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Abstract: The antagonistic activity of two Bacillus strains isolated from the gastrointestinal 
tract of giant freshwater prawns against Aeromonas hydrophila was evaluated in vitro. The 
characterisation of the novel probiotic strains of these bacilli was also performed. Bacillus 
subtilis P33 and 72 were found to have high inhibition activities against the growth of A. 
hydrophila by two assay methods: paper disc and well diffusion. Probiotic properties, namely 
acid and bile salt tolerance, autoaggregation, coaggregation, hydrophobicity and adhesion to 
Caco-2 cells, were further analysed. Survival rates in model gastrointestinal tract condition, 
viz. pH 2.5 for 3 h and 0.3% bile salt for 24 h, were shown to be more than 95% and 90% 
respectively. The ability of B. subtilis  strains of P33 and P72 to adhere to epithelial cells of 
the host animal was measured by percentage autoaggregation (35.7 and 42.2%), 
coaggregation (11.1 and 11.6%), hydrophobicity in n-hexadencane (25.6 and 30.0%), xylene 
(32.2 and 36.1%), toluene (30.3 and 31.6%), and adhesion to Caco-2 cells (4.21 and 3.23 
log cfu/ml respectively). These results indicate that both strains of B. subtilis P33 and P72 
can be considered to be good novel probiotic candidates for use in the prawn aquaculture 
industry. 
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Introduction  

The giant freshwater prawn (Macrobrachium rosenbergii) is one of most commercially 
important food commodities in the world especially in many Asian countries such as Taiwan, Thailand, 
and Vietnam [1]. In the prawn aquaculture industry, Aeromonas hydrophila infection is considered a 
major cause of shell diseases and low rate of survival [2-3]. The use of antibiotics to prevent these 
diseases has normally been practiced in many cases although their indiscriminate use has led to increase 
in antibiotic resistance and residual level in the products [4-6], which has affected the shrimp export of 
Thailand [7]. Probiotics as microbial cells are administered in such a way as to enter the gastrointestinal 
tract and to be kept alive, with the aim of improving health [8]. The main purposes of using probiotics 
in aquaculture were shown to include competitive exclusion of pathogenic bacteria [9-10], as source of 
nutrients and enzymatic contribution to digestion [11] and enhancement of the immune response against 
pathogenic microorganisms [10],[12-14]. Although several investigations have reported the case of 
using potential probiotics in shrimp aquaculture, there seems to be no report of similar cases for the 
giant freshwater prawn. In this study, therefore, the characteristic activity and antagonistic ability of the 
novel probiotic strain of Bacillus subtilis isolated from the gastrointestinal tract of giant freshwater 
prawns were investigated. 
 
Materials and Methods   

Bacterial strains 
The tested strains of B. subtilis, P33 and P72, were isolated from the intestines of giant 

freshwater prawns which were obtained from Chaopraya River, while the compared strain of B. subtilis, 
TISTR 08, and the pathogenic strain of Aeromonas hydrophila, TISTR 1321, were purchased from 
Thailand Institute of Scientific and Technological Research. The tested strains were fundamentally 
characterised by being gram positive, rod shape, spore former and catalase positive, thus indicating a 
general morphology or characteristic of Bacillus [15]. The strains were maintained at -80o C in 20 %   
(v/v) glycerol (Merck, Germany) until further analysis. 

 

Antagonistic activity of Bacillus strains against A. hydrophila 
Two methods of agar diffusion assays were used in this study. The first was the paper disc 

diffusion assay, a modification of the paper disc (Durchmesser: 6 mm, Macherey-Nagel, Germany) 
diffusion method used as triplicate tests. Both groups of the bacterial strains (the tested strains including 
the compared strain and the pathogenic strain) were briefly grown in a nutrient broth (Merck, 
Germany), incubated at 37o C for 18 h, and adjusted to an approximate concentration of 108 cfu/ml. 
Each sterilised paper disc was impregnated with 20 µl of a diluted test bacterial isolate and placed on 
the surface of an agar plate which was previously inoculated with the indicator pathogen at a 
concentration of about 107 cfu/ml. The plate was then incubated at 37o C for 24 h and the inhibition 
zone around paper disc was recorded. The second method was the well diffusion assay in which the 
nutrient agar (Merck, Germany) plates were each overlaid with 10 ml of molten nutrient broth (Merck, 
Germany) containing 0.7% agar at 45° C and inoculated with the 18-h culture of the pathogenic strain 
above to obtain a final concentration of approximately 106 cfu/ml.  Upon solidification of both agar 
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layers, a sterile cork borer was applied to create wells of 8 mm in diameter. The cell-free supernatant 
(100 µl) from the broth containing the 18-h culture of the tested strains were transferred into each well 
and incubated at 37° C for 24 h under aerobic condition. B. subtilis TISTR 08 was used as the control. 
The inhibition of a clear zone around the well showing no growth of the indicator pathogen was 
recorded. Each sample was done in triplicate. 

 
API 50 CHB assay 

The profile of biochemical test of the isolates was evaluated with API 50 CHB (BioMérieux®, 
France) strips following the manufacturer’s instructions. Briefly, bacteria were grown in nutrient broth 
at 37 oC for 18 h. After centrifugation at 5000 g for 15 min, cells were washed twice with sterile 
distilled water. The bacteria were adjusted with sterile distilled water to achieve an approximate 
concentration at 2 McFarland.  The bacterial suspension was mixed with API 50 CHB medium and 
added into the wells of API 50 CHB strips. These suspensions were incubated at 37o C for 24 h. The 
ability of the bacterial strains to ferment 49 different carbohydrates was used to classify the strains.  

 
Acid and bile salt tolerance assays   

Acid tolerance was evaluated using a modified method of Conway et al. [16] and Pennacchai et 
al. [17]. Cultures were grown in nutrient broth (Merck, Germany) at 37°C for 18 h. One ml of bacterial 
suspension was transferred into 9 ml of sterile phosphate buffer saline solution adjusted to pH 2.5 with 
5 N HCl (Merck, Germany). The initial bacterial concentration was almost 107 cfu/ml, which was then 
incubated at 37°C for 0 and 3 h. Viable bacteria were counted after incubation at 37° C for 24 h on 
nutrient agar. For bile salt tolerance, the method of Gilliland et al. [18] was performed. One ml of 
bacterial suspension was inoculated into 9 ml of sterile nutrient broth prepared with bile salt (Sigma, 
USA). About 0.3% of bile salt concentrate was applied. The suspension was incubated at 37° C on 
nutrient agar and viable bacteria were counted after exposure of 0 and 24 h.  

 
Autoaggregation and coaggregation assays 

Aggregation of bacterial isolates was evaluated by the method of Del Re et al. [19] as modified 
by Kos et al. [20]. For determination of autoaggregation, the tested bacteria were grown at 37o C for 24 
h on a nutrient broth (Merck, Germany). After centrifugation at 5000 g for 15 min, cells were washed 
twice and resuspended in phosphate buffer saline to give a viable concentration of about 107-108 cfu/ml.  
Four ml of  the cell suspension were mixed for 10 s to determine autoaggregation during 5 h of 
incubation at room temperature. The upper suspension was used in each hour by transferring 0.1 ml to 
another 3.9 ml of phosphate buffer solution, and the optical density at 600 nm was measured.  Per cent 
autoaggregation was calculated by the formula: 1-(At/A0) x 100, where At represents the absorbance at 
time t = 1, 2, 3, 4 or 5, and A0 the absorbance at t = 0. For determination of coaggregation, the cell 
suspension was prepared similar to the autoaggregation assay. Two 2-ml aliquots of the cell suspensions 
were mixed together by vortexing for 10 s. About 4 ml of individual cell suspension was set aside as 
control group at the same time. The absorbance at 600 nm was measured after mixing and incubating at 
room temperature for 5 h. Coaggregation was calculated according to Handley et al. [21]: (Ax + Ay)/2 – 
A(x + y)/Ax + Ay/2 x 100, where Ax and Ay represented absorbance of each of the two strains.  
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Hydrophobicity assay   

Determination of cell surface hydrophobicity was evaluated according to the ability of the 
microorganisms to partition into hydrocarbon from phosphate buffer solution using the method of 
Savage [22]. Bacterial isolates were grown in nutrient broth (Merck, Germany) at 37°C for 24 h. After 
being centrifuged at 5000 g for 15 min, the pellets (bacterial precipitates) were washed twice with 
phosphate buffer solution and optical density of the bacteria at 450 nm adjusted to 0.5 A. About 1 ml of 
bacterial suspension was added with 60 µl of  a hydrocarbon, viz. n-hexadecane (Fluka, Germany), 
xylene (Fisher, England), or toluene (Merck, Germany), and vortexed for 1 min followed by 
determination of optical density of the water phase.  Hydrophobicity was calculated according to the 
equation: [(OD450 before – OD450 after)/OD450 before] x 100 = % hydrophobicity. 

Adhesion assay on Caco-2 cells 
The method of Gagnon et al. [23] was performed with a little modification. Caco-2 cells were 

routinely grown in Dulbecco’s modified Eagle’s minimal essential medium (DMEM, Sigma-Aldrich, 
USA) supplemented with 10% (v/v) fetal calf serum (Hyclone, USA) inactivated at 56°C for 30 min, 
1% (v/v) non-essential amino acids (Hyclone, USA), and 1% (v/v) penicillin-streptomycin (10,000 
IU/ml and 10,000 µg/ml; Hyclone, USA). Cells were incubated at 37° C in  5% CO2 in air. For the 
bacterial adhesion assay, Caco-2 cells were seeded with 1 ml of culture medium containing 105 viable 
cells/well in 24-well tissue culture plates. The culture medium was changed every 48 h while Caco-2 
cells were used at post-confluence after 15 days to become fully differentiated. The medium of non-
supplemented DMEM was replaced at least 1 h before adhesion assay.  Tested bacteria from the 18-h 
cultures in nutrient broth (Merck, Germany) were harvested and washed twice with phosphate buffer 
saline. Cells were resuspended in non-supplemented DMEM to achieve a concentration of 108 cfu/ml.  
After washing the Caco-2 twice with phosphate buffer saline, 0.5 ml of bacterial suspension was added 
to each well and incubated at 37° C for 1 h in  5% CO2 in air. Removing unattached bacteria was 
performed by washing with the sterile phosphate buffer saline 3 times. Caco-2 cells were lysed with 
0.1% Triton X-100 (Merck, Germany) for 5 min. The concentration of adhered bacterial cells were 
enumerated by plate counting in triplicate on nutrient agar and then incubating at 37° C for 24 h. The 
adhesion of bacterial strains to Caco-2 cells was expressed as log cfu/ml by comparing the initial and 
viable bacteria in the DMEM suspension. Each adhesion assay was performed in triplicate.  

 

Results and Discussion   

The diversity of microbial population in the gastrointestinal tract of prawns had been found in 
many different prawn species in research findings (data not shown) which showed that the Bacillus 
strains have characteristics of being Gram positive and spore formers having rod shape and the ability to 
produce catalase enzyme [15]. Both isolates of B. subtilis P33 and P72 were found to be catalase 
positive, an indicator that anaerobic spore-forming Clostridium spp. were absent. Barbosa et al. [24] 
reported that catalase positive property is a characteristic of Bacillus, thus separating it distinctly from 
Clostridium spp. 
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Based on the recently proposed use of probiotic bacteria to prevent shrimp diseases [25], this 
study was aimed to identify the novel probiotic strains in order to apply them as a disease control in 
giant freshwater prawn aquaculture. The characteristics of a successful probiotic consist of antimicrobial 
activity against intestinal pathogens, acid and bile tolerance, and the ability to adhere to and colonise the 
intestinal tract [26-27]. The determination of the antimicrobial activity of B. subtilis P33 and P72 which 
were isolated from the gastrointestinal tract of giant freshwater prawns against A. hydrophila was 
performed by paper disc and well diffusion assay. The antagonistic effect of these isolates on the growth 
of indicator pathogen could be determined by the appearance of clear inhibition zones around the paper 
disc or well (Figure 1 and Table 1). Previous studies showed that Bacillus species could produce a large 
number of antimicrobials [28]. In addition, the cell-free extracts of B. subtilis BT23 showed greater 
inhibitory effects against the growth of V. harveyi which was isolated from the black gill disease of 
Penaeus monodon [29]. The B. subtilis UTM 126 possessed an antimicrobial activity against 
pathogenic Vibrio strains that included V. alginolyticus, V. parahaemolyticus and V. harveyi [25]. All 
these suggest that the antimicrobial-producing strains of B. subtilis P33 and P72 may play an important 
role in suppressing the growth of harmful A. hydrophila. 

 
 

  
Figure 1. Agar well diffusion assay showing antagonistic activity of Bacillus strains against 

A.hydrophila TISTR 1321: (a) B. subtilis TISTR 08, (b) B. subtilis P33,  and (c) B. subtilis P72 
 
 
              Table 1.   Antagonistic activity of Bacillus strains against A. hydrophila TISTR 1321   

 
 
 
 
 

 
      
                Note:   -  =  no inhibition      
 
                              

Inhibition zone (mm.) 
Bacteria 

Paper disc diffusion Well diffusion 
B. subtilis TISTR 08 - - 

B. subtilis P33 14.5±0.5 18.3±0.6 

B. subtilis P72 13.7±1.3 19.0±1.0 

a 

b c 
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The method using biochemical technique was applied in identifying the type of B. subtilis P33 
and P72. These isolates were subjected to sugar fermentation pattern analysis by API 50 CHB test strip. 
Exhibiting a rate of 96.6%, both P33 and P72 isolates were identified as belonging to the species of 
Bacillus subtilis. 

In order to survive in the gastrointestinal tract, a probiotic candidate must be resistant to the 
salivary enzyme, gastric acid and bile, and able to establish itself in the intestinal microbiota. The 
tolerance of both B. subtilis P33 and P72 strains to acid (pH 2.5) and  bile salt (0.3%) were reported as 
% survival rate (Figure 2). The low pH tolerance of both strains was shown to be more than 95%. The 
growth of these strains in nutrient broth containing 0.3% bile salt after 24-h incubation indicated a high 
rate of tolerance of more than 90% for both strains.  Previously, probiotic strains of Bacillus species 
and B. subtilis MA 139 were shown to exhibit resistance to bile salts and simulated gastric conditions 
[30], and in fact, some Bacillus species were frequently found in the intestinal tract [24,31]. These 
findings suggest that both of these probiotic candidates could survive transit through the gastrointestinal 
tract and establish themselves in the intestinal environment in which they may cause effective action. 
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Figure 2.  Tolerance of B. subtilis P33 and P72 strains to     acid  (pH 2.5)  and      bile salt (0.3%) 
 

The autoaggregation percentage of the tested isolates was determined during a period of 5 h 
(Table 2). In the beginning, the percentage of autoaggregation ranged between 10.5–14.2%, and then 
continually increased every hour.  In the final 5th hour, the autoaggregation registered a high percentage 
of 35.7–42.2. Coaggregation of these isolates with A. hydrophila was expressed as per cent reduction in 
the absorbance of a mixed suspension after 5 h. The rates of both isolates were 11.1 and 11.6% for B. 
subtilis P33 and P72 respectively. Previous studies showed that the property of aggregation is related to 
cell adherence and interacts closely with undesirable bacteria [19,32]. The strains with the highest 
autoaggregation or coaggregation were selected for further tests in probiotic screening steps [33]. The 
method of coaggregation with gut pathogens may be useful for screening to identify potential probiotic 
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strains [20,34]. Both of the tested strains in this study exhibited high autoaggregation and moderate 
coaggregation. A similar result was observed in which a probiotic strain of L. acidophilus M92 showed 
a high score in autoaggregation but lower score in coaggregation with pathogens [19]. The inhibitor 
producing lactic acid bacteria which coaggregate with pathogens may constitute an important host 
protective mechanism against infection in the urogenital tract [35], as well as in the gastrointestinal tract 
[36]. 

The use of n-hexadencane, xylene, and toluene to evaluate the hydrophobic cell surface 
properties of the tested Bacillus isolates showed a rather consistent result. The hydrophobicity of B. 
subtilis P33 and P72 strains was 25.6–30.0 % in n-hexadecane, 32.2–36.1 % in xylene, and 30.3-31.6% 
in toluene (Table 2). Surface hydrophobicity was determined in order to test for possible correlation 
between this physico-chemical property and the ability to adhere to the intestinal mucus as suggested 
[37]. 

 
Table 2. Adhesion property of B. subtilis P33 and P72 by different testing methods: hydrophobicity,    

autoaggregation and coaggregation 

 
Adhesion to the intestinal epithelium and mucus is found to be associated with stimulation of the 

immune system [38-39], and adhesion to the intestinal mucosa is also crucial for transient colonisation 
[39], an important prerequisite for probiotics to control the balance of the intestinal microbiota [40]. 
The ability to adhere to the intestinal mucosa is therefore an important criterion for in vitro probiotic 
selection [41], hence the use of Caco-2 cells in this study. The result indicated that both of the two 
tested strains could adhere to Caco-2 cells. The adhesion to Caco-2 cells was 4.21 and 3.23 log cfu/ml 
for B. subtilis P33 and P72 respectively (Figure 3).  Similar results were found using several other 
species such as Lactobacillus sp. [42], L. casei rhamnosus [43], L. rhamnosus DR20 and 
Bifidobacterium lactis DR10 [44], L. fermentum [45], and L. plantarum [46]. These findings suggest 
that both B. subtilis P33 and P72 strains have the ability to adhere to the epithelial cells of the host 
animals. 
 

Hydrophobicity (%) Aggregation (%) 

Auto- (h) Bacteria  Hexadec- 

ane 
Toluene Xylene 

1 2 3 4 5 
Co- 

B. subtilis P33 25.6±1.6 30.3±9.4 32.2±5.6 14.3±0.0 21.4±10.1 35.7±10.1 35.7±10.1 35.7±10.1 11.1±0.0 

B. subtilis P72 30.0±2.6 31.1±3.7 36.1±2.0 10.6±0.8 36.7±4.7 47.2±3.9 41.7±11.8 42.2±3.1 11.7±3.7 
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Figure 3. Adhesion of B. subtilis P33 and P72 to Caco-2 cells for initial bacterial (   ) and adhered 
bacterial (    ) concentration 
 
Conclusions   

The B. subtilis strains of P33 and 72 which originally came from the gastrointestinal tract of the 
giant freshwater prawn, were found to show inhibiting activities against the growth of A. hydrophila. 
The probiotic property of both strains could survive in acidic medium (pH 2.5) and 0.3 % bile salt 
solution. The two strains also exhibited ability to adhere to epithelial cells as shown by aggregation, 
hydrophobicity and adhesion to Caco-2 cells, thus indicating that they could be considered as good  
novel probiotic candidates for use in the prawn aquaculture industry. 
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