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A Study on the Effect of Bacillus spp. to Control the
Pathogenic Bacteria in Aquaculture
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ABSTRACT

The present study was aimed to select potential probionts from five different
strains of Bacillus spp. The test pathogens included Vibrio spp. of V.vulnificus, V. fluvialis,
V. parahaemolyticus, V. alginolyticus, V. mimicus and V. cholera (non 01), which were
isolated from the white feces disease infected pacific white shrimp (Litopenaeus vannamei),
and V. harveyi AQVH (Aquaculture V harveyi) which was isolated from the diseased post
larvae of pacific white shrimp. Vvulnificus and V. fluvialis included two strains of yellow
and green respectively. Aeromonas hydrophila AQAH (Aquaculture A.hydrophila) was
isolated from diseased Nile Tilapia (Oreochromis niloticus). The probiont strains were
Bacillus subtilis B1, B. pumilus B2, B. subtilis B3, B. subtilis B4, and B. subtilis B5.
The test of antagonism was carried out by cross streak and agar well diffusion assay
(AWDA). Antagonistic activities were observed in B1, B2 and B5 against 4. hydrophila
by B1 and against all the Vibrio species by the other two strains. B1 and B5 were found to
antagonize by inhibition to the pathogens while B2 colonized on the pathogens in cross
streak method. In AWDA, these three probionts produced an antimicrobial substance
evidenced by the presence of a clear zone after respective hours of incubation with the
pathogens. B2 and B5 were found to retain antimicrobial activity up to seven days while
B1 up to five days. There was no antagonism found in B3 and B4 against the selected
pathogens. Based on the results of cross streak and AWDA, the probionts B1, B2 and B5
were subjected to co-culture experiments where all the Bacillus species were cultured
individually with the target pathogen for 120 hours and compared with the monoculture
of each strain to determine the potentiality of competitive exclusion of the test probionts
for the target pathogens. It was observed that B1 was able to reduce the growth of
A. hydrophila by about 61.81%, while B2 and BS5 inhibited the growth of Vibrio spp. by
more than 90 and 85%, respectively, at the end of 120 hours of co-culture. These results
suggested that B1, B2 and B5 could be recommended to be used as effective probiotic
for aquaculture practices.
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INTRODUCTION

Aquaculture is a fast growing and
rapidly expanding multi-billion-dollar
industry. It plays a major role in the economy
of many Asian countries. Hence large-scale
production facilities are being introduced to
meet target for being profitable and a high
economic turnover. This has led to stressful
conditions in aquatic animal production,
which include the threat of diseases and
the deterioration of environment, which
contribute to huge economic losses when
they occur. Prevention and control of
diseases have led during recent decades to a
substantial increase in the use of antibiotics.
However, the efficiency of antibiotics as a
preventive measure has been questioned,
given extensive documentation of the
evolution of antibiotic resistance among
pathogenic bacteria. The massive use of
antibiotics encourages natural emergence
of antibiotic resistant bacteria, which can
transfer their resistant genes to other bacteria
that have never been exposed to antibiotics
(Karunasagar et al., 1994; Austin et al., 1995;
Moriarty, 1997). This led to the suggestions
of suitable alternatives to disease prevention
methods, which could be the use of non-
pathogenic bacteria such as probiotic and bio-
control agents (Austin ef al., 1995; Moriarty,
1997; Gatesoupe, 1999; Mishra et al., 2001).
One of the commonly studied probiotics
include the spore forming Bacillus spp.
Bacillus spp. have been shown to possess
adhesion abilities, produce bacteriocins
(antimicrobial peptides) and provide

immunostimulation (Cherif et al., 2001;
Cladera-Olivera et al., 2004; Duc et al.,
2004; Barbosa et al., 2005). Bacillus spp.
hold added interest in probiotics as they
can be kept in the spore form and therefore
stored indefinitely on the shelf (Hong ez al.,
2005). In vitro production of inhibitory
compounds toward known pathogens for the
considered species has often been used in the
selection of putative probiotics (Verschuere
et al., 2000).

Hence, the present study is going to
analyze the potentiality of some Bacillus
species. The strains were obtained from
Novozymes Biologicals, Inc., for experimental
purposes only on the pathogenic bacteria
isolated from white feces infected pacific
white shrimps (Litopenaeus vannamei) and
diseased Nile Tilapia (Oreochromis niloticus)
by focusing on the competitive and inhibitive
potentiality against selected pathogenic
bacteria in aquaculture.

MATERIALS AND METHODS

Bacterial strains and culture conditions
Probionts

Five strains of Bacillus spp. including
four different strains of B.subtilis and one
strain of B.pumilus were taken (B. subtilis
B1, B. pumilus B2, B. subtilis B3, B. subtilis
B4 and B. subtilis BS) (Table 1).
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Table 1. Results of cross streak and AWDA with Bacillus spp. against pathogenic bacteria

B1 B2 B3 B4 BS

Indicator Strains Cross Cross Cross Cross Cross

Streak Streak Streak Streak Streak
V. parahaemolyticus -- = Col CzZ -- -- -- -- Inh CZ
V. alginolyticus - - Col (074 - - - - Inh (074
V. harveyii - = Col (674 - - = - Inh CzZ
V. vulnificus (G) - = Col (074 - - - -- Inh (&4
V. vulnificus (Y) -- = Col CczZ - -- -- - Inh CZ
V. fluvialis (Y) -- = Col CZ - -- -- - Inh CzZ
V. fluvialis (G) - - Col (074 - - - - Inh (074
V. cholarae (non 01) - o= Col CZ - - - - Inh CzZ
V. mimicus -- = Col (674 - -- -- -- Inh CZ
A. hydrophila. Inh CzZ - = = - - - - -
CZ : Clear Zone Col: Colonization Inh: Inhibition

AWD : Agar well

diffusion plate assay.

Pathogenic Bacteria

Seven species of Vibrio spp. including
V. vulnificus, V. fluvialis, V. parahaemolyticus,
V. alginolyticus, V. mimicus, and V. cholera
(non 01) were isolated from the white feces
disease infected pacific white shrimp), while
V. harveyi AQVH was isolated from the
diseased post larvae of pacific white shrimp.
V. vulnificus and V. fluvialis included two
strains of yellow and green respectively.
Aeromonas hydrophila AQAH was isolated
from diseased Nile Tilapia (O.niloticus)
obtained from the Aquaculture Business
Research Laboratory,Faculty of Fisheries,
Kasetsart University.

Antagonism assay by Cross Streak
Method

Bacillus spp. and A. hydrophila AQAH
were cultured on Tryptic Soy Agar (TSA)
and incubated at 30°C for 24 hours. Vibrio
spp. were cultured on TSA supplemented
with 1.5% NaCl (w/v). Antagonism tests
were conducted on TSA (4. hydrophila
AQAH) and TSA supplemented with 1.5%
NaCl (w/v) (Vibrio spp. and V. harveyi
AQVH) by cross streak method (Lemos
et al., 1985). Pathogenic bacteria were
streaked in the first line and then Bacillus
spp. was streaked perpendicular to it. Each
type of bacterium streaking was done in
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triplicate and they were incubated at 30°C
for 120 hours. Inhibition activities and
colonization effect were observed at 24, 48,
72, 96 and 120 hours.

Preparation of Cell-Free Neutralized
Supernatant

To prepare the cell-free neutralized
supernatant (CFNS), the overnight culture
of antimicrobial producer strains of all the
Bacillus spp. was inoculated (1%) into 10
ml TSB and incubated at 30°C for 10 days
at 150 rpm. After every 24 hours, 5 ml of
the culture was drawn from each flask and
subjected to centrifugation at 10000 x g
for 10 min at 4°C to pellet the cells. The
supernatant was collected, pH was adjusted
to 7.0 with 1mol/L of NaOH and filtered
through a 0.22pm (Millipore Ireland B.V.)
membrane filter and used for the antagonistic
activity assay by means of agar well diffusion
assay. The prepared CFNS was used
immediately.

Antagonism assay by Agar Well Diffusion
Plate Assay

The agar well diffusion plate assay
(AWDA) method was carried out (Bauer
et al. 1966 with modification) to determine
antagonism characteristics. The indicator
bacteria Vibrio spp. were cultured on TSB
supplemented with 1.5% NaCl, while
A. hydrophila was cultured on TSB.
Suspension of each indicator bacteria strain
(100 ul) containing 107 CFU ml! was spread
on the plates made up of Tryptic Soy Agar
and supplemented with 1.5% NaCl for Vibrio
spp., and TSA for 4. hydrophila. Wells of

5 mm in diameter were punched in the agar
with a sterile tip and filled with 50 pl of
CFNS. Plates were pre-incubated for 2 hours
at 4°C to allow the diffusion of any inhibitory
metabolites into surrounding agar, and then
incubated at the optimum growth temperature
(30°C) of the indicator microorganism.
The plates were examined after 24 hours
for the presence of a clear zone in the agar
surrounding the well, which was considered
a positive result. The measurements were
recorded in triplicates. The diameter of the
inhibition zone (clear zone) was measured
in millimeters.

Co-culture of Bacillus spp. with pathogenic
bacteria in Tryptic Soy Broth

Bacillus spp. Were tested for
antagonistic activity against pathogenic
bacteria in a co-culture experiment. Bacillus
and pathogenic bacteria were separately
pre-cultured in 10 ml TSB for 24 hours with
shaking at 150 rpm. Tryptic Soy Broth was
inoculated with 10> CFUml"! pathogenic
bacteria together with 10> CFU ml"! of
Bacillus spp. B1 was co-cultured with
A. hydrophila AQAH in TSB. Bacillus spp.
B2 and B5 were co-cultured with V. harveyi
AQVH and all other strains of Vibrio spp. in
TSB supplemented with 1.5% NaCl in the
similar ratio of pathogen and probionts as in
A. hydrophila. Each Bacillus and pathogenic
bacteria had a control group (monoculture)
to compare bacterial concentration. Flasks
were incubated at room temperature. All
combinations were tested in triplicates.
Samples were collected after 0, 24, 48, 72,
96 and 120 hours for enumeration of the
number of bacteria.
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RESULTS

Antagonism assay by Cross Streak
Method

After incubating for 48 hours and
96 hours, Bacillus B2 and Bacillus BS5,
respectively, showed colonization (where
the Bacillus grew on the line of pathogenic
bacteria) and inhibition effect (where there
was no growth of pathogenic bacteria near

the Bacillus line) against all the Vibrio spp.
(Figure 1 and Table 1). However, these
strains did not show any effect against
A. hydrophila AQAH. Bacillus B1 showed
inhibition effect against A. hydrophila
AQAH after 72 hours of incubation (Figure
1 and Table 1). There was no effect by
Bacillus spp. B3 and B4 against any of the
target pathogenic strain (Table 1).

Figure 1. Effect of colonization (48 hrs) by B2 on V. harveyi AQVH (A); Effect of inhibition
(96 hrs) by B5 on V.harveyi AQVH (B); and, Effect of inhibition (96 hrs) by B1 on
A. hydrophila AQVH (C).



6 KASETSART UNIVERSITY FISHERIES RESEARCH BULLETIN 2012, VOLUME 36 (2)

Antagonism assay by Agar Well Diffusion
Plate Assay

The results showed that Bacillus B2
could produce a higher concentration of
antibacterial substances than Bacillus B5
and B1. Among these, Bacilli B2 and B5
could produce antibacterial substances at
the highest level on day 5, while Blcould
produce the maximum level at 72 hours

(Figure 2) as measured by the size of the
clear zones (Figure 3) . AWDA. However
Bacillus B2 and Bacillus BS showed the
antagonism activity only against Vibrio
spp., and this activity continued up to seven
days, while B1 showed the antagonism only
against A. hydrophila AQAH with the activity
remaining up to five days. Bacillus spp. B3
and B4 showed no antagonism against any
of the pathogenic strain (Table 1).

25

® Day 0
20 Y

H Day 1
15 |

H Day 2
10 mDay3

H Day 4

Zone of inhibition (mm)

W Day 5

 Day 6

© o & @ \ o & O
& @ “5\ \\sé y & e\é\ ' @\ $° 9
R A A RN SRt
S < S @

 Day 7
“Day8
= Day 9

Zone of inhibition (mm)

(A)

Zone of inhibition (mm)
w

I

Day 1 Day 2

A. hydrophila

Day 3 Day 4 Day 5

©

Figure 2. Zone of inhibition (mm), (A)-by B2; (B)-by BS; against Vibrio spp. (V. parahaemolyticus,
V. alginolyticus, V. harveyi, V. mimicus, V. choleriae (non 01), V. vulnificus (Y and G),
V. fluvialis (Y and G). and (C) - by B1; against 4. hydrophila AQAH as revealed by the
measurement (mm) of clear zone by AWDA. The measurements are the mean value of

three independent experiments
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Figure 3. Inhibition zone, (A)-by B2 at 120 hrs; (B)-by B5 at 120 hrs; (C)-by B1 at 72 hrs against
V. parahaemolyticus, V. alginolyticus and A. hydrophila, respectively

Co-culture of Bacillus spp. with pathogenic
bacteria in Tryptic Soy Broth

Based on the result of cross streak
and AWDA antagonism assays the Bacillus
B2 and B5 were co-cultured with all the
Vibrio spp. and B1 was cultured with
A. hydrophila AQAH. The presence of
Bacillus spp. (B2 and B5) led to a remarkable
inhibition of growth of all strains of Vibrio
spp. after 120 hours of incubation. Growth
of A. hydrophila AQAH was reduced by

61.8% by B1 after 120 hours of co-culture
(Figure 4). The growth reduction by B2
in the different strains of Vibrio spp. was
more than 90%, and more than 85% at the
end of 120 hours of co-culture experiment
(Table 2), where as there was little difference
observed in Bacillus spp. concentrations.
The reduction of B1 was less than 5%, B2
was 4 to 7% and BS5 was 4 to 8% at the end
of 120 hours of the co-culture experiment
compared to the control (monoculture)
(Table 3).
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Table 2. Reduction of growth of pathogenic bacteria (by percentage) in co-culture with Bacillus spp.

Percentage decrease of 4. hydrophila with B1
Bacteria species

0 hrs 24 hrs 48 hrs 72 hrs 96 hrs 120 hrs

A.hydrophila 0.51+0.20 23.20+0.39  25.00+0.42 54.99+0.36  61.22+0.53 61.81+0.14

Percentage decrease of Vibrio spp. with B2

0 hrs 24 hrs 48 hrs 72 hrs 96 hrs 120 hrs
Valginolyticus 1.00£0.033  36.71£0.08 * 56.51+0.40 % 75.01£0.402 85.00£0.092 94.80£0.20 2
Vmimicus 0.7640.128  34.94+0.10% 55.72+0.40 % 73.7040.60 2 84.00+0.723 92.43+0.18 2
Vivulnificus (Y) 0.60+£0.08 2 3333+020% 54.39+0.352 73.39+0.14% 84.76+0312 91.61+0.152
Vvulnificus (G) 0.9940.108  32.99+0.32% 5128+020% 72.76+0.222 82.00+0.06 2 92.68+0.102
Vharveyi 0.67£0.193  3423+0.11 % 54.82+027% 7457£0.10% 84.11£026 2 91.65£0.28 2
Viuvialis (Y) 0.61£0.10%  31.43+0.402 56.00+0.112 72.97+0.312 85.48+0.302 91.85+0.09 2
Vfluvialis (G) 0.93£0.41%  30.91+043 2 54.17+0332 69.71+0.09? 81.13£0.132 91.21£0.20 2

V.choleriae (non 01)  0.83£0.20%  32.71+0.46 2 53.00+£0.13 2 71.60+0.132 81.95+1.302 88.93+0.37 2

Vparahaemolyticus ~ 0.88+0.10%  32.71+0.46 & 557240402 739140392 83.89+0.11% 94.16+0.15 %

Percentage decrease of Vibrio spp. with BS

0 hrs 24 hrs 48 hrs 72 hrs 96 hrs 120 hrs
Valginolyticus 0.49+0.01 %  17.47£0.512 43.48+0.63 % 63.89+0.892 74.16£0.192 88.40£0.20 2
Vmimicus 0.5140.20%  18.07£0.90 4429+138% 64.62+0.313 75.60+0.21 3 89.64+0.69 2
Vvulnificus (Y) 0.48+0.08%  17.39£0.392 42.86+020? 63.06+0.692 75.23+0.752 89.68+0.89 ¢
Vovulnificus (G) 0.49£0.10%  13.64£0.04 ® 41.79+0.56*  62.00£0.49  80.67+0.88 2 84.83+0.61 2
V.harveyi 0.40£0.09?  18.03£0.352 44.83£0.37%  62.71£0.19 83.33x0212 89.98+0.11 %
Vifluvialis (Y) 0.48+0.21%  17.94£0.902 44.00£0.65? 64.86£0.52 82.73£0.27 2 88.19+0.29 2
Vfluvialis (G) 0.44+0.23 % 17.14+035? 4545+049?  63.64+0.21 75.00£0.44 2 83.23+0.252

V.choleriae (non 01)  0.56+0.112%  17.97£0.90 2 53.134036 2  62.96+0.13 82.90+0.41 2 86.36+0.51 2

Vparahaemolyticus ~ 0.49+0.23®  18.64+0.453 46.00+0.38 3  63.77+1.20 84.44+0.553 88.19+0.90 @

Mean values within the same column with same superscripts are not significantly different at P= 0.05
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Table 3. Reduction of growth of Bacillus spp. (in percentage) in co-culture with pathogenic bacteria.

Percent decrease of B1 with A. hydrophila
Bacteria species

0 hrs 24 hrs 48 hrs 72 hrs 96 hrs 120 hrs

A.hydrophila 0.68+0.34 4.50+0.60 3.84+0.85 4.00=0.75 5.45+0.24 4.16+0.73

Percentage decrease of B2 with Vibrio spp.

0 hrs 24 hrs 48 hrs 72 hrs 96 hrs 120 hrs
Valginolyticus 0.21£0.04?  4.00£1.013  727x0.402  8.41+020%  8.18+0.55%  7.33+0.56 2
Vmimicus 0.14+0.06 2 3.87+0.602  5.45+0.25%  6.33£0.90% 6.15£0.34?  5.86+0.58 2
Vivulnificus (Y) 0.66£0.49? 41320412 436+1.022 4.80+0.10% 5.69+1.10%  5.32+0.362
Vvulnificus (G) 0.79+0.63% 13320332  3.64+0.76 %  6.00£0.96%  6.00+0.70%  6.00+0.22 2
Vharveyi 0.30+0.142  1.32+0.51%  7.25+0292  7.20£0.70%  6.12£0.57%  6.67+0.38 2
Vifluvialis (Y) 0.45£0.38%  2.67£1212  3.45£0312  7.60£1.00%  7.54+0.18%  5.43+0.192
Vfluvialis (G) 0.670.22%  2.00:0.502  3.64+0.973  7.96+037?  7.69+0.54%  6.65+0.202

Vicholeriae (non 01)  0.56£0.292  2.56+0.512  6.73+0.132  6.4040.40?  5.54+1.02%  4.00+0.69 2

Vparahaemolyticus 02240212 2.20+021%  527+1.62%  520+0.78%  4.92+0.51%  554+1.442

Percentage decrease of B5 with Vibrio spp.

0 hrs 24 hrs 48 hrs 72 hrs 96 hrs 120 hrs
Valginolyticus 0.13£0.08%  7.69£1.0223  9.68+0.11%  9.76£0.71%  9.09+0.70?  8.62+0.09 ?
Vmimicus 0.28+0.233  6.4120.51%  6.13+0.592  6.10£0.99?  5.87+0.46%  534+0.32%
Vvulnificus (Y) 0.77£022%  6.15£0372  6.61£0.302%  6.224030% 6.36£021%  6.55+0.352
Vovulnificus (G) 0.79£0.60%  230£1.032  6.45£0.323  6.2240.80? 6.36£0.36%  6.72+0.53 2
V.harveyi 0.52£0.42%  577£0.622  8.39+0.323  8.41+038%  727+027  7.24+0232
Vifluvialis (Y) 0.65£0.53 2  7.95£0.50%  7.2620.59%  6.95£0.51?  6.82+£0.59?  6.55+0.552
Vfluvialis (G) 0.90+0.58%  1.96+1.00%  3.23+0.21%  4.90+0.84% 5.00+£0.89%  5.17+0.51%

V.choleriae (non 01)  1.03+0.482 25740212  4.83£0.122  4.88+0.53%  4.55+0.312  4.82+0.40%

Vparahaemolyticus ~ 0.38+0.238  3.51+042%  6.28+0.50%  6.34+0.34%  6.36+0.96%  6.21+0.212

Mean values within the same column with same superscripts are not significantly different at P=0.05



10 KASETSART UNIVERSITY FISHERIES RESEARCH BULLETIN 2012, VOLUME 36 (2)

log 10 (CFU/ml)

0 24 48
=== Aero M =Bl - Mo

1 Time (Hours)
72 96 120

Aero Co ====B1 -Co

Figure 4. Growth of B1 and A. hydrophila in co-culture and monoculture

DISCUSSION

Several studies on probiotics have
been published during the last decade.
The use of probiotics or beneficial bacteria,
which control pathogens through a variety
of mechanisms, is increasingly viewed as
an alternative to antibiotic treatment. The
use of probiotics in human and animal
nutrition is well documented and recently,
efforts to apply probiotics in aquaculture
have started (Gatesoupe, 1999; Gomez-Gil
et al., 2000; Verschuere et al., 2000). An
expert with the Joint Food and Agriculture
Organization of the United Nations/World
Health Organization (FAO/WHO) stated
that probiotics are live microorganisms,
which when consumed in adequate amount,
confer a health benefit for the host (FAO
/WHO, 2001). Probiotics proposed as
biological control agents in aquaculture
belong to the following groups: lactic acid
bacteria (Lactobacillus and Carnobacterium),
genus Vibrio (V. alginolyticus), genus Bacillus,
and genus Pseudomonas. However other
genera or species have also been mentioned
such as Aderomonas and Flavobacterium.

In this study, we focused only on genus
Bacillus spp. which showed antagonistic
activity to pathogenic bacteria in aquaculture
in many studies. In this study we found
that Bacillus B2 colonized all the strains
of Vibrio spp. from 48 hours as seen in
the cross streak method, with the level of
colonization increasing up to 96 hours. The
same strain started producing an antimicrobial
substance after 24 hours of incubation (as
revealed by the result of AWDA) against all
target Vibrio pathogens. The secretion of
this antimicrobial substance continued up
to seven days. The highest production of
antimicrobial substances was observed on
the 5t day by this strain of Bacillus against
almost all target pathogenic strains. This
result could explain the reduction of Vibrio
strains in the co-culture experiment which
strongly supports the evidence of 85-90%
of reduction of Vibrio strains compared to
the control (monoculture) at the end of 120
hours while co-cultured with B2. Bacillus
BS5 started showing inhibition against all
the target pathogenic Vibrio strains from
72 hours and the effect kept increasing up to
96 hours as revealed by the result of cross
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streak method. However production of
antimicrobial substance for this strain
was observed from 48 hours by AWDA.
According to the result of AWDA the strain
was able to produce the antimicrobial
substance up to seven days against all the
target pathogenic Vibrio strains and showed
the highest level of activity on the 5t day of
the experiment. This result also supported
the growth reduction of all Vibrio strains at
around 80-85% compared to control at the
end of 120 hours while co-cultured with
Bacillus BS. B1 showed the inhibitory effect
only against A. hydrophila AQAH, with
the zone of inhibition observed from 72
hours in cross streak method, and diameter
of inhibition increasing until 96 hours. This
result was different in the AWDA where we
found that Bacillus B1 antagonized the target
pathogen A. Hydrophila AQAH from 24
hours of incubation. However, the production
of antimicrobial substance continue until the
5th day while the highest level was observed
at 72 hours, which was similar to the result
of cross streak method. In the co-culture
experiment, B1 was found to reduce the growth
of A. hydrophila AQAH to 61.22% at the end
of 96 hours, which was not much different
from the percent decrease of A. hydrophila
AQAH at the end of 120 hours (61.81%)).
There duction of Bacillus bacteria was 4.16%
for B1, 4 to 8 % for B2, and 4 to 9% for BS5,
at the end of 120 hours of the co-culture
experiment compared to the monoculture
(control). These can be attributed to lack of
nutrients in the culture media at the end of 120
hours of incubation. Bacillus B3 and B4 did
not produce any antagonism by cross streak
and AWDA against any of the pathogenic
bacteria, therefore these strains were not
selected for the co-culture experiment.

In this co-culture experiment, pathogenic
bacteria were used at high concentrations.
Previous studies have shown that the number of
luminous bacteria in coastal areas ranged from
0.7x10! to 7x310! CFU mI"! (Sudthongkong,
1996), while in fresh water areas, total bacteria
varied from 3.1x10! to 1.0x103 CFU ml-!
(de Sousa and Silva-Souza, 2001). In fish
pond waters, total bacteria ranged from 1.8
+0.9x10% t0 6.0 £1.2 x 10* CFU mI'! (Al-
Harbi, 2003). In this present study it was
observed that in spite of applying a high
amount of pathogenic bacteria (10°CFU
ml!) the experimental strains of Bacillus
spp. (except B3 and B4) exhibited potential
antagonism against the target pathogenic strains

Moriarty (1998) and Rengpipat et al.
(1998) reported that the possibility of increasing
shrimp production in large bodies of water
by adding the probiotic Bacillus. Similarly
other studies have reported that probiotic
could improve water quality (Homma and
Shinohara, 2004; Manpal et al., 2003).

In conclusion, the result of the present
study gave evidence that Bacillus B2, B5
and B1 produced antimicrobial substance
that could inhibit the growth of pathogenic
Vibrio spp. and 4. hydrophila, respectively.
The activity of the strains remained up to
five days for B1 and seven days for both B2
and B5. All these three strains were able to
competitively exclude the pathogens during
in vitro co-culture experiments. Thus these
strains can be used as an effective probiotic
in aquaculture. However, commercial scale
in vivo experiments will be an area for future
research along with the elucidation of the
mechanism of antagonistic action between
these probionts and pathogens.
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