
1 DESCRIPTION        Method for Culturing Lactic Acid Bacterium and Method for Producing
Fermented Milk 5Technical Field [0001] The present invention relates to a method for culturing
bacteriocin-producing lactic acid bacterium and a method for producing fermented milk containing the
bacteriocin producing lactic acid bacterium. 10 Background Art [0002] Fermented milk such as yogurt
is produced by adding a starter to raw material milk (yogurt mix) into which raw milk, skimmed milk
powder, whey protein, or the like are mixed and fermenting the yogurt mix. As the starter, used is lactic
acid bacterium such as Lactobacillus bulgaricus, Streptococcus thermophilus, or the like. 15[0003]
After the production, the yogurt mix is cooled to a temperature of 0 to 10 degrees and shipped in cold
storage. Since the lactic acid bacterium is alive in the yogurt in cold storage, the yogurt is gradually
fermented in the course of distribution and during the period of storage at home or the like and the
acidity thereof increases. As a result, the flavor of the yogurt is changed even within the freshness
date. 20[0004] It is well known that some kinds of lactic acid bacterium produces an antibacterial
protein or peptide called a bacteriocin, As shown in the following Patent Documents Ito 3, it is possible
to improve the preservative quality of foods by using the bacteriocin-producing lactic acid bacterium.
[0005] In the invention of Patent Document 1, bacterioein-producing Lactococcus laetis 25is used as a
starter for yogurt. Lactococcus lactis produces a bacteriocin as the yogurt  2 



mix is fermented. Since the bacteriocin produced by Lactococcus lactis suppresses an increase in the
acidity of yogurt, it is possible to improve the preservative quality of yogurt. [0006] In the invention of
Patent Document 2, Bifidobacterium and Lactococcus lactis 5are cocultured by using a liquid culture
medium of which the main ingredients are milk and milk constituents. By adding the culture solution
after the coculture to foods (bread, Udon noodles (Japanese noodles), or the like) as a food
preservative, it is possible to improve the preservative quality of the foods and give good flavor to the
foods. [0007] Patent Document 3 shows a flavor improving agent obtained by culturing  10
Lactococeus lactis with a whey medium to which yeast extract or the like is added and removing the
Lactococcus lactis from the whey medium after the culture. By using this flavor improving agent, it is
possible to get rid of the fishiness of the fish (the fishy odor) and give good flavor (taste) to foods.
[0008] [Patent Document I] Japanese Patent Application Laid Open Gazette No. 154-211360
[Patent Document 2] Japanese Patent Application Laid Open Gazette No. 8-187071         [Patent
Document 3] Japanese Patent Application Laid Open Gazette No. 2004-283109 20[0009] As
discussed above, the invention of Patent Document 1 uses the bacteriocin-producing Lactococcus
lactis as a starter. For this reason, it is difficult to suppress an increase in the acidity of the yogurt for
which Lactococcus lactis is not used as a starter.      [0010] For the purpose of suppressing an
increase in the acidity of the yogurt in the 25course of distribution and during the period of storage, the
food preservative used in  



3 Patent Document 2 or the flavor improving agent used in Patent Document 3 may be added the
yogurt mix as an additive. In a case where the additive is added to the yogurt mix at a certain rate,
however, there is a possibility that the yeast extract which is a material of the additive may damage the
original flavor of the yogurt. Therefore, in the 5 case where the culture of the bacteriocin-producing
lactic acid bacterium is added to the yogurt mix, it is desirable that the amount of culture to be added
should be made as small as possible. Disclosure of Invention 10[00111 The present invention is
intended for a method for culturing lactic acid bacterium. According to the present invention, the
method for culturing lactic acid bacterium comprises a culture solution preparation step of preparing a
culture solution containing whey degraded by a proteolytic enzyme and a culture step of inoculating
bacteriocin-producing lactic acid bacterium into the culture solution and culturing the 15lactic acid
bacterium while maintaining the culture solution inoculated with the lactic acid bacterium at pH of not
lower than 5 and not higher than 6. [0012] By the method for culturing lactic acid bacterium according
to the present invention, it is possible to obtain a culture solution having antibacterial activity which is
about several tens times as high as the culture solution obtained by the prior-art culturing 20method. In
other words, by the method for culturing lactic acid bacterium of the present invention, it is possible to
produce a bacteriocin with high efficiency. [0013] The present invention is also intended for a method
for producing fermented milk. According to the present invention, the method for producing fermented
milk 



comprises a raw material milk producing step of producing a yogurt mix, a concentrated 25cell
suspension producing step of culturing a bacteriocin producer which is  4 bacteriocin-producing lactic
acid bacterium to thereby produce a concentrated cell suspension containing the bacteriocin producer
in a concentrated form, an addition step of adding not less than 0.01% and not more than 0.1% by
weight of the concentrated cell suspension, based on the total weight of the yogurt mix, to the yogurt
mix, and a 5 fermentation step of fermenting the yogurt mix to which the concentrated cell suspension
is added, and in the method of the present invention, the concentrated cell suspension producing step
includes a culture solution preparation step of preparing a culture solution containing whey degraded
by a proteolytic enzyme, a culture step of inoculating the bacteriocin producer into the culture solution
and culturing the bacteriocin producer while 10maintaining the culture solution inoculated with the
bacteriocin producer at p1-I of not lower than 5 and not higher than 6, and a separation step of
separating the concentrated cell suspension from the culture solution inoculated with the bacteriocin
producer. [0014] By the method for producing fermented milk according to the present invention, the
amount of concentrated cell suspension to be added to the yogurt mix as an additive 15can be
reduced. It is therefore possible to prevent an increase in the acidity of yogurt without damaging the
original flavor of the yogurt. [0015] Therefore, it is an object of the present invention to provide a
method for culturing lactic acid bacterium by which lactic acid bacterium can produce a bacteriocin
with high efficiency and a method for producing fermented milk by which an increase in 20the acidity of
fermented milk can be suppressed. 



[0016] These and other objects, features, aspects and advantages of the present invention will
become more apparent from the following detailed description of the present invention when taken in
conjunction with the accompanying drawings.  5 [00 17] [Fig. ] is a view showing the composition of a
whey degradation medium used in Example 1;         [Fig. 2] is a view showing a result of the culture of
Lactobacillus gasseri in Example 1; 5[Fig. 3] is a view showing the composition of a whey degradation
medium used in Example 2;         [Fig. 4] is a view showing a result of the culture of Lactobacillus
gassed in Example 2;           ]Fig. 5] is a graph showing a correspondence relation between the
acceleration of 10gravity during centrifugal separation and the antibacterial activity of a concentrated
cell suspension;         [Fig. 6] is a view showing the respective compositions of yogurt mixes used in
Example 4; [Fig. 7] is a graph showing a change in the acidity over time in a case where 15yogurts in
accordance with Example 4 are preserved at a temperature of 5 degrees; [Fig. 8] is a graph showing a
change in the acidity over time in a case where 



yogurts in accordance with Example 4 are preserved at a temperature of 10 degrees; [Fig. 9] is a view
showing the respective compositions of yogurt mixes used in Example 5; and 20[Fig. 10] is a graph
showing a change in the acidity over time in a case where yogurts in accordance with Example 5 are
preserved at a temperature of 5 degrees. Best Mode for Carrying Out the invention      [0018]
Hereinafter, the preferred embodiment of the present invention will be discussed. 25In a method for
culturing lactic acid bacterium in accordance with the preferred  6 embodiment, lactic acid bacterium is
cultured while an alkaline solution is being added to a culture medium so that the pH of the culture
medium can be maintained within a certain range (not lower than 5 and not higher than 6). It is thereby
possible to obtain a culture of the lactic acid bacterium having very high antibacterial activity per viable
cell count. 5 [0019] In a method for culturing lactic acid bacterium in accordance with this preferred
embodiment, the lactic acid bacterium to be cultured is bacteriocin-producing lactic acid bacterium
(hereinafter, referred to as "a bacteriocin producer"). The lactic acid bacterium which belongs to
Lactobacillus such as Lactobacillus gassed, the lactic acid bacterium which belongs to Lactococcus
such as Lactococcus lactis, and the like can be 10 cultured by using the method for culturing tactic
acid bacterium in accordance with this preferred embodiment. Specifically, the lactic acid bacterium
includes, for example, Lactobacillus gasseri 0LL2959 (NITE BP-224, NITE Patent Microorganisms
Depositary (NPMD)), Lactococcus lactis subsp. lactis 0LS3311 (FERM BP-10966, International Patent
Organism Depositary (IPOD)), Lactococcus lactis subsp. cremoris 0LS3312 15 (FERM BP-10967,
International Patent Organism Depositary (IPOD)), and the like. [0020] Herein, specific discussion will
be made on the method for culturing lactic acid bacterium in accordance with this preferred
embodiment. First, a proteolytic enzyme such as a protease is added to an aqueous whey solution
containing whey, to thereby degrade whey protein in the aqueous whey solution. Before adding the
proteolytic 20 enzyme, whey protein such as a Whey Protein Concentrate (WPC), a Whey Protein
Isolate (WPI), or the like may be added to the aqueous whey solution. 



[0021] Next, yeast extract such as brewer's yeast extract is added to the aqueous whey solution, to
thereby prepare a whey degradation medium to be used for the culture of the bacteriocin producer. To
the whey degradation medium, meat extract, fish extract, or the 25like besides the whey protein may
be added as a nitrogen source. Further, to the whey  7 degradation medium, an inorganic nutrient
such as ferrous sulfate, magnesium sulfate, or the like, and an emulsifier such as deca glycerol
monooleate, sorbitan monooleate, or the like may be added. Sodium ascorbate or the like may be also
added to the whey degradation medium. 5[0022] The bacteriocin producer is inoculated into the whey
degradation medium, to thereby culture the bacteriocin producer. Preferably, the bacteriocin producer
is cultured until the pH of the whey degradation medium becomes not higher than 6 and then the
bacteriocin producer continues to be cultured while the pH of the whey degradation medium in which
the baeteriocin producer is cultured is controlled to be in a range of not 10 tower than 5 and not higher
than 6. More preferably, the bacteriocin producer is cultured until the pH of the whey degradation
medium becomes not higher than 5 8 and then the bacteriocin producer continues to be cultured while
the pH of the whey degradation medium is controlled to be in a range of not lower than 5.2 and not
higher than 5.8. Still more preferably, the bacteriocin producer continues to be cultured while the pH of
the 15 whey degradation medium is controlled to be in a range of not lower than 5.5 and not higher
than 5.8. The pH can be controlled by adding an alkaline solution to the whey degradation medium. As
the alkaline solution, an aqueous potassium carbonate solution, an aqueous sodium hydrogen
carbonate solution, or the like may be used. [0023] After culturing the bacteriocin producer, a
concentrated cell suspension 20 containing the bacteriocin producer in concentrated form is separated
from the whey degradation medium (culture solution) in which the bacteriocin producer is cultured. The
concentrated cell suspension can be separated by centrifugal separation or membrane separation. In
the case of using centrifugal separation, it is preferable that the concentrated cell suspension should
be separated at acceleration of gravity of not lower 25than 6000 (G).  



8 [0024] The concentrated cell suspension of the bacteriocin producer which is thus obtained has high
antibacterial activity which is several tens times or more as high as that of the concentrated cell
suspension of the baeterioein producer which is cultured without controlling the pH of the whey
degradation medium during the culture. In other words, 5 by culturing the bacteriocin producer while
maintaining the whey degradation medium at pH ranging from 5 to 6, it is possible to obtain the
concentrated cell suspension having high antibacterial activity with high efficiency while controlling the
antibacterial activity of the concentrated cell suspension. [0025] In a case where the concentrated ce l
suspension in accordance with this 10 preferred embodiment is added to foods as a food preservative,
the amount of concentrated cell suspension to be added to foods in accordance with the preferred
embodiment can be made smaller than the amount of food preservatives which is conventionally
needed. The concentrated cell suspension of this preferred embodiment, which is added to foods as a
food preservative, can improve the preservative quality of 15foods while suppressing any change in
the original flavor of the foods. [0026] Next, specific discussion will be made on the method for
producing fermented milk (yogurt) in accordance with this preferred embodiment. First, a yogurt mix
which is raw material milk is prepared. The yogurt mix can be prepared by, for example, mixing
skimmed milk powder, whey protein, water, and the like into raw milk. Further, 20sugar, fruit flesh, fruit
juice, or the like may be added to the yogurt mix. [0027] After homogenizing and disinfecting the yogurt
mix in the same manner as conventionally done, the yogurt mix is inoculated with a starter, the
bacteriocin producer obtained by the above-discussed method for culturing lactic acid bacterium, and
the concentrated cell suspension thereof Preferably, the amount of concentrated cell 25suspension of
the bacteriocin producer to be inoculated is not less than 0.01 weight %  9 (WT%) and not more than
0.1 WT%, based on the total weight of the yogurt mix. More preferably, the amount of concentrated
cell suspension of the baeteriocin producer to be inoculated is not less than 0.01 WT% and not more
than 0.05 WT%. [0028] The lactic acid bacterium to be used as the starter may be the same lactic acid
5 bacterium as the bacteriocin producer or different one. Further, the concentrated cell suspension
may be added to the yogurt mix before the processes for homogenizing and disinfecting the yogurt
mix. 



[0029] The yogurt mix inoculated with the bacteriocin producer and the concentrated cell suspension
thereof is fermented, to thereby produce yogurt. The fermentation 10 conditions thereof may be the
same as conventional conditions. In the yogurt produced by the method discussed in this preferred
embodiment, an increase in the acidity from immediately after the production can be suppressed as
compared with the yogurt to which no concentrated cell suspension is added. The reason therefor is
that the high-concentration bacteriocin contained in the concentrated cell suspension suppresses 15
the activity of the Lactobacillus bulgaricus in the yogurt. Thus, in the yogurt produced by the method
discussed in this preferred embodiment, the good flavor that the yogurt has immediately after the
production can be maintained over the freshness date thereof (for about two weeks) more steadily as
compared with in conventional ones. [0030] In the method for producing fermented milk of this
preferred embodiment, it is 20 possible to reduce the amount of concentrated cell suspension to be
used as a food preservative to about one tenth of the amount of food preservative which is
conventionally used. Therefore, it is possible to prevent the original flavor of the yogurt from being
damaged by addition of the concentrated cell suspension.  10 [0031] Hereinafter, with reference to
figures, discussion will be ade on Examples of the method for culturing lactic acid bacterium in
accordance with the present invention. <Example 1> 5[0032] Fig. 1 is a view showing the composition
of a whey degradation medium used in Example 1. First, the whey degradation medium to be used in
Example 1 is prepared. Specifically, an aqueous whey solution is prepared by mixing 8.70% by weight
of whey powder (manufactured by Meiji Dairies Corporation), 1.50% by weight of Whey Protein
Concentrate (WPC80, manufactured by New Zealand Milk Products Co., Ltd.), and 10 88.80% by
weight of water, based on the total weight of the whey degradation medium. Then, whey protein in the
aqueous whey solution is degraded by adding 0.10% by weight of the proteolytic enzyme (Protease A
"Amano" G, manufactured by Amano Enzyme Inc.) to the aqueous whey solution. [0033] After that,
0.20% by weight of brewer's yeast extract (manufactured by Asahi 15 Breweries, Ltd.), 0.50% by
weight of fish extract (manufactured by Martha Nichiro Foods, Inc.), 0.10% by weight of sodium
ascorbate, 0.05% by weight of ferrous sulfate (FeSO4), and 0.05% by weight of an emulsifier (Sun
Soft Q-175 (Deca Glycerol Monooleate) manufactured by Taiyo Kagaku Co., Ltd.) are added to the
aqueous whey solution in which the whey protein is degraded, to thereby prepare the whey
degradation 



20 medium. [0034] Next, Lactobacillus gasscri 0LL2959 (NITE BP-224, N1TE Patent Microorganisms
Depositary (NPMD)) is inoculated into the whey degradation medium so that the viable cell count will
be 2 to 4 x 107 efu/ml. After the Lactobacillus gasseri 0LL2959 is cultured until the pH of the whey
degradation medium becomes 5.5, the 25Lactobacillus gasseri 0LL2959 is neutrally cultured.
Specifically, the Lactobacillus  11 gasseri 0LL2959 is cultured (neutral culture) for 22 hours at a
temperature of 34 degrees while an aqueous potassium carbonate solution (40 WT%) is added to the
whey degradation medium, being stirred, so that the pH of the whey degradation medium will be
always not lower than 5.5. The neutral culture is performed under the anaerobic 5condition where
carbon dioxide is blown in the environment. After the neutral culture, the number of viable cells of the
Lactobacillus gasseri 0LL2959 in the whey degradation medium (culture solution) is measured by pour
plate culture using a BCP medium. The viable cell count of the Lactobacillus gasseri 0LL2959 is 1.81 x
10t0 cfu/ml. [0035] By centrifuging the whey degradation medium (culture solution) after the neutral 10
culture (at acceleration of gravity of 6000 0), obtained is a concentrated cell suspension of
Lactobacillus gasseri 0L1,2959 in accordance with Example 1. The antibacterial activity of the
concentrated cell suspension of Example 1 is measured by using such a method as discussed later.
The measurement result is that the antibacterial activity of the concentrated cell suspension of
Example 1 is 72400 AU (Arbitrary Unit) per I ml. 15Further, the antibacterial activity of the
concentrated cell suspension of Example 1 is about 4000 AU per 1 x 109 cfu. 100361 Further, the
Lactobacillus gasseri 0LL2959 is neutrally cultured by using the whey degradation medium of Example
1, with the condition of the pH of the whey degradation medium being changed. The result is that the
antibacterial activity of the 



20 concentrated cell suspension obtained by the neutral culture under the condition that the pH ranges
from 5.2 to 5.8 has the same value as that of the antibacterial activity of the concentrated cell
suspension of Example 1. The antibacterial activity of the concentrated cell suspension obtained by
the neutral culture under the condition that the pH ranges from 5 to 6 has a value slightly lower than
that of the antibacterial activity of 25the concentrated cell suspension of Example 1.  12 [0037] In order
to check the effect of the neutral culture, the whey degradation medium inoculated with the
Lactobacillus gasseri 0LL2959 in the same procedure as in Example I is left still for 20 hours at a
temperature of 37 degrees to statically culture the Lactobacillus gass ri 0LL2959 (Comparative
Example 1). By centrifuging the statically 5 cultured whey degradation medium (culture solution) (at
acceleration of gravity of 6000 G), obtained is a concentrated cell suspension in accordance with
Comparative Example 1. [0038] In the whey degradation medium (culture solution) after the static
culture, the viable bacterial count of the Lactobacillus gasseri 0LL2959 is 2.63 x 109 cfu/ml. The  10
antibacterial activity of the concentrated cell suspension of Comparative Example 1 is lower than 100
AU per 1 ml of the concentrated cell suspension. The antibacterial activity of the concentrated cell
suspension of Comparative Example 1 is lower than about 40 AU per 1 x 109 cfu. [0039] Fig. 2 shows
the respective measurement results on the viable cell count of the  15 cultured Lactobacillus gasseri
0LL2959 and the antibacterial activity of the concentrated cell suspension in Example 1 and
Comparative Example 1 . As discussed above, the antibacterial activity of the concentrated cell
suspension of Example I is 4000 AU per 1 x 109 cfu while the antibacterial activity of the concentrated
cell suspension of Comparative Example 1 is lower than about 40 AU per 1 x 109 cfu. In other words,
the antibacterial  20 activity per viable cell count of the concentrated cell suspension (Example 1)
obtained by the neutral culture is about 100 times as much as the antibacterial activity per viable cell
count of the concentrated cell suspension (Comparative Example 1) obtained by the static culture.
[0040] Further, the viable cell count of the Lactobacillus gasseri 0LL2959 in the whey 25degradation
medium (culture solution) after the neutral culture is larger than the viable  



13 cell count in the whey degradation medium (culture solution) after the static culture by about one
order of magnitude. It can be understood from the above that a bacteriocin is produced with high
efficiency since the Lactobacillus gasseri 0LL2959 is made active by maintaining the whey degradation
medium at pH of not lower than 5.5 during the neutral 5culture [0041] Thus, by performing the neutral
culture of the bacteriocin producer while controlling the pH of the whey degradation medium to range
from 5 to 6 during the culture, it is possible to control the antibacterial activity of the concentrated cell
suspension to be at very high level. 10 <Example 2> [0042] Fig. 3 is a view showing the composition
of a whey degradation medium used in Example 2. In order to prepare the whey degradation medium
to be used in Example 2, the aqueous whey solution in which the whey protein is degraded is prepared
in the same 15procedure as in Example 1. [0043] Then, 0.20% by weight of brewer's yeast extract
(manufactured by Asahi Breweries, Ltd.), 0.50% by weight of fish extract (manufactured by 1VIaruha
Niehiro Foods, Inc.), 0.10% by weight of sodium ascorbate, 0.05% by weight of ferrous sulfate
(FeSO4), and 0.05% by weight of an emulsifier (Sun Soft XIS (Sorbitan Monooleate)  20 manufactured
by Taiyo Kagaku Co., Ltd.) are added to the aqueous whey solution in which the whey protein is
degraded, to thereby prepare the whey degradation medium. The emulsifier used in Example 2 is
different from that used in Example 1.    [0044] Next, Lactobacillus gasseri 0LL2959 is inoculated into
the whey degradation medium so that the viable cell count will be 2 to 4 x 107 cfu/ml Like in Example
1, 25after the Lactobacillus gasseri 0LL2959 is cultured until the pH of the whey degradation  



14 medium becomes 5.5, the Lactobacillus gasseri 0LL2959 is neutrally cultured. Specifically, the
Lactobacillus gasser; OLL2959 is neutrally cultured for 22 hours at a temperature of 34 degrees while
an aqueous potassium carbonate solution (40 WT%) is added to the whey degradation medium so that
the pH of the whey degradation medium 5 will be always not lower than 5.5. After the neutral culture,
the number of viable cells of the Lactobacillus gasseri 01.12959 in the whey degradation medium
(culture solution) is measured by the same method as in Example I. The viable cell count of the
Lactobacillus gasseri 0LL2959 is 1.84 x 10n) efu/mI. [0045] By centrifuging the whey degradation
medium (culture solution) after the neutral 10 culture (at acceleration of gravity of 6000 G), separated
is a concentrated cell suspension in accordance with Example 2. The antibacterial activity of the
concentrated cell suspension of Example 2 is 51200 AU per 1 ml. The antibacterial activity of the
concentrated cell suspension of Example 2 is about 2800 AU per 1 x 109 cfu. The measurement of the
antibacterial activity is performed by the same method as in Example 151 (discussed later). [0046]
Further, the Lactobacillus gasseri 0LL2959 is neutrally cultured by using the whey degradation
medium of Example 2, with the condition of the pH of the whey degradation medium being changed.
The result is that the antibacterial activity of the concentrated cell suspension obtained by the neutral
culture under the condition that the 20pH ranges from 5.2 to 5.8 has the same value as that of the
antibacterial activity of the concentrated cell suspension of Example 2. The antibacterial activity of the
concentrated cell suspension obtained by the neutral culture under the condition that the pH ranges
from 5 to 6 has a value slightly lower than that of the antibacterial activity of the concentrated cell
suspension of Example 2. 25[0047] In order to check the effect of the neutral culture, the whey
degradation medium  15 inoculated with the Lactobacillus gasseri 0LL2959 in the same procedure as
in Example 2 is left still for 20 hours at a temperature of 37 degrees to perform static culture
(Comparative Example 2). By centrifuging the statically cultured whey degradation medium (culture
solution) (at acceleration of gravity of 6000 G), a concentrated cell 5suspension in accordance with
Comparative Example 2 is separated. [00481 In the whey degradation medium (culture solution) after
the static culture, the viable cell count of the Lactobacillus gasseri 0LL2959 is 2.63 x 109 efu/ml. The
antibacterial activity of the concentrated cell suspension of Comparative Example 2 is lower than 100
AU per 1 ml of the concentrated cell suspension. The antibacterial 



10activity of the concentrated cell suspension of Comparative Example 2 is lower than about 40 AU
per 1 x 109 cfu. [0049] Fig. 4 shows the respective measurement results on the viable cell count of the
cultured Lactobacillus gasseri 0LL2959 and the antibacterial activity of the concentrated cell
suspension in Example 2 and Comparative Example 2. As discussed above, the 15 antibacterial
activity of the concentrated cell suspension of Example 2 is 2800 AU per I x 109 all while the
antibacterial activity of the concentrated cell suspension of Comparative Example 2 is lower than about
40 AU per 1 x 109 cfu. In other words, the antibacterial activity per viable cell count of the
concentrated cell suspension (Example 2) obtained by the neutral culture is 70 or more times as much
as the antibacterial activity per viable cell 20count of the concentrated cell suspension (Comparative
Example 2) obtained by the static culture. [0050] Further, the viable cell count of the Lactobacillus
gasseri 0LL2959 after the neutral culture is larger than the viable cell count of the Lactobacillus gasseri
0LL2959 after the static culture by about one order of magnitude. Also in Example 2, it can be
25understood that a bacteriocin is produced with high efficiency since the Lactobacillus  16 gasseri
0LL2959 is made active. 



[0051] Thus, by performing the neutral culture of the Lactobacillus gasseri 0LL2959 under the
condition of Example 2, it is possible to control the antibacterial activity of the concentrated cell
suspension to be at very high level. Further, since the antibacterial 5 activities of the concentrated cell
suspensions in Examples 1 and 2 are several tens to several hundreds times as much as the
antibacterial activities of the concentrated cell suspensions in Comparative Examples 1 and 2,
respectively, it can be seen that the emulsifier which can be used in the whey degradation medium is
not particularly limited to anything. 10 (Method for Measuring Antibacterial Activity) [0052] Next,
discussion will be made on a method for easuring the antibacterial activity of the concentrated cell
suspension of the Lactobacillus gasseri 0LL2959, taking the concentrated cell suspension of Example
1 as an example. The antibacterial 15activities of the concentrated cell suspensions of Example 2 and
Comparative Examples 1 and 2 are also measured by the same method. [0053] An MRS medium
(manufactured by Becton, Dickinson and Company) currently on the market is used. A test medium is
prepared by adding 0.1% volume/volume (v/v) of indicator bacteria, based on the MRS medium. As
the indicator bacterium,used is 20Lactobacillus delbrueckii subsp. bulgaricus ATCC11842 (type
strain). 



[0054] The frozen and stored concentrated cell suspension of Example 1 is kept in a hot water bath for
5 minutes, and then a 1% (v/v) aqueous solution of the concentrated cell suspension of Example 1 is
prepared. The aqueous solution of the concentrated cell suspension is progressively diluted by 2-fold
and a plurality of diluted solutions of the 25concentrated cell suspension which are different in the level
of dilution rate are obtained.  17 The levels of dilution rate ranges from 8 to 12. The 28-fold to 212-fold
diluted solutions of the concentrated cell suspension are thereby prepared. These diluted solutions are
added to the test media, respectively, and then the test media to which the 28-fold to 2'2-fold diluted
solutions are added are anaerobically cultured by using 5AnaeroPack-Anaero (manufactured by
Mitsubishi Gas Chemical Company, Me.) for 24 hours at a temperature of 37 degrees. [0055] After the
anaerobic culture, checked is the maximum level (n) of dilution rate at which no indicator bacterium is
grown. Then, on the basis of the maximum level (n) of dilution rate and the concentration (0.01:1%) of
the aqueous solution of the concentrated 10 cell suspension, the antibacterial activity (AU) of the
concentrated cell suspension of Example 1 is obtained. The antibacterial activity can be obtained on
the basis of the following formula.         Antibacterial activity (AU) = the maximum level (n) of dilution
:ate / the concentration (0.01) of the aqueous solution of the concentrated cell suspension 15
<Example 3> [0056] In Example 3, an examination is made on conditions for centrifugal separation of 



the concentrated cell suspension of Lactobacillus gasseri which is neutrally cultured. By setting various
values for acceleration of gravity, the whey degradation medium (culture 20 solution) after the neutral
culture in Example I is centrifuged. Then, the respective antibacterial activities of the concentrated cell
suspensions are obtained under different conditions for centrifugal separation.    [0057] Fig. 5 is a
graph showing a relation between the acceleration of gravity and the antibacterial activity of the
concentrated cell suspension. As shown in Fig. 5, as the 25acceleration of gravity during the
centrifugal separation increases, the antibacterial  18 activity of the concentrated cell suspension is
increased. Then, at the acceleration of gravity of not lower than 6000 G during the centrifugal
separation, the antibacterial activity becomes constant (about 72400 AU). From this result, it can be
clearly seen that it is possible to obtain a concentrated cell suspension having high antibacterial
activity 5  with high efficiency by centrifugal separation of the concentrated cell suspension at the
acceleration of gravity of not lower than 6000 G. [0058] Hereafter, discussion will be made on methods
for producing yogurt by using the concentrated cell suspension in accordance with Example 1, as
Examples of the method for producing fermented milk in accordance with the present invention. 10
<Example 4> [0059] Fig. 6 is a view showing the compositions of three types of yogurt mixes used in
Example 3. First, yogurt mixes of Blends A to C are each prepared by mixing 83.90% by weight of milk
(manufactured by Meiji Dairies Corporation), 1.51% by weight of 15 skimmed milk powder
(manufactured by Meiji Dairies Corporation), 0.80% by weight of Whey Protein Concentrate (WPC34,
manufactured by Domo), and water, based on the total weight of the yogurt mix. The blend ratios of
water are different for Blends A to C, as shown in Fig. 6. 



[0060] The yogurt mixes of Blends A to C are homogenized and disinfected in the same 20 manner as
conventionally done, and then the yogurt mixes of Blends A to C are cooled to a temperature of about
40 degrees. After the cooling, the yogurt mixes of Blends A to C are inoculated with 2.00% by weight
of lactic acid bacterium starter. As the lactic acid bacterium starter, used is the lactic acid bacterium
separated from Meiji Bulgaria Yogurt (manufactured by Meiji Dairies Corporation). 25[0061] The yogurt
mix of Blend B is inoculated with 0.05% by weight of the  19 concentrated cell suspension of Example
1. The yogurt mix of Blend C is inoculated with 0.10% by weight of the concentrated cell suspension of
Example 1. The yogurt mix of Blend A is inoculated with no concentrated cell suspension of Example
1. [0062] The yogurt mixes of Blends A to C are each fermented at a temperature of 40 5 degrees until
the lactate concentration becomes about 0.75%, to thereby produce yogurts. Then, the yogurts of
Blends A to C are in cold storage at temperatures of 5 degrees and 10 degrees, and the respective
lactate concentrations of the yogurts of Blends A to C are measured over usual freshness date of
yogurt (about two weeks from the date of manufacture). 10[0063] Fig. 7 is a graph showing a change
in the lactate concentration over time in a case where the yogurts of Blends A to C are preserved at a
temperature of 5 degrees. Fig. is a graph showing a change in the Lactate concentration over time in a
case where the yogurts of Blends A to C are preserved at a temperature of 10 degrees. [0064] As
shown in Figs. 7 and 8, regardless of the preservation temperature, the lactate 15 concentrations of
the yogurts of Blends B and C are lower than that of the yogurt of Blend A. In other words, it can be
clearly seen that the yogurts of Blends B and C, which are inoculated with the concentrated cell
suspension of Example 1, are prevented from being fermented in cold storage and can thereby
maintain the original flavor and quality thereof [0065] From the fact that the lactate concentration of the
yogurt of Blend C is slightly 20 lower than that of the yogurt of Blend B, it can be seen that an increase
in the lactate concentration is more suppressed as the amount of concentrated cell suspension to be
inoculated becomes larger. There is, however, a possibility that the original flavor of the yogurt is
damaged more as the amount of concentrated cell suspension to be inoculated becomes larger. Since
the difference in the lactate concentration between the yogurts of 25Blends B and C is very small, if it
is intended only to suppress an increase in the lactate  



20 concentration of the yogurt, the amount of concentrated cell suspension to be inoculated may be in
the range from 0.01 to 0.05 WT%. [0066] Further, in the yogurt mixes of Blends B and C, there arises
no difference in the effect of suppressing an increase in the lactate concentration of the yogurt
between the  5 above case and the case of performing the inoculation with the concentrated cell
suspension of Example 1 before the processes for homogenizing and disinfecting the yogurt mix. From
this fact, it can be clearly seen that the bacteriocin producer to be inoculated together with the
concentrated cell suspension may be dead or alive and whether the bacteriocin producer is dead or
alive has no effect on the antibacterial activity 10of the concentrated cell suspension. <Example 5>
[0067] Fig. 9 is a view showing the compositions of two types of yogurt mixes used in Example 5. To
the yogurt mixes of Example 5, Whey Protein Isolate (WPI) is added, 15instead of the Whey Protein
Concentrate (WPC), and sugar is further added. [0068] First, yogurt mixes of Blends D and E are each
prepared by mixing 84.20% by weight of milk (manufactured by Meiji Dairies Corporation), 1.76% by
weight of skimmed milk powder (manufactured by Meiji Dairies Corporation), 0.20% by weight of Whey
Protein Isolate (WPI, manufactured by New Zealand Milk Products Co., Ltd.), 204.50% by weight of
sugar, and water, based on the total weight of the yogurt mix. The blend ratios of water are different for
Blends D and E, as shown in Fig. 9. [0069] The yogurt mixes of Blends D and E are homogenized and
disinfected in the same manner as conventionally done, and then the yogurt mixes of Blends D and E
are 



cooled to a temperature of about 40 degrees. After the cooling, the yogurt mixes of 25Blends D and E
are inoculated with 3.00% by weight of lactic acid bacterium starter. As  21 the lactic acid bacterium
starter, used is the lactic acid bacterium separated from Meiji Tokachi Yogurt (manufactured by Meiji
Dairies Corporation). Further, the yogurt mix of Blend E is inoculated with 0.05% by weight of the
concentrated cell suspension of Example 1. The yogurt mix of Blend D is inoculated with no
concentrated cell 5suspension of Example 1. [0070] In Example 5, no yogurt mix inoculated with
0.10% by weight of the concentrated cell suspension is used. This is because it is clearly seen in
Example 4 that a sufficient effect of suppressing the acidity is achieved even if the amount of
concentrated cell suspension to be inoculated is 0.05 WT%. 10[0071] The yogurt mixes of Blends D
and E are each fermented at a temperature of 40 degrees until the lactate concentration becomes
about 0.75%, to thereby produce yogurts. Then, the yogurts of Blends D and E are in cold storage at a
temperature of 5 degrees, and the respective lactate concentrations of the yogurts of Blends D and E
are measured over usual freshness date of yogurt (about two weeks from the date of manufacture). 15
[0072] Fig. 10 is a graph showing a change in the lactate concentrations of the yogurts of Blends D
and E over time. As shown in Fig. 10, the lactate concentration of the yogurt of Blend E is lower than
that of the yogurt of Blend D. From this fact, it can be clearly seen that it is possible to suppress an
increase in the lactate concentration of even yogurt with sugar when the concentrated cell suspension
of Example 1 is used for 20production of the yogurt with sugar.  [0073] Further, in the yogurt mix of
Blend E, there arises no difference in the effect of suppressing an increase in the lactate concentration
of the yogurt between the above case and the case of performing the inoculation with the concentrated
cell suspension of Example 1 before the processes for homogenizing and disinfecting the yogurt mix.
25[0074] In Examples 4 and 5, the amount of concentrated cell suspension of Example 1  22 



to be inoculated as a food preservative is one tenth or less of the amount of food preservative which is
conventionally used. In other words, by the method for producing fermented milk discussed in
Examples 4 and 5, it is possible to suppress a change in the original flavor of yogurt due to the
inoculation with the concentrated cell suspension of 5 Example 1 and maintain the original flavor of
yogurt over the freshness date. Further, the same tests as done in Examples 4 and 5 are performed by
using the concentrated cell suspension of Example 2. The result is that the yogurt produced by using
the concentrated cell suspension of Example 2 can also suppress a change in acidity ofthe yogurt like
in the case of using the concentrated cell suspension of Example I. 10 [0075] While the invention has
been shown and described in detail, the foregoing description is in all aspects illustrative and not
restrictive. It is therefore understood that numerous modifications and variations can be devised
without departing from the scope of the invention. 15  23 CLAIMS I. A method for culturing lactic acid
bacterium,comprising: 5a culture solution preparation step of preparing a culture solution containing
whey degraded by a proteolytic enzyme; and a culture step of inoculating bacteriocin-producing tactic
acid bacterium into said culture solution and culturing said lactic acid bacterium while maintaining said
culture      solution inoculated with said lactic acid bacterium at pH of not lower than 5 and not 10higher
than 6.         2. The method for culturing lactic acid bacterium according to claim 1, further comprising: 



a separation step of separating a concentrated cell suspension containing said 15lactic acid bacterium
in a concentrated form from said culture solution in which said lactic acid bacterium are cultured.
3. The method for culturing lactic acid bacterium according to claim 1, wherein said culture solution
inoculated with said lactic acid bacterium is maintained at 20pH of not lower than 5.2 and not higher
than 5.8 in said culture step.  4. The method for culturing lactic acid bacterium according to claim 1,
wherein the pH of said culture solution inoculated with said lactic acid bacterium is controlled by
adding an alkaline solution to said culture solution inoculated with said 25lactic acid bacterium in said
culture step.  24  5. The method for culturing lactic acid bacterium according to claim 2, wherein said
concentrated cell suspension is centrifuged from said culture solution in which said lactic acid
bacterium are cultured at acceleration of gravity of not lower than 56000 (3 in said separation step.  6.
A method for producing fermented milk, comprising: a raw material milk producing step of producing a
yogurt mix; 



a concentrated cell suspension producing step of culturing a bacteriocin producer 10which is
bacteriocin-producing lactic acid bacterium to thereby produce a concentrated cell suspension
containing said bacteriocin producer in a concentrated form;         an addition step of adding not less
than 0.01% and not more than 0.1 % by weight of said concentrated cell suspension, based on the
total weight of said yogurt mix, to said yogurt mix; and 15a fermentation step of fermenting said yogurt
mix to which said concentrated cell suspension is added, wherein said concentrated cell suspension
producing step includes:         a culture solution preparation step of preparing a culture solution
containing whey degraded by a proteolytic enzyme; 20a culture step of inoculating said bacteriocin
producer into said culture solution and culturing said bacteriocin producer while maintaining said
culture solution inoculated with said bacteriocin producer at pH of not lower than 5 and not higher than
6; and         a separation step of separating said concentrated cell suspension from said culture
solution in which said bacteriocin producer is cultured. 25  25     7. The method for producing
fermented milk according to claim 6, wherein 



the amount of said concentrated cell suspension to be added to said yogurt mix is not less than 0.01
weight % and not more than 0.05 weight %, based on the total weight of said yogurt mix. 5     8. The
method for producing fermented milk according to claim 6, wherein said culture solution inoculated
with said bacteriocin producer is maintained at pI-I of not lower than 5.2 and not higher than 5.8 in said
culture step. 109. The method for producing fermented milk according to claim 6, wherein         the pH
of said culture solution inoculated with said bacteriocin producer is controlled by adding an alkaline
solution to said culture solution inoculated with said bacteriocin producer in said culture step. 1510.
The method for producing fermented milk according to claim 6, wherein         said concentrated cell
suspension is centrifuged from said culture solution in which said bacteriocin producer is cultured at
acceleration of gravity of not lower than 6000 G in said separation step. 20 




