. For example, the
sterilization object may be a beverage or a food, more
gspecifically, a fruit juice, milk, a dairy product,

soymilk, a soybean product (soybean curd), a soft drink
such as green tea, or the like. The sterilization object
may be a finished product (product to be sterilized), an
intermediate product in the middle of manufacture, or a raw
material.

[0041] Hereinafter, the present invention will be
described in more detaills based on one example. It should
be understood that the example does not limit the present
invention.

Example 1

[0042] A sterilization experiment using bacterial
spores was conducted. Heat resistance information about
the bacterial spores is shown in Table 1. As used herein,
the D-value means a time required for reducing the number
of cells to 1/10, i.e. for killing 90% of the cells, by
heating a bacterium and endospores in certain amounts to a
certain temperature. The Z-value means a temperature
variation width which reduces the D-value to 1/10 or
increases the D-value by a factor of 10 (Kishimoto, “Retort
Foods”, Kabushiki Kaisha Korin, pp. 37 to 38, 1994).

[0043] [Table 1]

Name of Bacteria Z-value D-value D-value
and Bacteria No. (D110) (D120)
[°c] [sec] [sec]

Bacillus cereus
B-164 gpores 9.4 132 11.2
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[0044] Bacillus cereus B-164 (derived from raw milk)
was cultured at 30°C overnight in a tripticase soy broth
and then was coated on a Schaeffer’s sporulation medium
agar (DSM, Difco sporulation medium), followed by culturing
at 30°C for 7 days. After the culturing, sterilized ion
g added, and a
culture medium was scraped off with a sterilized cotton
swab and then was placed in a centrifugal tube, followed by
bacterium collection by centrifugation (3500 rpm for 15
minutes) . Subsequently, centrifugation (3500 rpm for 15
minutes) using sterilized ion exchange water was performed
for 3 times, and sterilized ion exchange water was added
again to cause heat shock (80°C for 10 minutes) to kill the
nutritive cells. The bacterial liquid after the treatment
was immediately cooled to be used as a bacterial spore
suspension liguid.

[0045] The thus-prepared bacterial spore suspension
liguid was subjected to sterilization in accordance with
the block flow shown in Fig. 2. The bacterial spore
suspension liguid was poured into a balance tank 1 and fed
to a sterilization device (SPP type sterilizer manufactured
by SPX Corporation) at a predetermined feed rate (100 L/hr)
via a pump 2. As the preheating step, the bacterial spore
suspension liquid of 20°C was heated (preheated) to 70°C by
using a preheating plate 3. After that, as the first heat
treatment step, the bacterial spore suspension ligquid was

fed to a heating device (steam infusion chamber) 4 and was
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instantaneously heated to 110°C. After retaining the
temperature for 3 minutes, rapid cooling to 64°C was
conducted in a vacuum evaporation cooling tank 5.
Subsequently, as the second heat treatment step, the
bacterial spore suspension liquid was heated again to 80°C

to inactivate the damaged spores using a heating plate 9

w0

and was retained at 80°C for 10 minutes using a temperature
retention coil 10. After that, cooling to 30°C was
conducted by using a cooling plate 11. In Fig. 2, a pump 7
feeds the bacterial spore suspension liguid to the heating
plate 9, a cooling device 6 cools the steam generated in
the vacuum evaporation cooling tank 5, and a pump 8 feeds
cooling water to the cooling device 6.

[0046] In the present example, sampling was conducted
(1) before the preheating step, (2) immediately after the
firgt heat treatment step, and (3) after the second heat
treatment step to measure the number of cells. Further,

(4) the bacterial spore suspension liguid was separately
retained to 80°C for 10 minutes to count the number of
cells. The temperature profile of the present example is
shown in Fig. 3, and results of measurements of the numbers
of cells of B-164 spores are shown in Fig. 4.

[0047] From the results shown in Fig. 4, it was
confirmed that the number of cells of 5.4 [log cfu/mL]
before the preheating step is reduced to 3.3 [log cfu/mL]
after the first heat treatment step and is reduced to 2.5

[log cfu/mL] after the second heat treatment step which was
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performed at the alleviated heating conditions. In view of
the D-value of the bacteria (D110 = 132 seconds), the
number of cells is not theoretically reduced under the
sterilization conditions (80°C for 10 minutes) of the

second heat treatment step. FPFurther, as shown in (4) of

try

ig. 4, any reduction of the bacterium was not obser
only by the retention at 80°C for 10 minutes. In short,
the effective sterilization effect on the bacterial spores
having high heat resistance was attained by combining a
damaging effect to the bacterium + gspores of the first heat
treatment step with the alleviated sterilization conditions
of the second heat treatment.

[0048] Though the steam was used for the heating in
the first heat treatment step in the present example, 1t is
considered that a higher sterilization effect 1s attained
by combining the steam with a method of damaging the
bacterial spores by an electrical action (electric pulse
sterilization, AC high electric field sterilization, or the
like) .

[0049] Heating conditions required for attaining a
sterilization effect equivalent to that of the present
invention by one heating operation were calculated, and an
amount of each of substances generated by heating under the
heating conditions was estimated to compare the estimated
value with an amount of each of substances generated by
heating under the heating conditions of the presgent

invention (estimated value: total amount of the amounts in
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the first heat treatment step and the second heat treatment
step). The amounts of various heat-generated substances
were estimated with reference to the publication (Claeys WL
et al., J Dairy Res, 2003, Feb; 7(1), 85-90) and using the
following Expression 1.

[Expression 1]

!

E (1 1)
R\T. T

[0050] In Expression 1, C indicates a concentration
of a heat-generated substance, Co indicates an initial
concentration of the heat-generated substance, kref
indicates a reaction rate, Ea indicates activation energy
[kJ/mol]l, R indicates a general gas constant [J/ (mol-K)],
Tref indicates a reference temperature [K], T indicates a
treatment temperature [K], and t indicates a treatment time
[minute] .

[0051] In the present example, hydroxymethylfurfural
(EMF), lactulose, and furosine were sgselected as the heat-
generated substances to be calculated. Each of the
substances is known to be generated as a result of heating
milk. Shown in Table 2 are kref, Ea, and Tref of HMF,

lactulose, and furcosine in milk.
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[0052] [Table 2]

HMF Lactulosge Furosine
kref 0.771 31.7 9.64
[umol/L/min] [mg/Ll] [mg/100 g protein]
Ea
[kd/mol] 116 109.2 88.4
Tref
[°c] 105 105 110

(Source of reference: Claeys WL et al., J Dairy Res, 2003
Feb; 7(1), 85-90)

[0053] From the results obtained by the present
example and the values shown in Table 1, it was calculated
that, 1in order to attain a sterilization effect of 2.9 [log
cfu/mL] by performing sterilization at 110°C only once,
retention of 132 [second/(log cfu/mL)] x 2.9 [log cfu/mL] =
382.8 [seconds] at 110°C is required for attaining the
sterilization effect of 2.9 [log cfu/mL]. In the case of
120°C, it was calculated that, in order to attain a
sterilization effect of 2.9 [log cfu/mL] by performing
sterilization at the temperature only once, retention of
11.2 [second/(log cfu/mL)] x 2.9 [log cfu/mL] = 32.5
[seconds] at the temperature is required for attaining the
sterilization effect of 2.9 [log cfu/mL].

[0054] Based on the results, an amount of each of the
heat-generated substances under the sterxilization
conditions that enable to attain the sterilization effect
of 2.9 [log cfu/mL] by the present invention and an amount
of each of the heat-generated substances under the
sterilization conditions that enable to attain the

sterilization effect of 2.9 [log cfu/mL] by performing the
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sterilization only once are compared to each

results of the comparison are shown in Table

[Table 3]

other,

and the

Heating conditions
for attaining
equivalent
sterilization
effect

(2.9D reduction)

HMF
[umol/L/min]

Lactulose
[mg/L]

Furosine
[mg/100 g
protein]

Present invention
(110°C for 3 seconds

+ 80°C for 10
minutes)

29.55

Single step
sterilization (110°C
for 383 seconds)

318.5

61.5

Single step
sterilization (120°C
for 32.5 seconds)

64 .7

10.6

Single step
sterilization
(110°C) + present
invention

10.8

Single step
sterilization
(120°C) + present
invention

[0055]

From the results shown in Table 3,

it was

confirmed that the retention time required for attaining

the eqguivalent sterilization effect at the temperature

{(110°C)

equal to the highest temperature of the

sterilization method of the present invention is 383

seconds, and

it was estimated that the amounts of the heat-

generated substances generated during the retention time

are 12.7 times
(furosine)

invention.

(HMF) ,

10.8 times
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(lactulose),

and 6.4 times

larger than those generated in the present



[0056] Likewise, it was confirmed that the retention
time reguired for attaining the equivalent sterilization
effect at the temperature (120°C) higher than the
sterilization method of the present invention is 32.5
seconds, and it was estimated that the amounts of the heat-
generated substances
are 2.7 times (HMF), 2.2 times (lactulose), and 1.1 times
(furosine) larger than those generated in the present
invention.

[0057] In view of the above, it wag inferred that the
sterilization method of the present invention enables to
suppress the amounts of heat-generated substances even
under the milder conditions than the sterilization
conditions that attain the equivalent sterilization effect
and, therefore, enables to obtain a product which is
fresher and has a favorable flavor. Further, it was
inferred that, as compared to the case of performing the
heat treatment under the conditions of 110°C for the
heating time of 383 seconds or more or the heat treatment
under the conditions of 120°C for the heating time of 32.5
seconds or more, the amounts of the heat-generated
substances are suppressed and that a product which is
fresher and has a favorable flavor is obtained in the case
of performing the heat treatment at 110°C or the heat
treatment at 120°C and then performing the second heat
treatment after the 110°C- or 120°C-heat treatment under

the condition that is milder than those of the 110°C- or
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120°C-heat treatment.
Industrial Applicability

[0058] The present invention enables to develop the
effective bacterial spore sterilization method which is
capable of suppressing deteriorations of various useful
nutritious ingredients (proteins, vitamins, etc.) and
generation/increase of components which are the causes of
deteriorations of flavor and guality (heating odor of
furosine, etc.) caused by excessive heating (superheating)
or the like. Therefore, the present invention enables to
produce products which are suppressed in quality
deterioration due to heating in the field of foods, for
example. Also, as compared to the conventional
sterilization methods, the present invention enables
developments and manufactures of products which are much
more suppressed in microbiological risk, such as
development and manufacture of a product having a longer

shelf life, for example.
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Claims
1. A sterilization method characterized by
comprising performing a first heat treatment step on an
object to be sterilized and then performing a second heat
treatment step which is performed at a temperature lower

= ~F e F
L= N d A
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2. The sterilization method according to claim 1,
characterized by comprising a preheating step before the
first heat treatment step.

3. The sterilization method according to claim 1 or
2, characterized by comprising a cooling step after the
first heat treatment.

4. The sterilization method according to any one of
claims 1 to 3, characterized in that the cooling step after
the first heat treatment step is performed at a temperature
lower than the heat treatment temperature of the second
heat treatment step.

5. The sterilization method according to any one of
claims 1 to 4, characterized in that the first heat
treatment step 1s performed under heating conditions which
are not capable of completely inactivating spore-forming
bacteria and bacterial spores in the sterilization object

solely by the first heat treatment step.
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6. The sterilization method according to any one of
claims 1 to 4, characterized in that the first heat
treatment step is performed under heating conditions which
are capable of completely inactivating spore-forming
bacteria and bacterial spores in the sterilization object
solely by the first heat treatment step.

7. The sterilization method according to any one of
claims 1 to 6, wherein the first heat treatment step is the
step in which a temperature of the sterilization object is
retained at 100°C to 180°C, and a retention time at the
temperature i1s 1 second or more and 60 seconds or less.

8. The sterilization method according to any one of
claims 1 to 7, wherein the first heat treatment step is the
step in which a temperature of the sterilization object is
retained at 100°C to 180°C, and a retention time at the
temperature i1s 1 second or more and 60 seconds or less, and
the second heat treatment step is the step in which the
temperature of the sterilization object is retained at 40°C
to 100°C, and a retention time at the temperature is 5

seconds or more and 60 minutes or less.
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