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ABSTRACT: Lysinibacillus sphaericus PKA17, a probiotic bacteria was incorporated with basal 

feed to Clarias batrachus juveniles at different dose levels: control (without probiotic), 2 × 104 (C1), 

2 × 105 (C2) and 2 × 106 (C3) probiotic cells per 100 g feed for 60 days. After the feeding trial, the 

fish were challenged with pathogenic Vibrio harveyi and percentage mortalities were enumerated 

upto 14 days of post challenge. The organism L. sphaericus PKA17 was found to produce 

extracellular digestive enzymes protease, phosphatase, xylanase and cellulase. It didn’t show any 

visible haemolysis on blood agar which establishes its non-pathogenicity. The growth curve of the 

organism showed prolong stationary phase. Fish fed with C2 feed demonstrated significantly (P ≤ 

0.05) higher average daily growth, specific growth rate, protein efficiency ratio, percentage weight 

gain and lower feed conversion ratio than control. Highest survival percentage was observed in fish 

fed with feed C2 compared to control while challenging with V. harveyi which indicated the 

efficiency of the test organism in reducing vibriosis. The findings of this study suggests that the dose 

level of probiotic L. sphaericus PKA17 applied in feed C2 is the minimum effective dose to enhance 

growth performance and disease-resistance of C. batrachus juveniles. 
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1. INTRODUCTION 

Aquaculture is the sustainable mode of farming of aquatic organisms that provides nutritional 

security to a large biomass. Southern Asia, one of the mega biodiversity hotspots, is native to many 

indigenous freshwater fish species. Clarias batrachus (Linn.) is widely recognized in Indian sub-

continent as a nutritious food by virtue of its richness in essential amino acids, minerals, trace 

elements, vitamins and polyunsaturated fatty acids. However, diseases have been posing a major 

setback to the sustainability of aquaculture. Juvenile fishes are not fully immunocompetent and often 

succumb to aquatic diseases. The emergence of vibriosis, caused by infectious Vibrio harveyi, V. 

vulnificus, V. parahaemolyticus, V. alginolyticus, is one of the major prevalent sources of mortality 

in aquaculture sector worldwide [1]. Appropriate prophylactic measures need to be taken to prevent 

frequent horizontal gene transfer of Vibrio pathogens [2]. Probiotic, a biocompatible alternative of 

antibiotic and chemical additive, is in increased use today to combat aquatic diseases. It confers 

protection against pathogens by production of bacteriocins, siderophores or lysozymes and 

stimulates immune responses [3]. Probiotics can be used as a functional feed additive to enhance 

feed digestibility and fecundity [4]. The present study has been designed to evaluate and optimize 

dietary doses of Lysinibacillus sphaericus PKA17 (Accession No.KM972671.1) as a putative 

probiotic in C. batrachus juveniles against Vibrio harveyi infection.  

2. MATERIALS AND METHODS 

Small-scale Study  

C. batrachus juveniles obtained from a hatchery at Ramsagar (District of Bankura, West Bengal, 

India) were transferred to the aquaculture unit; Department of Microbiology (Vidyasagar University, 

India). The fish were acclimatized for two weeks at prevailing laboratory condition and then 

randomly separated in rectangular cemented tanks. Each tank (195 × 105 × 90 cm3; 5 cm bottom 

mud) was stocked with 15 fish (mean weight 13.52 ± 0.05 g) and were reared under natural 

photoperiod. The tanks were connected to the flow-through water system with continuous aeration. 

The water quality of all the tanks was monitored at regular intervals [5]. Fifty percent of aged-water 

was replenished with fresh water at weekly interval. Fish were fed for 60 days at a daily rate of 5% 

of their body weight [6]. The unutilized feeds were sieved out 1 h after dispensing the feed into 

tanks.  

Feed Preparation  

Commercial floating feed (26% Crude protein, 5% Lipid, 5% fiber and 11% moisture) that is free 

from any probiotic was used as the basal diet. L. sphaericus PKA17 was grown in Tryptone Soya 

broth (TSB) medium (Pancreatic digest of casein 17g, Papaic digest of soyabean meal 3g, Sodium 

chloride 5g, Dextrose 2.5g, Dibasic potassium phosphate 2.5g; pH 7.3±0.2); centrifuged at 5000 g 

at 4ºC for 10 min, washed thrice with sterile 1.0% NaCl solution and resuspended in sterile saline 

water. Four different formulated diets were: (i) non-probiotic supplemented commercial diet 

http://www.rjlbpcs.com/


Ganguly et al  RJLBPCS 2018                        www.rjlbpcs.com            Life Science Informatics Publications 

© 2018 Life Science Informatics Publication All rights reserved 

Peer review under responsibility of Life Science Informatics Publications 

2018 July–August RJLBPCS 4(4) Page No.346 

 

(control group); (ii) diet supplemented with 2 × 104 L. sphaericus PKA17 (C1 feed); (iii) diet 

supplemented with 2 × 105 L. sphaericus PKA17 (C2 feed); (iv) diet supplemented with 2 × 106 L. 

sphaericus PKA17 (C3 feed).  

Morphometric Measurement  

Dietary performance indexes like live weight gain (LWG), average daily growth (ADG), specific 

growth rate (SGR), feed conversion ratio (FCR), protein efficiency ratio (PER), protein intake (PI), 

percentage weight gain (PWG) and survival rate (SR) were precisely calculated [3]. 

Pathogen 

Catfish pathogen Vibrio harveyi (MTCC 7954) was obtained from IMTECH (Chandigarh, India). It 

was used as target pathogens to detect in vivo antagonistic activity of the probiotic isolate. The 

survival percentage was enumerated taking 10 fish in each tank in triplicates upto 14 days of post 

challenge. The graphical representation and statistical analysis of data was carried out using 

Microsoft Office Excel software with 5% standard error. 

Qualitative Assay of Enzymes 

Protease  

The efficacy of L. sphaericus PKA17 for production of extracellular protease enzyme was assessed 

by culturing on Casein Hydrolysate (pH 7.8±0.2) Agar (g-L): Casein enzymic hydrolysate 5, Peptic 

digest of animal tissue 5, Yeast autolysate 1.5, Na3PO4 2.5, NaCl 5, Agar 15.  

Cellulase  

L. sphaericus PKA17 was streaked on carboxy-methylcellulose (CMC) agar plates (1% CMC, 0.1% 

KH2PO4, 0.1% K2HPO4, 0.04% MgSO4·7H2O, 0.005% NaCl, and 0.000125% FeSO4, 1.8% Agar 

and pH 7.0) and incubated at 37°C for 24-48 h. The plates were then flooded with Gram’s iodine 

solution for 3 to 5 minutes. The stain was then drained off and the plates were observed for 

appearance of distinct clear zone around the colony to identify cellulase producer [7].  

Amylase  

L. sphaericus PKA17 was grown on Starch Agar (g-L) medium (Tryptone 2 g, KH2PO44 g, Na2HPO44 

g, MgSO47H2O 0.2 g, CaCl20.001 g, FeSO47H2O 0.004 g, Starch 10 g; pH 7.0) to detect amylase 

activity through the appearance of clear zone around the colonies following addition of iodine 

solutions. 

Phosphate Solubility  

The Pikovskayas Agar (g-L) medium (Yeast extract 0.500, Dextrose 10, Ca3(PO4)2 5, (NH4)2SO4 

0.500, KCl 0.200, MgSO4 0.100, MnSO4 0.0001, FeSO4 0.0001, Agar 15.000) was sterilized and 

petriplated. L. sphaericus PKA17 was inoculated on Pikovskayas agar medium by continuous 

streaking method and incubated at 37°C for 24-48 h. The plates were then observed for appearance 

of clear zone around the colony which indicates the solubilization of phosphate and hence, confirms 

the production of extracellular alkaline phosphatase enzyme [8] by bacterial isolates. 
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Xylanase  

The composition of isolating medium (IM) was (g/l): (NH4)2SO4 1.0; MgSO4 0.2; K2HPO4 0.2; 

CaCl2 0.2; MnCl2 0.02; yeast extract 0.1, xylan 10.0 and agar 20.0; pH 7. Before sterilization of the 

media, xylan was completely dissolved in water by sonication (7 hz, 2 min) [9]. The test isolates 

were streaked on respective agar plates and incubated. The plates were then observed for appearance 

of clear and transparent hollow zones. 

Quantitative Assay of Xylanase and Cellulase 

The sources of enzymes were the crude supernatant of submerged cultivation where TSB growth 

media of L. sphaericus PKA17 were not enriched with xylan or cellulose. Xylanase activity was 

assayed by measuring released reducing sugar from birch wood xylan (Fluka) with 3, 5- 

dinitrosalicylic acid [10]. The reaction mixture containing 0.4 ml phosphate buffer (0.2M, pH 7.0), 

0.3ml of 5% (w/v) xylan and 0.3ml enzyme solution. The enzymatic reaction was carried out at 50ºC 

and after 30 min 1ml of DNS (3%w/v) was added to terminate the reaction. The solution was 

incubated in a boiling water bath for 15 min for colour development and the absorbency was 

measured at 540nm (Systronic spectrophotometer 105) against the enzyme blank. The enzyme 

activity was determined by using a standard calibration curve of D-Xylose (Sigma).Cellulose 

activity, using carboxymethylcellulose as substrate, was assayed in the same way as xylanase assay 

by measuring released reducing sugar from cellulose as substrates. The enzyme activity was 

determined by using a standard calibration curve of dextrose (Sigma).One unit of enzyme (xylanase 

and cellulose) activity (U/ml) was defined as the amount of enzyme required to produce 1 µmol of 

reducing sugars (xylose in case of xylanase, dextrose in case of cellulase) by hydrolyzing the 

respective substrates per minute under the above assay condition.  

Haemolysis Test 

The medium was prepared by adding 5% v/v sterile defibrinated sheep blood to sterile blood agar 

base that had been melted and cooled to 45°C. It was then thoroughly mixed avoiding formation of 

air bubbles. 15-20 ml of this blood agar was dispensed to sterile petriplates and solidified. Fresh 

overnight grown TSB cultures of the test organism were streaked on blood agar plates and incubated 

at 37°C for 24-48 h; thereafter, the plates were examined for the formation of any clear zones (β-

haemolysis) or greenish hemolytic zone (α-haemolysis), or no such zone (γ-haemolysis) around the 

bacterial colonies [11]. The assay was repeated with defibrinated fish blood.  

Growth Kinetics  

The intestinal isolate L. sphaericus PKA17 was cultivated in TSB at 37°C with 100 g for 48 h. The 

viable cell counts were measured by spectrophotometer at 620 nm at regular time interval [12]. The 

test was done in triplicates. 

Statistical Analysis  

A one-way analysis of variance (ANOVA) was used to analyze statistical difference among 
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replicates. Significant differences (α=0.05) between the means of different groups in replicate were 

identified by Duncan Multiple Range Test (DMRT) using SPSS program version 19. 

3. RESULTS AND DISCUSSION 

Growth and Feed Efficiency 

The growth parameters of Asian catfish C. batrachus juveniles fed with different dietary doses of 

probiotic are presented in Table 1. The application of probiotic in feed significantly increased growth 

(Fig.1) and feed utilization efficiency.  

Table 1: Growth performance of Clarias batrachus juveniles fed with different diets 

Parameters Control C1 C2 C3 

Live weight gain (g) 11.88 ± 0.07
c
 15.81 ± 0.24

b
 17.02 ± 0.14

a
 16.28 ± 0.20

b
 

Average daily growth (g) 0.20 ± 0
c
 0.26 ± 0

b
 0.28 ± 0

a
 0.27 ± 0

a,b
 

Specific growth rate (%) 1.02 ± 0.01
c
 1.29 ± 0.01

b
 1.35 ± 0.02

a
 1.31 ± 0.02

b
 

Feed conversion ratio 2.90 ± 0.01
a
 2.17 ± 0.02

b
 2.07 ± 0.05

b
 2.16 ± 0.06

b
 

Protein efficiency ratio 1.44 ± 0.02
c
 1.86 ± 0.02

b
 1.96 ± 0.03

a
 1.88 ± 0.05

b
 

Percentage weight gain (%) 87.13 ± 0.91
c
 118.23 ± 1.85

b
 126.8 ± 2.41

a
 121.25 ± 2.51

b
 

Protein intake (g) 8.21 ± 0.09
c
 8.53 ± 0.06

b
 8.67 ± 0.10

a
 8.65 ± 0.12

a
 

Results are given as (Means ± SEM); Values in the same row with different superscripts denote a significant 

difference (P ≤ 0.05); Mean initial length and weight were (9.32 ± 0.09) cm and (13.52 ± 0.05) g respectively; 

Survival Rate (%) was 100 % in all cases. 

Fish feed C2 has displayed significantly (P ≤ 0.05) higher LWG (17.02 ± 0.14), ADG (0.28 ± 0) and 

SGR (1.35 ± 0.02%) than control and other dose-treatments. FCR was significantly (P ≤ 0.05) lower 

in all probiotic-fed fish where C2 (2.07 ± 0.05) has displayed maximum feed utilization. 

Significantly (P ≤ 0.05) higher PI (8.67 ± 0.10g) and PER (1.96 ± 0.03) was obtained in fish fed 

with C2 indicating better utilization of protein for growth and metabolism. PWG (126.8 ± 2.41 %) 

was significantly (P ≤ 0.05) higher in fish fed with C2 followed by C3 and C1 whereas the fish fed 

with control diet displayed lowest PWG (87.13 ± 0.91). The survival rate was (100 ± 0.00%) in all 

cases. 

Challenge Test 

After 14-days challenge trial, significantly higher survivability (90%) was observed in fish with C2 

feed followed by C3, C1 and control (Fig.2). The cumulative mortality in the treatment groups was 

significantly (P ≤ 0.05) lower compared to the control. 
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Fig 1. Weight of Clarias batrachus in relation to various feeds at different time interval 

 

Fig 2.Survivability of Clarias batrachus in a 14-day challenge trial against Vibrio harveyi 

Biochemical Tests 

The present study showed the production of extracellular protease, cellulase, xylanase and 

phosphatase enzyme by L. sphaericus PKA17 strain through the appearance of distinct clear zone 

around the respective colonies (Table 2). However, the organism didn’t exhibit amylolytic activity.  

Table 2. Production of extracellular enzymes 

(+) = Positive Reaction; ( ̶ ) = Negative Reaction 

The intensity of extracellular enzyme production by the bacterial strain L. sphaericus PKA17 was 

assayed both quantitavely and qualitatively. The bacterial strain L. sphaericus PKA17 is able to 

produce a very small amount of xylanase and cellulase (Table 3). The production of phosphatase 

was distinctly visible on Pikovskayas agar medium (Fig.3). 
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Table 3. Enzymatic assay of xylanase and cellulase 

Bacterial strain Enzyme activity (U/ml) 

L. sphaericus PKA17 

 

 

Xylanase Cellulase 

0.3 0.5 

0.4 0.52 

0.4 0.51 

Mean ± SE 0.37 ± 0.03 0.51 ± 0.01 

    SE = Standard Error 

 

Fig 3. Phosphate solubilization test of Lysinibacillus sphaericus PKA17 

Test of Haemolysis 

The test isolate didn’t exhibit any sign of haemolysis on blood agar irrespective of blood type (sheep, 

fish). 

Growth Kinetics  

The growth curve of a probiotic strain determines the most suitable time to harvest the cell. The 

growth kinetic study revealed that L. sphaericus PKA17 had prolonged stationary phase (Fig.4). 

 

Fig 4.Effect of cultivation period on growth of Lysinibacillus sphaericus PKA17 in tryptone 

soya broth under shaking (100 rpm) condition 
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DISCUSSION 

The production of extracellular enzymes (protease, amylase, phosphatase, esterase, lipase, 

peptidase, cellulase etc.) by gastro-intestinal bacteria often contributes to digestive enzyme activity 

and subsequent feed utilization efficiency in fish [13]. L. sphaericus PKA17 strain secreted 

hydrolytic enzyme protease that formed clear zones around the colonies as a result of casein 

hydrolysis. Esakkiraj et al. [14] isolated protease-producing bacterial strain Bacillus cereus from 

brackish water fish Mugil cephalus. Cellulase activity may enable the fish species to utilize cellulose 

and similar fibrous carbohydrates [15]. In the present study, L. sphaericus PKA17, isolated from the 

intestine of Clarias batrachus has been shown to possess cellulolytic activity. The result was in 

accordance to Banerjee et al. [16] who reported high cellulase activity of the intestinal bacterial 

isolates of C. batrachus. Kar and Ghosh [17] reported the presence of cellulolytic bacteria in Channa 

punctatus. Xylan and cellulose are comparatively large molecules, and cannot enter the bacterial 

cell matrix. Hydrolysis of these molecules is done outside the cell by the constitutively produced 

xylanases [18] or cellulases [19]. The very little amount of constitutively xylanases [9] and 

cellulases hydrolyze the larger molecules into small oligosaccharides. These hydrolyzed products 

can enter directly into the cell matrix where they are degraded by intercellular respective enzymes. 

There are also reports that the small oligosaccharides induce the production of respective enzymes 

when particular substrates are present [20]. Thus the probiotic strains may help in digestion of the 

xylan (hemicelluloses) and cellulose containing feeds. Amylolytic activity was not detected in the 

intestinal bacterial strain L. sphaericus PKA17. Similarly, Bairagi et al. [19] reported absence of 

amylolytic bacterial strains in Clarias batrachus. Banerjee et al., [16] also observed trace amount 

of amylase in the gastrointestinal tract of C. batrachus. The solubilization of phosphate by test 

organisms confirms the production of extracellular alkaline phosphatase enzyme by bacterial 

isolates [21]. This phosphate solubilization property may consequence better feed utilization as well 

as accessibility of more phosphate to the host. Blood agar is useful to derive the hemolytic activity 

of an organism. Bacteria often excrete exoenzymes that lyse red blood cells and degrade 

hemoglobin. The degree to which the blood cells are haemolyzed is used to determine the 

pathogenicity of test organism. None of the test isolates exhibited any sign of haemolysis on blood 

agar irrespective of blood type (sheep, fish) which signifies non-pathogenicity of the test organism. 

Bacterial growth kinetics specifically determines in vitro proliferative activity of the putative 

probiotics which is often correlated to their colonizing ability in the GI tract of the host [22]. The 

prolonged stationary phase of L. sphaericus PKA17 has added advantage as it maintains constant 

number of viable bacterial cell throughout the phase. The study elucidated effect of L. sphaericus 

PKA17 on the growth performance, feed utilization efficiency and disease-resistance of C. 

batrachus juveniles. The findings of this study suggested faster growth of C. batrachus could be 

obtained through infusion of L. sphaericus PKA17 in basal diet at different dose level. The 
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extracellular enzyme protease synthesized by L. sphaericus PKA17 strain may have contributed 

increased protein efficiency ratio [23]. The decrease of FCR also indicated proper dietary utilization 

of nutrients. The result corroborates with Falaye et al., [24] who reported improved growth rate, 

weight gain and FCR of C. gariepinus fingerlings using Lactobacillus plantarum supplemented diet. 

The probiotic Bacillus was reported to increase growth rate, PER and protein productive value of 

C. gariepinus [25]. The in vivo challenge with pathogenic V. harveyi revealed that, dietary 

administration of L. sphaericus PKA17 (C2 feed) for 14 days significantly increased survival rate 

of C. batrachus juveniles. The earlier studies have reported dietary administration of L. plantarum 

for 6 weeks in Litopenaeus vannamei resisted Vibriosis [26]. Lysinibacillus sphaericus, Bacillus 

amyloliquefaciens and Bacillus cereus have been reported to inhibit motile aeromonad septicaemia 

(MAS) in C. gariepinus by disintegrating quorum sensing pathway of pathogenic Aeromonas 

hydrophila [27]. The Biosurfactant produced by Lysinibacillus fusiformis S9 inhibited bacterial 

attachment and biofilm formation of pathogenic Escherichia coli and Streptococcus mutans [28].  

4. CONCLUSION 

The findings of this study suggest that the dose level of probiotic L. sphaericus PKA17 applied in 

feed C2 was able to enhance growth performance and disease-resistance of C. batrachus juveniles. 

The study provides a new perspective for the use of L. sphaericus PKA17 as a functional feed 

additive to enhance feed digestibility, growth performance and disease-resistance in C. batrachus 

juveniles. It will be helpful to the fish farmers to cultivate the indigenous cat fish to a large extent. 

However, pilot-scale study is still needed before commercialization of the process. 
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