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Supplementary Figure S1. Menu items and nutritional value of the prepared diet.  

Hijiki, the marker for stool collection, is circled in red. 

  



  

Supplementary Figure S2. Accuracy of the GC-MS polyamine measurements.  

(A) Chromatogram and retention time of putrescine, 1,4-diaminoheptane, and spermidine. 

(B) Calibration curve of putrescine. (C) Calibration curve of spermidine. (D) Calibration 

curve of spermine. The retention times of putrescine, spermidine, spermine and 

1,4-diaminoheptane were 11.1 min, 17.3 min, 22.7 min and 14.6 min, respectively. 

Calibration curves were prepared by correcting the area of the standards with the area of 

1,4-diaminoheptane as an internal standard. The correlation coefficients (R2) of putrescine, 

spermidine, and spermine calibration curves were 0.9995, 0.9989 and 0.9957, respectively. 

   



 

Supplementary Figure S3. Exclusion of outliers with the Smirnov–Grubbs test. The 

Smirnov-Grubbs test was performed on all subject data for each analysis: (A) RHI; (B) 

serum putrescine; (C) serum spermidine; (D) white blood cell count; (E) serum 

triglyceride; (F) serum high-density lipoprotein (HDL)-cholesterol; (G) blood glucose 

levels; (H) serum NO2/NO3; (I) serum TNF- J) serum IL- . Serum NO, serum 

TNF- - The outlier data are indicated by 

open squares. 

  



 

 

 

 

 

Supplementary Figure S4. Principal component analysis of fecal microbiota at 

the phylum level (A), class level (B), order level (C), and family level (D). 

  



Supplementary Table 1. Characteristics of subjects’ background and effects of yogurt containing B. animalis subsp. lactis and arginine on physical and blood parameters. 

All data are represented as mean ± SEM. Means are average of all obtained data; change values are calculated from data excluding outliers. Comparisons at week 0 and week 12 between the 

Bifal+Arg YG and placebo groups were tested by Student’s t-test. Intra-group comparisons at week 0 and at week 12 were tested using the paired t-test. Comparisons of change value 

between the Bifal+Arg YG and placebo groups were tested by two-way ANOVA. All baseline × change interactions are shown in Supplementary Table S2. N.T., not test.  

 Bifal+Arg 
Mean (SEM) 

 
Placebo 

 Difference (p-value) 

   Bifal+Arg vs. Placebo  Week 0 vs. Week 12 

 Week 0 Week 12 Change  Week 0 Week 12 Change  Week 0 Week 12 Change  Bifal+Arg Placebo 

Physical examination               

Height, cm 163.7 (2.1) 163.9 (2.0) +0.1 (0.1)  162.3 (2.2) 162.3 (2.2) +0.1 (0.2)  0.636 0.308 0.486  0.288 0.718 

Body weight, kg 64.0 (2.5) 64.5 (2.5) +0.5 (0.3)  63.7 (2.6) 64.6 (2.6) +0.9 (0.6)  0.936 0.496 0.450   0.083 0.142 

Abdominal circumference, cm 79.4 (2.3) 82.8 (2.3) +3.4 (0.6)  80.2 (2.2) 84.3 (1.8) +4.1 (0.9)  0.798 0.307 0.386   0.001* 0.001* 

Heart rate, bpm 72.9 (1.7) 70.9 (1.9) -2.0 (2.0)  69.7 (1.5) 73.2 (2.4) +3.5 (2.5)  0.158 0.230 0.025*   0.328 0.185 

BMI 23.8 (0.7) 23.9 (0.7) +0.2 (0.1)  24.1 (0.6) 24.4 (0.7) +0.3 (0.2)  0.762 0.323 0.405  0.198 0.142 

Endothelial function/blood pressure               

RHI 1.50 (0.07) 1.81 (0.11) +0.31 (0.12)  1.68 (0.11) 1.63 (0.12) -0.07(0.18)  0.174 0.132 0.017*  0.010* 0.356 

Systolic blood pressure, mmHg 122.4 (2.3) 120.2 (2.8) -2.2 (2.3)  123.1 (3.4) 125.3 (2.5) +2.13 (2.7)  0.855 0.097 0.131  0.184 0.223 

Diastolic blood pressure, mmHg 77.9 (1.5) 75.1 (2.2) -2.9 (2.1)  81.2 (2.2) 78.9 (1.9) -2.25 (1.5)  0.229 0.097 0.405  0.093 0.073 

Blood biochemical analyses               

White blood cell count , mL 6315 (316) 5945 (326) -370 (307)  5641 (347) 5352 (240) -123 (395)  0.160 0.086 0.303  0.245 0.759 

Erythrocyte count, 104/mL 482.7(11.7) 478.6(10.9) -4.1 (5.1)  479.6(12.1) 470.5 (11.5) -9.1 (3.2)  0.853 0.306 0.349  0.434 0.013* 

Hemoglobin, g/dL 14.03(0.44) 140.2 (0.4) -0.01 (0.24)  13.92 (0.4) 13.6 (0.38) -0.32 (0.12)  0.848 0.226 0.255  0.964 0.022* 

Hematocrit, % 43.5 (1.1) 43.4 (1.1) -0.04 (0.5)  42.8 (0.9) 42.39 (0.98) -0.44 (0.34)  0.655 0.238 0.364  0.932 0.221 

Platelet count, 104/mL 27.9 (1.4) 25.6 (1.1) -2.2 (0.6)  27.7 (1.0) 28.4 (1.0) +0.7 (0.5)  0.938 0.040* 0.017*  0.003* 0.170 

Blood glucose level. mg/dL 89.17(2.92) 87.6 (2.2) -1.56 (2.24)  92.31 (3.5) 91.13 (3.54) +0.07(2.59)  0.492 0.137 0.346  0.497 0.980 

Total cholesterol, mg/dL 197.2 (6.6) 196.3 (6.0) -0.9 (4.4  223.8 (9.1) 223.1 (7.8) -0.7 (5.3)  0.022* 0.006 0.491  0.829 0.898 

Triglyceride, mg/dL 129.3(15.0) 103.9(12.9) -25.4 (10.5)  104.8(15.7) 125.1 (22.3) 0.6 (8.0)  0.285 0.202 0.085  0.027* 0.944 

HDL-cholesterol, mg/dL 57.4 (3.3) 60.4 (3.4) 3.0 (1.2)  54.4 (3.1) 55.6 (3.1) +1.21 (1.8)  0.536 0.134 0.313  0.019* 0.502 

LDL-cholesterol, mg/dL 121.7 (6.9) 119.7 (6.3) -2.0 (3.5)  129.2(10.5) 131.1 (9.3) +1.9 (4.3)  0.547 0.154 0.341  0.572 0.661 

NO2/NO3, mM N.T. 21.3 (1.5) N.T.  N.T. 24.5 (2.1) N.T  - 0.103 -  - - 

Inflammatory markers               

TNF-a, mM N.T. 0.552(0.03) N.T.  N.T. 0.617 (0.05) N.T.  - 0.137 -  - - 

IL-1, mM N.T. 0.046(0.01) N.T.  N.T. 0.039 (0.01) N.T.  - 0.294 -  - - 

Urinalysis               

Specific gravity 
1.015 

(0.002) 
1.017 

(0.002) 
+0.002 
(0.002) 

 1.015 
(0.002) 

1.017  (0.002) +0.002 (0.002)  0.888 0.499 0.445  0.257 0.501 

pH 6.3 (0.1) 6.1 (0.2) -0.1 (0.2)  6.2 (0.2) 6.0 (0.2) -0.2 (0.2)  0.769 0.268 0.378  0.451 0.371 



 

 

Supplementary Table S2. Baseline × change interactions by two-way 
ANOVA in comparison of change values between the Bifal+Arg YG and 
placebo groups. 

 

*Significant difference 

 

  

baseline × change interaction Difference (p -value)

Physical examination

Height, cm 0.653 0.486

Body w eight, kg 0.866 0.450

Abdominal circumference, cm 0.970 0.386

Heart rate, bpm 0.028* 0.025*

BMI 0.900 0.405

Endothelial function and blood pressure

RHI 0.023 0.017*

Systolic blood pressure, mmHg 0.509 0.131

Diastolic blood pressure, mmHg 0.487 0.405

Blood biochemical analyses

White blood cell count , mL 0.111 0.303

Erythrocyte count, 104/mL 0.921 0.349

Hemoglobin, g/dL 0.770 0.255

Hematocrit, % 0.868 0.364

Platelet count, 104/mL 0.111 0.017*

Blood glucose level. mg/dL 0.790 0.346

Total cholesterol, mg/dL 0.044 0.491

Triglyceride, mg/dL 0.061 0.085

HDL-cholesterol, mg/dL 0.820 0.313

LDL-cholesterol, mg/dL 0.792 0.341

NO2/NO3, mM -

Urinalysis

Specif ic gravity 0.844 0.445

pH 0.962 0.378



 

Supplementary Table S3. Effect of consumption of yogurt containing B. animalis subsp. lactis and 

Arg (Bifal+Arg YG) on fecal microbiota composition (phylum level) 

 

Comparisons between the Bifal+Arg YG and placebo groups were tested using Mann-Whitney U tests. 
Comparisons at week 0 and at week 12 were tested using Wilcoxon signed rank tests. p-values were adjusted 
using the Benjamini and Hochberg method [1], and adjusted p-values less than 0.05 are indicated by red circles. 

 

References  
1. Benjamini, Y.; Hochberg, Y. Controlling the false discovery rate: a practical and powerful approach to 

multiple testing. J. R. Statist. Soc. B (Methodological) 1995, 289-300. 
 

  



 

Supplementary Table S4. Effect of consumption of yogurt containing B. animalis subsp. lactis and 
Arg (Bifal+Arg YG) on fecal microbiota composition (class level) 

 
Comparisons between the Bifal+Arg YG and placebo groups were tested using Mann-Whitney U tests. 
Comparisons at week 0 and at week 12 were tested using Wilcoxon signed rank tests. p-values were adjusted 
using the Benjamini and Hochberg method [1], and adjusted p-values less than 0.05 are indicated by red circles. 
 
References  
1. Benjamini, Y.; Hochberg, Y. Controlling the false discovery rate: a practical and powerful approach to 

multiple testing. J. R. Statist. Soc. B (Methodological) 1995, 289-300. 

 

  



 

Supplementary Table S5. Effect of consumption of yogurt containing B. animalis subsp. lactis and 

Arg (Bifal+Arg YG) on fecal microbiota composition (order level) 

 
Comparisons between the Bifal+Arg YG and placebo groups were tested using Mann-Whitney U tests. 
Comparisons at week 0 and at week 12 were tested using Wilcoxon signed rank tests. p-values were adjusted 
using the Benjamini and Hochberg method [1]. 

 

References  
1. Benjamini, Y.; Hochberg, Y. Controlling the false discovery rate: a practical and powerful approach to 

multiple testing. J. R. Statist. Soc. B (Methodological) 1995, 289-300. 

  



Supplementary Table S6. Effect of consumption of yogurt containing B. animalis subsp. lactis and 

Arg (Bifal+Arg YG) on fecal microbiota composition (family level) 

 

  



 

Supplementary Table S6. Continued 

 

Comparisons between the Bifal+Arg YG and placebo groups were tested using Mann-Whitney U tests. 
Comparisons at week 0 and at week 12 were tested using Wilcoxon signed rank tests. p-values were adjusted 
using the Benjamini and Hochberg method [1]. 

 

References  
1. Benjamini, Y.; Hochberg, Y. Controlling the false discovery rate: a practical and powerful approach to 

multiple testing. J. R. Statist. Soc. B (Methodological) 1995, 289-300. 

  



Supplementary Table S7. Effect of consumption of yogurt containing B. animalis subsp. lactis and 

Arg (Bifal+Arg YG) on fecal microbiota composition (genus level) 

 

  



Supplementary Table S7. Continued 

 

 



Supplementary Table S7. Continued 

 

 



 

Supplementary Table S7. Continued 

 

 



 

Supplementary Table S7. Continued 

 
Comparisons between the Bifal+Arg YG and placebo groups were tested using Mann-Whitney U tests. 
Comparisons at week 0 and at week 12 were tested using Wilcoxon signed rank tests. p-values were adjusted 
using the Benjamini and Hochberg method [1]. 

 

References  
1. Benjamini, Y.; Hochberg, Y. Controlling the false discovery rate: a practical and powerful approach to 

multiple testing. J. R. Statist. Soc. B (Methodological) 1995, 289-300. 

 


