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I. Introduction 

Aquaculture is considered as one of the fastest growing food production industries in the World with the 

cultured shrimp production increasing at an annual rate of 16.8%. Globally, shrimp farming has been a 

significant agro based economic activity since the early 1970
s
. Because of offered a huge immediate economic 

return, shrimp farming showed a booming expansion and soon became a multimillion dollar industry (Islam et 

al., 2004). India is one of the major shrimp farming countries along with Indonesia, Thailand and China. In 

recent times, shrimp culture all over the world has been frequently affected by Viral and Bacterial diseases 

inflicting huge loss (Karunasagar et al., 1994). Pathogenic microorganisms implicated in these outbreaks were 

Viruses, Bacteria, Fungi and Protozoan parasites. For preventing and controlling diseases, antibiotic, pesticides 

and other toxic chemicals were used possibly creating antibiotic resistance bacteria, persistence of pesticides and 

other toxic chemicals in Aquatic environment and creating human health hazards. Based on the previous 

research results on probiotics that the use of probiotic bacteria in Aquaculture has tremendous scope and the 

study of the application of probiotics in Aquaculture have a glorious, future (Moriarty, 1997; Ajitha et al; 2004; 

Gatesoupe, 2008; Zhou et al., 2009). Successful shrimp culture requires a combination of factors including 

pathogen free larvae, nutritious feed good aeration, salinity etc (Raj, 1999; Krishnaprakash, 2009).  The abuse of 

antimicrobial drugs, pesticides and disinfectants in aquaculture has the evolution of resistant strains of bacteria 

and concern of the society (Balcazar, 2003). Thus, the use of probiotics in the culture of aquatic organisms is 

increasing with the demand for more environmental-friendly aquaculture practices (Gatesoupe et al., 1999). An 

effective method to overcome the pathogens problem is to administer he probiotic into the rearing water system 

or through food (Krishnaprakash et al., 2009; Soundarapandain  & Sankar, 2008). Probiotics may be defined as 

a living microbiological dietary supplement that provides a nourishing environment to the friendly those living 

in the digestive tract. Many different genera, including Photosynthetic bacteria, Yeast, Bacillus and 

Abstract: Feeding trail experiments were conducted with penaeid prawns Penaeus monodon and Penaeus 

indicus after fed with different Probiotic diets. The Probiotic diets include Bacillus subtilis and 

Lactobacillus rhamnosus incorporated diets and a Control diet includes a commercial diet. After 60 days of 

feeding trail experimentation Growth patterns monitored through Weight gain, Specific growth rates, Food 

conversion ratio, Percent survival and Normalized Biomass index, Microbiological analysis and 

Antioxidant enzymes including Superoxide dismutase and Catalase were monitored and recorded. Feeding 

trail experimental results clearly demonstrate that Probiotic –I diet (PB-I) containing B.subtilis 

supplementation induces highest growth potentials in terms of weight gain (+71.64 g) compared to 

Probiotic-II diet (PB-II) containing L. rhamnosus supplementation (WG of 64.85 g) and control group fed 

with commercial diet (WG of 42.95 g). The FCR values also recorded to be better with PB-I diet (1.83) 

compared to PB-II (1.98) and Control diet (2.41), demonstrates the superior utilization of feed by prawn 

species. The SGR and NBI values obtained also are in absolute agreement with the trends obtained for FCR 

values. The antioxidant enzymes represented by Superoxide dismutase and Catalase demonstrates the 

reduction of ROS in the body of prawns thereby inducing highest and best growth potentials in penaeid P. 

monodon and P. indicus. 
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Lactobacillus have been evaluated as probiotics in fish and shellfish (enox de Paiva-Maia et al., 2013). 

Lactobacillus is a putative bacterium that enhances phatocytic activity. The introduction of Bacillus sps in 

proximity to pond aerators reduced chemical oxygen demand, and increased shrimp harvest probiotics are 

noticed to prevent pathogens than proliferation improve health in culture species by improving the balance of 

intestinal microflora. In the present study, an attempt was made to investigate the effect of administration of 

Bacillus subtilis and Lactobacillus rhamnosus-supplemented diets on the growth patterns and Antioxidant 

enzyme system of penaeid prawn P. monodon and P. indicus. 

 

II. Materials and methods 

Penaeid prawns Penaeus monodon (2.43±0.21 g) and Penaeus indicus (1.98±0.17 g) were collected from local 

Aquaculture ponds and were acclimatized in Laboratory in large cement Tanks (2×1.5×0.75 Mts). The cement 

tanks were provided soil collected from Aquaculture ponds in order to provide earthen pond environment. The 

cement tanks were filled with water drawn from nearby Aquaculture ponds. The Hydro biological parameters 

including salinity (15±1 ppt), Temperature (28±1
0
C), pH (8.2±0.1), Dissolved oxygen (DO) (6.0±0.2 ppm) were 

maintained constantly throughout the experimentation. All the experimental tanks were continuously aerated 

with the help of Air compressors. 20% water exchange was done on everyday on the night after the feeding was 

over. The experimental Tanks were kept in 12:12 L: D cycle to nullity the effects if any. In the present 

investigation Three Tanks were selected i.e First Tank was treated as control and the animals were fed with 

commercial diet. The Second Tank was considered as probiotic treated Tank (PB-I), and the animals were fed 

with Bacillus subtilis-supplemented diet, whereas Third Tank was treated as probiotic treated Tank (PB-II) and 

the prawns were fed with Lactobacillus rhamnosus-supplemented diet. The Lactic acid Bacterium Lactobacillus 

rhamnosus and Bacillus subtilis were collected from 1MTECH, Chandigarh. The probiotic bacteria L. 

rhamnosus was cultured in Man-Rogora sharpe broth (MRS, Himedia) and Bacillus subtilis was cultured in 

Bacillus broth (Himedia) and incubated under continuous agitation of 180 rpm at 37
0
c for 24 h. The Bacterial 

cultures were centrifuged at 4000 rpm for 15 min at 4
0
C and harvested. The collected bacteria were resuspended 

in normal saline solution to 5×10
13

 CFU/ml of Bacillus subtilis and 3×10
5
 CFU/ml of L.rhamnosus. The 

probiotic experimental diets were over-dried at 35
0
C per 1-2 h. The control commercial diet was sprayed with 

sterile culture medium. Each Tank was stocked with 100 numbers of prawn’s i.e P. monodon or P. indicus, 

thereby 300 numbers each were selected to conduct the experiments. The feeding trials were conducted for 

60days. At the end of the feeding trial experiments, Growth parameters, microbial analysis and selected 

antioxidant enzyme assays were performed to monitor the effect of probiotic treatments on the culture activity 

of prawn P. monodon and P. indicus. For conduction of microbial analysis 6 prawns selected randomly from 

each tank and the digestive tract was selected. Prawn digestive tracts were removed with Tweezers and scalpel 

and homogenized with sterile saline solution. Dilutions were spread on the following culture media. MRS agar 

(Lactic bacteria selective) and Bacillus agar (Selective for Bacillus bacteria) and incubated at 30
0
C for 24 h. 

Gram staining was performed with colonies grown in MRS and Bacillus selective agar (Shariff et al., 2001; 

Nimrat et al., 2008). The colonies were identified based on Morphological and Biochemical characteristics 

(Krieg & Holt, 1984). Antioxidant enzyme assays were also performed in the haemolymph of prawns. 

Hemolymph was withdrawn from base of the third walking leg of the shrimp using a syringe containing 1.5 ml 

of anticoagulant (Sodium citrate). Superoxide dismutase (SOD) activity was determined by the method of 

Kakkar et al (1984). The assay mixture contained 0.1 ml of sample, 1.2 ml of sodium pyrophosphate buffer (pH 

8.3, 0.052M), 0.1 ml of Phenazine methosulphate (186 µm), 0.3 ml of Nitro blue tetrazolium (300 µm), 0.2 ml 

of NADH (750 µm). Reaction was initiated by the addition of NADH. After incubation at 30
0
C for 90 sec, the 

reaction mixture was stirred vigorously with 4.0 ml of n-butanol. The mixture was allowed to stand for 10 min, 

centrifuged  and butanol layer was separated. The color intensity of the chromogen in butanol layer was 

measured at 560 nm against n-butanol and concentration of SOD was expressed as units/ml of hemolymph. 

Absorbance values were compared with a standard curve generated from known SOD. Catalase was assayed 

according to the method of Aebi (1974). The estimation was done spectrophotometrically following the decrease 

in absorbance at 230 nm. The reaction mixture contained 0.01 M Phosphate buffer (pH 7.0), 2 mM H2O2 and 0.2 

ml of enzyme extract. The specific activity of Catalase was expressed in terms of units/ml of hemolyph. 

Absorbance values were compared with a standard curve generated from know CAT. At the end of the 60 day 

feeding trial experiment, Growth parameters, Food conversion ratio (FCR), Specific growth rates (SGR), 

percent survival and Normalized Biomass index (NCBI) were calculated as follows: 

 

NCBI: (Final weight × Prawn Number-Initial weight × Prawn number)/100 

SGR:  (Log final weight-Log initial weight) ×100/Days of Expt. 

FCR: Feed consumed (g) × Number of prawn/Weight gain (g) 

Weight gain (x): Final weight (g)-Initial weight (g) ×100 

                                          Initial Weight 
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The Experimental Results were expressed as the Mean ± SD of six individual observations. The Biochemical 

parameters were analyzed statistically using one way analysis of variance ANOVA, followed by Dunnett’s 

Multiple Comparison Test (DMCT). P value of 0.001 was considered as statistically significant.  

III. Results 

After the feeding trail experiments at the end of 60 days of experimentation with penaeid prawns Penaeus 

monodon and Penaeus indicus after fed with control group fed with commercial diet and Probiotic treated 

Group-I (PB-I) fed with Bacillus subtilis-supplemented diet and other Probiotic treated Group-II (PB-II) with 

Lactobacillus rhamnosus-supplemented diet were monitored and recorded. The parameters including Growth 

potentials, population counts of Bacteria, percent survival, food conversion ratio, specific growth rates and 

Normalized Biomass index were recorded at the start of experiment and at the completion of 60 days of feeding 

trial experiment. The Growth parameters obtained for P. monodon and P. indicus after fed with commercial diet 

and probiotic supplemented diets were presented in Table 1. The trends obtained for growth parameters in the 

case of both the penaeid prawns are almost followed the some trend. The growth potentials recorded for P. 

monodon are as follows: In the control group there is a weight gain of 42.95±0.43 g, in the case of PB-I group 

71.64±0.51 g and for PB-II group 64.85±0.52 g. The percent survival values recorded to be 92%, 96% and 94% 

for control, PB-I and PB-II groups, respectively. Similarly SGR values also recorded as 2.12, 2.46 and 2.37 for 

control, PB-I and PB-II groups, respectively. The NBI values obtained for control, PB-I and PB-II were 39.31, 

68.67 and 60.81, respectively. The FCR values obtained for control, PB-I and PB-II were 2.41, 1.83 and 1.98, 

respectively. The growth potentials recorded for P. indicus are as follows: In the control group the weight gain 

was 29.21±0.29 g, for PB-I 48.33±0.38 g tend for PB-II 43.08±0.35 g. The percent survival values obtained are 

93%, 97% and 95% for control, PB-I and PB-II groups, respectively. The SGR values obtained were 1.99, 2.32 

and 2.24 for control, PB-I and PB-II groups, respectively. The NBI values obtained for control, PB-I and PB-II 

groups were 27.02, 46.82 and 40.82, respectively. The FCR values obtained were 2.54, 1.92 and 2.12 for 

control, PB-I and PB-II, respectively. The Bacterial population densities, hemolymph activity levels of SOD and 

Catalase of P. monodon and P. indicus were monitored and presented in Table.2. The trends obtained for P. 

monodon was as follows: The total Bacterial population count was 3.21±0.21×10
4
, 8.24±0.48×10

4
, 

6.18±0.32×10
4
 for control, PB-I and PB-II, respectively. The hemolymph SOD activity levels were recorded as 

2.11, 7.42 and 4.84 for control, PB-I and PB-II groups, respectively. The Catalase activity levels in the 

hemolymph of
 
Prawns were 2.38, 5.84 and 3.41 for control, PB-I, PB-II, respectively. Similarly the trends 

obtained for P. Indicus were as follows. The bacterial population count were 3.11±0.28X10
4
, 6.77±0.48X10

4 
 

and 5.14±0.39X10
4
 for control, PB-I and PB-II, respectively. The hemolymph SOD activity levels recorded as 

2.08, 5.88 and 4.18 for control, PB-I and PB-II groups, respectively. Hemolymph Catalase activity levels of 

prawns were recorded as 2.18, 4.38 and 3.09 for control, PB-I and PB-II groups, respectively. 

 

IV. Discussion 

The present study was undertaken to ascertain the efficiency of probiotics on the growth rate, survival, 

antioxidant enzymes of the most important cultivable prawn species P. monodan and P. indicus. To date, 

probiotics can be considered a valid alternative to the use of Antibiotics in Aquaculture and in particular in 

prawn culture activity, to prevent high mortality and to improve welfare and promote growth and survival. In the 

last two decades , many studies reported promising results using a single beneficial bacterial strain on the 

culture of finfish species(Avella et al., 2010a).  The present investigation clearly demonstrate that the growth 

patterns of P. monodon and P. indicus were shown to increase when fed with B. subtilis incorporated diet and 

L.rhamnsus compared to control group, which were fed with commercial diet. Probiotics that have been 

examined for use in crustacean aquaculture particularly prawn include Bacteria, Yeast. Bacteriophage and 

microalgae (Ajitha, 2002; Balcazar et al., 2006., Irianto & Austin, 2002). Lactic acid bacteria, Bacillus species 

were recently employed to improve the aquatic environment in aquaculture (Ferzanfar, 2006). Lactobacillus 

species have yielded strong antimicrobial activity against the Pathogenic microorganisms (Rossland et al., 2003; 

Sanni et al.,1999). Numerous other Researchers have reported encouraging results in the application of 

probiotics in Aquaculture (Merrifield et al., 2010; Swain et al., 2009; Vine et al., 2006; Wang et al., 2008). 

Bacillus species have been suggested as suitable alternative to the use of antibiotics in Prawn culture (Banerjee 

et al., 2007). Superoxide dismutase (SOD) is one of the main antioxidant defense enzymes generated in response 

to oxidative stress Sarathi et al.,(2007) and Mohankumar and Ramasamy (2007) observed the activities of SOD 

was significantly lowered in WSSV – infected Fenneropenaeus indicus. Chang et al (2003) observed that the 

shrimp fed with B-glucan (BG) diets showed significantly higher levels of O2 concentration than BG free group 

as observed in shrimp treated with C. dactylon plant extract. Holmblad and Soderhall (1999) observed that SOD 

is related to immunity in crustaceans. The high level of O2 in P. monodon and P.indicus fed with B. subtilis and 

L. Ramnosus incorporated diets indicated that probiotics are potential immunostimulant. Hydrogen peroxide is 

toxic to cells and Catalase is a major primary antioxidant defense component that catalyses the decomposition of 

H2O2 which is produced by the action of superoxide dismutase to H2O. The present study revealed that the 

Catalase assay of hemolymph of P. monodon and P. indicus fed with different probiotic incorporated diets 
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showed increased levels of Catalase when compared to control prawns fed with commercial diet. The present 

investigation may be concluded that growth potentials, SGR, FCR and Antioxidant enzyme activity level were 

significantly increased after fed with Probiotic incorporated diets forms a basis to understand the efficacy of B. 

subtilis and L. Rhamnosus in enhancing growth potentials, improving the FCR rates of diets in Penaeid prawns 

P. monodon and P. indicus. The scientific community is interesting to find safer antioxidants to be extracted 

from natural sources to prevent oxidative deterioration of food and to minimize oxidative damage to living cells. 

In the case of crustaceans, a well defined acquired immunity system is lacking and hence the dietary 

supplementation of natural oxidants possessing antimicrobial properties may be preferred as effective 

alternatives to promote growth potentials in prawn culture activity. 
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Table 1: Growth parameters in penaeid prawns after fed with control and Probiotic Diets. 
Type of 

Diet 

IW FW WG %WG SGR NBI FCR %Survival 

Penaeus monodon 

Control 2.43±0.21 45.38±0.49 42.95±0.43 1767 2.12 39.31 2.41±0.14 92 

PB-I 2.49±0.23 74.13±0.53 71.64±0.51 2877 2.46 68.67 1.83±0.18 96 

PB-II 2.54±0.28 67.29±0.54 64.85±0.52 2553 2.37 60.81 1.98±0.18 94 

Penaeus  indicus 

Control 1.98±0.17 31.19±0.38 29.21±0.29 1475 1.99 27.02 2.54±0.21 93 

PB-I 2.05±0.19 50.38±0.41 48.33±0.38 2358 2.32 46.82 1.92±0.16 97 

PB-II 2.03±0.21 45.11±0.32 43.08±0.35 2122 2.24 40.82 2.12±0.19 95 

IW: Initial Weight  ; FW : Final Weight  ; WG : Weight Gain  ;  %WG : Percent Weight gain ; SGR : Specific 

Growth Rate;  NBI : Normalized Biomass Index ; FCR : Food Conversion Ratio 

Table 2: Bacterial population densities, Activity levels of Superoxide dismutase (SOD), Catalase activity 

in the haemolymph of P. monodon and P. indicus in Control and Probiotic treatments. 
Parameter Control PB-I PB-II 

Penaeus monodon 

Bacterial populationa 3.21 ± 0.21 X 104 

PDC 

8.24 ± 0.48 X 104 

+157 

6.18 ± 0.32 X 104 

+93 

Superoxide dismutaseb 2.11 ± 0.10 
PDC 

7.42 ± 0.23 
252+ 

4.84 ± 0.18 
+115 

Catalaseb 2.28 ± 0.12 

PDC 

5.84 ± 0.18 

+145 

3.41 ± 0.15 

+43 

Penaeus indicus 

Bacterial populationa 3.11 ± 0.28 X 104 

PDC 

6.77 ± 0.48 X 104 

+118 

5.14 ± 0.39 X 104 

+65 

Superoxide dismutaseb 2.08 ± 0.11 

PDC 

5.88 ± 0.21 

+183 

4.18 ± 0.12 

+101 

Catalaseb 2.18 ± 0.12 

PDC 

4.38 ± 0.19 

+101 

3.09 ± 0.13 

+42 

a: CFU/g; b: units/ml hemolymph. All values are Mean ± SD of six individual observations. All values are 

statistically significant at P< 0.001. PDC: Percent Deviation over Control.  

  


