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DESCRIPTION 

Method for Culturing Lactic Acid Bacterium and Method for Producing 

Fermented Milk 

5 Technical 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] 	It is well known that some kinds of lactic acid bacterium produce an antibacterial 

protein or peptide called a bacteriocin. 	As shown in the following Patent Documents 1 

and 2, it is possible to improve the preservative quality of foods and give good flavor 

(taste) to foods by using the bacteriocin-producing lactic acid bacterium. 

[0004] 	In the invention of Patent Document 1, Bifidobacterium and Lactococcus lactis 

20 are cocultured by using a liquid culture medium of which the main ingredients are milk 

and milk constituents. 	The Lactococcus lactis is a type of bacteriocin-producing lactic 

acid bacterium. 	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. 

25 [0005] 	Patent Document 2 shows a flavor improving agent obtained by culturing 
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Lactococcus tactis 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 fish odor) 

and give good flavor (taste) to foods. 

5 [0006] 	There is another type of lactic acid bacterium having a function of probiotics 

which produces beneficial effects on human body when taken in the body, and yogurt 

using such lactic acid bacterium is in practical use. 

[0007] 	[Patent Document 1] Japanese Patent Application Laid Open Gazette No. 

8-187071 

10 [Patent Document 2] Japanese Patent Application Laid Open Gazette No. 

2004-283109 

[0008] 	Some of the lactic acid bacterium having a function of probiotics produce a 

bacteriocin. 	For this reason, when yogurt containing the bacteriocin-producing lactic 

acid bacterium for the purpose of using the function of the probiotics, there sometimes 

15 arises a delay in the fermentation of the yogurt mix. 

[0009] 	In a process of producing yogurt containing the bacteriocin-producing lactic acid 

bacterium, a culture of the lactic acid bacterium is inoculated into the yogurt mix. 	Since 

the culture contains the bacteriocin produced by the lactic acid bacterium, in the process 

of producing yogurt, not only the lactic acid bacterium to be used as probiotics but also 

20 the bacteriocin is added to the yogurt mix. 

[0010] 	The bacteriocin added to the yogurt mix retards the action of the starter, and this 

delays formation of curds or the like, thereby causing a delay in the fermentation. 

Therefore, when the culture of the bacteriocin-producing lactic acid bacterium is added to 

the yogurt mix for the purpose of using the function of the probiotics, it is desirable that 

25 the antibacterial activity of the culture should be made as low as possible. 
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Summary 

[0010a] In an aspect, there is provided a method for culturing bacteriocin-producing 

lactic acid bacterium, comprising: 

a culture solution preparation step of preparing a culture solution containing 

5 whey degraded by a proteolytic enzyme and adding an emulsifier to said culture solution; 

and 

a culture step of inoculating bacteriocin-producing lactic 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 4 and lower 

10 than 5. 

[0010b] In another aspect, there is provided a method for producing fermented milk, 

comprising: 

a raw material milk producing step of producing a yogurt mix; 

a 	culture 	producing 	step 	of 	culturing 	a 	bacteriocin 	producer 	which 	is 

15 bacteriocin-producing lactic 	acid 	bacterium 	to 	thereby produce 	a 	culture 	of said 

bacteriocin producer; 

an addition step of adding said culture to said yogurt mix; and 

a fermentation step of fermenting said yogurt mix to which said culture is added, 

wherein said culture producing step includes: 

20 a culture solution preparation step of preparing a culture solution containing 

whey degraded by a proteolytic enzyme and adding an emulsifier to said culture solution; 

and 

a culture step of inoculating said bacteriocin producer into said culture solution 

and culturing said bacteriocin producer while maintaining said culture solution inoculated 

25 with said bacteriocin producer at pH of not lower than 4 and lower than 5, to thereby 

produce said culture. 
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Disclosure of Invention 

[0011 ] 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 

5 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 

lactic acid bacterium while maintaining the culture solution inoculated with the lactic acid 

bacterium at pH of not lower than 4 and lower than 5. 

10 [0012] 	By the method for culturing lactic acid bacterium according to the present 

invention, it is possible to make 	the antibacterial 	activity of the culture 	of the 

bacteriocin-producing lactic acid bacterium as low as possible. 

[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 

15 comprises a raw material milk producing step of producing a yogurt mix, a culture 

producing step of culturing a bacteriocin producer which is bacteriocin-producing lactic 

acid bacterium to thereby produce a culture of the bacteriocin producer, an addition step 

of adding the culture to the yogurt mix, and a fermentation step of fermenting the yogurt 

mix to which the culture is added, and in the method of the present invention, the culture 

20 producing step includes a culture solution preparation step of preparing a culture solution 

containing whey degraded by a proteolytic enzyme, and a culture step of inoculating the 

bacteriocin producer into the culture solution and culturing the bacteriocin producer while 

maintaining the culture solution inoculated with the bacteriocin producer at pH of not 

lower than 4 and lower than 5, to thereby produce the culture. 

25 [0014] 	By the method for producing fermented milk according to the present invention, 
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it is possible to prevent the action of the starter in the yogurt mix from being retarded by 

the bacteriocin. 	Therefore, the fermented milk containing the bacteriocin producer can 

be produced with high efficiency. 

[0015] 	Therefore, it is an object of the present invention to provide a method for 

5 culturing lactic acid bacterium by which a culture with low antibacterial activity can be 

obtained and a method for producing fermented milk by which any delay in fermentation 

can be prevented. 

[0016] 	These and other objects, features, aspects and advantages of the present 

invention will become more apparent from the following detailed description of the 

10 present invention when taken in conjunction with the accompanying drawings. 

Brief Description of Drawings 

[0017] 	[Fig. 1] is a view showing the respective compositions of whey degradation 

media used in Example 1; 

15 [Fig. 2] is a view showing a result of the culture of Lactobacillus gasseri in 

Example 1; 

[Fig. 3] is a view showing the respective compositions of whey degradation 

media used in Example 2; 

[Fig. 4] is a view showing a result of the culture of Lactobacillus gasseri in 

20 Example 2; and 

[Fig. 5] is a view showing the respective compositions of yogurt mixes used in 

Example 3. 

Best Mode for Carrying Out the invention 

25 [0018] 	Hereinafter, the preferred embodiment of the present invention will be discussed. 
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In a method for culturing lactic acid bacterium in accordance with the preferred 

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 4 and lower than 5). 	It is thereby possible to obtain a culture of 

5 the lactic acid bacterium having very low antibacterial activity per viable cell count. 

[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 

10 bacterium which belongs to Lactococcus such as Lactococcus lactis , and the like can be 

cultured by using the method for culturing lactic acid bacterium in accordance with this 

preferred embodiment. 	Specifically, the lactic acid bacterium includes, for example, 

Lactobacillus gassed OLL2959 (NITE BP-224, NITE Patent Microorganisms Depositary 

(NPMD)), Lactococcus lactis OLS3311 (FERM BP-10966, International Patent Organism 

15 Depositary (IPOD)), Lactococcus lactis subsp. cremoris OLS3312 (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 

20 degrade whey protein in the aqueous whey solution. 	Before adding the proteolytic 

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 

25 bacteriocin producer. 	To the whey degradation medium, meat extract, fish extract, or the 
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like besides the whey protein may he added as a nitrogen source. 	Further, to the whey 

degradation medium, vitamin such as sodium ascorbate and an inorganic nutrient such as 

ferrous sulfate, magnesium sulfate, or the like may be added. 

5 

[0022] 	Preferably, 	an 	emulsifier 	such 	as 	polyoxyethylene 	sorbitan 	monooleate, 

propylene glycol monooleate, or the like may be added to the whey degradation medium. 

It is thereby possible to reliably suppress the antibacterial activity of the culture of the 

bacteriocin producer. 

[0023] 	The bacteriocin producer is inoculated into the whey degradation medium, to 

thereby culture the bacteriocin producer. 	Preferably, the bacteriocin producer is cultured 

10 until the pH of the whey degradation medium becomes lower than 5 and then the 

bacteriocin producer continues to be cultured while the pH of the whey degradation 

medium in which the bacteriocin producer is cultured is controlled to be in a range of not 

lower than 4 and lower than 5. 	The pH can be controlled by adding an alkaline solution 

to the whey degradation medium. 	As the alkaline solution, an aqueous potassium 

15 carbonate solution, an aqueous sodium hydrogen carbonate solution, or the like may be 

used. 	More preferably, the bacteriocin producer is cultured while the pH of the whey 

degradation medium is controlled to be in a range of not lower than 4.7 and lower than 5. 

In a case where the pH of the whey degradation medium during the culture is controlled 

to be in a range of not lower than 4.7 and lower than 5, the growth of the bacteriocin 

20 producer is stimulated and the bacteriocin producer can be thereby cultured with high 

efficiency as compared with the case where the pH of the whey degradation medium 

during the culture is controlled to be lower than 4.7. 

[0024] 	After culturing 	the 	bacteriocin producer, 	a 	concentrated 	cell 	suspension 

containing the bacteriocin producer in a concentrated form is separated from the whey 

25 degradation medium (culture solution) in which the bacteriocin producer is cultured. 
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The concentrated cell suspension can be separated by centrifugal separation or membrane 

separation. 

[0025] 	The concentrated cell suspension of the bacteriocin producer which is thus 

obtained has antibacterial activity much lower than that of the concentrated cell 

suspension which is prepared while the pH of the whey degradation medium is controlled 

to be not lower than 5 during the culture. 	In other words, by culturing the bacteriocin 

producer while maintaining the whey degradation medium at pH ranging from 4 to 5, it is 

possible to control the antibacterial activity of the culture of the bacteriocin producer to 

be low. 

[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 mixing skimmed 

milk powder, whey protein, water, and the like into raw milk. 	Further, sugar, 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. 	The 	amount of bacteriocin producer and 

concentrated cell suspension thereof to be inoculated is not particularly limited. 

[0028] 	The lactic acid bacterium to be used as the starter may be the same lactic acid 

bacterium as the bacteriocin producer or different one. 

[0029] 	The yogurt mix inoculated with the bacteriocin producer and the concentrated 

cell suspension thereof is fermented, to thereby produce yogurt. 	Since the antibacterial 

activity of the concentrated cell suspension or the like prepared by the method for 

producing fermented milk is very low, the action of the starter (lactic acid bacterium) is 
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not retarded during the fermentation of the yogurt mix. 	Therefore, it is possible to 

produce yogurt containing the bacteriocin producer with high efficiency in almost the 

same time for fermentation as in the conventional case. 

5 Examples 

[0030] 	Hereinafter, with reference to figures, discussion will be made on Examples of 

the method for culturing lactic acid bacterium in accordance with the present invention. 

<Example 1> 

10 [0031] 	Fig. 1 is a view showing the respective compositions of whey degradation media 

used in Example 1. 	First, discussion will be made on preparation of the whey 

degradation medium of Blend A and that of Blend B. 	Specifically, an aqueous whey 

solution is prepared by mixing 8.70% by weight of whey powder (manufactured by Meiji 

15 

Dairies Corporation), 	1.50% by weight of Whey Protein Concentrate (WPC80, 

manufactured by New Zealand Milk Products Co., Ltd.), and 88.80% by weight of water, 

based on the total weight of each of the whey degradation media of Blends A and B. 

Then, whey protein in the aqueous whey solution is degraded by adding 0.10% by weight 

of the proteolytic enzyme (Protease A "Amano" 4 manufactured by Amano Enzyme Inc.) 

to the aqueous whey solution. 

20 [0032] 	After that, 0.20% by weight of brewer's yeast extract (manufactured by Asahi 

Breweries, Ltd.), 0.50% by weight of fish extract (manufactured by Maruha Nichiro 

Foods, Inc.), 0.10% by weight of sodium ascorbate, and 0.05% by weight of ferrous 

sulfate (FeSO4) are added to the aqueous whey solution in which the whey protein is 

degraded. 

25 [0033] 	Further, 	0.05% 	by 	weight of Polysorbate 	80 	(Polyoxyethylene 	Sorbitan 
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Monooleate, manufactured by NOF CORPORATION) is added as an emulsifier to the 

aqueous whey solution, to thereby prepare the whey degradation medium of Blend A. 

Similarly, 0.05% by weight of Sun Soft 815 (Sorbitan 1v1onooleate, manufactured by 

Taiyo Kagaku Co., Ltd.) is added as an emulsifier to the aqueous whey solution, to 

5 thereby prepare the whey degradation medium of Blend B. 

[0034] Next, 	Lactobacillus 	gasseri 	OLL2959 	(NITE 	BP-224, 	NITE 	Patent 

Microorganisms Depositary (NPMD)) is inoculated into each of the whey degradation 

medium of Blend A and the whey degradation medium of Blend B so that the viable cell 

count will be 2 to 4 x107  cfu/ml. 	The Lactobacillus gasseri OLL2959 is a bacteriocin 

10 producer which can produce an effect of lowering blood uric acid level when taken in the 

body and therefore can be used as probiotics. 

[0035] 	After the Lactobacillus gasseri OLL2959 is cultured until the pH of the whey 

degradation medium becomes 4.7, the Lactobacillus gassed OLL2959 is neutrally 

cultured. 	Specifically, the Lactobacillus gasseri OLL2959 is cultured (neutral culture) 

15 for 21 hours at a temperature of 35 degrees while an aqueous potassium carbonate 

solution (40 WT%) is added to the whey degradation medium of Blend A, being stirred, 

so that the pH of the whey degradation medium of Blend A will be always in a range from 

4.7 to 5. 	Similarly, the Lactobacillus gasseri OLL2959 is neutrally cultured while an 

aqueous potassium carbonate solution is added to the whey degradation medium of Blend 

20 B, being stirred, so that the pI-I of the whey degradation medium of Blend B will be 

always not lower than 5.5. 	The neutral culture is performed under the anaerobic 

condition where carbon dioxide is blown in the environment. 

[0036] 	After the neutral culture, the number of viable cells of the Lactobacillus gasseri 

OLL2959 in each of the whey degradation medium (culture solution) of Blend A and that 

25 of Blend B is measured by pour plate culture using a BCP medium. 	Fig. 2 shows a 
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result of the culture of Lactobacillus gasseri OLL2959 in Example 1. 	The viable cell 

count of the Lactobacillus gasseri OLL2959 in the whey degradation medium (culture 

solution) of Blend A is 1.1 x 10I°  cfu/m1, and the viable cell count of the Lactobacillus 

gasseri OLL2959 in the whey degradation medium (culture solution) of Blend B is 1.6 x 

5 1010  cfu/ml. 	There is not a large difference in the viable cell count of the Lactobacillus 

gasseri OLL2959 therein between the whey degradation medium (culture solution) of 

Blend A and that of Blend B even after the neutral culture. 

[0037] 	By centrifuging the respective whey degradation media (culture solutions) of 

Blend A and Blend B (at acceleration of gravity of 6000 G), obtained are concentrated 

10 cell 	suspensions. 	The antibacterial 	activity 	of the concentrated 	cell 	suspension 

(hereinafter, referred to as "a concentrated cell suspension A") obtained from the whey 

degradation medium (culture solution) of Blend A and the antibacterial activity of the 

concentrated cell suspension (hereinafter, referred to as "a concentrated cell suspension 

B") obtained from the whey degradation medium (culture solution) of Blend B are 

15 measured by using such a method as discussed later. 

[0038] 	As shown in Fig. 2, the antibacterial activity of the concentrated cell suspension 

A is lower than 200 AU (Arbitrary Unit) per 1 ml. 	Further, the antibacterial activity of 

the concentrated cell suspension A is lower than about 20 AU per 1 x109  cfu. 	On the 

other hand, the antibacterial activity of the concentrated cell suspension B is 18000 AU 

20 per 1 ml. 	Further, the antibacterial activity of the concentrated cell suspension B is 

about 1100 AU per 1 x 109  cfu. 	In summary, the antibacterial activity per viable cell 

count of the concentrated cell suspension A obtained under the condition that the pH is in 

a range from 4.7 to 5 is about one sixtieth of the antibacterial activity per viable cell count 

of the concentrated cell suspension B obtained under the condition that the pH is not 

25 lower than 5.5. 



11 

[0039] 	Further, the Lactobacillus gasseri OLL2959 is neutrally cultured by using the 

whey degradation medium of Blend A while the pH of the whey degradation medium of 

Blend A is controlled to be not lower than 5. 	The result is that the viable cell count in 

the case where the neutral culture is performed under the condition that the pH is not 

5 lower than 5 is almost the same as that in the case where the neutral culture is performed 

under the condition that the pH is in a range from 4.7 to 5. 	The antibacterial activity per 

1 ml in the case where the neutral culture is performed under the condition that the pH is 

not tower than 5 is higher than the antibacterial activity of the concentrated cell 

suspension A per 1 ml by one order of magnitude or more. 	Further, the Lactobacillus 

10 gasseri 0LL2959 is cultured by using the whey degradation medium to which no 

emulsifier is added. 	The result is that the antibacterial activity per 1 ml in the case 

where the neutral culture of the Lactobacillus gassed OLL2959 is performed under the 

condition that the pH is in a range from 4.7 to 5 is lower than the antibacterial activity per 

I ml in the case where the neutral culture is performed under the condition that the pH is 

15 not lower than 5 by one order of magnitude or more. 

[0040] 	From these results, it is found that by neutrally culturing the Lactobacillus 

gassed OLL2959 while maintaining the whey degradation medium at pH ranging from 

4.7 to 5, it is possible to culture the Lactobacillus gassed OLL2959 with high efficiency 

and control the antibacterial activity of the culture to be very low. 

20 [0041] 	Further, the Lactobacillus gasseri OLL2959 is neutrally cultured by using the 

whey degradation medium of Blend A while the pH of the whey degradation medium of 

Blend A is controlled to be in a range from 4 to 4.7, to thereby obtain a concentrated cell 

suspension. 	The viable cell count in the case where the neutral culture is performed 

under the condition that the pH is in a range of 4 to 4.7 is slightly smaller than the viable 

25 cell count in the case where the neutral culture is performed under the condition that the 
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pH is in a range of 4.7 to 5. 	The antibacterial activity of the concentrated cell 

suspension obtained by the neutral culture performed under the condition that the pH is in 

a range of 4 to 4.7 is almost the same as that of the concentrated cell suspension A. 	Thus, 

even when the neutral culture is performed under the condition that the pH is in a range of 

5 4 to 4.7, it is possible to obtain the concentrated cell suspension of the Lactobacillus 

gasseri OLL2959 having very low antibacterial activity. 

<Example 2> 

[0042] 	Fig. 3 is a view showing the respective compositions of whey degradation media 

10 of Blend C and Blend D used in Example 2. 	First, discussion will be made on 

preparation of the whey degradation media of Blend C and Blend D. 	In the same 

procedure as in Example 1, the aqueous whey solution in which the whey protein is 

degraded is prepared. 	Then, with the blend ratios shown in Fig. 3, brewer's yeast extract, 

fish extract, sodium ascorbate, and ferrous sulfate are added to the aqueous whey 

15 solution. 

[0043] 	After that, 0.025% by weight of Polysorbate 80 (Polyoxyethylene Sorbitan 

Monooleate, manufactured by NOF CORPORATION) and 0.025% by weight of Sun Soft 

81S (Sorbitan Monooleate, manufactured by Taiyo Kagaku Co., Ltd.) are added as 

emulsifiers to the aqueous whey solution to which the brewer's yeast extract and the like 

20 are added, to thereby prepare the whey degradation medium of Blend C. 	Further, 0.05% 

by weight of Sun Soft No. 25 (Polypropylene Glycol Monooleate, manufactured by Taiyo 

Kagaku Co., Ltd.) is added as an emulsifier to the aqueous whey solution to which the 

brewer's yeast extract and the like are added, to thereby prepare the whey degradation 

medium of Blend D. 

25 [0044] 	Next, Lactobacillus gassed OLL2959 is inoculated into each of the whey 
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degradation medium of Blend C and the whey degradation medium of Blend D so that the 

viable cell count will be 2 to 4 x 107  cfu/ml. 	Like in Example 1, after the Lactobacillus 

gasseri OLL2959 is cultured until the pH of the whey degradation medium becomes 4.7, 

the Lactobacillus gasseri OLL2959 is neutrally cultured. 	Specifically, the Lactobacillus 

5 gasseri OLL2959 is neutrally cultured for 21 hours at a temperature of 35 degrees while 

an aqueous potassium carbonate solution (40 WT%) is added to each of the whey 

degradation media of Blend C and Blend D, being stirred, so that the pH of the whey 

degradation medium will be in a range from 4.7 to 5. 	The neutral culture is performed 

under the anaerobic condition where carbon dioxide is blown in the environment. 

10 [0045] 	After the neutral culture, the number of viable cells of the Lactobacillus gasseri 

OLL2959 in each of the whey degradation media (culture solutions) of Blend C and 

Blend D is measured by the same method as in Example 1. 	Fig. 4 shows a result of the 

culture of Lactobacillus gasseri OLL2959 in Example 2. 	The viable cell count of the 

Lactobacillus gasseri OLL2959 in the whey degradation medium (culture solution) of 

15 Blend C is 1.6 x 1010  cfu/ml, and the viable cell count of the Lactobacillus gasseri 

OLL2959 in the whey degradation medium (culture solution) of Blend D is 1.7 x 1010  

cfu/ml. 	There is no difference in the viable cell count of the Lactobacillus gasseri 

OLL2959 depending on the emulsifiers used for the whey degradation media (culture 

solutions). 

20 [0046] 	By centrifugal separation, concentrated cell suspensions are separated from the 

whey degradation media (culture solutions) of Blend C and Blend D, respectively. 	The 

antibacterial activity of the concentrated cell suspension (hereinafter, referred to as "a 

concentrated cell suspension C") obtained from the whey degradation medium (culture 

solution) of Blend C and the antibacterial activity of the concentrated cell suspension 

25 (hereinafter, referred to as "a concentrated cell suspension D") obtained from the whey 
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degradation medium (culture solution) of Blend D are measured by using the same 

method as in Example I. 	The result is that the antibacterial activity of each of the 

concentrated cell suspensions C and D is lower than 200 AU per 1 ml. 	Further, the 

antibacterial activity of each of the concentrated cell suspensions C and D is lower than 

5 about 15 AU per I x le cfu. 

[0047] 	The respective antibacterial activities of of the concentrated cell suspensions 

obtained by the neutrally culturing the whey degradation media (culture solutions) of 

Blend C and Blend D under the condition that the pH is in a range of 4 to 4.7 are almost 

the same as those of the concentrated cell suspensions C and D. 	The respective viable 

10 cell counts in the case where the whey degradation media (culture solutions) of Blend C 

and Blend D are neutrally cultured under the condition that the pH is in a range of 4 to 4.7 

are slightly smaller than those in the case where the media are neutrally cultured under the 

condition that the pH is in a range of 4.7 to 5. 

[0048] 	In the neutral culture using the whey degradation medium to which 0.025% by 

15 weight of Sun Soft No. 25 and 0.025% by weight of Sun Soft 81S are added as 

emulsifiers, the same result as that of Blend C is obtained. 

[0049] 	From the experimental results in Examples 1 and 2, by using Polysorbate 80 and 

Sun Soft No. 25 as emulsifiers, it is possible to obtain the concentrated cell suspension 

having very low antibacterial activity. 	Further, in the case where Polysorbate 80 and 

20 Sun Soft No. 25 are used as emulsifiers, even by using the other emulsifier with these 

emulsifiers, it is possible to obtain the concentrated cell suspension having very low 

antibacterial activity. 

(Method for Measuring Antibacterial Activity) 

25 [0050] 	Next, discussion will be made on a method for measuring the antibacterial 
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activity of the concentrated cell suspension, taking the concentrated cell suspension A as 

an example. 	The respective antibacterial activities of the concentrated cell suspensions 

B, C, and D are also measured by the same method. 

[0051] 	An MRS medium (manufactured by Becton, Dickinson and Company) currently 

5 on the market is used. 	A test medium is prepared by adding 0.1% volume/volume (v/v) 

of indicator bacterium, based on the MRS medium. 	As the indicator bacterium, used is 

Lactobacillus delbrueckii subsp. bulgaricus ATCC11842 (type strain). 

[0052] 	The frozen and stored concentrated cell suspension A is kept in a hot water bath 

for 5 minutes, and then a 1% (v/v) aqueous solution of the concentrated cell suspension A 

10 

15 

is prepared. 	The aqueous solution of the concentrated cell suspension A is progressively 

diluted by 2-fold and a plurality of diluted solutions of the concentrated cell suspension A 

which are different in the level of dilution rate are obtained. 	The levels of dilution rate 

ranges from 8 to 12. 	The 28-fold to 212-fold diluted solutions of the concentrated cell 

suspension A are thereby prepared. 	These diluted solutions are added to the test media, 

respectively, and then the test media to which the 28-fold to 212-fold diluted solutions arc 

added are anaerobically cultured by using AnaeroPack-Anaero (manufactured by 

Mitsubishi Gas Chemical Company, Inc.) for 24 hours at a temperature of 37 degrees. 

[0053] 	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 

20 dilution rate and the concentration (0.01:1%) of the aqueous solution of the concentrated 

cell suspension, the antibacterial activity (AU) of the concentrated cell suspension A is 

obtained. 	The antibacterial activity can be obtained on the basis of the following 

formula. 

antibacterial activity (AU) = the maximum level (n) of dilution rate / the 

25 concentration (0.01) of the aqueous solution of the concentrated cell suspension 
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[0054] 	Hereafter, discussion will be made on a method for producing yogurt to which 

each of the concentrated cell suspensions A to C is added, as an Example of the method 

for producing fermented milk in accordance with the present invention. 

5 <Example 3> 

[0055] 	Fig. 5 is a view showing the respective compositions of four types of yogurt 

mixes used in Example 3. 	First, discussion will be made on preparation of yogurt mixes 

of Blends E to H. 	Yogurt mixes of Blends E to H are each prepared by mixing 14.10% 

by weight of skimmed milk powder (manufactured by Meiji Dairies Corporation), 0.93% 

10 by weight of unsalted butter (manufactured by Meiji Dairies Corporation), and water, 

based on the total weight of the yogurt mix. 	The blend ratios of water are 82.97 WT% in 

Blend E and 82.87 WT% in Blends F to H. 

[0056] 	The yogurt mixes of Blends E to H are homogenized and disinfected in the same 

manner as conventionally done, and then the yogurt mixes of Blends E to H are cooled to 

15 a temperature of about 40 degrees. 	After the cooling, the yogurt mixes of Blends E to 11 

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). 

[0057] 	The yogurt mix of Blend F is inoculated with 0.10% by weight of the 

20 concentrated cell suspension A. 	The yogurt mix of Blend G is inoculated with 0.10% by 

weight of the concentrated cell suspension B. 	The yogurt mix of Blend H is inoculated 

with 0.10% by weight of the concentrated cell suspension C. 	The yogurt mix of Blend E 

is inoculated with no concentrated cell suspension. 	Then, the yogurt mixes are each 

fermented at a temperature of 40 degrees until the lactate concentration becomes about 

25 1.20%, to thereby produce yogurts. 	At that time, the time (fermentation time) needed 
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for the lactate concentration of each of the yogurt mixes to become 1.20% is measured. 

[0058] 	The fermentation time for the yogurt mix of Blend E inoculated with no 

concentrated cell suspension and the respective yogurt mixes of Blend F and H inoculated 

with the concentrated cell suspensions A and C is 5 hours. 	From this result, it is found 

5 that there arises no delay in the fermentation of the yogurt mixes (Blends F and H) 

inoculated with the concentrated cell suspensions A and C each having low antibacterial 

activity. 

[0059] 	On the other hand, the fermentation time for the yogurt mix (Blend G) inoculated 

with the concentrated cell suspension B having high antibacterial activity is 7 hours. 	In 

10 summary, there arises a delay in the fermentation of the yogurt mix of Blend G 	It can be 

understood that by adding the concentrated cell suspension B having high antibacterial 

activity to the yogurt mix, the bacteriocin contained in the concentrated cell suspension B 

retards the action of the lactic acid bacterium starter in the yogurt mix of Blend G 

[0060] 	Thus, by adding the culture (the concentrated cell suspension A or C) obtained 

15 by performing the neutral culture while maintaining the whey degradation medium at pl I 

of not lower than 4.7 and lower than 5 to the yogurt mix, it is possible to produce yogurt 

to which the bacteriocin producer is added with high efficiency in almost the same 

fermentation time as in the case of producing the conventional yogurt. 	Therefore, even 

when the bacteriocin producer is used as probiotics, the same manufacturing process as 

20 that for the conventional yogurt can be used. 

[0061] 	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. 

25 



18 

CLAIMS 

1. A 	method 	for 	culturing 	bacteriocin-producing 	lactic 	acid 	bacterium, 

5 	comprising: 

a culture solution preparation step of preparing a culture solution containing 

whey degraded by a proteolytic enzyme and adding an emulsifier to said culture solution; 

and 

a culture step of inoculating bacteriocin-producing lactic acid bacterium into said 

10 	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 4 and lower 

than 5. 

2. The 	method 	for 	culturing 	bacteriocin-producing 	lactic 	acid 	bacterium 

15 	according to claim 1, further comprising: 

a separation step of separating a concentrated cell suspension containing said 

lactic acid bacterium in a concentrated form from said culture solution in which said lactic 

acid bacterium is cultured. 

20 3. The 	method 	for 	culturing 	bacteriocin-producing 	lactic 	acid 	bacterium 

according to claim 1, wherein 

said culture solution inoculated with said lactic acid bacterium is maintained at 

pH of not lower than 4 7 and lower than 5 in said culture step. 
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4. The 	method 	for 	culturing 	bacteriocin-producing 	lactic 	acid 	bacterium 

according to claim 1, wherein 

said emulsifier contains either propylene glycol monooleate or polyoxyethylene 

sorbitan monooleate. 

5 5. The 	method 	for 	culturing 	bacteriocin-producing 	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 

lactic acid bacterium in said culture step. 

10 6. A method for producing feiniented milk, comprising: 

a raw material milk producing step of producing a yogurt mix; 

a 	culture 	producing 	step 	of 	culturing 	a 	bacteriocin 	producer 	which 	is 

bacteriocin-producing 	lactic 	acid 	bacterium 	to 	thereby 	produce 	a 	culture 	of said 

bacteriocin producer; 

15 an addition step of adding said culture to said yogurt mix; and 

a fermentation step of fermenting said yogurt mix to which said culture is added, 

wherein said culture producing step includes: 

a culture solution preparation step of preparing a culture solution containing 

whey degraded by a proteolytic enzyme and adding an emulsifier to said culture solution; 

20 and 

a 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 4 and lower than 5, to thereby 

produce said culture. 

25 7. The method for producing fermented milk according to claim 6, wherein 
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said culture producing step includes: 

a separation step of separating a concentrated cell suspension containing said 

bacteriocin producer in a concentrated form from said culture solution in which said 

bacteriocin producer s cultured, and 

5 said concentrated cell suspension is added as said culture to said yogurt mix in 

said addition step. 

8. The method for producing fermented milk according to claim 6, wherein 

said culture solution inoculated with said bacteriocin producer is maintained at 

10 	pH of not lower than 4.7 and lower than 5 in said culture step. 

9. The method for producing fermented milk according to claim 6, wherein 

said emulsifier contains either propylene glycol monooleate or polyoxyethylene 

sorbitan monooleate. 

15 

10. 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. 

20 


