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104-26

I. 

10 80 kg (LD) (S) 2 (R)

Don et al. (1986) Ye et al. (2013) 10 2

5  1 g 1 mL 9 mL 0.85%

1 mL 9 mL ( 10 g glucose + 5 g peptone + 3 g maltose extract 

+ 3 g yeast extract 1,000 mL pH = 6.8 ) 37 24 100 uL

 ( 1 g glucose + 3 g yeast extract + 0.04 g bromocresol purple + 0.2 g L-cystein + 5 g peptone + 15 

g agar + 1 mL Tween80 1,000 mL pH = 7.0) 37 24

10 ( R1 R10 S1 S10 ) (  

1 )

Cow rumen uid

(A) (B)

Swine feces

1. 

II. 

10 37 24 45 48  

90 30

37 24

III. 16S rDNA

1 mL 9 mL 37 48

FastPure Bacteria DNA Isolation Mini Kit (DC102-01, Vazyme Biotech Comp., China) DNA

PCR (forward primer: 5’-AGAGTTTGATCCTGGCTCAG-3’) (reverse primer: 

5’-GGTTACCTTGTTACGACTT-3’) PCR DNA PCR (denaturation) 95

30  (annealing) 42 30 (extension) 72 90 30

1.5 kb 16S rDNA (Ye et al., 2013) 16S rDNA

16S rDNA pGEM® - T Easy Vector Systems  (A1380, Promega Corp., USA) 42

(JM109 Competent Cells, Promega Corp., USA ) 37

16 LB (244620, Thermo Fisher Scienti c Comp., Canada)

37 140 rpm/min Plasmid DNA PureLinkTM 

HiPure Plasmid Miniprep Kit (K210002 Thermo Fisher Scienti c Inc., Canada) DNA

( ) 16S rDNA

NCBI 16s rDNA

IV. 

Cebeci and Gurakan (2003) De Angeli et al. (2006)

pH 2 2% 37 90
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37 48

V. (MALDI-TOF MS, matrix assisted laser desorption/ionization-time of 

ight mass spectrometer)

16S rDNA MALDI-TOF MS (MALDI 

Biotyper® CA System, Bruker Corp., USA) MALDI-TOF MS  

2,000 20,000 Da 

(Dieckmann et al., 2008)

( ) 1 

( ) TOF  

( ngerprint) (Dieckmann et al., 

2008; Wieser et al., 2012)

I. 

10 (R1 R10 S1 S10)

5

R3 R5 R6 R8 R9 S1 S6 S7 S8 S10 Don et al. (1986)

30 55

5

II. 16S rDNA

5 PCR 1.5 kb 16S rDNA PCR  

DNA 16S rDNA NCBI

R3 R6 R8 R9 S7 S10 6

98.84% 97.74% 98.64% 97.88% 99.10% 98.45% ( 1 ) Bacillus 

badius Bacillus shackletonii Bacillus camelliae 84 91% Carlos et al. (2010)

16S rDNA (genus) 200 bps

81.7% 400 bps 90% 6

(Bacillus)

III. 

4 2 pH 2 2%

9 2 S7 S10

80% R3 R6 R8 R9 56.7 74.0%

R3 R9 2 70% R3 R8 S10

80% Liong and Shah (2005) ( ) pH 2 90

60% 0.3% 7 8 57%

pH 2 2% 9 80% S10

pH 2 2% 70% R3 2 (S10 R3)

IV. MALDI-TOF MS

4 (R3 R6 R8 R9) 2 (S7 S10) NCBI BLAST  

MALDI-TOF MS R3 ( 3 ) R6 R8

R9 S7 S10  (Bacillus cereus)

(Stenfors-Arnesen et al., 2008) van Veen et al. (2010) MALDI-TOF

95.1 96.4% R3 5
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R3 1  108 cfu/mL

1. Basic Local Alignment Search Tool 16S rDNA

Table 1. Similarity analysis among 16S rDNA nucleotide sequences of bacteria strains from swine manure and rumen uid 

using Basic Local Alignment Search Tool

Sample no. * Max score Total score Query cover Expect value Percent
identity

Accession
length

R3 Bacillus coagulans 2,767 2,767 91% 0 98.84% 1,549

Bacillus badius 2,440 2,440 84% 0 97.22% 1,435

Bacillus shackletonii 2,416 2,416 88% 0 95.56% 1,503

R6 Bacillus coagulans 2,704 2,704 91% 0 97.74% 1,549

Bacillus badius 2,379 2,379 84% 0 96.04% 1,435

Bacillus shackletonii 2,361 2,361 88% 0 94.50% 1,503

R8 Bacillus coagulans 2,758 2,758 90% 0 98.64% 1,549

Bacillus badius 2,433 2,433 84% 0 97.01% 1,435

Bacillus shackletonii 2,420 2,420 88% 0 95.50% 1,503

R9 Bacillus coagulans 2,693 2,693 91% 0 97.88% 1,549

Bacillus badius 2,394 2,394 84% 0 96.55% 1,435

Bacillus shackletonii 2,385 2,385 91% 0 94.38% 1,549

S7 Bacillus coagulans 2,785 2,785 91% 0 99.10% 1,549

Bacillus badius 2,459 2,459 85% 0 97.50% 1,435

Bacillus shackletonii 2,435 2,435 89% 0 95.83% 1,503

S10 Bacillus coagulans 2,756 2,756 91% 0 98.45% 1,549

Bacillus badius 2,425 2,425 84% 0 96.73% 1,435

Bacillus shackletonii 2,372 2,372 88% 0 94.77% 1,503

* The three similar strains depended on meeting the highest levels of query cover, expect value (The lower the E-value, or the 
closer it is to zero, the more "signi cant" the match is.) and percent identity.

2. 

Table 2. Analysis of survival rate in acid and bile salt tolerance of bacillus coagulans candidate strains from cattle rumen 

pH 2.0 2% Bile salt

Bacterial strain no. 0 min 90 min 0 min 90 min

Total bacterial count cfu/mL

R3  103 cfu/mL 264.2  20.5* 192.5  6.4 (72.9%)A 142.5  10.6 123.5  4.9 (86.7%)

R6  103 cfu/mL 156.0  8.5 88.5  12.0 (56.7%) 400.5  68.4 252.5  35.2 (63.0%)

R8  103 cfu/mL 484.0  60.8 313.5  16.3 (64.8%) 368.0  18.4 298.5  21.6 (81.1%)

R9  103 cfu/mL 132.5  12.6 98.0  22.5 (74.0%) 49.5  12.3 32.5  6.9 (65.7%)

S7  103 cfu/mL 573.0  22.9 461.0  52.3 (80.4%) 341.5  47.8 268.0  29.6 (78.5%)

S10  103 cfu/ml 92.0  14.5 77.5  17.9 (84.2%) 303.0  45.7 251.5  26.2 (83.0%)

* Mean  SD.
A Survival rate, %.
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3. MALDI-TOF MS

Bacillus coagulans candidate strains from 

Analyte ID Organism
(best match)

Score* Value Organism
(second best match)

Score Value

R3 Bacillus coagulans 1.830 Bacillus coagulans 1.726

R6 Bacillus cereus 2.142 Bacillus cereus 2.141

R8 Bacillus cereus 1.844 Bacillus weihen-stephanensis 1.763

R9 Bacillus cereus 2.038 Bacillus cereus 1.973

S7 Bacillus cereus 2.029 Bacillus cereus 1.935

S10 Bacillus cereus 2.080 Bacillus cereus 1.995

* Meaning of Score Values is more than or equal (  ) to 2.3 highly probable species identi cation, is less than ( < ) 2.3 and is 

more than or equal (  ) to 2.0 secure genus identi cation, probable species identi cation, is less than ( < ) 2.0 and is more 

than or equal (  ) to 1.7 probable genus identi cation, and is less than ( < ) 1.7 not reliable identi cation.

16S rDNA

pH 2 2% MALDI-TOF MS R3

R3
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Abstract

Bacillus belongs to gram-positive bacteria that can secret extracellular enzymes, form of spores to progress into 

dormancy and less likely to receive impact from the external environment, which is also suitable a feed additive for livestock 

and poultry. The objective of the study is to select and identify Bacillus coagulans with acid and bile salt-resistant and 

Bacillus coagulans were selected by 

hours to induce sporulation, and further heated up to 90°C for 30 minutes to kill non-sporulation of strains and 16S rDNA 

nucleotides BLAST, in order to identify the DNA similar to Bacillus coagulans. Subsequently, 6 candidate strains of bacillus 

tolerance ability and use of MALDI-TOF MS were applied to identify microbial species. The results showed that 5 candidate 

strains (R6, R8, R9, S7S and S10) belonged to Bacillus cereus and only R3 strain belonged to B. coagulans. In addition, the  

B. coagulans sporulation ability of R3 exceeded 1  108 cfu/mL. In conclusion, the B. coagulans

potential to be used as a feed additive in livestock ration.
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