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1. ABSTRACT 

Aquaculture is one of the fastest growing sector in the world, especially in Asia. it has become an important economic activity 

for many countries. Various kind of diseases are the major problem associated with this sector it reduces the yield considerably. 

Usually antibiotics are used against diseases. But antibiotic administration has many problems; to overcome these problems 

probiotic can be used as an alternative.Anatagonestic activity is a major characteristic of probiotics. Probiotics produce an array 

of antimicrobial compounds , so the location and characterization and effect of these compounds against the fish pathogens are 

very much beneficial. The compounds may be present either intracellularly or extrecellularly. So the antimicrobial activity 

determination of all these components is necessary. For that 4 cellular components such as intracellular product(ICP), 

extracellular product(ECP), heat killed whole cell product(HKWCP), and whole cell product(WCP) can be used, and their 

antimicrobial activity pattern determination and comparison of this with standard antibiotic will show their activity. Then the 

highest activity showing fraction then subjected to various analysis to identify which is the component which contributes this 

effect; for that Dialysis, Tricine SDS –PAGE, TLC analysis etc can be done . After that the effective component should be used 

for some field trails to find whether thy are effective in invivo conditions or not. 

 

2. INTRODUCTION 

 

Aquaculture is one of the fastest developing growth sector in the world. Especially in Asia. Asia contributes about 90% 

to the global production. It has become an important economic activity in many countries. Intensive aquaculture system produces 

substantially higher yield. But this intensification results in stressful environmental changes which can produce various kinds of 

problems in aquatic organisms, principally diseases of diverse etiology. So the control of disease is become of great importance 

in aquaculture. The most common way to disease control is the use of antibiotics. But the use of antibiotics as a preventive 

measure has been questioned by acquisition of genes that results in antibiotics resistance and horizontal gene transfer from fish 

pathogens to human. 
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The use of probiotics in aquaculture is based on the antagonistic activities shown by them. Microbes produces an extra-

ordinary array of microbial defence systems. These include broad spectrum of classical antibiotics so critical to human health 

concerns, metabolic by - products like lactic acids produced by lactobacilli, lytic agents such as lysozymes found in many foods, 

numerous types of proteins exotoxins, and bacteriocins, which are loosely defined as active protein moieties with a bacteriocidal 

mode of action. Bacterial strains appear to be an excellent candidate for a friendly alternative since bacteriocin would be used as 

an antibiotic substitute (Riley MA and Wertz JE, 2002), whereas bacteria would be a potential probiotic. 

In contrast to the currently used antibiotics, Bacteriocins are often considered more natural because they are thought to have 

been present in many of the foods eaten since ancient times. The administration of bacteriocin-producing bacteria rather than the 

bacteriocins themselves might be a more cost-effective approach, but significant progress in developing suitable producer strains 

will have to be made before such an approach will be feasible. 

 

As with any antimicrobial compounds, the tissue of resistance also has to be considered for bacteriocins. Although the 

mechanism of action is not known for all bacteriocins, most of the low molecular weight bacteriocins appear to interact with the 

bacterial membrane. Resistance is therefore usually the result of changes in the membrane of bacteria targeted by a bacteriocin. 

 

Bacteriocins are commonly divided into three or four groups. Nisin was discovered in 1928, and subtilin, a nisin 

analogue differing by 12 amino acid residuces, was discovered in 1948. Both belong to class I, termed lantibiotics. Class I is 

being further subdivided into class Ia and class Ib. In general, Class I peptides typically have from 19 to more than 50 amino 

acids. Class I bacteriocins are characterized by their unusual amino acids, such as lanthionine, methyl- lanthionine, 

dehydroubtyrine and dehydroalanine. Class Ia bacteriocins, which include nisin, consist of cationic and hydrophobic peptides 

that form pores in target membranes and have a flexible structure compared to the more rigid class Ib. Class Ib bacteriocins, 

which are globular peptides, have no net charge or a net negative charge. 

 

Class II contains small heat-stable, non-modified peptides, and can be further subdivided. According to conventional 

classification, class IIa includes Pediocin like Listeria active peptides with a conserved N-terminal sequence Tyr-Gly-Asn-Gly-

Val and two cysteines forming a S-S bridge in the N-terminal half of the peptide. Bacteriocins composed of two different 

peptides comprise Class IIb. The two-peptide bacteriocins need both peptides to be fully active. The primary amino acid 

sequences of the peptides are different. Though each is encoded by its own adjacent genes, only one immunity gene is needed. 

Class IIc was orginally proposed to contain the bacteriocins that are secreated by the general sec-system. Since this proposal, it 

has been shown that Class IIa bacteriocins can use the secretory system and consequently the sub-class IIe should eradicated. 

The large and heat labile bacteriocins makes up the Class III bacteriocins for which there is much less information available. A 

fourth class consists of bacteriocins that form large complexes with other macromolecules, has been proposed. However, 

presently, no such bacteriocins have been purified and there is good reason to believe that this type of bacteriocin is an artifical 

due to the cationic and hydrophobic properties of bacteriocins which result in complexing with other macromolecules in the 

crude extract. This phenomenon has been shown in the case of plantaricin S. First, it was calimed to be a large complex 

molecule, but later the activity was purified as a small peptide, and the complex disintergrated while the activity was maintained. 

The Class I and II bacteriocins since they are the best understood and most likely to be used in food applications due to their 

target specificity and robustness. 

 

SIDEROPHORES. 

 Siderophore is another biocontrol agent produced by some microorganisms. Sideropheres are low- molecular weight, 

ferric iron specific chelating agent that can dissolve and precipitated iron and make it available for microbial Growth ( 

Verschuere et al, 2000) . The significance of sideorphores resides in their capacity to scavenge an essential nutrient from 

environment and deprive competitors for them. Since pathogens lack siderophore they can’t survive in and iron limiting 

environment. The ecological significant of siderophore in soil as important tool for iron acquisition by microorganisms and 

plants, and their involvement in suppression of plant root pathogens (Williams, 1993). 
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Harmless bacteria which can produce siderphores could be used as probiotics to complete with pathogens for iron from 

solution. The possible effectiveness of siderophore producing probiotics can be illustrated by the study of Gatesoupe (1997), in 

which the addition of the resistance of turbot larvae challenged with the pathogenic strain Vibrio P. The addition of sidereophore 

producing Vibrio strain protected the turbot larves slightly more. 

 

ENZYMES 

Probiotics produces various enzymes such as amylase, protease, cellulase and lipases as well as necessary growth 

factors. The probiotics produces extracellular amylase and protease is improved host carbohydrate and protein digestion, while 

Degradation of chitin, starch, protein, cellulose and lipids is largely due to the production of extra cellular enzymes; proteases, 

lipases, chitinases and cellulases by bacteria associated with aquacultures species. Another important enzyme is lysozyme. 

Lysozymes (muramidases) are a family of enzymes with antimicrobial activity characterized by the ability to damage the cell 

wall of bacteria. The enzyme acts by catalyzing the hydrolysis of 1,4-beta-linkages between N-acetylmuramic acid and N-acetyl-

D- glucosamine residues in peptidoglycans and between the N-acetyl-D-glucosamine residues in chitodextrins. Several workers 

have reported that bacteria from isolated from fish can digest chitin, strach, protein, cellulose and lipids, Vitamins, carotenoids , 

short -chain fatty acids and lipids produced by probiotics that also contribute to the improve host nutrition. These are produced 

as secondary metabolites by probiotic bacteria. Carotenoids, which act as antioxidants and polyunsaturated fatty acids contribute 

significantly to the total fatty acids contribute significantly to the total fatty acid content of host fish. Improve host digestive 

processes by producing extra cellular enzymes. 

 

ROLE OF ANTIBIOTICS IN AQUACULTURE 

 

The discovery and development of antibiotics in the twentieth century, the perceived value of these traditional therapies 

diminished (Bengmark 2001; Meier and Steuerwald 2005). Today, with the efficacy of antibiotics waning and a dramatic 

resurgence are reconsidering the possible role of probiotics as an alternative to supplement existing antibiotics-dominated 

therapies (Saavedra 2001; Senok et al. 2005). Over the past 15 years, there has been an increase in research on probiotic bacteria 

and a rapidly growing commercial interest in the use of probiotic bacteria in food, medicine, and a supplements ( Morelli 2002; 

Scarpellini et al. 2008). 

 The purpose of this work is to found out the antibiogram of selected aquatic probiotic strains and antagonistic activity of 

different cellular components against selected fish pathogens like Alcaligens, Acinetobacter, Flavobacteriam, Vibrio cholerae, 

Aeromans hydrophila. The antimicrobial activity is may be due to the presence of bacteriocin, bacteriocin like substances or by 

some other antimicrobial peptides. Since these are ribosomally synthesized peptides, they may be present either intracellular 

environment or in the medium, where these found (extracellular). This peptide fractions sometimes found as the part of cell wall 

too. So to find out the location of these antimicrobial compounds at maximum concentration are also very significant. 
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3. MATERIALS AND METHODS: 

MICROORGANISMS 

         Microorganisms (Probiotics) used in this study; MBTU_PB1, MBTU_PB2, MBTU_PB3& MBTU_PB4 were collected 

from the Microbial Biotechnology Lab of School of Biosciences M G University Kottayam. The indicator pathogenic organisms; 

Alclingenes 1424, Aeromonas hydrophila 1739, Acinetobacter 1271, and Flavobacterium 2495 were collected from the 

Microbial Cultural Collection Centre (MTCC) Chandigarh. 

PREPARATION OF BACTERIAL STRAINS 

      Four types of antimicrobial metabolites, e.g. heat killed whole cell product ( HKWCP), whole cell product (WCP), intra 

cellular product (ICP) and extra cellular product (ECP) were prepared from (MBTU__PBI, MBTU__PB2, MBTU__PB3 and 

MBTU__PB4 (Das et.al, 2006). Briefly pure cultures of all the four strains were grown separately in sterile conditions in 250 ml 

of brain heart infusion broth (Himedia, India) at 370C for 24hr. Pure cultures of each selected strain were divided into five equal 

volumes of 50 ml and each 50 ml was taken for preparation of HKWCP, WCP, ECP and ICP separately. The optical density 

(OD) of 24 h old cultures was taken for each bacterium and simultaneous plating was carried out in tripulate and the colony 

forming unit/ ml was calculated. The OD 546 of all four strains was adjusted to 0.5 which corresponded to 1.96 x 106 cfu/ml, 

1.6x106 cfu/ml 1.78 x 106 cfu/ml and 2.17 x 106 cfu/ml for MBTU__PB2, MBTU___PB3 and MBTU__PB4, respectively. 

PREPARATION OF CELLULAR COMPONENTS 

(Basanta Kumar Das et al (2006); Aquaculture 2531(19-24) 

Preparation of Whole cell product (WCP) 

        All the isolates (MBTU_PB1, MBTU_PB2, MBTU_PB3 & MBTU_PB4 )grown separately in Brain Heart Infusion broth 

were centrifuged at 12,000rpm for 10 minute at 40C. The bacterial pellets were washed twice in Phosphate Buffer Saline (pH 

7.2) and after that the pellets were resuspended in Phosphate Buffer Saline. This was used as Whole cell product. 

Preparation of Extracelluar products (ECP) 

           The supernatant obtained after centrifugation of the 24 hour old culture of bacteria in BHI broth were filter sterilized. 

They were dialysed in benzoylated dialysed bag of against Phosphate Buffer Saline (pH-7.2). After 48 hours, the dialysed 

portion is concentrated with 20% Poly Ethylene Glycol (PEG 6000). 

Preparation of Heat killed whole cell product (HKWCP) 

           All the bacterial isolates, after 24 hour incubation were centrifuged at 12,000rpm for 10 minutes in 40C. The bacterial 

pellets obtained after centrifugation were washed twice and resuspended in Phosphate Buffer Saline (pH 7.2). And this were heat 

killed by placing it in a boiling water bath at 800C for 2 hours. This pellets were used for antagonistic study. 

Preparation of Intracellular product (ICP) 

      All the bacteria grown seperately in Brain Heart Infusion broth; after 24hours were centrifuged at 12,000rpm for 10 minute 

in 40C. The bacterial pellets were washed twice and resuspended in Phosphate Buffer Saline (pH-7.2), to 4% of the initial 

volume. The cell pellets were then sonicated at 50Hz for 5 minutes, and after that these sonicated sample was filtered through a 

micropore filter with pore size 0.45µm. Finally stored at 40C. 

PROTEIN ESTIMATION OF DIFFERENT CELLULAR COMPONENTS (Bradford method, 1976) 

    The protein estimation of all the protein fraction of the four isolates (MBTU__PBI, MBTU__PB2, MBTU__PB3 and 

MBTU__PB4) was determined according to Bradford Method (1976). Protein concentration ranging from 10-100g were 

prepared by pipetting out 0.2 , 0.4, 0.6, 0.8 and 1.0ml of the working standard solution into a series of test tubes containing 

required quantity of 0.1M NaOH to make up the volume to 1.0 ml. In each tube, 5.0 ml of Bradford dye solution was added to 

http://www.ijcrt.org/


www.ijcrt.org                                                        © 2023 IJCRT | Volume 11, Issue 6 June 2023 | ISSN: 2320-2882 

IJCRT2306129 International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org b145 
 

make the final volume to 6.0 ml .The contents were mixed well and allowed to stand for five minutes but no longer than 30 

minutes . A reagent blank was maintained essentially as above adding working standard solution. Absorbance was measured at 

595 nm against the reagent blank. A standard graph was drawn by plotting the concentration of protein along the X-axis and 

absorbance along the y-axis. From the standard graph, the amounts of protein in the samples were calculated. For biocontrol 

study, the protein concentration of different cellular components of all the strains were standardized to 20g/ml of protein. 

BIOCONTROL STUDY 

          Overnight growth cultures of 5 indicator pathogens; Aeromonas hydrophila, Acenetobacter, Vibrio, Alkaligens, Flavens, 

Alkaligens were seperately lawn on Tryptone Soya Agar (TSA, Himedia-India) by lawn culture method. Then 6mm diameter 

wells were made in each plate and the different cellular components containing 20µgm of protein were introduced into the wells, 

sterile Phosphate Buffer saline (PBS) in one well was the control. Incubated the plates at 330C for 24 hours. 

UV-VIS ANALYSIS 

     The lyophilized samples of Extracellular product of all the 4 selected strains MBTUPBI, MBTUPB2, MBTUPB3 and 

MBTUPB4 were scanned under UV light ( UV-VIS Spectrophotometer- HITACHI, U-1990) within a range of 220-360 nm. All 

the lyophilized samples were diluted with double distilled water in order to reduce the concentrations. 

MOLECULAR WEIGHT DETERMINATIONS  

Tricine sds-page (oxford Laboratory Technology 2007) 

To estimate the molecular mass of each of the partially purified, PEG concentrated cell free supernatant of the 

extracellular sample, the pretreated samples from the four selected bacterial strains, obtained as described above the (preparation 

of extracellular product) were subjected to Tricine-SDS –polyacrylyamide protein of below 35 kDa. Initiate polymerization by 

adding 40ul of TEMED (pure liquid) to 12.0% separating gel. Transfer to the gel cassettes; bring to approximately 1.5 cm from 

the top of gel blank (which is reserved for the stacking gel) and gently overlay with a small volume (ca. 0.5 ml) of 0.1% (w/v) 

SDS. Polymerize for 30 min. Remove layer of SDS after the gel has polymerized Initiate polymerization by adding 20 Ul of 

TEMED (pure liquid) to 4.0% stacking gel. Transfer to the gel cassettes and insert comb. Clamp along the top with binder clips 

to insure well formed well. Polymerize the 30 min. The samples were prepared by mixing an equivalent volume of sample with 

an equivalent volume NOVEX 2X Tricine SDS sample buffer. The samples are then heated for 5 min in a boiling water bath, 

centrifuged for one minute. Prior to loading the gel, fill the upper buffer chamber with cathode buffer and the lower chamber  

with 250 ml of anode buffer. Electrophoresis is done at constant ( 5 Ma) until the samples have migrated through the stack, while 

30 Ma is used for the remainder of the run until the tracking dye has migrated out from the lower slot . Staining is accomplished 

by soaking the gel in a staining solution on a top shaker for 30 minutes. The gel is then destained by soaking in a destaining 

solution on a table top shaker. Periodically replace with fresh solution until desired destaining is achived. After destaining , the 

gel is prepared for drying by soaking it for five minutes in gel drying solution. Next, soak a single piece of cellophane in the 

same gel dry solution for 30 seconds. Lay down the cellophane first, and the gel on top of this. Next soak the second piece of 

cellophane in gel drying solution for 30 seconds, and then overlay this on the gel to make a sandwich, squeeze out any air 

bubbles and then clamp on upper frame. Dry at room temperature. 

ANTIBIOGRAM DETERMINATION (Kirby-Bauer method) 

   Antibiotic sensitivity test is used to detect one of the main characters of the probiotics, i.e., the resistance of the bacterial 

strains against common antibiotics. Antibiogram of isolated strains and indicator strains were prepared using selected antibiotics 

discs ( Gentamicin (10 mcg/disc) Chloramphenicol (10 mcg/disc) Streptomycin (25 mcg/disc), Tetracycline ( 10 mcg/disc) , 

Vancomycin (10 mcg/disc) Carbencillin (100 mcg/disc) Kanamycin (10 mcg/disc) Methicillin ( 5 mcg/disc) , Ciprofloxacin ( 30 

mcg/disc) , Erythromycin ( 10 mcg/disc ) Amikacin ( 30 mcg/ disc) Amikacin (30 mcg /disc) , Ampicillin (10 mcg/disc) 

Penicillin G (10 mcg/disc) which were placed on Muller –Hinton agar ( HIMedia, India) Plates previously swabbed with the 

selected bacterial strains  pathogens. Plates were incubated at 370 C for 24 hours. Resistant bacterial strains around the antibiotic 
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discs. Clear zones around the discs with respect to the standard MIC of each antibiotics, the sensitivity of the bacterial strains 

against the antibiotics was evaluated. 

4. RESULT 

PROTEIN ESTIMATION OF DIFFERENT CELLULAR COMPONENTS 

         The protein content of ICP, WCP, HKWCP & ECP of MBTU_PB1, MBTU_PB2, MBTU_PB3 and MBTU_PB4 are given 

in the table 2. Among the different cellular components ICP of all the strains contain highest protein concentration. And the 

lowest protein concentration was observed in ECP of all the strains. 

Table 1: The standard curve preparation by Braford method using BSA standard 

S.No Volume of 

Standard BSA 

(mL) 

Concentration of 

BSA (mg) 

Volume of 

0.1M NaOH 

(mL) 

Bradford 

reagent 

(mL) 

 

 

 

Kept at room 

temperature 

for 5 minutes 

Optical 

density at 

595 nm 

Blank 0.0 0.0 1.0  

 

5.0 

0.0 

1 0.2 20.0 0.8 0.179 

2 0.4 40.0 0.6 0.275 

3 0.6 60.0 0.4 0.393 

4 0.8 80.0 0.2 0.463 

5 1.0 100.0 0.0 0.522 

Concentration of BSA standard = 5 mg/ml 

 

Table3: protein concentration of different cellular components of MBTU_PB1, MBTU_PB2, MBTU_PB3 and 

MBTU_PB4 

Cellular   

component 

 

Bacterial isolate 

Concentration 

of WCP 

(µg/ml) 

Concentration of 

ECP (µg/ml) 

Concentration of 

HKWCP (µg/ml) 

Concentration of ICP 

(µg/ml) 

MBTU_PB1 18 16 22 28 

MBTU_PB2 36 20 40 42 

MBTU_PB3 20 18 20 45 

MBTU_PB4 20 18 21 45 

 

BIOCONTROL STUDY  

 Results obtained from the WCP, HKWCP, ECP and ICP of the four selected strains against the five indicator pathogens 

are shown in fig no: 1, 2, 3 & 4.  The WCP of all the four isolates showed no inhibitory activity against all the investigated 

indicator strains, as compared to PBS control (data not shown). It was revealed that among the different cellular components the 

ECP of all the four selected strains was found to be highly effective and produced a zone of inhibition ranging from 18 to 35 mm 

against all the five indicator strains. The next highest recorded inhibition zone was obtained by  HKWCP of  the four selected 

strains  against Alcaligenes (26 mm ± 0.7 mm, 22 mm ± 0.6 mm and 26 mm ± 0.3 mm for MBTU_PB1, MBTU_PB2 and 
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MBTU_PB3, respectively) while MBTU_PB4  showed the  zone of inhibition for HKWCP (24 mm ± 0.3 mm) with 

Flavobacterium. This result clearly indicate that out of the three cellular products (HKWCP, ECP & ICP), ICP of the stains 

showed the lowest inhibitory activity against all indicator pathogens.   

  

           Fig1a: MBTU_PB1                                                                 Fig1b: MBTU_PB2 

  

   Fig1c: MBTU_PB3                                                                    Fig1d: MBTU_PB4 

Figure 1: Fig 1a, 1b, 1c and 1d showed zones of inhibition of four crude fractions of MBTU_PB1, MBTU_PB2, MBTU_PB3, 

and MBTU_PB4 against five indicator pathogens respectively. Values are represented as mean ± standard error. 

 

     

  Figure 2a       Figure 2b 

Figure 2: Figure 2a and 2b, Zone of inhibition shown by ECP of all the strains against Alcaligenes and Falvobacterium 

respectively. 
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  Figure 3a       Figure 3b 

 

    

   Figure 3c       Figure 3d 

Figure 3: Figure 3a, 3b, 3c and 3d are zone of inhibition shown by ECP of all the strains against Acinetobacter. 

 

    

   Figure 4a       Figure 4b 
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   Figure 4c       Figure 4d 

Figure 4: Figure 4a, 4b, 4c and 4d are zone of inhibition shown by ECP of all the strains against Vibrio Cholerae. 

 

     

   Figure 5a      Figure 5b 

 

 

    

   Figure 5c      Figure 5d 

 

Figure 5: Figure 5a, 5b, 5c and 5d are zone of inhibition shown by ECP of all the strains against Aeromonas hydrophila. 

UV-VIS ANALYSIS 

The ECP of all the 4 selected strains displayed characteristic protein peak in the UV-absorption spectrum between the ranges of 

220-360. This range of spectrum is the characteristic of peptide bonds (Barja et.al., 1989, Lee 1999). 
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Figure 6: The ECP of strain MBTU_PB1 displayed characteristic protein peak in the UV-absorption spectrum between 

the ranges of 220-360nm. 

 

Figure 7: The ECP of strain MBTU_PB2 displayed characteristic protein peak in the UV-absorption spectrum between 

the ranges of 220-360nm. 
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Figure 8: The ECP of strain MBTU_PB3 displayed characteristic protein peak in the UV-absorption spectrum between 

the ranges of 220-360nm. 

 

 

Figure 9: The ECP of strain MBTU_PB4 displayed characteristic protein peak in the UV-absorption spectrum between 

the ranges of 220-360nm. 

 

MOLECULAR DETERMINATION 

     The molecular mass of partially purified antimicrobial compound in the ECP all the strain were estimated in the range of 

approximately 2kDa to 20.4KDa according to Tricine SDS-PAGE(fig:3 ). MBTU_PB1 shown a band nearly to 8.1kDa of 
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marker band. MBTU_PB2 showed a band near to 2.5kDa of marker band, MBTU_PB3 and MBTU_PB4 showed bands 

corresponding to marker band having molecular weight of 20.4kDa. 

   

    Figure 10: Tricine SDS gel. 

 

ANTIBIOTIC SENSITIVITY PATTERN OF BOTH SELECTED STRAINS AND PATHOGENS 

 The results obtained after the antibiotic sensitivity test on Muller-Hinton agar plates showed that isolates MBTU_PB2 

and MBTU_PB3 were sensitive to all the thirteen investigated antibiotics. MBTU_PB1 was sensitive to all the tested antibiotics 

except Tetracycline, Vancomycin, Methicillin, Erythromycin and Penicillin, while MBTU_PB4 was sensitive to all the 

antibiotics except Methicillin and Penicillin. However, in the case of the indicator strains V. cholerae and Flavobacterium were 

sensitive to all the thirteen investigated antibiotics, except Penicillin (all of the indicator strains were resistant to Penicillin). 

Further, A. hydrophila was resistant against Vancomycin, Methicillin, Erythromycin and Ampicillin, while Acinetobacter was 

resistant against Vancomycin, Carbencillin, Methicillin and Ampicillin. Alcaligenes was resistant against all the antibiotics 

except Vancomycin, Methicillin and Erythromycin. 
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                                    Bacteria 

Antibiotic (conc.) 

 

MBTU_PB1 

 

MBTU_PB2 

 

MBTU_PB3 

 

MBTU_PB4 

 

Vibrio 

 

Flavo 

 

A.hydrophila 

 

Alacligens 

 

Acineto 

Gentamicin(10 mcg/disc) S S S S S S S R S 

Chloramphenicol (10 mcg/disc) S S S S S S S R S 

Streptomycin (25 mcg/disc) S S S S S S S R S 

Tetracycline (10 mcg/disc) R S S S S S S R S 

Vancomycin (10 mcg/disc) R S S S S S R S R 

Carbencillin (100 mcg/disc) S S S S S S S R R 

Kanamycin (10 mcg/disc) S S S S S S S R S 

Methicillin (5 mcg/disc) R S S R S S R S R 

Ciprofloxacin (30 mcg/disc) S S S S S S S R S 

Erythromycin (10 mcg/disc) R S S S S S R S S 

Amikacin (30 mcg/disc) S S S S S S S R S 

Ampicillin (10 mcg/disc) S S S S S S R R R 

Penicillin G (10 mcg/disc) R S S R R R R R R 

S = sensitive; R = resistant      
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5. DISCUSSION 

 

Antimicrobial substances produced by different bacteria seem to play an important role in bacterial antagonism in 

aquatic ecosystem ( Depazo et.al., 1998). Normal flora has a well defined role in the immune status of an organism eg, more than 

10% of the bacterial isolates of intestinal tract of the fish exhibited antagonistic action (Sugita et.al.,1996). 

    In the present study we search for the effect of various cellular components of 4 probiotic strains isolated from Guppy, 

against 5 fish pathogens. From the protein estimation of different cellular components, it was found out that more protein content 

was observed in the ICP samples ( Sonicated sample), and least protein in the ECP (Supernatant ) samples of all 4 strains. It may 

be due to the fact that ECP constitute only extracellularly secreted product and ICP is the total protein content of the organism. 

   The result of biocontrol study showed that WCP of all the 4 selected strains have no inhibitory activity against the 

indicatro pathogens (data not shown). This indicated that the bacteria can produce the inhibitory compounds in a specific 

environmental conditions, such as amount and purity of anti metabolite, culture media, indicator strain & its cellular concentration 

(Gatesoupe, 1999, de vuyst et.al., 1994) . In this study highest inhibitory activity was showed by ECP samples of all the 4 strains 

against all the 5 indicator pathogens. Other cellular components i.e, HKWCP & ICP of all the tested strains were also effective as 

revealed by the zone inhibition to all the tested indicator strains. The order of inhibitions of the 3 cellular components i.e., 

ECP,HKWCP & ICP is ECP> HKWCP> ICP. This result clearly indicated that the antimicrobial metabolite of all the tested 4 

strains produced extracellularly and also present intracellularly that is why the ICP and HKWCP samples showed inhibitory 

activity. Compare to HKWCP, ICP sample showed low inhibitory activity, this may be due to the presence proteases or any other 

protein inhibitor (Parente and Riccardi, 1999). Another interesting result obeserved was comparison of HKWCP with ECP, the 

result revealed that there is only minor variation in the inhibition zone. This clearly indicate that the antimicrobial compound 

present in the cell membrane of the strains, during heat treatment leaked out from the cell membrane to periphery and this result 

further indicate that the ant metabolite produced by all the strains was, resistant to temperature to 600 C for 1 hour. There are 

several reports that the cellular components that have the ability to inhibit the growth of fish pathogens in in vitro conditions ( 

Balcazar et. al., 2007, Basanta Kumar Das et. al., 2006). 

 

Hence these e bacterial strains can be considered a very promising alternative to the use of chemotherapeutic agents used 

in quaculture,particularly against the tested indicated pathogens. Further assays are necessary to characterize the antipathogenic 

metabolites secreted by the selected 4 strains. 

   UV-VIS analysis of the ECP of all the 4 strains cleared that the presence of a low molecular weight protein or peptide, 

because all the samples showed the characteristic absorbance spectra within the range of 220-360nm (( Barja et.al., 1989, Lee, 

1999) . The molecular weight determination of ECP samples using. Tricine SDS-PAGE confers the presence low molecular 

weight protein or peptide .The electrophoretic band shown by all the samples (ECP) was lie within the range of 2.5k Da to 20.4 

kDa of marker bands. So from the above all the results we can reach the conclusion that the antimicrobial metabolite present in 

the ECP of all the 4 strains have potential activity & further, molecular weight determination revealed that all of them were low 

molecular weight protein or peptide . So we can assume that they may be bacteriocin or bacteriocin like inhibitory compounds ( 

Kleanhammer,1993). 

There were many reports of antimicrobial activity of normal flora (Lee et.al., 2001) .Novel probiotic organism should not 

be resistant for any of the antibiotics (parker et.al., 2008). In the present study the strains MBTU_PB2 and MBTU__PB3 were 

sensitive to all the tested antibiotics. However, MBTU___PBI was sensitive to all the tested antibiotics except Tetracycline, 

Methicillin, Erythromycin,Pencillin G and Vancomycin. While MBTU__PB4 was sensitive to all the antibiotics except 

methicillin and pencillin G. The antibiogram of all the strains showed that all of them are sensitive to most of antibiotics. This 

indicated the wild type nature of the strains & these strains may not be harbor a plasmid. This observation is very promosing 

because there is no chance of resistant gene transfer among the organisms; which is a desirable probiotic characteristic. 

 

6. SUMMARY AND CONCLUSION 
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 The use of probiotic is an important management tool, but its efficiency depends on understanding the nature of 

competition between species or strains, Antagonism to indicator strains was the first step in screening probiotics. 

  In the present study, antagonistic activity of different cellular components of 4 selected probiotic strains except WCP, all 

the other components i.e, HKWCP, ECP & ICP were effective against the indicator strains. Even though their degree of inhibition 

is varies with respect to pathogens. This result revealed that the inhibitory compound located intracellularly and produces 

extracellularly. Out of the 3 cellular components ECP of all the strains shows maximum inhibition toward all the pathogens & the 

result also shows that all the antimicrobial compounds are thermo tolerant ( active up to 600 for 1 hour ). The UV-VIS analysis 

revealed the proteinaceous nature of the anti-metabolites. Molecular weight analysis confers the low molecular weight of proteins 

or peptides present in the ECP samples. The antibiogram study revealed that 2 strains MBTU_ PB2 & MBTU_PB3 were sensitive 

to all the antibiotics used, and also other 2 strains were sensitive to majority of the antibiotics. This shows the wild nature of the 

selected 4 strains. This is a desirable probiotic characteristic. 

     In the present study we concluded the presence of antimicrobial compound both intracellularly and extracellularly in all 

the 4 selected strains. With respect to UV-VIS analysis & molecular weight determination of ECP was showed that it is a low 

molecular weight protein or peptide. So we can assume that it may be a bacteriocin or bacteriocin like substance. It has to further 

characterized. Present study is very promising to develop these strains in aquaculture system as a substitute for antibiotics after in 

vivo study. 

 

6.REFERENCES 

 

Austin, B., Stuckey, L.F., Robertson, P.A.W., Effendi, I., Griffith,D.R.W., 1995. A                        

probiotic strain of Vibrio alginolyticus effective in reducing diseases caused by Aeromonas 

hydrophila,Vibrio angullarum and Vibrio ordalii. J. Fish Dis. 18, 93– 96. 

 

Bradford, M.M., 1976. A rapid and sensitive method for the quantification of microgram quantities of 

protein utilizing the principle dye binding. Anal. Biochem. 72, 248– 254. 

 

Cannell, R.J.P., Owsianka, A.M., Walker, J.M., 1988. Results of a large scale screening programme to 

detect antibacterial activity from freshwater algae. Br. Phycol. J. 23, 41–44. 

 

Cordwell, S.J., Larsen, M.R., Cole, R.T., Walsh, B.J., 2002. Comparative proteomics of Staphylococcus 

aureus and the response of methicillin-resistant and methicillin-sensitive strains to Triton X-100. 

Microbiology 148, 2765– 2781. 

 

Cowen, L.E., 2001. Predicting the emergence of resistance to antifugal drugs. FEMS Microbiol. Lett. 204, 1 

–7. 

  

De Angelis, M., Bini, L., Pallini, V., Cocconcelli, P.S., Gobbetti, M., 2001. The acid-stress response in 

Lactobacillus sanfranciscensis CBI. Microbiology 147, 1863– 1873. 

 

http://www.ijcrt.org/


www.ijcrt.org                                                        © 2023 IJCRT | Volume 11, Issue 6 June 2023 | ISSN: 2320-2882 

IJCRT2306129 International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org b156 
 

Dopazo, C.P., Lemos, M.L., Lodeiros, C., Bolinches, J., Barja, J.L., Toranzo, A.E., 1988. Inhibitory activity 

of antibiotic-producing marine bacteria against fish pathogens. J. Appl. Bacteriol. 65,97– 101. 

 

Duncan, D.B., 1955. Multiple range and multiple dFT tests. Biometrics 11, 1 – 42. 

 

Gatesoupe, F.J., 1999. The use of probiotics in aquaculture. Aquaculture 180, 147–165. 

 

Gibson, L.F., Woodworth, J., George, A.M., 1998. Probiotic activity of Aeromonas media on the pacific 

oyster, Crassostreagigas, when challenged with Vibrio tubiashii. Aquaculture 169, 111– 120. 

 

Gram, L., Melchiorsen, J., 1996. Interaction between fish spoilage bacteria Pseudomonas sp. and 

Shewanella putrefaciens in fish extracts and on fish tissue. J. Appl. Bacteriol. 80, 589– 595. 

 

Hecker, M., Engelmann, S., Cordwell, S.J., 2003. Proteomics of Staphylococcus aureus current state and 

future challenges. J. Chromat. B. Analty. Tech. Biom. Life. Sci. 787,179– 195. 

 

Hughes, D., 2003. Exploiting genomics, genetics and chemistry to combat antibiotic resistance. Nat. Rev., 

Genet. 4, 432– 441. 

 

Igarashi, M.A., Kittaka, J., Kawahara, E., 1990. Phyllosoma culture with inoculation of marine bacteria. 

Nippon Suisan Gakkaishi 56 (11), 1781–1786. 

 

Kamei, Y., Yoshimizu, M., Ezura, Y., Kimura, T., 1987. Screening of bacteria with antiviral activity against 

infectious hematopoietic necrosis virus (IHNV) from estuarine and marine environments. Bull. Jpn. Soc. 

Sci. Fish. 53, 2179– 2185. 

 

Lipsitch, M., 2001. The rise and fall of antimicrobial resistance.Trends Microbiol. 9, 438– 444. 

 

Maeda, M., 1994. Biocontrol of the larval rearing biotope in aquaculture. Bull. Natl. Res. Inst. Aquacult., 

Suppl. 1, 71– 74. 

 

Olsson, J.C., Westerdahl, A., Conway, P.L., Kjelleberg, S., 1992. Intestinal colonization potential of turbot 

(Acophthalmus maximus) and dab (Limanda limanda) associated bacteria with inhibitory effects against 

Vibrio anguillarum. Appl. Environ. Microbiol. 58, 551– 556. 

 

 

Reichelt, J.L., Borowitska, M.A., 1984. Antimicrobial activity from marine algae: results of a large-scale 

screening programme. Hydrobiologia 116, 158– 168. 

 

http://www.ijcrt.org/


www.ijcrt.org                                                        © 2023 IJCRT | Volume 11, Issue 6 June 2023 | ISSN: 2320-2882 

IJCRT2306129 International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org b157 
 

Smith, P., Davey, S., 1993. Evidence for the competitive exclusion of Aeromonas salmonicida from fish 

with stress-inducible urunculosis by a fluorescent pseudomonad. J. Fish Dis. 16, 521– 524. 

 

Sugahara, I., Kimura, T., Hayashi, K., Nakajima, I., 1988. Distribution and generic composition of lytic 

enzyme-producing bacteria in coastal and oceanic bottom sediments. Nippon Suisan Gakkaishi 54 (6), 

1011– 1015. 

 

Westerdahl, A., Olsson, J.C., Kjelleberg, S., Conway, P.L., 1991. Isolation and characterization of turbot 

(Scophthalmus maximus) associated bacteria with inhibitory effects against Vibrio\ anguillarum. Appl. 

Environ. Microbiol. 57, 2223–2228. 

 

 

Gismondo, M.R, Drago, L. Lombardi A, 1999. Review of probiotics availble to modify gastrointestinal 

flora. International journal of Antimicrobial agents12,287-292.Mombelli,B.,Gismondo, M.R,2000. The use 

of probiotics in medical practice. International journal of antimicrobial agents 16,531-536. 

 

Sullivan,A., NOrd, C.E., 2002. The place of probiotics in human intestinal infections. Intestinal journal of 

Antimicrobial agents20,313-319. 

 

Senok, A.C., Ismaeel,A.Y., Botta,G.A.,2005. Probiotics : facts and myths. Clinical microbiology & 

infection(11)12,958-966. 

 

Hagi,T., Taneke,D., Iwamura,Y., Hoshino,T. 2004. Diversity & seasonal changes in lactic acid bacteria in 

the intestinal tract of cultured fresh water fish. Aquaculture234, 335-346. 

 

Klewicki,R., Klewiki,E.,2004.Antagonestic activity of lactic acid bacteria as probiotics against selected 

bacteria of the Enterobacteriacae family in the presence of polyols and their galactosyl derivatives. 

biotechnology Letters 26, 317-320. 

 

Ross, R.P., Desmond, C., Fitzgerald,G.F., Stanton, C., 2005. Overcoming the technological hurdles in the 

development of probiotic foods. Journal of Applied Microbiology 98,1410-1417. 

 

Joerger, R.D. 2003.Alteration to antibiotics: bacteriocins, antimicrobial peptides and bacteriophages. 

Poultary science82,640-647. 

 

Florie Desriac ., Diane Defler., Nathalie Bourgougnon., Benjamin Brillet., Patrick Le chevalier and Yanick 

Fleury. 2010. Bacteriocin as weapons in the marine animal associated bacteria warfare: inventory & 

potential application as an aquaculture probioticmar.drugs8, 1153-1177. 

 

http://www.ijcrt.org/


www.ijcrt.org                                                        © 2023 IJCRT | Volume 11, Issue 6 June 2023 | ISSN: 2320-2882 

IJCRT2306129 International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org b158 
 

Cherif ,A., Ouzai.H., Daffonchio,D., Cherif,H., Ben Salma,K., Hassen,A., Jaou,S., Bourdabous,A., 2001. 

Thuricin7: a novel bacteriocin produced by Bacillus thuringiensis BMG1.7, a new strain isolated from soil. 

Letters in Applied microbiology 32, 243-247. 

 

Cladera-Olivera,F., Caron,G.R., Brandelli,A., 2004. Bacteriocin like substances production by Bacillus 

licheniformis strain P40. Letters in Applied microbiology 38,251-256. 

 

Balcazar, J.L., 2002. Uso de probioticos en aquacultura; aspectos generales. In: Memorias  del Primer 

Congreso Iberoamericano Virtual de  Acuiculturaide  Blas, I., eds., Zaragoza, Espna, 877-881 

 

Coconnier, M.H., Bernet, M.F., Icerneis, S., Chauviere, G., Fourniat, J., and Servin, A..L., 2003. Inhibition 

of adhesion of enteroinvasive pathogens to human intestinal Caco-2 cells by Lactobacillus 

acidophilus strain LB decreases bacterial invasion. FEMS Microbiology Letters 110, 299-306. 

 

 

 

Gatesoupe, F. J., 1991. Siderophore production and probiotic effect of Vibrio. sp. associated with turbot 

larvae, Scophthalmus maximus against pathogenic Vibrio. Aquatic living Resources 10,239-246. 

 

Maeda, M., and Liao, I.C., 1994. Microbial processes in aquaculture environment and their importance for 

increasing crustacean production. JARQ 28, 283-288. 

Moriarty, D.J.W., 1997. Managing microbial in aquaculture with probiotic bacteria; biotechnology for 

sustainable aquaculture. Asia- Pacific Marine Biotechnology, 7-10. 

Nogami, K., Hamasaki, K., Maeda, M., and Hirayama, K., 1997. Biocontrol method in aquaculture for 

rearing the swimming crab larvae Portunus trituberculatus. Can. J. Fish. Aquat. Sci. 49, 2373-2376. 

Onarheim, A.M., Wiik, R., Burghardt, J., and Stackebrandt, E., 1994. Characterization and identification of 

two Vibrio species indigenous to the instestine of fish in cold sea water; description of Vibrio 

iliopiscarius sp. nov. Syst. Appl.Micrbiol. 17, 370-379. 

Rengpipat, S., Phianphak, W., Piyatiratitivorakul, S., and Menasaveta, P., 1998. Effects of probiotic bacteria 

in black tiger shrimp Penaeus monodon survival and growth. Aquaculture 167, 301-313 

http://www.ijcrt.org/


www.ijcrt.org                                                        © 2023 IJCRT | Volume 11, Issue 6 June 2023 | ISSN: 2320-2882 

IJCRT2306129 International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org b159 
 

Ringo, E., and Vadstein, O., 1998. Colonisation of Vibrio pelagius and Aeromonas caviae in early 

developing turbot (Scophthalmus maximus L.) larvae. J.Appl. Mirobiol. 84,227-233. 

Sakai, M., Yoshide, T., Astuta, S., and Kobayashi M., 1995. Enhancement of resistance to vibriosis in 

rainbow trout, Oncorhynchus mykiss (Walvaum) by oral administration of Clostridium bytyricum 

bacteria. J. Fish Dis. 18, 187-190. 

Shinohara, K., 1995. Functional foods for specific health use- the needs for compositional data. Quality and 

accessability of food related data. In: Greenfield, H. (Ed.), Proceedings of he First International Food 

Data Bas Conference. AOAC International, Washington  DC, pp. 305-310 

Sugitha, H., Kwasaki, J., Kumazawa, J., and Deguchi, Y., 1996. Production of amylase by the intestinal 

bacteria of Japanese Coastal animal. Letters in Applied  microbiology 23, 174-178. 

Vandeuberghe, J., Verdonck, I., and swings, J., 1999, Vibrios associataed with Litopeaneus vannamei larve, 

past larvae, broodstock, and batherg probiotic. Applied and Environmental microbiology 65, 2592-

2597. 

Verschuere, L., rombaut, G., Sorgeloos, P., and Verstraete, W., 2000. Probiotic bacteria as biologuical 

control agents in aquaculture. Micobiology and Molecular Biology reviews 64,  655. 

Westerdahl, A., Olsson, J., kjelleberg, S., and Conway, P., 1991. Isolation and characterization of turbot 

(Scophthalmus maximus) associated bacteria with inhibititory effects against Vibrio anguillarum. 

Appl.Environ. Microbiol. 67, 2223-2228 

Yasuda, K., and Taga, N., 1980. A mass culture method for Artemis salina using bacteria as food. Mer. 18, 

53-62. 

Fuller, R., 1987. A review, probiotics in man and animals. Journal of Applied Bacteriology 66, 365-378. 

Austin, B., Bauder, E., and Stobie, M.B.C., 1992. Inhibition of bacterial fish pathogens by Tetraselmis 

suecica. Journal of fish diseases 15, 55-61. 

Cannell, R.J.P., Owsianka, A.M., and Walker, J.M., 1988. Results of a large scale screening programme to 

detect antibacterial activity from fresh water algae. Br. Phycol. J. 23, 41-44.  

Carr,F.J., Chill.D., Maida, N., 2002. The lactic acid bacteria: a literature survey. Crit.Rev.Microbiol.28,281-

370. 

http://www.ijcrt.org/


www.ijcrt.org                                                        © 2023 IJCRT | Volume 11, Issue 6 June 2023 | ISSN: 2320-2882 

IJCRT2306129 International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org b160 
 

 

Coconnier, M.H., Bernet, M.F., Icerneis, S., Chauviere, G., Fourniat, J., and Servin, A..L., 2003. Inhibition 

of adhesion of enteroinvasive pathogens to human intestinal Caco-2 cells by Lactobacillus 

acidophilus strain LB decreases bacterial invasion. FEMS Microbiology Letters 110, 299-306. 

Corcoran, B.M., Ross,R.P., Fitzgerald, G.F., Santon, C., 2004. comparative survival of probiotic lactobacilli 

spray-dried in the presence of prebiotic substances. Journal of applied Microbiology.96(5),1024-

1039. 

 

Das, B.K., S.K., Samantaray, B.R., Sethi, S., Pattnaik, P., Misrhra,B.K., 2006. Antagonestic activity of 

cellular component of Pseudomonas species against Aeromonas hydrophilla.Aquaculture253,17-

24. 

 

Dopazo, C.P., Lemos, M.L., Loderios, C., Bolinches, J., Barja, J. L., and Toranzo, A.E., 1988. Inhibitary 

activity of antibiotic producing marine bacteria against fish pathogens. J. Appl. Bacteriol. 65, 97-

101. 

Gatezek, J.B., 1983. Control and therapy of fish diseases. Adv. Vet. Sci. Comp. Med. 27, 297-324. 

Ghosh, K., Sen, K., and Ray, A..K., 2004. Growth and survival of ‘rohu’ Labeo rohista   (Hamilton) spawn 

fed diets fermented with intestinal bacterium, Bacillus circulars. Acta  Iebthyol. Piscal. 34, 155-165. 

Gibson, G.R., Saavendra, J.M., MacFarlane, S., and MacFarlane, G.T., 1997. Probiotic and intestinal 

infections. In: Probiotics 2, Applications and Practical Aspects. Chapman and Hall, London. 

Gram, L., Melchiorsen, J., Spanggaard, B., Huber, I., and Neilsen, T.F., 1999. Inhibition of Vibrio 

anguillaurum by Pseudomonas fluorescens strain AH2 against Aermonas salmonicida, a possible 

probiotic treatment of fish. Applied and  Environmental Microbiology 65, 969-973. 

Gullian, M., Thompson, F., and Rodriguez, J., 2004. Selection of probiotic bacteria and study of their 

immunostimulatary effects in Penaeus vannamei. Acquaculture 233, 1-14. 

Fooks, L.J., and Gibson, G.R., 2002. Probiotics as modulators of the gut flora. Br. J.Nutr. 88, 39-49. 

Gatesoupe, F. J., 1991. Siderophore production and probiotic effect of Vibrio. sp. associated with turbot 

larvae, Scophthalmus maximus against pathogenic Vibrio. Aquatic living Resources 10,239-246. 

Giller,O., Etzion,A.,Riley, M.A., 2008. The duel role of bacteriocin as anti-and probiotics. Applied 

Microbial Biotechnology.,81, 591-606. 

http://www.ijcrt.org/


www.ijcrt.org                                                        © 2023 IJCRT | Volume 11, Issue 6 June 2023 | ISSN: 2320-2882 

IJCRT2306129 International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org b161 
 

Haikara, K.S., Kim,Y., Kim, Y.h., Oh, S., 2007. fungicidic substances produced by lactic acid bacteria. 4th 

Symp. Lactic acid bacteria ..genetics, metabolism, and application. FEMS Microbiology.Rev. 

12,120. 

Hansen, G.H., Olfasen, G.A., 1999.Bacterial interactions in early life stages of marine cold water fish. 

Microbi.Ecol.38 1-26. 

Joerger, R.D., 2003. Alternative to antibiotics : Bacteriocins , antimicrobial peptides and bacteriophages. 

Poult.Sci. 82, 640-647. 

 Moriarty, D.J.W., 1998. Control of luminous Vibrio species in penaeid aquaculture ponds. Aquaculture 

164, 351-358. 

Nogami, K., Maeda, M., 1992. Bacteria as biocontrol agents for rearing larvae of the crab Portunus trituber 

Cultus. Canadian Journal of fisheries and aquatic sciences 49, 2373-2376. 

Olafsen, J.A., 2001. Interactions between fish larvae and bacteria in Marine aquaculture.  Aquaculture 200, 

223-247. 

Olsson, J.C., Westerdahl, A., Conway, P.L., and Kjelleberg, S., 1992. Intestinal colonization potential of 

turbot (Scophthalmus maximus ) ans dab (Limanda limanda) associated bacteria with inhibiting 

effects against Vibrio anguillarum. Appl. Environ. Microbiol. 58, 551-556. 

Onarheim, A.M., Wiik, R., Burghardt, J., and Stackebrandt, E., 1994. Characterization and identification of 

two Vibrio species indigenous to the instestine of fish in cold sea water; description of Vibrio 

iliopiscarius sp. nov. Syst. Appl.Micrbiol. 17, 370-379. 

 

O’ Sullivan, D.J., O’ Gara, F., 1992. Traits of fluorescencent Pseudomonas species involved in suppression 

of plant root pathogens. Microbiol Rev. 56, 662-676. 

 

Rengpipat, S., Phianphak, W., Piyatiratitivorakul, S., and Menasaveta, P., 1998. Effects of probiotic bacteria 

in black tiger shrimp Penaeus monodon survival and growth. Aquaculture 167, 301-313. 

Robertson, P., ODowd, C., Burrells, C., Williams, P., and Austin, B., 2000. Use  of Carnobacterium sp. as a 

probiotic for Atlantic Salmon (Salmo Salar L.) and rainbow trout (Oncorhynchus Mykiss, 

Walbaum). Aquaculture 185, 235-243. 

http://www.ijcrt.org/


www.ijcrt.org                                                        © 2023 IJCRT | Volume 11, Issue 6 June 2023 | ISSN: 2320-2882 

IJCRT2306129 International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org b162 
 

Sakai, M., Yoshide, T., Astuta, S., and Kobayashi M., 1995. Enhancement of resistance to vibriosis in 

rainbow trout, Oncorhynchus mykiss (Walvaum) by oral administration of Clostridium bytyricum 

bacteria. J. Fish Dis. 18, 187-190. 

Salminen, S., Bouley, C., Boutron – Ruault, M., Cumming, J., and Rowland, I., 1998. Functional food 

Science and gastrointestinal physiology and function. Br. J.Nutr. 80, S 147-S 171. 

Vandeuberghe, J., Verdonck, I., and swings, J., 1999, Vibrios associataed with Litopeaneus vannamei larve, 

past larvae, broodstock, and batherg probiotic. Applied and Environmental microbiology 65, 2592-

2597. 

Verschuere, L., rombaut, G., Sorgeloos, P., and Verstraete, W., 2000. Probiotic bacteria as biologuical 

control agents in aquaculture. Micobiology and Molecular Biology reviews 64,  655. 

http://www.ijcrt.org/

