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ALT; alanine transaminase 

ALP; alkaline phosphatase 

ANCOVA; analysis of co-variance 

AST; aspartate transaminase 

ATCC; American Type Culture Collection 

B.; Bifidobacterium 

BIA; Bioelectrical Impedance Analysis 

BMI; Body Mass Index 

CFU; colony forming unit 

DSMZ; German Collection of Microorganisms (Deutsche Sammlung von Mikroorganismen und 

Zellkulturen) 

FGF; fibroblast growth factors 

FXR; farnesoid X receptor 

GLNBP; 1,3- -galactosyl-N-acetylhexosamine phosphorylase 

-GTP; gamma-glutamyl transpeptidase 

HbA1c; Hemoglobin A1c 

hCRP; high-sensitivity C-reactive protein 

HMOs; Human Milk Oligosaccharides 

HRB; Human-Residential Bifidobacteria 

JCM; Japan Collection of Microorganisms 

L.; Lactobacillus 
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LBP; LPS-binding protein 

LNB; Lact-N-biose 

LPS; Lipopolysaccharide 

MCC; Morinaga Culture Collection 

MRS; de Man, Rogosa, and Sharpe Agar 

TPY; Trypticase phytone yeast extract 

  



 

3 
 

 

1.1.   

 

2

1)  

2)

3)

4) Fig. 1-1

 

 

1.2.   

 Actinobacteria Bifidobacterium 2020

1 69 10 79 5)

10

6–8) Human-Residential Bifidobacteria; HRB

9,10) Non-HRB

Bifidobacterium longum (subsp. longum infantis) B. breve B. bifidum

HRB 11,12) B. longum subsp. longum



 

4 
 

B. adlescentis B. pseudocatenulatum HRB 13)

B. longum subsp. longum

2,14) Fig. 1-2  

HRB Non-HRB

3 HRB

B. longum (subsp. longum infantis) B. breve Non-HRB B. 

animalis subsp. animalis lactis 49

HRB Non-HRB

Human Milk 

Oligosaccharides, HMOs 9)

0 98 145 B. longum subsp. longum

B. longum subsp. longum

15,16)

 

 

1.3.   

17)



 

5 
 

18–21)  

Lipopolysaccharide, LPS

22,23)

LPS 24–26)

22,27)

 

F/B 28)

F/B

29) 30)

31)

32–34)

31)



 

6 
 

31)  

30)

 

1.4.   

B. breve B-3 BMI

 

 



 

7 
 

 

 

Fig. 1-1. Health conditions associated with intestinal bifidobacteria 
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Fig 1-2. Human-Residential Bifidobacteria (HRB) and their representative species 
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Trypticase phytone yeast extract TPY pH
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CaCl2 0.15 g/L FeCl2 0.15 g/L TPY

Sigma-Aldrich USA Sigma-Aldrich
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16 OD600
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2.4.   
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Table 2-2. Growth of bifidobacteria cultivated in breast milk with nutrient supplementation 
 
 
 
 
 
 
 
 
 

Breast milk was supplemented with 2  yeast extract and 2  glucose. 
Each strain was cultivated at 37°C for 24 h under anaerobic conditions in triplicates. 
Viable cell numbers in log were shown. ND: not detected at by TOS agar plates (detection limit was 3.0 106 
CFU/mL). 
* Significant difference in cell number (P<0.05). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Species Strain Initial counts After incubation
B. adolescentis ATCC15703T 6.9 ND
B. angulatum ATCC27535T 6.6 ND
B. dentium DSM20436T 7.1 ND
B. pseudocatenulatum ATCC27919T 7.0 7.4  0.14 *

B. animalis subsp. lactis DSM10140T 7.0 ND
B. animalis subsp. animalis ATCC25527T 7.1 ND
B. pseudolongum subsp. globosum JCM5820T 6.7 ND
B. pseudolongum subsp. pseudolongum ATCC25526T 6.9 ND
B. thermophilum ATCC 25525T 7.5 ND
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Table 2-3. Tolerance of bifidobacteria to egg white lysozyme or human lysozyme 
Species Strain Egg white lysozyme Human lysozyme

Infant-type human-residential bifidobacteria (HRB)
B. longum subsp. longum ATCC15707T 1000 1000

ATCC51870 50 50
BB536 100 1000

B. longum subsp. infantis ATCC15697T 1000 1000
M63 1000 1000
MCC1447 1000 1000

B. breve ATCC15700T 1000 1000
B-3 1000 1000
M-16V 1000 1000

B. bifidum ATCC29521T 1000 -
ATCC15696 100 100
MCC1628 100 100

Adult-type human-residential bifidobacteria (HRB)
B. adolescentis ATCC15703T 100 1000

ATCC15706 100 100
ATCC15704 100 100

B. angulatum ATCC27535T 100 100
ATCC27669 1000 100
ATCC27671 100 100

B. dentium DSM20436T 100 100
ATCC27678 100 100
ATCC27679 50 1000

B. pseudocatenulatum ATCC27919T 100 1000
ATCC27676 100 100
ATCC27677 1000 100

Non human-residential bifidobacteria (non-HRB)
B. animalis subsp. lactis DSM10140T 10 10

ATCC27536 10 10

B. animalis subsp. animalis ATCC25527T 10 50
MCC0499 50 100
MCC1489 10 100

B. pseudolongum subsp. globosum JCM5820T 1 10
MCC0101 1 1
MCC0103 10 10

B. pseudolongum subsp. pseudolongum ATCC25526T 10 10
MCC1508 1 1

B. thermophilum ATCC 25525T 10 50
MCC1461 50 100
JCM7031 50 50  

Each bifidobacterial strain was incubated in TPY broth supplemented with lysozyme from egg white or human 
lysozyme in concentration range from 0 to 1000 mg/mL. The growth of each strain was measured by OD600 
after incubation and the maximum concentration of lysozyme for each strain to be viable (OD above 0.2) was 
indicated. 
“ ”: no growth after incubation 
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3.1.   

33,59,60)

 

Ilmonen Luoto

Lactobacillus rhamnosus B. lactis Bb12
61)62) Mikirova

L. acidophilus B. bifidum 53
63)

L. gasseri SBT2055 

L. gasseri SBT2055 SBT2055

BMI 64)  

64–68)

 

B-3 B. breve B-3

MCC B-3

B. breve HRB

B. breve B-3

69)
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B. breve B-3

unpublished observation

B. breve B-3

B. breve B-3

 

 

3.2.   

2012 1 2012 6

 

  

BMI 24 kg/m2 30 kg/m2 40 69

52

2

Fig. 3-1   

  

4 12 16

BMI 27 kg/m2 27 kg/m2
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2

B-3

1 3 12

0

B-3 4 4 8 12

 

  

B-3 B. breve B-3

Oxoid

1 B-3 3 5  1010

colony forming unit, CFU B-3

 

 

12 BMI

12

InBody 3.0

BMI kg / m 2

 

  

SAS 9.3 SAS Institute
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2

2 t

0

analysis of co-variance, ANCOVA 12

4 8 12 1 t

0 12

P 0.05

 

 

3.3.   

B-3 4 2

1

B-3 19 25 Fig. 3-1

HDL B-3

Table 3-1

B-3 98.4  2.6

102.5  2.2  

  

Table 3-2 12

ANCOVA B-3

B-3

0 Table 3-3

0 4 8 12
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B-3 4 12 4 BMI 4

B-3 4 12 B-3 12

8 12  

  

Table 3-3 -

-GTP P = 0.011 C hCRP P = 0.039 12

LDL

HDL 12

HbA1c 4 8 12 -GTP

12 4 8

4 8 ALP B-3 8 hCRP B-3 12

 

  

B-3 ALT

-GTP 1,5–

Fig. 3-2

 

 

 

B. breve B-3

12 B. 

breve B-3

B-3 12 0.7 kg

L. gasseri SBT2055 12 0.6 kg
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64)

70,71)

B. breve B-3

 

Table 3-1 2

72)

56 B-3 53 24 B-3

16 2

HbA1c

Table 3-1 Table 3-3

B-3 B-3

2

12 P = 0.081 Table 3-3

2 3 HbA1c B-3

Table 3-3 B-3

7 1,5-

Fig. 3-2 B-3
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-GTP -GTP
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73,74) -GTP 75,76)

77–79)

-GTP
80)

Aller 5 L. bulgaricus

Streptococcus thermophilus 
81)

B. bifidum L. bulgaricus 8PA3
82)

- GTP 

B. breve B-3 
83)  

84–87)

MCP-1 88)

89,90)

LPS 2 4

LPS 22,91,92)

LPS LPS CD14 / TLR4

2

LPS

22) Hoarau B. breve C50

LPS IL-10

LPS 93) B. breve
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94)

Jeon IL-10 Tr1 L. casei B. 

breve B. breve 95)

B. breve B-3 12 hCRP

Table 3-3 B. breve B-3

Saa Orm
83) B. breve B-3

 

B. breve B-3 12

B. breve B-3

B. breve B-3

B. breve B-3
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Fig. 3-1.  Participant flowchart 

 

 

  

Randomized (n = 52)

Assessed for eligibility (n = 52)

Excluded (n = 0)

Placebo group (n = 28) B-3 group (n = 24)

Drop-Out due to
personal reason (n = 2)

Drop-Out  due to
personal reason (n = 4)

Enrollment

Allocation

Follow-up

Final
Analysis Set

Placebo group (n = 25)
Excluded due to serious
change of lifestyle (n=1)

B-3 group (n = 19)
Excluded due to serious
change of lifestyle (n=1)
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Table 3-1.  Baseline characteristics of the subjects 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
a P-value of Fisher's exact test for categorical data and P-value of two-sample T-test for continuous 

data were shown.   
b The proportion of participants with a baseline level higher than the borderline for domestic criteria 

of metabolic syndrome in Japan. 

 

 

  

Placebo B-3 P-value a

Sex n 25 19 0.535
Male 11 6
Female 14 13

Body component, mean (SEM)
Age (years) 61.9 (1.9) 58.9 (2.0) 0.302
Body weight (kg) 71.2 (2.3) 68.9 (2.7) 0.506
BMI (kg/m2) 27.7 (0.5) 27.1 (0.6) 0.461
Muscle Mass kg 45.1 (2.0) 44.8 (2.1) 0.908
Fat mass (kg) 23.5 (1.0) 21.5 (1.0) 0.187
Fat percentage ( ) 33.3 (1.3) 31.3 (1.0) 0.276

Prescribed drug usage ( )
for diabetes mellitus 72 79 0.734
for hyperlipidemia 52 68 0.358
for hypertensive 36 42 0.760

Metabolic markers ( )
TG  150 mg/dL b 60 42 0.361
FBS  110 b 84 79 0.709
HDL-C < 40 b 4 5 1.000
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Fig. 3-2. Correlative relationship between body fat mass and blood parameters. 

Correlation analysis between changed values at week 12 from week 0 of body fat mass and blood 

parameters (A, γ-GTP; B, ALT; C, 1,5-AG) by Pearson's correlation test. Data shown were 

correlation coefficients (ρ) with P values, * P<0.05. As for ALT and γ-GTP, correlation analysis 

was performed using the data after logarithmic transformation and standardization. Solid lines 

and filled circles indicate B-3 group, dotted lines and unfilled circles indicate placebo group. 
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4.1.   

B. breve B-3
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1 500 CFU B. breve B-3

12 96)
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2016 9 2 UMIN Clinical Trials Registry UMIN 

000023919  

 

B. breve B-3 100 CFU/

12 30 2 B-

3 200 CFU/ B-3
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SAS 9.3 SAS Institute USA
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ANCOVA
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B-3 Table 4-1

0 4 8 12 Table 4-
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4 12

Fig. 4-2A B-3 8 12

8 P=0.02 2=0.074 12

P=0.02 2=0.068 Fig. 4-2A B-3 8

12 8 P=0.04  
2=0.053 12 P= 0.03 2=0.060 Fig. 4-2B

B-3 8 8

(P=0.03 2=0.062) Fig. 4-3C B-3

12 P<0.01 Fig. 4-2E BMI

Fig. 4-2D  

Fig. 4-3 4
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12.7 12.9 P<0.01 B-3 AST 24.8 U/L 25.5 

U/L P=0.049  ALT 34.3 U/L 36.4 U/l P=0.03

B-3 HDL- 46.4 

mg/dL 48.2 mg/dL P=0.058 176.8 mg/dL 150.4 

mg/dL P=0.053 hCRP LBP  

 

8 6 B-3 2

B-3

 

Table 4-4

B-3

 

 

4.4.   
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5

0.60
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CFU / 12 0.7 kg
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hCRP

hCRP 7 0.98 g/mL
96)

BMI
113)

 

8 Fig. 4-2C

114,115)

114,116)



 

40 
 

B. breve B-3
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Fig. 4-1. Participant flow diagram 

  



 

42 
 

 

Table 4-1. Baseline information of participants 

Placebo (N=40) B-3 (N=40)
Sex (male, female) 37, 3 37, 3
Age 45.6 ± 8.5 45.4 ± 9.8
Anthropometric measures

Height (cm) 170.4 ± 7.0 170.5 ± 5.9
Body weight (kg) 80.3 ± 7.1 80.6 ± 6.8
BMI (kg/m2) 27.6 ± 1.2 27.7 ± 1.2
Waist circumference (cm) 96.2 ± 5.6 96.6 ± 4.9

Abdominal fat areas
Visceral fat area (cm2) 106.1 ± 20.7 106.3 ± 20.3
Subcutaneous fat area (cm2) 233.4 ± 40.9 233.2 ± 36.2
Whole body fat area (cm2) 339.6 ± 54.2 339.6 ± 47.1

Body composition
Body fat mass (kg) 23.6 ± 4.2 22.9 ± 3.1
Body fat (%) 29.5 ± 5.4 28.5 ± 3.9
Muscle mass (kg) 53.6 ± 6.8 54.5 ± 6.2  

Continuous variables are shown as means  SD. 
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Table 4-2. Daily nutrition intake in the B-3-supplemented and placebo groups during the intervention 

 

  

Mean SD Mean SD Mean SD Mean SD
Energy (kcal/day) Placebo 2028 450 2009 564 1959 580 1922 518

B-3 1940 404 1959 427 1966 466 1885 492
Protein (g/day) Placebo 76.3 20.6 74.3 23.2 72.8 22.4 73.7 22.0

B-3 70.0 15.4 70.8 16.2 73.1 15.4 68.3 14.8
Fat (g/day) Placebo 68.5 18.7 68.1 23.7 66.0 24.3 65.2 21.9

B-3 65.0 19.7 69.8 21.9 68.0 26.1 62.1 21.2
Carbohydrates (g/day) Placebo 260.7 68.6 258.7 70.9 253.2 76.6 243.7 69.2

B-3 255.4 54.5 248.0 52.2 251.0 55.5 250.8 66.0
Fiber (g/day) Placebo 10.6 3.6 10.5 3.7 10.7 3.5 10.5 3.7

B-3 10.5 2.6 10.7 3.3 10.4 3.4 11.1 4.4

0 weeks 4 weeks 8 weeks 12 weeks
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A                             B                            C 

D                             E 

Fig. 4-2. Transition of changes in (A) percent body fat, (B) body fat mass, (C) muscle mass, (D) BMI, and (E) 

waist circumference during the intervention period. 

The data are presented as means  SE. 

Significant difference between the placebo and B-3 groups analyzed by ANCOVA adjusted for the baseline 

(P<0.05).  
†Significant within-group difference from the baseline analyzed by a one-sample T-test (P<0.05). 
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A                             B                            C 

Fig. 4-3. Transition of changes in (A) total fat area, (B) visceral fat area, and (C) subcutaneous fat area during 

the intervention period.  

The data are presented as means  SE. 

Significant difference between the placebo and B-3 groups analyzed by ANCOVA adjusted for the baseline 

(P<0.05). 
†Significant within-group difference from the baseline analyzed by a one-sample T-test (P<0.05). 
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Table 4-3. Changed values of blood parameter from the baseline 

Blood lipids
Total cholesterol (mg/dl) 2.1  18.7 3.0  15.4
LDL-cholesterol (mg/dl) 2.1  16.1 3.5  16.6

HDL-cholesterol (mg/dl) 1.8  6.7 1.8  5.7

Triglyceride (mg/dl)‡ 0.8  63.4 26.3  83.5
Blood sugar

Glycoalbumin (%) 0.2  0.3 0.1  0.4

Fasting blood glucose (mg/dl) 0.9  5.9 0.5  7.8
HbA1c (%) 0.02  0.15 0.03  0.16
HOMA-IR 0.22  2.34 0.18  1.58

Liver function

AST (U/l)‡ 1.0  11.7 0.6  7.8

ALT (U/l)‡ 0.0  14.2 2.0  15.3

ALP (U/l) 5.0  20.2 2.2  16.7

-GTP (U/l)‡ 0.9  19.2 1.2  11.5
Inflammation markers

hCRP (mg/dl)‡ 0.076  0.361 0.012  0.186

LBP ( g/ml)‡ 0.21  3.79 0.33  1.67

Placebo B-3

 

Values are means  SD. 

Within-group comparisons: *P  0.05; †P  0.1 

Analysis was performed after logarithmic transformation of the values. 
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Table 4-4. Changed values of hematology, biochemical, and urine parameters from the baseline 

WBC (/ml) -128 ± 694 -5 ± 1158
RBC ( ×104/ml) 2.9 ± 15.8 4.0 ± 15.4
Hemoglobin (g/dl) 0.0 ± 0.6 0.0 ± 0.4
Hematocrit (%) -0.4 ± 2.4 -0.5 ± 2.3
Platelets ( ×104/ml) 0.3 ± 2.0 0.4 ± 1.6
LDH (U/l) -2.4 ± 17.8 -0.6 ± 13.2
Bilirubin (mg/dl)‡ 0.0 ± 0.24 0.1 ± 0.30
CK (U/l)‡ -4.3 ± 53.6 -56.0 ± 325.6
Total protein (g/dl) 0.0 ± 0.23 0.0 ± 0.24
Albumin (g/dl) -0.1 ± 0.18 -0.1 ± 0.16
Urea nitrogen (mg/dl) 0.2 ± 2.19 0.1 ± 2.79
Creatinine (mg/dl) -0.03 ± 0.07 -0.02 ± 0.07
Uric acid (mg/dl) -0.4 ± 0.72 -0.3 ± 0.55
Sodium (eEq/l) 0.2 ± 1.6 0.4 ± 1.5
Chloride (mEq/l) -0.2 ± 2.2 0.8 ± 1.8
Potassium (mEq/l) 0.1 ± 0.32 0.0 ± 0.29
Calcium (mg/dl) 0.1 ± 0.29 -0.1 ± 0.25
Phosphorus (mg/dl) 0.0 ± 0.39 -0.1 ± 0.35
Magnesium (mg/dl) 0.1 ± 0.12 0.0 ± 0.12
Serum Iron (mg/dl) -5.8 ± 35.0 9.3 ± 35.9
Urine pH‡ -0.1 ± 0.61 -0.1 ± 0.68
Urine specific gravity -0.001 ± 0.008 0.000 ± 0.009

Placebo B-3

 

Values are means  SD. 

Within-group comparisons: *P  0.05 

Analysis was performed after logarithmic transformation of the values. 
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5.1.   

11 3 37

HRB
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HRB Non-HRB

2

7.0 mg/mL
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2 400 g/mL

3000
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118)
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3 BMI 24 30 40 69 52
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