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Abstract 
Different forms of Bacillus probiotics was assessed in the earthen ponds on tiger shrimp 
(Penaeus monodon) culture. The experiment was designed with three different treatments 
depending on the mode of application (T1 = oral probiotics; T2= spreading probiotics 
and T3= oral+ spreading probioties). The shrimp was cultured for 120 days with the 
stocking density of 6-PL/m2

• Oral probioties in the respective ponds were supplied with 
feeds. Whereas, spreading probiotics was applied to the pond water during pond 
preparation at 30, 60 and 90 days of culture period. Results of the experiment revealed 
that, all forms of Bacillus probiotic had effective role to keep the culture environment 
friendly in terms of mineralization of organic matter, nitrogen and phosphorus content 
in bottom sediment; holding of water transparency in a congenial state, increasing the 
density of planktonic biomass and boosting the THB-Vibrio ratio in water and scdimen t 
with insignificance (p>0.05) difference betvveen different treatments. Whilst, spreading 
form of Bacillus pro biotic showed higher weight gain (27.58 ± 1.18g), survival rate 
(70.75±8.54%) and production (1167.66±109.62 kg/ha) and expected lower FCR 
(1.81 ±0.06) values with significant difference (p<0.01) with others methods of 
application, indicated its superiority in tiger shrimp culture. 
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Introduction 

Shrimp aquaculture particularly the culture of Penaeus monodon, has expanded rapidly 
throughout Asia in recent decades. Bangladesh has a trend of expanding culture areas as 
it has a high value of sea food products in the international market. One of the critical 
issues of shrimp culturists today involves the management of water and the volume of 
organic sludge being created within the pond during rearing periods and later being 
released into surrounding waterways. The use of probiotics in aquaculture is increasing 
with the demand for more environment friendly aquaculture practices (Gatesoupe 
1999). A growing concern for the high consumption of antibiotics in aquaculture has 
initiated a search for alternative methods of disease control. In aquaculture, particularly 
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for shrimp, the use of beneficial bacteria such as probiotics is gaining in importance as 
an alternative to chemicals or antibiotics uses. A probiotics is generally defined as a live 
microbial support which improves the balance of the environment's micro flora (Fuller 
1989). It has shown to have several modes of action in aquaculture: competitive 
exclusion of pathogenic bacteria through the production of inhibitory compounds; 
improvement of water quality; enhancement of immune response of host species and 
enhancement of nutrition of host species through the production of supplemental 
digestive enzymes (Thompson et al. 1999, Verschuere et al. 2000). In shrimp 
aquaculture, probiotics can be administrated either as a food supplement or as an 
additive to the bottom sediment via water (Moriarty 1998). Bacillus bacteria have the 
putative activities due to secretion of many exoenzymes (Moriarty 1996, 1998). The 
present study focused the suitability of different type (oral or spreading) of Bacillus 
probionts on micro flora, water and sediment quality management, growth, survival and 
production of tiger shrimp under zero water exchanged culture condition. 

Materials and methods 

Suitability of different forms (oral and spreading) of probiotics (beneficial microbs 
of Bacillus spp) on the culture environment, growth performance and production of tiger 
shrimp (Penaeus monodon) vvas assessed by a field level experiment. The experiment was 
designed with three different treatments (T1 = oral probiotics; T2= spreading 
probiotics and T3= oral+spreading probiotics). Each treatment had three replications. 
The experiment was conducted in the earthen ponds having an average area of 0.1 ha 
each located in the pond complex at Brackishwater Station of Bangladesh Fisheries 
Research Institute. The experiment was designed for a culture period of 120 days with 
the stocking density of 6 PL/m2

, which was a bit higher than that proposed by Islam and 
Alam (2008) under modified improved culture system. 

The ponds were prepared through drying, liming the bottom soil (@250 kg/ha of 
Ca 70) and installment of in-pond nursery enclosure by fine nylon mosquito net and 
bamboo frame (about 10% of culture area in each pond). Ponds were filled up with tidal 
water to a depth of90-110 em and treated with Phostoxin (@1Tablet/20-25 ton ofwater) 
to kill all unwanted animals introduced with tidal water. After then fertilization was 
done with urea @l.Oppm, TSP @2.0ppm, MP @0.5ppm and molasses @3.0ppm to 
supplement the primary nutrient for primary producers. After 7 days of fertilization, 
stocking of s~rimp post larvae (AB\'V 0.007g) was done within the prepared nursery 
enclosure in each pond according to the experimental design. 

Shrimp larvae were initially fed with commercial feed of SAUDI-BANGLA shrim~' 
nursery feed and reared for 14 days within the nursery enclosure. Then shrimp juvenile" 
were released from the nursery enclosure by up folding the net to spread over the whok 
culture pond. After then SAUDI-BANGLA grow out feed was applied twice a day 0 3-
4% of body weight for the entire culture period. Oral probiotics in the respective ponch 
were supplied (@5g/kg of feed) with adding the required feeds. \'Vhereas, spreadin~ 
probiotics was applied (@l.Oppm) at 30, 60 and 90 days of culture mixing with sand ftll 
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immediately reaching to the bottom sediment. Ponds were fortnightly treated with 6-10 
ppm of dolomite for the entire culture period as a scheduled basis depending on the 
water pH. Additional liming was also done after every heavy rain fall and on demands. 
Ponds were fertilized with urea @0.5-l.Oppm, TSP @l.0-1.5ppm and MP @0.3-0.4ppm 
for the 1st two months of culture depending on the primary productivity. 

Total heterotrophic bacteria (THB) and Vibrio sp. bacteria in water and sediment 
sample were monitored bi-weekly intervals following the methods of Barrow and 
Feltham (1993). During the entire culture period, pond ecological parameters like, 
temperature, transparency, water depth, pH, Dissolved oxygen and salinity were 
monitored bi-weekly intervals. \XThereas, bottom sediment sample was collected at 
initial and end of the culture cycle, processed and analyzed. Analysis of water quality 
and soil sample was done following the methods of (APHA 1985). 

After 120 days of rearing, complete harvesting of shrimp was done by dewatering 
the ponds. Then growth, survival rate, FCR and production were estimated. ANOVA 
was done with a significance level of P<0.05 to observe the differences in growth, 
survival rate, production and FCR values for different treatments. 

Results and discussion 

Soil pH of pond sediments reduced a little bit in all the treatments with the 
progress of culture period (Fig. 1). But organic matter, nitrogen and phosphorus content 
in sediment were found to a stable state in initial and end samples (Figs. 2-4) in all the 
treatments vvithout any significant difference (p>0.05) among treatments. In case of 
improved shrimp farming (higher stocking rates and supplemented with feed, fertilizers 
etc) accumulation of nutrient enriched (N and P) organic matter in bottom sediment 
occurred (Briggs and Fungi-Smith 1994, 1998; Budford et al. 2003b; Islam and Alam 
2008) due to uneaten feeds, molted shell and excreta, which increased metabolic toxicity 
(Briggs and Fungi-Smith 1998; Fast and Menasveta 2000). But in this experiment, we 
did not found so, might due to the positive effect of probiotics for immediate and 
subsequent mineralization of organic matters onto the bottom sediment. This 
observation was supported by Rengpipat et al. (1998a) and Rengpipat et al. (1998b), who 
stated that Bacillus, used as a probiotics, was able to colonize in both the culture water 
and sediment. 

Water transparency in all the treatments was moderate at initial stage of culture but 
subsequently decreased with the progress of culture duration (Fig. 5), whereas, 
phytoplankton concentration increased with the increase in culture duration (Fig. 6), 
but there was no significance difference (p>0.05) among treatments. In intensive 
shrimp monoculture, wastes derived from feeding often stimulate phytoplankton growth 
and lead to dense blooms in ponds (Briggs and Fungi-Smith 1998; Fast and Menasveta 
2000). Higher stocking density may lead higher in flask of organic matter onto the 
bottom sediment (Paez-Osuna et al. 1997). Bacterial activity on organic matter released 
available primary nutrient in water, which is preferable source of nutrient to the 
primary producer (Saha 2000) that stimulated the growth of primary producer in the 
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respective ponds might caused lowered transparency level in the respective treatments. 
In this study, observation on transparency and phytoplankton dynamics was supported 
by the above mentioned authors. 
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Fig. 1. Status in soil pH under 
different treatments. 
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Fig. 3. Status of nitrogen in bottom sediment 
under different treatments 
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Fig. 2. Status of organic matter in 
bottom sediment. 
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Fig. 4. Status of phosphorus in bottom 
sediment under different treatments 
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Fig. 6. Trend of phytoplankton concentration 
under different treatments 

Other water quality variables (Table 1) vvere stable in condition during the culture 
period without any significant difference (p>O.OS) among different treatments and were 
within the acceptable range of brackishwater aquaculture (\XTahab et al. 2001; Wahab et 
al. 2003; Islam et al. 2004; Islam et al. 2005; Islam and Alam 2008). 

Table 1. \X!ater quality variables under different treatments 

--
Parameters T1 T2 T3 

Temperature ("C) 32.04±1.42 31.94±1.36 31.87±1.39 

Transparency (em) 30.76±5.31 31.98±4.79 31.34±4.51 

Depth (em) 103.48±5.59 107.33±4.62 103.30±4.55 

pH 9.02±0.16 8.99±0.26 9.02±0.19 

Salinity (ppt) 10.91 ±1.21 11.13±1.14 10.69± 1.29 

DO (mg/1) 5.88±0.44 5.77±0.57 6.03±0.37 

Status of bacterial load (THE-Vibrio ratio) in pond water and bottom sediment has 
been presented in Fig. 7 and 8, respectively. In the initial stages, the ratio ofTHB-Vibrio 
was very low and it increased subsequently with the progress in culture period in all 
treatments but the difference between treatments was insignificant (p>O.OS). This 
might happened due to repeated application of probiotics and their continuous 
multiplication receiving the nutrients from the bottom sediment and that was the 
expectation for keeping the culture environment friendly. 
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Fig. 7. Eacterialload (THE-Vibrio ration) 
in pond water under differcn t treatments. 
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Fig. 8. Eacterialload (THE-Vibrio ration) 
in pond sediment under different treatments. 

Bacillus bacteria in the environment, exclusion of other bacteria (especially harmful 
bacteria) by the probiont. The Bacillus aho 'Nas able to replace Vibrio spp. in the gut of 
the shrimp (Rengpipat et al. 1998a). Bacillus bacteria are able to out-compete to other 
bacteria for nutrients and space and can exclude other bacteria through the production 
of antibiotics (Moriarty 1998; Verschuere et al. 2000). lvlany different antibiotic 
compounds are produced naturally, by a range of Bacillus species, and it appears that 
other bacteria would be unlikely to have resistant genes to all of the antibiotics 
produced by the Bacillus probionts, especially if they had not been exposed to the 
Bacillus previously (Moriarty 1998). 

Results on production performance of shrimp have been presented in Table 2. Final 
weight gain of shrimp (27.58±1.18g) was significantly higher (p<O.Ol) in T2 (spreading 
probiotics) followed by T3 (23.31 ±0.75g) and Tl (20.56± 1.65g). Survival rate of shrimp 
was statistically insignificant (p>O.Ol) between T2 (70.75±8.54%) and T3 
(52.97±4.06%), also between T3 and Tl (41.63±2.17%). But it was significantly 
different (p<O.Ol) between T2 and Tl. Production of shrimp was significantly different 
(p<O.Ol) among the treatments. Highest level of production was obtained from T2 
(1167.66±109.62 kg/ha) where probiotics was applied as spreading method followed by 
T3 (739.62±33.67 kg/ha) and T1 (512.79±38.47). FCR value was significantly lower 
(p<0.01) in T2 (1.81±0.06) followed by Tl (2.33±0.14) and T3 (2.34±0.11), but it was 
statistically insignificant (p>0.01) between T1 and T3. However, highest production of 
shrimp in T2 might due to higher body weight gain and also due to higher survival rate. 
Spreading probiotics might have effective activity to provide congenial environment for 
shrimp than that of oral ones by rapidly enhancing the proportion of Bacillus bacteria in 
the environment. Increased survival by shrimp might be due to exclusion of other 
bacteria (especially harmful bacteria) by the probiont, where the Bacillus bacteria were 
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dominant. The observed increase in survival in spreading probiotic treatments also 
might be due to enhanced digestion and increased absorption of food, which in turn 
contributed to the higher body weight gain and lower FCR values. Administering 
probiotics significantly improve survival but not growth (Ziaei-Nejad et al. 2005). 
Bacillus administration also has been shown to increase shrimp survival by enhancing 
resistance to pathogens by activating both cellular and humoral immune defenses in 
shrimp (Rengpipat et al. 2000). Bacillus surface antigens or their metabolites act as 
immunogens for shrimp by stimulating phagocytic activity of granulocytes (Itami et al. 
1998). Whereas, Shariff et al (2001) and Mcintosh et al. (2000) stated that P. monodon 
and Litopenaeus vannamei treated with Bacillus probiotics did not significantly increase 
(p>0.05) either survival or growth. 

Table 2. Details of production performance of shrimp under different treatments 

Parameters Tl T2 T3 
(oral probiotics) (spreading probiotics) (oral+ spreading 

probiotics) 

Final body weight (g) 20.56± l.65cb 27.58 ± 1.18" 23.31 ±0.75b 

Survival rate(%) 4l.63±2.17cb 70.75±8.54" 52.97±4.06ba 

Production (kg/ha) 512.79 ±38.47c 1167.66± 109.62 a 739.62±33.67 b 

FCR 2.33±0.14ba 1.81 ±0.06c 2.34±0.11" 
. ' . -*Different superscnpt m the same row md1cated s1gml!cantly different (p<O.Ol) 

It could be seen (Table 2) that, body weight gain, survival and production of shrimp 
under spreading probiotics was much more higher than that of Apud et al. (1984), who 
reported an average yield of 340 kg/ha/crop at stocking rate of 4-5/m2 in monoculture 
with supplemental feed and improved water management. Body weight gain, survival 
rate and production of shrimp in this trial was also higher than the observation of Islam 
dnd Alam (2008), who reported highest body weight gain of26.33g, survival rate of 57.76 
% and total augmentation of shrimp production of 759.14 kg/ha with a stocking density 
5/m2 under modified improved culture system in a 120 days of rearing period. 

However, findings of the present experiment focused that, among the tested forms 
of bacillus probiotics, spreading one (T2) showed the better performance of shrimp 
growth, survival rate and production. So, spreading type of probiotics seemed to be 
superior to the others and might be considered as a biotechnical tool for keeping the 
culture environment congenial under improved shrimp culture practices. Probiotics 
could be the best and alternative option as a preventive measure of shrimp disease 
instead of control by antibiotics for producing biological shrimp. 
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