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In this study, we isolated 28 strains of Bacillus spp. from 

water samples, catfish pond mud samples and earthworm manure 

(Perionyx excavates). By the cross-streak agar methods, 22 

Bacillus strains showed the inhibition ability to Edwardsiella 

ictaluri, which caused Bacillary Necrosis Pangasius (BNP) in 

catfish (Pangasianodon hypophthalmus). Both Bacillus sp. Q16 

and Q111 strains showed the highest inhibition to E. ictaluri by the 

double-layer agar methods. Finally, two Bacillus strains (Q16, 

Q111) were selected as a source of potential probiotic because of 

the ability of extracellular enzyme secretion (protease, amylase, 

cellulose) strong growth at 0,1-1% salt concentrations, survival 

within the pH range 6-8, resistance to low pH and low bile salts, 

inability to produce haemolysin enzyme, sensitivity to eight 

antibiotics in the three impacting groups (inhibition of wall 

synthesis, inhibition mechanism of protein synthesis, inhibition of 

nucleic acid synthesis). Two Bacillus strains (Q16, Q111) were 

identified that they belong to Bacillus subtilis by biochemical 

method and 16S rRNA gene sequencing method. This study 

indicated that two Bacillus strains (Q16, Q111) isolated from catfish 

pond can be applied as high potential probiotics that used to farm 

catfish. 

1. Introduction 

In recent years, the Catfish job (Pangasianodon hypophthalmus) at Mekong Delta is 

more developed and yield is being enhanced. However, the farmers carry out intensive farming 

constantly to increase yield and profit, therefore, the problem of catfish disease occurs more 

often and more damages. One of the common diseases in catfish, bacterial disease is the most 

effective in catfish farming, especially purulent kidney liver disease caused by Edwardsiella 
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ictaluri (Dang & Nguyen, 2012). Although the chemicals and antibiotics cure and protect 

catfish, the disadvantages of them increase antibiotic-resistance bacteria and decrease the 

effects of antibiotics on humans and animals (Moriarty, 1997). One of the solutions to this 

problem is using biological products in biological control disease (Sudha, Chauhan, Dixit, 

Babu, & Jamil, 2010). Many pieces of research showed Bacillus have probiotic activity and 

biological control (Chao et al., 2012; Moriarty, 2006) in aquaculture. Gram‐positive bacteria 

are used worldwide as probiotics. The wide applications belong to endospore‐forming members 

of Bacillus genera (Huynh, Le, & Cutting, 2005), in which Bacillus subtilis is commonly used 

in aquaculture. Probiotics have been shown resistance to diseases, and they are excellent 

preventive tools against pathogens. Probiotics play an important role in creating resistance to 

infectious diseases and in producing antibacterial materials that prevent pathogenic bacteria 

from getting into organisms. Some products demonstrated the ability of probiotics in the 

protection for aquatic animals against pathogenic infection such as Bacillus spp. against Strep. 

iniae (Cha, Rahimnejad, Yang, Kim, & Lee, 2013). Probiotics have proven their effectiveness 

in improving water quality. They also enhanced the decomposition of organic matter, reduced 

nitrogen and phosphorus concentrations, and controlled ammonia, nitrite, and hydrogen sulfide 

(Cha et al., 2013; Ma, Cho, & Oh, 2009). Nguyen et al. (2013) reported that isolated bacteria 

from earthworms have the potential to make probiotic products and biological control some 

bacteria’s diseases on the aquatic animals. In this study, some Bacillus spp. strains were isolated 

and selected from catfish gut, water, muddy water pond samples and from earthworm manure 

(P. excavates), they are potential to make the probiotic products that could be applied to catfish 

farming. 

2. Materials and methods 

2.1. Materials 

Bacillus spp. strains (Labeled as Q) were isolated from water, catfish muddy water pond 

and gut samples in Thoai Son district, An Giang province and Lap Vo district, Dong Thap 

province. Bacillus spp. strains (Labeled as F) were isolated from earthworm manure (P. 

excavates), which were provided by Microbiology Lab at Ho Chi Minh City Open University. 

E.ictaluri was provided by Research Institute for Aquaculture No.2. Catfish were provided by 

hatchery Binh Thanh 1 of An Giang Fishers Association center. 

2.2. Methods 

2.2.1. Isolation Bacillus spp. 

Bacillus spp. were isolated and purified on Nutrient Agar media (NA). Each strain was 

presumptive identification based on the Bergey method. The criteria of Bacillus spp. 

identification were positive bacteria, spore, positive Oxidase and positive catalase based on 

Bergey (1994, as cited in Holt, Krieg, Sneath, Staley, & Williams, 1994). 

2.2.2. Antagonistic test to E. ictalurid 

Each Bacillus spp. strain was tested the ability to resist to E.ictaluri by Cross-Streak 

method. (Lemos, Toranzo, & Barja, 1985). Double-layer agar method base on (Jock, Völksch, 

Mansvelt, & Geider, 2002). The result was recorded in 24, 48 and 72h and repeated 3 times. 
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2.2.3. Production extracellular enzyme test  

This experiment was tested on some extracellular enzymes such as protease (caseinase, 

gelatinase), amylase, lipase, cellulase. Qualitative protease enzyme based on Montville (1983) 

(Montville, 1983), amylase and lipase enzymes based on Hankin and Anagnostakis (1975) 

(Hankin & Anagnostakis, 1975), cellulase enzyme based on Samanta, Pal, and Sem (1989) 

(Samanta et al., 1989).  

2.2.4. Resistance saline and pH test  

Bacteria trial was cultured on TSB media (Tryptic Soy Broth) in 30oC/24h, dilution with 

NaCl 0,85% at 108CFU/mL concentration based on McFarland 0.5. In resistance saline test, 1% 

bacteria broth was cultured on TSB media with different NaCl concentrations: 0,1; 0,2; 0,4; 

0,6; 0,8 and 1% (w/w), in 30oC/24h. In the resistance pH test, the range of pH was examined 

from 4 to 10. Bacteria could tolerance saline and pH when could growth in media. 

2.2.5. Resistance to acid gastric test 

Bacteria trial were cultured on DSM media (Difco Sporulation Medium) 37oC/48h. The 

bacteria broth at 108CFU/mL concentration, 0,1mL bacteria broth was transferred into 10mL 

TSB media (Tryptic Soy Broth) at pH = 2, pH = 3 in shake cultured in 30oC, 200rpm/min. At 

0h, 1h, 2h, 1mL broth was certificated cold 6000rpm/5 mins, kept and washed sediment by 

NaCl 0,85% and dilution to appropriate concentration in NaCl 0,85%. The sample was cultured 

on TSA media (Tryptic Soy Agar) in 3 different consecutive concentrations, in 37oC/24-48h. 

Count and analyze the living bacteria trial follow the formula: % living bacteria: Ni/Nx × 100, 

Ni = log CFU/mL after culture time, Nx = log CFU/mL at 0h (Cukrowska et al., 2009). 

2.2.6. Resistance to bile salt test 

Bacteria broth was prepared at 108CFU/mL concentration. 0,1mL bacteria broth was 

transferred into 10mL TSB media with bile salt in 0,5, 1 and 2% concentration, shake culture 

in 37oC, 200rpm/min. At 0h, 1h, 2h, 1mL broth sample was removed and analyze living 

bacteria. 

2.2.7. Production hemolysin enzyme test  

Isolated bacteria were cultured on BA (Blood Agar), this media was added 5% sheep 

blood, in 30oC/24. This experiment was conducted with control (non-hemolysin) (Van, 2006). 

2.2.8. Minimum Inhibitory Concentration (MIC) 

The antibiotic was dilution in MHB (Mueller Hinton Broth). Each bacterium was 

isolated & cultured on MHB in 37oC/24h and diluted in NaCl 0,85% at the final concentration 

is 106 CFU/mL. The antibiotic was diluted in 2 consecutive concentration in MHB media with 

line concentration: 128; 64; 32; 16; 8; 4; 2; 1; 0,5; 0,25; 0,125; 0,0625, transferred into each 

tube 0,5mL antibiotic and 0,5mL bacteria brotha at 106CFU/mL, in 370C/16-18h. The control 

sample was conducted without antibiotics. The result was based on MIC Breakspoint for 

Bacillus genus, according to CLSI (Schwalbe, Steele, & Goodwin, 2007). 

2.2.9. Identification 

Selection bacteria were identified by the biochemical method Bergey (as cited in Holt, 

Krieg, Sneath, Staley, & Williams, 1994) and the molecular method based on 16S rRNA was 

conducted by Macrogen Company, Korea. 
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3. Results 

3.1. Isolation of Bacillus spp. 

We isolated 6 Bacillus spp. from earthworm manure (P. excavates) (Labeled as F) and 

22 Bacillus spp. from water, catfish pond mud and gut (Labeled as Q). Its characteristics are 

Gram-positive, catalase-positive, rod-shaped, intracellular spore. 

 

Figure 1. (A) Gram-stained image of Bacillus Q32. (B) Bacillus Q32 colony characteristics 

on NA after 24 hours of culture 

3.2. The result of antagonistic 

There are 22 Bacillus spp. Strain (F11, F2, F27, F33, Q11, Q111, Q12, Q13, Q16, Q162, Q21, 

Q23, Q25, Q240, Q270, Q0, Q29, Q3, Q30, Q32, Q2, Q6) that could resist to E. ictaluri at 24h, 48h, 

and 72h from 28 strain were tested by the cross-streak method and the double-layer agar 

method. The results were shown in Figure 2 and Figure 1. 2 strains Bacillus sp. Q16 and Q111 

showed the highest resistance to E. ictaluri with the inhibition zone over 30mm. According to 

the research of Ho et al. (2017) showed the B. pumilus (47B), B. amyloliquefaciens (48C, 51G, 

39B) and B. megaterium (4A, 62D) showed high inhibition activity against E. ictaluri, with 

inhibition zone over 10mm. Therefore, Bacillus sp. Q16 and Q111 strains were selected for the 

next experiment. 

 

Figure 2. Bacillus strains resistance E.ictaluri at 24h, 48h, and 72h 



      Nguyen Van Minh et al. Ho Chi Minh City Open University Journal of Science, 10(1), 3-16 7 

 

Figure 3. Bacillus strains resistance E.ictaluri 

3.3. Production extracellular enzyme test 

The result showed Bacillus sp. Q16 and Q111 could produce extracellular enzymes such   

as amylase enzyme, gelatinase, caseinase, cellulase and couldn’t produce lipase enzyme (Figure 

4).  In addition, enzyme production activity of Bacillus was also Joo, Hur, Han, and Kim (2007), 

showed that strains of Bacillus spp. can produce many extracellular enzymes such as amylase, 

cellulase, lipase. 
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Figure 4. Extracellular enzyme production test 

(A: Gelatinase, B: Cellulase, C: Caseinase, D: Amylase) 

3.4. Resistance to saline and pH test 

Bacillus sp. Q111 and Q16 could resistance and strong growth in concentration saline to 

1%. In the pH test, 2 strains could strong growth in pH from 6 to 8. Ho et al. (2017) showed 

Bacillus could growth in pH from 5 to 10. 

3.5. Resistance to acid gastric test 

The result of Bacillus sp. Q16 and Q111 was shown in Figure 5, Figure 6 and Figure 7. 

In pH = 3 and 2, Bacillus sp. Q111 và Q16 could strong growth in 2h. Therefore, 2 strains 

could resistance to acid gastric. This result was similar to the research of Sudha et al. (2010) 

and Hyronimus, Marrec, Sassi, and Deschamps (2000) showed that Bacillus spp. could live in 

pH = 2, 3. 
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Figure 5. Living bacterial of strains test with pH = 2 

 

Figure 6. Living bacterial of strains test with pH =3 
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Figure 7. Acid gastric tolerance of Bacillus sp. Q16 

3.6. Resistance to bile salt test 

The result was shown in Figure 8, 9, 10.  

The result showed Bacillus sp. Q16 could growth in bile salt 0,5% and the living rate 

was decreased extremely at 1% and 2%. But Bacillus sp. Q111 could growth after 2h at 0,5% 

and 1%. In 2% concentration bile salt after 2h culture, living rate of Bacillus sp. Q111 was more 

than Bacillus sp. Q16. In research of Sudha et al. (2010) showed Bacillus coagulans could live 

in media with 2% concentration bile salt. 

 

Figure 8. Living bacterial of strains test in bile salt 0,5% 
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Figure 9. Living bacterial of strains test in bile salt 1% 

 

Figure 10. Living bacterial of strains test in bile salt 2% 
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Figure 11. Bile salt tolerance of Bacillus sp. Q111 at 2% 

3.7. Hemolysin test 

Bacillus sp. Q16 và Q111 didn’t have hemolysin (𝛾) (Figure 12). This was the first step 

to recognize the characteristic disease, to apply safely to the human when it infected through 

food (Shafiqur, Shakila, Niamul, & Manjurul, 2009). 

 

Figure 12. Hemolysin test of strains Bacillus sp. Q16 và Q111 
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3.8. Sensitive antibiotic test 

Bacillus sp. Q111 and Q16 were sensitive to 8 antibiotics (penicillin, cefotaxime, 

vancomycin, chloramphenicol, erythromycin, gentamycin, tetracycline, ciprofloxacin) 

including in 3 impacting groups. 

3.9. Identification 

Based on Bergey (1994 as cited in Holt, Krieg, Sneath, Staley, & Williams, 1994), 

Bacillus sp. Q16 and Q111 were similar to Bacillus subtilis is 100% (20/20 test) by the 

biochemical method.  

By molecular method based on sequence 16S rRNA, the sequence of 2 strains was 

compared to Genbank NCBI BLAST showed Bacillus sp.  Q16 and Q111 were similar 100% with 

Bacillus subtilis and Bacillus amyloliquefaciens. According to Kwon et al. (2009), sequence 

16S rRNA of B. subtilis and B.  amyloliquefaciens couldn’t distinguish. Therefore, we 

conducted 3 test biochemical α-D-glucosidase production, CMC hydrolysis, L-tryptophan-

aminopeptidase production to distinguish B. subtilis and B. amyloliquefaciens (Cowan & Steel, 

1993). The test biochemical result of Bacillus sp. Q16 and Q111 showed that 2 strains similar to 

Bacillus subtilis (positive α-D-glucosidase, positive CMC hydrolysis, negative L-tryptophan-

aminopeptidase). Based on the biochemical method and molecular method, Bacillus sp. Q16 and 

Q111 were identified as Bacillus subtilis. 

We have to study some important experiments such as testing of evaluation about 

Bacillus safety, the ability of Bacillus strains to protect catfish against Edwardsiella ictaluri, 

optimization of the media of Bacillus strains to applicate for manufacturing the probiotics. 

4. Discussion 

Many studies show that Bacillus was used as a biological control in aquaculture. 

Bacillus strains isolated from soil or channel catfish intestine were screened for their 

antagonism against Edwardsiella ictaluri and Aeromonas hydrophila, the causative agents of 

enteric septicemia of catfish (ESC) and Motile Aeromonas Septicaemia (MAS). Many studies 

proved that the Bacillus spp. can secrete antibacterial compounds belonging to the peptide, 

lipopeptide, and bacteriocin (Abriouel, Franz, Omar, & Gálvez, 2011). Aly, Ahmed, Ghareeb, 

and Mohamed (2008) showed that B. subtilis secretes antagonism to A. hydrophila and 

Pseudomonas fluorescens. Vo, Van, and Nguyen (2013) researched the probiotic products 

including a mixture of strains of B. circulans B3, B. subtilis N26.3, P. acidilactici LA61 used 

at a concentration of 1x107CFU/g and catfish were fed in 4 weeks that could enhance the 

resistance and resist to purulent liver disease caused by E. ictaluri in catfish. According to 

Nguyen et al. (2013) selected two strains of Bacillus spp. (Q16 and Q111) were the most resistant 

to E. ictaluri, and through the safety assessment and the protection ability test for pangasius 

under the infective condition with E. ictaluri showed that both strains Bacillus spp. (Q16 and 

Q111) were safe and able to protect the host. 

5. Conclusion 

In this study, we selected 2 Bacillus spp. (Q16 and Q111) that have potential probiotic, 

resistance to E. ictaluri. Additionally, there could produce 3 extracellular enzymes (amylase, 

protease, cellulase) which resist to saline, pH, acid gastric, bile salt, that couldn’t produce 
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hemolysin enzyme resistance to the antibiotic. Therefore, this study results had the potential to 

make/produce probiotics, applications in aquaculture. 
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