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ABSTRACT 

The present study was carried out to evaluate the effect of probiotic bacteria Bacillus subtilis on survival, growth, 

biochemical constituents and energy utilization in Pacific whiteleg shrimp, Litopenaeus vannamei. Experimental 

diets were prepared with different concentrations of B. subtilis at the rate of 2%, 4% and 6% and the feed without 

probiotic bacteria ,0%, considered as control feed. The above diets were fed to L. vannamei for a period of 90 

days. The feed influenced on various growth parameters such as survival rate, weight gain, specific growth rate, 

feed conversion efficiency, and protein efficiency and all are increased significantly at 4% Bacillus subtilis 

assimilated diet fed PL of shrimp. The biochemical constituents of proteins, amino acids, carbohydrates, lipid 

and ash and moisture contents were also significantly increased (P <0.05) at 4% B. subtilis assimilated diet in PL 

of shrimp. From the above results, we can conclude that Bacillus subtilis might have a promising role in shrimp 

culture. This kind of perspective can be the better option for the establishment of sustainable aquaculture. 

Keywords: Litopenaeus vannamei, Bacillus subtilis, Post Larvae, growth parameters, biochemical  

                  constituents, Promising role. 

INTRODUCTION 

It is well known that the human consumption of animal protein has rapidly increased, which is mainly depend 

upon the terrestrial and also on aquatic farm animals. World aquaculture production has increased significantly in 

the last years (Yan-Bo, 2007). Among them, shrimp farming is one of the fastest growing aquaculture sectors in 

many tropical countries; however, this development has been accompanied by adverse impacts due to the 

intensification, such as problems related to diseases and deterioration of environmental conditions  

The Pacific whiteleg shrimp, Litopenaeus vannamei (Boone, 1931) is a natural inhabitant of tropical marine 

waters along the Eastern Pacific coast, from the Gulf of California (Mexico) to Tumber (North of Peru), where 

the year-round water temperature normally exceeds 20°C.  Presently, it is the most widely cultured shrimp 

species all over the world. It’s farmed area is expanding mainly due to the availability of specific pathogen-free 

(SPF) seeds in the international market and its phenomenal success in farming systems due to the ability to 

tolerate wide salinity ranges (0–45 ppt), fast growth rate, low dietary protein requirement (30–35%), column 

feeding habit and amenability for crowding and very high stocking densities (Briggs et al. 2004; Ravichandran et 

al. 2009). 
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Aquaculture, however, is an increasingly important option in animal protein production. This activity requires 

high-quality feeds with a high protein content, which should contain not only the necessary nutrients but also 

complementary additives to keep organisms healthy and promote favourable growth. Some of the most utilized 

growth-promoting additives include hormones, antibiotics, ionophores and some salts (Fuller, 1992; Gongora, 

1998; Klaenhammer and Kullen, 1999). Although these do promote growth, their improper use can result in 

adverse effects in the animal and the final consumer, as well as lead to resistance in pathogenic bacteria in the 

case of antibiotics. This situation paved the way for the search for an alternative to the antibiotics. Success of 

quality seed production depends mainly on the availability of suitable food that is readily consumed, efficiently 

digested and that provides the required nutrients to support good growth and health (Alokesh kumar et al. 2016; 

Janardanareddy et al.2018; Tovar-Ramirez et al., 2002; Wache et al., 2006). 

Shrimp farming is a major production system contributing about 70% of India’s total seafood in value. In India, 

large scale culture of L. vannamei commenced from 2009 with the import of SPF broodstock for revitalization of 

the ailing shrimp farming sector, which was constantly incurring heavy losses owing to the outbreak of white 

spot disease in Penaeus monodon. 

Probiotics are defined as a live microbial adjunct which has a beneficial effect on the host by modifying the host 

associated or ambient microbial community, by ensuring improved use of the feed or enhancing its nutritional 

value, by enhancing the host response towards disease, or by improving the quality of its ambient environment 

(Verschuere, 2000). Probiotic bacteria could produce digestive enzymes and essential growth nutrients such as 

vitamins and amino acids, which are benefit for enhancing the best growth, also they could benefit to their 

invertebrate host by competitive exclusion against pathogens (Gomez-Gil et al., 2000) or by increasing the host 

resistance and immunity (Austin et al., 1995) which are benefit to achieve the higher survival rate and healthier 

animals. 

Appropriate uses of probiotic in aquaculture industry were shown to improve intestinal microbial balance, and 

also to improve feed absorption, thus leading to increased growth rate (Fuller, 1989; Rengpipat et al., 1998) and 

also reduced feed conversion ratio (FCR) during the cultural period (Wang, 2007). 

Vannamei shrimp (Litopenaeus vannamei) is one of the shrimp varieties that are currently widely cultivated due 

to several advantages including among others, fast growth, ability to be cultivated in high density and relatively 

high market price (Nuraini et al. 2007).  Factors that influence the success of vannamei cultivation are fish 

health, good water environment and quality feed. Probiotic use is currently a popular innovation in aquaculture 

because the microbes contained in the probiotics have the ability to give advantages to the host by modifying 

microbe community or through association with the host, by improving nutritional values and feed use, by 

improving the host response to diseases and by improving the environment quality (Widanarni et al., 2012).   

Probiotics are Gram-positive, lactic acid-producing bacteria that cause an increase in enzymatic activity, leading 

to a better feed digestibility. The criteria for lactic acid bacteria strains to be used as “probiotics” include 

(Sharma et al.2014): 
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(i)      exert a beneficial effect on the host 

(ii) endure into a food product at high cell counts 

(iii) survive during passage through the gastrointestinal tract 

(iv) adhere to the intestinal epithelium 

(v) produce antimicrobial substances 

(vi) have antagonistic activity against pathogenic bacteria 

(vii) stabilize the intestinal microflora 

(viii) stable against bile, acid, enzyme and oxygen  and  

(ix) safety assessment (non-pathogenic, non-toxic and non-allergic) 

A probiotic organism must possess certain properties reported by Sugitha et al. (1998) and  Kesarcodi-Watson et 

al. (2008):  

(i) to be highly accepted by the host  

(ii) should not be harmful to the host 

(iii)work in vivo as opposed to in vitro findings   

(iv)  reach the location where the effect is required to take place 

and  

(v) should not contain virulence resistance genes 

 In general the Probiotics are used in:  

(i) animal feed, as growth promoters and competitive exclusion agents 

(ii) human nutrition, as dietary supplements and  

(iii)Aquaculture systems are also used for-disease-resistance and enhancing the growth (Buruiana et 

al., 2014;  Cha et al., 2013; Dong et al., 2009).      

Following methods have to be selected probiotic bacteria for use in the aquaculture industry,  might be included 

the following steps (Buruiana et al., 2014;  Sahu et al., 2008). 

(i) acquisition of potential probiotics  

(ii) collection of background information 

(iii)  evaluation of pathogenicity and survival test 

(iv) economic cost/benefit analysis.        

(v) evaluation of the effect of the potential probiotics in the host (in vivo evaluation) 

         and  

(vi) evaluation of the ability of potential probiotics to out-compete pathogenic strains (in vitro 

evaluation) (Buruiana et al., 2014).       

The mechanisms of action regarding the beneficial effect of probiotics on the host are as follows (Balcazar et al., 

2006; Mohapatra et al., 2013):  
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(i) improvement of water quality   

(ii) modulation of immune responses of host 

(iii)enzymatic contribution to digestion   

(iv) competition for chemicals or available energy 

(v) competition for adhesion sites 

(vi) antagonistic activities (antibacterial, antiviral and antifungal activity) 

(vii) competition for nutrients and 

(viii) production of inhibitory compounds    

The genus Bacillus has been isolated from crustacean intestine (Rengpipat et al., 2000). Some species of this 

genus have shown inhibitory activity against various pathogens and also increase of mean weight and survival 

rate of Penaeus monodon larvae and post larva (Sugitha et al., 1998; Rengpipat et al., 2000). The effect of 

probiotic, Bacillus coagulans, as water additive on larvae shrimp (Penaeus vannamei) based on water quality, 

survival rate and digestive enzyme activities was investigated at different larvae stage and different concentration 

[29]. Ziaei-Nejad et al., (2006) examined the effect of commercial Bacillus probiotic by three experiments on the 

digestive enzyme activity, survival and growth of Fenneropenaeus indicus at various ontogenetic stages.  

 

Bacillus subtilis is also a Gram-positive, lactic acid-forming bacterial species. A strain of B. subtilis 2335 has the 

ability to produce the antibiotic, Amicoumacin, which showed an in-vitro activity against Helicobacter pylori 

(Morikawa et al. 1992).  

 

In the present study, B. subtilis was individually incorporated at different concentrations with formulated diets 

and fed to L. vannamei PL for assessing their ability on promotion of growth and survival by enhancing the 

contents of basic biochemical constituents, and activities of digestive. This was further to recommend the 

aquaculture industry with their optimum concentrations. Furthermore, to evaluate their competitive exclusion 

abilities of pathogenic bacteria, their colony establishments in the gut of PL were confirmed biochemically. 

 

The objective of this study was to investigate the role of probiotic Bacillus subtilis isolated (Avakh, 2006) from 

digestive tract of M. rosenbergii (freshwater prawn) on growth and survival rate of Pacific white shrimp, 

Litopenaeus vannamei. 

RESEARCH METHODOLOGY 

The post larvae of shrimp, Litopenaeus vannamei (PL 19) were obtained from Sri Venkateswara Hatchery, 

Nellore, India and were stocked in cement tanks (1000 L capacity). The PL were acclimatised at usual laboratory 

conditions for two weeks (left over up to PL 34) and starved for 24 h prior to the commencement of the feeding.  
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Table - 1:  The quality parameters are assessed and maintained as:  

S No Parameters Values 

1.  pH  7.05 ± 0.10 

2.  total dissolved solids 0.94± 0.08 g/L1 

3.  dissolved oxygen 7.20 ±0.20 mg/L1 

4.   COD 130.00± 10.00 mg/L1 

5.  BOD  1.18 ± 0.54mg/L 

6.  ammonia 0.028 ± 0.006 mg/L1 

7.  Temperature 28.36 ± 2.72ºC 

8.  Salinity 19.95 ± 3.79% 

9.  Dissolved Oxygen 6.65 ± 1.09mg/L 

10.  Turbidity 9.63 ± 3.41NTU 

 

Diet preparation 

The composition of the experimental diet is given in Table 1.The probiotic B. subtilis, one gram of lyophilized 

powders contains 12.25 cfu cells. B. subtilis was incorporated in to the test diets at different concentrations 

individually at 2%, 4% and 6% respectively. Control animal group was also maintained simultaneously without 

incorporating the bacteria in the diet. Diet formulation was done basically by ‘‘Pearson’s square-method’’ using 

determined values of 40% protein content (Table-2). The proportion of each ingredient required was calculated 

precisely providing allowance for the premix. The dough was steam cooked and cooled to room temperature. 

After that different concentration of B. subtilis was mixed with the dough and the diets were pelletized separately 

with a locally made hand pelletizer. The pellets were dried in a thermostatic oven (Tamilnadu Engineering 

Instruments, Chennai) at 40ºC until it reached constant weight and stored in airtight jars at room temperature. 

The proximate biochemical composition of the experimental diets, total protein [33]   (Lowry et al., 1951), amino 

acid [34] (Moore and Stein 1948), lipid [35]   (Folch et al., 1957), and carbohydrate [36]   (Roe, 1955) were 

determined. These diets were freshly prepared after every 30 days to ensure high probiotic viability throughout 

the duration of trail. In the control diet, no B. subtilis was found throughout the duration of feeding trail. 

Feeding experiment 

 

L.vannamei (PL-20) with the length and weight of 1.25 ± 0.21 cm were used for feeding experiment. 60 PL for 

each diet in triplicate were maintained in plastic tanks with 20 L water. The PL was maintained at the stocking 

density of 2/L. One group served as control (without Probiotics) (0%). All the experimental groups were fed with 

the respective concentration of B. subtilis incorporated diets. The shrimp were fed with feeding two times a day 

(6:00 am and 6:00 pm). The daily ration was given at the rate of 20% of the body weight of PL with two equal 

half parts throughout the experimental period. The unfed feed, faeces and moult if any were collected after 

completion respective hours of feeding. The feeding experiment was prolonged and continued up to 90 days. 
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During the experimental period continuous aeration was provided, in order to maintain the optimum level of 

dissolved oxygen. 

 

Determination of growth parameters 

At the end of feeding trial, the growth parameters such as survival rate (SR), weight gain (WG), specific growth 

rate (SGR), feed conversion rate (FCR), feed conversion efficiency (FCE) and protein efficiency rate (PER) were 

individually determined by following equations. 

 

SR (%) = (Total Number of live animals)  /  (Total Number of initial animals)  X 100 

WG (g) =  Final weight (g)  -  Initial weight (g) 

SGR (%) = (log w2 - log w1) / t X 100  

(where, w1 & w2 = Initial and Final weight respectively (g),  

And 

 t= Total number of experimental days 

FCR (g) =  Total Feed intake (g)  / Total weight gain of the prawn (g). 

FCE (g) =  Biomass (g) /  X Total Feed intake (g) X100 

PER (g) = Total Weight gain of PL (g) = Total Protein consumed (g) 

Energy utilization 

The energy content of whole prawns, feeds, moult and faeces was measured using  

Parr 1281 Oxygen Bomb Calorimeter. 

 The energy utilization was calculated using the equation  

(C = (P+ E) +R +F + U)  

whereas:   

C is the energy consumed in food;  

P is the growth 

R is the material lost as heat due to metabolism 

F is the energy lost in faeces  

U is the energy lost in excretion and 

E is the energy lost in exuvia. 

 

      Mean Food Consumption kcal / day 

Feeding Rate = ------------------------------------------------- 

                              Initial live weight of the prawn (g) 

 

                                      Mean Food Consumption kcal 

Mean Absorption = ------------------------------------------------ 

                                     Mean Food Excreted as Faeces k cal 

 

 

Mean Absorption (k cal /day) 

Absorption Rate = ----------------------------------------------- 
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Initial live weight of the prawn (g) 

 

Mean Conversion = Mean weight gain (kcal / day) + Mean exuvial weight (kcal/day) 

 

                                   Mean Conversion (kcal / day) 

Conversion rate = --------------------------------------------- 

                                 Initial live weight of the prawn (g) 

 

                                         Mean NH3 Excretion (k cal / day) 

NH3 Excretion Rate = ---------------------------------------------- 

                                        Initial live weight of the prawn (g) 

 

 

Metabolic rate = AR (kcal / g / day)  - CR (kcal / g / day) +  NH3 ER (kcal / g / day) 

(whereas, AR =  Absorption rate; CR =  Conversion rate;  ER = Excretion rate) 

 

Biochemical constituents of the experimental animals 

In the initial and final days of the experiment, the biochemical constituents of PL were determined. The 

biochemical constituents are estimated by standard methods. 

 

 

 

 

Water quality management 

Water quality was monitored weekly, temperature and pH was measured using pH and temperature meters 

respectively. Dissolved oxygen was estimated by DO and temperature meter and ammonium and nitrite was 

estimated by an ammonia meter respectively. 

The shrimp aquaria were daily cleaned by siphoning out the material and unconsumed feed. Water exchanging 

was done 30% daily. All of the aquaria were supported by perfect and strong aeration system. 

Statistical analysis 

Data on growth parameters, bacteria count from digestive tract and rearing water between replicates and 

treatments were analyzed by using one-way analysis of variance and significance of differences between 

treatments were assessed by Duncan multiple range test [37].   (Sokal and Rohlf, 1995). The level of significance 

was accepted at P < 0.05. All statistical analysis was performed using SPSS, Released 15 software. 

Results and Discussions  

It is important to provide healthy shrimp with higher production and probiotics has a great deal of potential 

(Gomez et al., 2000; Goncalves et al., 2011).  Moriarty (1998) added Bacillus spp. as probiotic in the penaeid 

shrimp ponds and the result of this study shows increasing survival rate in the pond water. 
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Biochemical constituents of experimental diet 

The biochemical constituents, ingredients and proximate composition of experimental diet incorporated with B. 

subtilis are presented in Table-2. It is evident that the protein, carbohydrates and lipid levels are approximately 

43%, 24% and 8.0% respectively. The levels of ash and moisture contents are in equal concentrations (Table-2). 

The digestible energy of these diets was about approximately 3267 kcal/kg-1. 

It has been reported that the L. vannamei required 37 – 45% protein, 5–9% lipid and 25–35% carbohydrates are 

as optimum (Table-2) in the diet of shrimp (Chaucheyras-durand et al., 2010). 

Survival and Growth Rates  

The result on the survival rate of Bacillus subtilis supplemented diet fed PL group of                      L. vannamei is 

represented in Table 3. After 90 days of feeding experiment, the survival rate was significantly higher (P < 0.05) 

in 4% probiotic bacteria incorporated diet fed PL, followed by other experimental groups such as 2% and 6% 

than the control. Similar results have also reported in PL of M. rosenbergii fed with Saccharomyces cerevisiae, 

Lactobacillus sporogenes and B. subtilis supplemented diets have improved the percentage of survival rate 

(Seenivasan et al., 2012). Improvement in survival rate has been reported in juveniles of P. indicus fed with 

Lactic acid bacteria supplemented diets (Fernandez et al., 2011). It has been observed that Bacillus supplemented 

diets induced the survival rate in tiger shrimp, Penaeus monodon (Wang, 2007). 

Effects of commercial probiotic on aquaculture has been investigated by researchers, and some of these research 

have not shown any positive effects on growth parameters or survival rate or any promising result on the cultural 

condition. For instance, Shariff et al. (2001) found that treatment of P. monodon with a commercial Bacillus 

probiotic did not significantly increase survival.  

McIntosh et al. (2000) found that treatment of Litopenaeus vannamei with a commercial Bacillus probiotics did 

not significantly increase (P>0.05) either survival or growth. 

Zokaeifar et al. (2014) reported that the administration of Bacillus subtilis at a dose of 108 CFU/mL in the 

rearing water of shrimp (Litopenaeus vannamei) for 8 weeks confers the following beneficial effects for shrimp 

culture, such as: (i) water quality; (ii) growth performance; (iii) digestive enzyme activity; (iv) immune response; 

and (v) disease resistance. Besides that administration of Bacillus subtilis strains increased total protein, protease 

and amylase activity of treated shrimp after the colonization in the gastro-intestinal tract. Ziaei-Nejad et al. 

(2006) investigated the effects of some commercial Bacillus probiotic strains (Bacillus subtilis, Bacillus 

licheniformis, Bacillus polymyxa, Bacillus laterosporus and Bacillus circulans) on the digestive enzyme activity, 

survival and growth of white shrimp (Fenneropenaeus indicus). 

Seenivasan et al. (2012) found that Bacillus subtilis can be used as a probiotic at 3% inclusion in the 

experimental diet of Macrobrachium rosenbergii culture to enhance the survival, growth, nutritional indices, 

tissue biochemical components and energy utilization performance. 
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  In this study, B. subtilis supplemented diet fed L. vannamei PL resulted in significant increase (P < 0.05) 

of weight gain, specific growth rate, feed conversion efficiency and protein efficiency ratio. In support to these 

the feed conversion ratio was found to be decrease (P < 0.05) in B. subtilis incorporated diet fed L. vannamei PL 

(Table-3). Therefore B. subtilis incorporated diets exhibited superior growth than that of control diet. Among 

different level of BS the overall growth was elevated particularly in 4% B. subtilis incorporated diet fed shrimp. 

This indicates the fact that this much quantity of B. subtilis addition was required to attain superior growth rate in 

PL of  L. vannamei.  

Liu et al.(2010) showed that Bacillus subtilis E20 has probiotic potential for white shrimp L. vannamei larval 

breeding by adding the probiotic to larval rearing water at a level of 109 CFU/L, thus improving the larval 

survival rate, development, stress resistance, and immune status. 

Bacillus bacteria are able to out-compete other bacteria for nutrients and space and can exclude other bacteria 

through the production of antibiotics (Moriarty, 1998; Verschuere et al., 2000). Many different antibiotic 

compounds are produced naturally by a range of Bacillus species, and it appears that other bacteria would be 

unlikely to have resistance genes to all of the antibiotics produced by the Bacillus probionts (Moriarty, 1998). 

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). 

Apart from this growth in crustaceans is closely associated with moulting and the frequency of moulting is 

positively influenced by the maintenance of favorable environmental conditions (Ravi et al. 1998).  

Boonthai et al. (2011) showed that P. monodon PL fed with probiotic (Bacillus sp,) supplemented diets had 

enhanced the growth performance. It has also been reported that Bacillus spp., supplemented diets have 

improved the growth performance of the rainbow trout, O. mykiss (Bagheri et al., 2008).  

Ghosh et al. (2008) has also reported that the significant growth was recorded by some ornamental fishes fed 

with B. subtilis supplemented diets.  Dhanaraja et al. (2010) reported that probioitics L. acidophilus and yeast S. 

cervisiae supplemented diets had improved the growth performance of Koi Carp and common carp.  

Biochemical  Indices 

 The results on biochemical indices such as proteins, amino acids, carbohydrates, lipids, ash and moisture of B. 

subtilis supplementation diet fed PL group are represented in Table 3. The variations of these constituents except 

moisture were found to proportionately higher in PL fed with B. subtilis incorporated diet. These elevations were 

better in the 4% B. subtilis incorporated diet fed shrimps followed by the other experimental diets, when 

compared with control (Table-5).  

Yu et al. (2009) pointed out that Bacillus spp. At different concentrations incorporated diets had significantly 

increased the biochemical proximate composition in white shrimp. Fernandez et al. (2011) reported that Lactic 

acid bacteria enhanced the biochemical proximate composition in juveniles of Penaeus indicus. It has been 

reported that Bacillus spp., supplemented diets had significantly improved the carcass biochemical proximate 
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composition of the rainbow trout (Bagheri et al. 2008).  Hidalgo et al. (2006) also reported that probiotic B. toyoi 

(@ 0.5, 1 and 2 g kg-1 and B. cereus @ 0.5, 1 and 2 g kg-1, incorporated diets had significantly improved the 

biochemical proximate composition of juvenile, Dentex dentex. Merrifield et al. (2009) reported that two 

probiotics B. subtilis and B. licheniformis incorporated diets, both have caused to elevate the body biochemical 

proximate composition of trout fish. 

CONCLUSIONS 

The present investigation clearly indicate that, interestingly the effect of probiotic bacteria treatment induced a 

highly significant increase in all the growth indices of white shrimp Litopenaeus vannamei in culture pond 

environment. B. subtilis on individual from at optimized concentrations was found to be enhanced the survival, 

growth, nutritional indices, tissue biochemical components and energy utilization of reared shrimp. Further 

research on the diets produced with optimized concentration of the chosen probiotic organisms may be evaluated 

under field condition in the candidate species L. vannamei. Thus, Bacillus subtilis might have a promising role 

used as probiotic in shrimp culture. This kind of approach can be a better option for the development of 

sustainable aquaculture. 
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Table -2:  Ingredients and proximate composition of experimental diets. 
___________________________________________________ 
Ingredients                                  Control (BI) 
(g/kg͞ -1) 
____________________________________________ 
 

Fish meal     26.43 

Groundnut oilcake    26.41 

Soybean meal     27.00 

Corn flour     5.00 

Egg albumin     4.06 

Topica flour     6.10 

Cod liver oil     3.00 

B-complex Vitamin mix   2.00 

B. subtilis (BS)     0 

Total      100 

________________________________________________________ 

Proximate composition 
 

Protein (%)    43.16 

Carbohydrate (%)    23.52 

Lipid (%)     8.25 

Ash (%)     11.26 

Moisture (%)     10.52 

Digestible energy (kcal/kg_1)   3267.34 
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_______________________________________ 

  

Table - 3: Variations in the growth performances of  L. vannamei PL fed with 

control and different concentrations (2-6%) of  Bacillus subtilis supplemented 

experimental diets for 90 days. 
 

 

Parameters 

 

 

Control Diet 

Experimental Diets of Bacillus subtilis bacteria 

 

2%  Probiotics 4% Probiotics 6% Probiotics 

Survival Rate of 

fish , SR (%) 

75.25 ±2.85 79.55±2.00 85.75±3.00 92.75±2.50 

WG (g) 

 

0.70±0.06 0.79±0.08 1.52±0.05 1.25±0.15 

SGR (%) 

 

0.618±0.18 0.739±0.19 0.879±0.54 0.852±0.062 

FCR (g ) 

 

2.965±0.25 2.823±0.32 2.715±0.23 2.516±0.35 

FCE (%) 

 

0.69±0.06 0.89±0.05 1.23±0.22 0.95±0.08 

PER (g) 

 

0.568±0.12 0.735±0.18 0.966±0.13 0.865±0.12 

 

S, Survival;  WG, Weight gain; SGR, Specific growth rate; FCR, Food conversion rate; FCE, Food conversion 

efficiency; PER, Protein efficiency rate. 

Values are expressed as kcal/g/day; Each value is a mean± SD of six individual observations. 

values are significant at P< 0.05.  

 

Table - 4: Variations in the energy utilization of  L. vannamei PL fed with 

control and different concentrations (2-6%) of Bacillus subtilis supplemented 

experimental diets for 90 days. 
 
 

 

Parameters 

 

 

Control Diet 

Experimental Diets of Bacillus subtilis bacteria 

 

2%  Probiotics 4% Probiotics 6% Probiotics 

Feeding Rate  

FR 

0.526±0.05 0.655±0.08 0.795±0.09 0.655±0.05 

Absorption Rate 

AR 

0.588±0.22 0.695±0.15 0.759±0.15 0.688±0.13 

Conversion Rate 

CR 

0.257±0.06 0.486±0.05 0.685±0.06 0.635±0.04 

Ammonia 

Excretion Rate 

AER 

0.015±0.005 0.016±0.006 0.017±0.005 0.016±0.004 

Metabolic Rate  

MR 

0.325±0.005 0.358±0.005 0.457±0.006 0.366±0.003 

 
 

FR, feeding rate; AR, absorption rate; CR, conversion rate; AE, NH3 excretory rate;                               MR, 

metabolic rate.  

 

Values are expressed as kcal/g/day; Each value is a mean± SD of six individual observations. 

values are significant at P< 0.05.  
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Table - 5: Variations in the Biochemical Constituents of  L. vannamei PL fed 

with control and different concentrations (2-6%) of Bacillus subtilis 

supplemented experimental diets for 90 days. 
 
 

 

Parameters (%) 

 

 

Control Diet 

Experimental Diets of Bacillus subtilis bacteria 

 

2%  Probiotics 4% Probiotics 6% Probiotics 

Proteins 65.22±1.25 67.16±1.35 69.26±3.46 72.76±2.57 

Amino Acids 26.16±2.34 28.22±2.36 31.54±3.22 33.63±3.54 

Carbohydrates 8.95±0.66 12.35±2.85 14.76±1.29 17.96±2.48 

Lipids 5.39±0.86 7.68±2.65 9.38±2.54 12.53±2.48 

Ash 14.25±0.86 15.64±0.28 16.57±1.26 17.38±1.24 

Moisture 65.37±2.86 65.18±2.18 64.17±1.31 63.28±1.25 
 
 

Values are expressed as kcal/g/day; Each value is mean ± SD of six individual observations. 

Values are significant at P< 0.05.  
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