

Table 1: Summary of the MIC and MBC of the extract against selected pathogens by broth microdilution assay
						Minimum Inhibitory Concentrations
		         			Extract concentration (mg/mL) 		Positive Control	(μg/mL)      
Test microorganisms 			  MIC	  	 MBC	        MBC/MIC		   CIP 
Staphylococcus aureus (ATCC 25923) 	  28.70		 28.70		  1		1.25 ± 0.0
Escherichia coli (ATCC 25922) 	    	  28.70		 28.70	    	  1		5.0 ± 0.0
Pseudomonas aeruginosa (ATCC 27853) 	  28.70		 28.70	       	  1		5.0 ± 0.0
Klebsiella pneumoniae (clinical isolate)	  14.35		 28.70		  2		5.0 ± 0.0

MIC: Minimum Inhibitory Concentration; MBC: Minimum Bactericidal Concentration; CIP: Ciprofloxacin  



	
	Table 2. Time-kill kinetics antibacterial study of Bacillus subtilis subsp. subtilis 168 extract against S. aureus (ATCC 25923). 


	Incubation time(h)
	   Mean bacterial population    
        (CFU/mL)
	
	               Percentage (%) reduction

	
	0.5 x MIC: 14.35  (mg/mL)
	
1 x MIC: 28.70 (mg/mL)
	2 x MIC: 57.40 (mg/mL)
	14.35 (mg/mL)
	28.70 (mg/mL)
	57.40   (mg/mL)

	
0
	3.0 x 106 ± 0.0
	3.3 x 106 ± 0.2
	3.5 x 106 ± 0.5
	
	
	

	2
	2.1 x 106 ± 0.2
	1.1 x 106 ± 0.2
	2.1 x 103 ± 0.4
	51.16
	74.42
	>99.9

	4
	2.0 x 106 ± 0.0
	2.2 x 105 ± 0.3
	0
	62.26
	95.85
	>99.9

	6
	2.1 x 106 ± 0.3
	1.0 x 104 ± 0.3
	0
	71.62
	>99.9
	>99.9

	8
	2.9 x 106 ± 0.5
	0
	0
	66.67
	>99.9
	>99.9

	10
	3.3 x 106 ± 0.3 
	0
	0
	65.63
	>99.9
	>99.9

	12
	3.3 x 106 ± 0.2
	0
	0
	     67.00
	>99.9
	>99.9

	24
	3.9 x 106 ± 0.4
	0
	0
	67.50
	>99.9
	>99.9



MIC: Minimum Inhibitory Concentration; CFU/mL: Colony forming units per milliliter 






Table 3. Time-kill kinetics antibacterial study of Bacillus subtilis subsp. subtilis 168 extract against E. coli (ATCC 5922).
	Incubation time(h)
	

   Mean bacterial
population (CFU/mL)
	
	
	   Percentage(%) reduction    
	
	

	
	0.5 x MIC: 14.35 (mg/mL)
	1 x MIC: 28.70 (mg/ml)
	2 x MIC: 57.40 (mg/mL)
	                 14.35 (mg/mL)
	28.70 (mg/mL)
	57.40 (mg/mL)

	
0
	2.3 x 106 ± 0.4
	2.4 x 106 ± 0.3
	2.4 x 106 ± 0.3
	
	
	

	2
	1.6 x 106 ± 0.5
	6.1 x 105 ± 0.5
	2.7 x 104 ± 0.3
	                    54.29
	82.57
	99.23

	4
	1.9 x 106 ± 0.8
	1.9 x 104 ± 0.8
	0
	                    58.70
	99.59
	>99.9

	6
	2.2 x 106 ± 0.3
	0
	0
	                    65.63
	>99.9
	>99.9

	8
	2.5 x 106 ± 0.5
	0
	0
	                    67.11
	>99.9
	>99.9

	10
	2.5 x 106 ± 0.3
	0
	0
	                    71.26
	>99.9
	>99.9

	12
	2.8 x 106 ± 0.3
	0
	0
	                    70.53
	>99.9
	>99.9

	24
	2.9 x 106 ± 0.5
	0
	0
	                    72.90
	>99.9
	>99.9

	
	
	
	
	
	
	


  MIC: Minimum Inhibitory Concentration; CFU/mL: Colony forming units per milliliter 



Table 4. Time-kill kinetics antibacterial study of Bacillus subtilis subsp. subtilis 168 extract against P. aeruginosa (ATCC 27853).

	Incubation time(h)
	Mean bacterial population (CFU/mL)
	
	
	Percentage (%)    reduction
	
	

	
	0.5 x MIC: 14.35 (mg/mL)
	1 x MIC: 28.70 (mg/ml)
	2 x MIC: 57.40 (mg/mL)
	14.35 (mg/mL)
	28.70 (mg/mL)
	57.40 (mg/mL)

	
0
	2.8 x 106 ± 0.3
	2.7 x 106 ± 0.3
	2.8 x 106 ± 0.3
	
	
	

	2
	1.9 x 106 ± 0.8
	1.9 x 106 ± 0.8
	1.2 x 106 ± 0.3 
	48.65
	48.65
	67.57

	4
	1.8 x 106 ± 0.6
	8.8 x 105 ± 0.6
	1.1 x 103 ±  0.2
	60.87
	80.87
	>99.9

	6
	1.9 x 106 ± 0.8
	6.7 x 104 ± 0.5
	0
	67.8
	98.86
	>99.9

	8
	2.7 x 106 ± 0.3
	0
	0
	63.51
	>99.9
	>99.9

	10
	2.8 x 106 ± 0.3
	0
	0
	67.82
	>99.9
	>99.9

	12
	2.9 x 106 ± 0.5
	0
	0
	69.47
	>99.9
	>99.9

	24
	3.0 x 106 ± 0.3
	0
	0
	71.15
	>99.9
	>99.9



MIC: Minimum Inhibitory Concentration; CFU/mL: Colony forming units per milliliter 


Table 5. Time-kill kinetics antibacterial study of Bacillus subtilis subsp. subtilis 168 extract against K. pneumoniae (clinical isolate).

	Incubation time(h)
	Mean bacterial population (CFU/mL)
	
	
	Percentage (%) reduction
	
	

	
	0.5 x MIC: 7.18 (mg/mL)
	1 x MIC: 14.35 (mg/mL)
	2 x MIC: 28.70  (mg/mL)
	7.18 (mg/mL)
	14.35 (mg/mL)
	28.70  (mg/mL)

	
	
	
	
	
	
	

	0
	3.3 x 106 ± 0.4
	3.5 x 106 ± 0.5
	3.6 x 106 ± 0.5 
	
	
	

	2
	2.0 x 106 ± 0.1
	5.6 x 105 ± 0.6
	2.2 x 104 ± 0.3
	53.49
	86.98
	99.49

	4
	2.4 x 106 ± 0.3
	1.9 x 105 ± 0.3
	0
	55.56
	96.48
	>99.9

	6
	2.5 x 106 ± 0.3
	1.0 x 104 ± 0.1
	0
	63.24
	99.85
	>99.9

	8
	2.9 x 106 ± 0.5
	0
	0
	63.75
	>99.9
	>99.9

	10
	3.1 x 106 ± 0.2
	0
	0
	66.30
	>99.9
	>99.9

	12
	3.6 x 106 ± 0.5
	0
	0
	65.71
	>99.9
	>99.9

	24
	3.8 x 106 ± 0.7
	0
	0
	68.07
	>99.9
	>99.9



MIC: Minimum Inhibitory Concentration; CFU/mL: Colony forming units per milliliter 

	
Table 6: Summary of the viable cell logarithm reduction activity of ethyl-acetate extract of  Bacillus subtilis subsp. subtilis 168 against selected pathogens.



	
	 
	
	
	Log10 Reduction (CFU/mL)
	

	
	
	
	
	
	
	
	
	

	Test strain
	MIC
	2 h
	4 h 
	6 h
	8 h
	10 h
	12 h
	24 h

	
	0.5
	0.31
	0.96
	0.55
	0.48
	0.46
	0.48
	0.49

	Staphylococcus aureus (ATCC 25923)
	1
	0.59
	1.38
	3.87
	6.94
	6.94
	6.94
	6.94

	
	2
	3.31
	6.72
	6.72
	6.72
	6.72
	6.72
	6.72

	
	
	
	
	
	
	
	
	

	
	0.5
	0.34
	0.38
	0.46
	0.48
	0.54
	0.53
	0.57

	Escherichia coli (ATCC 25922)
	1
	0.78
	2.38
	6.81
	6.81
	6.81
	6.81
	6.81

	
	2
	2.11
	6.66
	6.66
	6.66
	6.66
	6.66
	6.66

	
	
	
	
	
	
	
	
	

	
	0.5
	0.29
	0.41
	0.49
	0.44
	0.49
	0.51
	0.54

	Pseudomonas aeruginosa (ATCC 27853)
	1
	0.29
	0.72
	1.95
	6.87
	6.87
	6.87
	6.87

	
	2
	0.49
	3.62
	6.77
	6.77
	6.77
	6.77
	6.77

	
	
	
	
	
	
	
	
	

	
	0.5
	0.33
	0.35
	0.44
	0.44
	0.47
	0.47
	0.5

	 Klebsiella pneumoniae (clinical isolate)
	1
	0.89
	1.45
	2.83
	6.90
	6.90
	6.90
	6.90

	
	2
	2.21
	6.73
	6.73
	6.73
	6.73
	6.73
	6.73

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	MIC= Minimum Inhibitory Concentration; MBC: Minimum  Bactericidal Concentration; CFU/mL: Colony forming units per milliliter
	
	 
	
	
	
	
	

	


	
	
	
	
	
	
	
	


Table 7: Kruskal-Wallis H test for antibacterial potential of Bacillus subtilis subsp. subtilis 168   
     extract
	Variable 
	Median (IQR)
	Kruskal-Wallis H
	Df
	p-value

	
Kk of extract against Staphylococcus aureus (ATCC 25923) at 3 different MIC 

	3.87 (6.72-0.52)

	13.34

	2

	0.001*


	Kk of extract against Escherichia coli (ATCC 25922) at 3 different MIC

	6.66 (6.74-0.53)

	14.88

	2

	0.001*


	Kk of extract against Pseudomonas aeruginosa (ATCC 27853) at 3 different MIC

	1.95 (6.77-0.49)

	8.99

	2

	0.011*


	Kk of extract against Klebsiella pneumoniae (clinical isolate) at 3 different MIC

	2.83 (6.73-0.47)

	13.93

	2

	0.001*


	Kk of extract across the test isolates 
	3.47 (6.77-0.49)
	0.25
	3
	0.969



IQR: Inter quartile range; Df: Degree of freedom; MIC: Minimum Inhibitory Concentration; *: Statistically significant (p < 0.05); Kk: Killing kinetics 

