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Fig 6.4 Crude fermented powder (Microbial product-Mp) after spray drying of scaled up cultured broth 

6.4.3 Minimum Inhibitory Concentration and Cytotoxicity of the 

Crude Fermented Product    

Different concentrations of microbial product in the range (12.5-50000 

µg /mL) were tested for identifying the minimum inhibitory concentration 

(MIC) and the results were given in Table 6.6. A variation was observed in the 

MIC results of the tested microorganisms (V. harveyi 101, V. alginolyticus 101 

and V. anguillarum O1) and the growths were completely inhibited at the 

concentration of 782 - 3125 μg/mL of microbial product (Fig 6.5).  

Table 6.6 Minimum inhibitory concentration of the microbial product 

Pathogens V. harveyi 101 V.alginolyticus 101 V.anguillarum 01 
MIC value(µg/ml) 782 3125 3125 

 

 
Fig 6.5  Minimum inhibitory concentration of spray dried powder (Microbial product-Mp) against 

V.harveyi 101  
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The effect of crude fermented product on the growth of fish fibroblast 

cell line was examined. Monolayer cultures of the cells were exposed to 

various concentrations of spray dried powder and the morphological changes 

in the cells were evaluated periodically for 48 h by exposing under microscope 

(Fig 6.6). The crude fermented product was found to be non - toxic to fish cell 

lines up to 0.2%. Beyond that it started disrupting the cells slowly and further 

increase in the concentration of powder led to the lysis of the cell gradually. A 

high toxicity was observed with pathogenic control with its small 

concentration of cell free supernatant. 

 

 
Fig 6.6 Effect of different concentration of microbial product in fish fibroblast cell lines 

 Legends : Concentration of Mp’s - (1) - 2 mg/ml , (2) - 3 mg/ml, (3) - 5 mg/ml, (4) - 10 mg/ml 
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6.4.4 Nutritional Evaluation and Feeding of the Newly Developed Feed 

The granules obtained after granulation technology were passed 

through successive sieves to separate the granules in various fractions, with a 

size ranging between 200 - 220 µm (red colour), 100 - 120 µm (yellow colour) 

and  60 - 80 µm (green colour), were named as Feed 1, Feed 2 and Feed 3 

respectively (Fig 6.7). The result of proximate analysis of feed on dry basis is 

tabulated on Table 6.2. There was only slight variation in protein, lipid and 

carbohydrates level in all the tested feeds. The nutrient profile of newly 

developed micro feed revealed that it contained of 55.60±0.92% of crude 

protein, 14.72±2.28% of crude fat, 14.67±1.41% of Soluble carbohydrate 

(NFE), 10.65±1.05% of crude ash, 3.30±0.51% of crude fibre and 

1.07±0.78% of crude silicates.  

 
Fig 6.7 Newly developed Vibrio antagonistic larval feed with various micron sizes 

During the initial phase of the study (on zoea and mysis stage), the 

growth and survivability of the larvae of F. indicus did not vary much between 

the experimental and control tanks. At the end of the experiment the growth 
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diverge between experimental and control tanks. It was observed that 

experimental feeds (Feed 1, Feed 2 and Feed3) produced high survivability 

and growth of larvae (Fig 6.8). There was a higher percentage of mortality in 

zoea and mysis stage compared to post larval stage. The larvae fed with newly 

formulated feed from the present work had a higher growth rate than fed with 

the commercial feed used as control. Also the novel antagonistic feed was 

found to be more effective in enhancing the health benefits of the cultured 

animals than commercial feed used (Table 6.7 & Fig 6.9). Moreover the 

conversion/completion of larval stages was also fast when fed with newly 

granulated feed.  Further, our result showed that if the newly formulated feed 

was used along with the selected microalgae (co feeding) up to mysis stage, it 

further enhances the health benefits of the cultured animals at the initial phase 

to a great extent The results clearly showed that the newly formulated 

antagonistic micro feed can advantageously replace the live feed in the larval 

nutrition of shrimp and the new formulated feed also helps in the higher 

survival rate of larvae, compared to commercial feed. The present study opens 

up new vistas in the development of indigenous and novel larval feed with 

added antagonistic benefits for shrimp hatchery rearing, in the place of costly 

imported feeds. 

 
 

Fig 6.8 Different stages of F.indicus larvae before and after the feeding trial with the newly developed feed 
Legend:  (a)  Naupli stage for the intiation of feeding trail (b)  Post larval stage  (PL20 ) after finishing  the feeding trial 
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Table 6.7 Percentage of survival of F. indicus larvae 

Stage Conversion 
Survival rate (%) 

New feed New feed + 
algae 

Commercial 
feed 

Commercial 
feed+ algae 

Zoea - Mysis  66 72 60 68 

Mysis - Post larvae 1  83 89 77 84 

Post larvae 2 - Post larvae 20  89 94 80 87 

 

 
Fig 6.9  Effect of feed on F.indicus 

             Top - animals fed with newly deveoped feed, Bottom: animals fed with commercial diet  

6.5 Discussion  

The present work exemplified the development of an appropriate 

bioprocess technology for mass production of the already identified potential 

antagonistic bacterial strain P. aeruginosa Ps04. Further, this work lead to the 

formulation of a novel functional feed incorporating a microbial product with 

proven antibacterial properties from the bacterial isolate.  

The  culture  conditions  such  as  pH,  temperature  and  salinity  have 

important  roles to  play  in the biomass production and antagonistic activity as  

it responded  more or  less  uniformly to the combination of these three factors 
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(Vijayan et al. 2006). It has been observed that  for  improving the  efficacy of 

the bioprocess for the commercial production, optimization of physiochemical 

factors  is a pre requisite as majority of the probiotics/ antagonistic bacteria  

used  in  aquaculture system have been isolated from natural environment  

(Jayaprakash et a1. 2005). Considering  the biomass  and  antagonistic  activity  

against aquaculture pathogens, the culture conditions of  the P. aeruginosa 

Ps04 was already standardized as 20 ppt salinity, pH 7 ± 0.2 & and 

temperature 30 ± 2°C. A proportional increase on biomass and antibacterial 

activity was observed with fermenter conditions maintained at 100 rpm with 

4% starter concentration and 0.5 LPM aeration.  

Inactivation of bacteria can be achieved by heat, pressure and chemical 

agents (formaldehyde and sodium hypochlorite). However the chemical agents 

were found to be toxic or irritating to skin and mucus membrane (Baker et al. 

2000) of the host. In our study also, temperature inactivation was found to be 

more efficient method (by heating above 60ºC for 15 - 30 min) in the 

inactivation of the tested bacterial strains. This is in agreement with the study of 

Villamiel and Jong (2000) who reported the reduction in growth of 

Pseudomonas fluorescens when they were inactivated at a temperature higher 

than 58ºC. Though inhibition of bacterial growth and maintaining the 

antagonistic potential was sustained after inactivation by both chemical 

treatment and heat treatment, we preferred to go for inactivation of P. 

aeruginosa Ps04 by heat treatment at 120ºC for 15 min, as it may not produce 

any toxic side effects. 

The microbial product completely inhibited the growth and 

multiplication of tested bacterial pathogens. The variation in the MIC values 

against different tested pathogens may be strain dependent factor (Yousef and 

Danial 2012). Tetrazolium salts were commonly used for the detection of 
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bacterial growth by colour change in the broth micro dilution method (Johnson 

1985), which used in the present study was proven useful in the determination 

of pathogenic susceptibility. Cytotoxicity assay results of the microbial product 

proved that it is non - toxic to fish cell lines up to 0.2% while cell free 

supernatant of pathogenic control was highly toxic to the monolayer even at 

small concentrations. From the above results we can suggest that the spray dried 

crude fermented powder (Microbial product- Mp) at 0.2% can be incorporated 

as an active ingredient in formulated functional feed for aquaculture animals. 

The energy requirements of aquatic animals are made available mainly 

by nutritional resources like protein, carbohydrate and lipid, among which 

protein sources are considered to be the most important feed components for 

higher growth rate and survivability (Johnston et al. 2003; Martinez-Cordova et 

al. 2003). In the newly formulated feed, the protein concentration was above 

50% in all three feeds, and protein levels are considered as an important 

criterion in the larval feed. The newly formulated larval feed blend can be 

considered as an improved formulation, as it produced comparatively higher 

growth and larger sized larvae than those fed with the commercial feed. Stage 

conversion was also slightly faster in larvae fed with newly formulated feed. 

Almost similar growth and survival rate of larvae was observed in all treatments 

fed with experimental diets.  Larvae with better survival percentages and growth 

rate suggested that the diet supplemented was sufficient to satisfy the essential 

macronutrient requirements required for the growing shrimp larval stages (Jones 

et al. 1997; Pedroza-Islas et al. 2004). The differences in the nutritional 

composition and suitability of the diet will affect the larval survival which is the 

driver of the economic viability of the hatcheries, and the availability of health 

seed is vital for the successful grow out phase (Vijayagopal et al. 2012).  The 

survivability rate was observed to be less in zoea and mysis stages compared to 
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post larval stage, which need to be addressed further in the future studies. Co 

feeding with experimental diet and microalgae showed comparatively higher 

survivability of larvae than that fed with experimental feed alone, suggests the 

importance of live feed along with artificial feed in the early stages of larval 

cycle to complete its nutritional balance. 

The present study illustrated the optimization of bioprocess technology 

for pilot scale production of active metabolites from P. aeruginosa 

MBTDCMFRI Ps04 which possess wide spectrum of antibacterial activity 

against aquaculture bacterial pathogens. The formulation of Vibrio 

antagonistic larval feed was developed using microbial product (Mp) obtained 

as spray dried form of fermented cultured broth. The  acceptance  of newly 

formulated feed   by  F. indicus  larvae and  their better survivability showed  

that   it can  also  be  grown  effectively on formulated larval feed like live 

feed. Higher survival and growth rates of larvae have been achieved by 

supplementing the newly developed formulation in comparison with the 

commercial one. It further showed that substitution of live feed with 

formulated larval diet will be sufficient enough to enhance the growth, 

survival and development of the tested F. indicus larvae. The newly developed 

larval micro feed was tested and proved its suitability as a larval micro feed 

using F. indicus as a model, and can also serve as an import substitute. The 

formulated microfeed can also be used as a replacement for live microalgal 

feed in the hatchery rearing of aquaculture species, of both shellfish and 

finfishes. 

****** 
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Disease outbreaks due to pathogenic bacteria especially in larval 

rearing systems have presented as a major challenge. This adversely affects the 

development of aquaculture which is the fastest growing food production 

sector in the world. Vibrio is considered as the major causative agent causing 

mass mortalities in shrimp larval rearing system.  Conventional therapeutic 

methods to control bacterial diseases are the use of chemicals, antibiotics, 

vaccination etc. But later on  it resulted  in  multiple  antibiotic  resistance in 

pathogens  and  horizontal  transmission  of  plasmids  from  aquaculture  

pathogens  to  those  of  humans. Apart from this, the chemical residues which 

are left behind, adversely affect the environment and public health. 

Vaccination or immunization for the control of bacterial diseases is not 

recommended due to non-specific immune response in shellfish and individual 

vaccination to the huge population is not feasible. Thus the use of live bacteria 

or heat killed microbial product (MP) with antagonistic properties emerged as 

an alternative approach to address the problem and subsequently became a 

standard practice in aquaculture. Because of the ease in application and lack of 

side effects the use of antagonistic bacteria such as Bacillus, Pseudomonas, 

Alteromonas and Flavobacterium are gaining importance in aquaculture 

industry to control bacterial diseases.  

The tropical estuarine habitat of Cochin, located along the southwest 

coast of India, is one of the most biologically productive regions with assorted 

ecological systems.The present research work deals with a detailed exploration 

of the diversity of culturable bacteria with antagonistic properties from various 

ecological niches of Cochin estuary for developing strategies to control bacterial 
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diseases in aquaculture.  Rapid  screening  and  identification  of  bacterial  

populations  by  conventional  methods  is  laborious,  cost-intensive,  and  time- 

consuming. In order to develop a faster screening system, a colony multiplex 

PCR (cmPCR) method was developed and evaluated for the rapid detection of 

major antagonistic genera Bacillus and Pseudomonas. Later on two potent 

antagonistic strain Bacillus subtilis MBTDCMFRI Ba37 and Pseudomonas 

aeruginosa MBTDCMFRI Ps04 have been evaluated as potential biocontrol 

agent. The bioactive compounds extracted from these species were found to be 

useful as a drug of choice against pathogens. Further the potentials of the 

microbial products as a supplement to feed were also explored to use as an 

alternative eco-friendly approach for the control of bacterial diseases in 

aquaculture. 

The present work has been divided into following:   

• Diversity and characterization of antagonistic bacteria 

• Molecular approach for the rapid detection of Bacillus and 

Pseudomonas genera using colony multiplex PCR 

• Characterization of the Bacillus subtilis MBTDCMFRI Ba37 and its 

bioactive compound 

• Characterization of the Pseudomonas aeruginosa MBTDCMFRI Ps04 

and its bioactive compounds 

• Development of microbial products and evaluating their efficacy as 

aquaculture supplement 

Salient Finding of the Present Investigations 

• From eight locations of Cochin estuary during the collection period 

(June 2009 - May 2010), 4,870 bacteria were isolated, out of which 
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2,960 isolates were from sediment samples and 1,910 were from sub-

surface water samples 

• Among the 4,870 isolates screened, approximately 1 % (48 isolates) 

showed significant antibacterial activity against six common 

aquaculture pathogens belonging to the genera Aeromonas and Vibrio. 

• The antagonistic bacteria were identified by biochemical and16S 

rRNA gene sequence homology and they belonged to the genera 

Bacillus (81 %) and Pseudomonas (19 %). 

• The antagonistic isolates were also efficient in producing different 

varieties of enzymes, tolerate and grow under a wide range of 

environmental conditions which would help them in the better 

adaptation towards the host and the aquatic environment aiding their 

function as biocontrol agent. 

• A colony multiplex PCR (cmPCR) method was developed and 

evaluated for the rapid detection of genus Bacillus and Pseudomonas. 

This technique amplifies the partial 16s  rRNA  gene  of  Bacillus  and  

Pseudomonas  with  a  product  size of ~1,100 and ~375 bp, 

respectively, using single forward (BSF2) and two reverse primers 

(PAGSR and BK1R) 

• This molecular screening tool developed helps in the rapid and specific 

identification of the genera Bacillus and Pseudomonas simultaneously. 

Thus,  the newly  developed  molecular  approach  provides  a  quick, 

sensitive,  and  potential  screening  tool  to  detect  novel, 

antagonistically important Bacillus and Pseudomonas genera for their 

use in aquaculture. 
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• B. subtilis Ba37 (104 - 108 CFU/ml) controls the growth of V. 

anguillarum O1 (102 - 104 CFU/ml) in co-culture assay. 

• The cell free supernatant of B. subtilis Ba37 was found to be non-toxic 

to the koi carp fibroblast cell lines but the V. anguillarum O1 is highly 

toxic to the cell lines 

• B. subtilis Ba37 was found to be non-lethal to E. suratensis juveniles 

when challenged at 108 CFU/ml and on sub-adults at a concentration of 

106 CFU/ml to 108 CFU/ml. 

• A synthetic medium (modified Bacillus medium) has been optimized 

for Bacillus spp. which helps in the increased production of bioactive 

compounds and biomass. 

• Bioassay guided purification followed by the spectroscopic 

characterization of active fraction revealed that the compound 1-(1-

Hydroxyethyl)-1,7,10,12,13,15,17heptamethyl-16-oxatetracyclo 

8.7.0.02,3.012,13]heptadecan-5-one is responsible for its antibacterial 

activity in B. subtilis Ba37 

• In co-culture experiment, P. aeruginosa Ps04 (104 - 108 CFU/ml) 

controls the growth of V. harveyi 101 (102 - 104 CFU/ml). 

• The cell free supernatant of P. aeruginosa Ps04 was found not toxic to 

the koi carp fibroblast cell lines but the V. harveyi 101 is highly toxic 

to the cell lines 

• P.aeruginosa Ps04 was found to be non-lethal to E. suratensis 

juveniles when challenged at 108 CFU/ml and on sub-adults at a 

concentration of 106 CFU ml-1 to 108 CFU/ml. 
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• A synthetic medium (glycerol alanine medium) has been optimized for 

Pseudomonas spp. which helps in the increased production of bioactive 

compounds and biomass. 

• Bioassay guided purification followed by the spectroscopic 

characterization of active fraction revealed that the compound 4-

Hydroxy-11-methylpentacyclo[11.8.0.02,3.011,12.016,17]henicosa-

1,3,5,8(9),17-penten-14-one is responsible for its antibacterial 

activity in P. aeruginosa Ps04 

• Optimal conditions for pilot scale production of antagonistic 

compound (2 L & 10 L) using the nutrient broth supplemented with 

50% SW were achieved at aeration 0.5 LPM, agitation 100 rpm, 

inoculum size of 4%, pH - 7.5 ± 0.2 , 31 °C at 96 h in New Brunswick 

BioFlo/ CelliGen 115 Fermentor.  

• The fermented cultured broth was inactivated according to standard 

protocol by heating at 120 °C for 15 minutes as the bacteria is an 

opportunistic pathogen to aquaculture systems followed by spray 

drying yield a crude fermented product (2%) with bioactive properties 

(microbial product - Mp) 

• The growths of pathogens (V. harveyi 101, V. alginolyticus 101 and V. 

anguillarum O1) at 105 CFU/mL were completely inhibited by 782 - 

3125 μg/mL of Mp. 

• The crude fermented product was found to be non - toxic to fish cell 

lines up to 0.2%. 

• The new formulated blend contains 200 g anchovy meal, 200 g shrimp 

meal, 200 g clam meal, 300 g soya flour, 50 g fish oil, 5 g vitamin C, 
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28 g mineral mixture, 3g vitamin mixture, 4 g mixed carotenoids, 4 g 

spirulina, 1 g antioxidant, 1 g antifungal, 2 g lecithin and 2 g microbial 

product with bioactive properties per kg. 

• The feed mix was extruded and powdered into various micron sizes of 

60 - 80 µm, 100 - 120 µm and 200 - 220 µm using granulation 

technology wherein said suspending aids are fillers in an amount of at 

least 2% by weight of micro feed 

• The nutrient profile of newly developed micro feed revealed that it 

contained of 55.60 ± 0.92% of crude protein, 14.72 ± 2.28% of crude 

fat, 14.67 ± 1.41% of soluble carbohydrate (NFE), 10.65 ± 1.05% of 

crude ash, 3.30 ± 0.51% of crude fibre and 1.07 ± 0.78% of crude 

silicates.  

• The newly formulated feed is found to be more effective in enhancing 

the health benefits of the aquacultured animals in the larval rearing 

systems than commercial feed used. 

• The newly formulated feed is used along with the selected microalgae 

(co feeding) thus enhancing the health benefits of the cultured animals 

at the initial phase to a great extent.  

• The invented formulated feed increases the survival rate of larvae 

compared to commercial feed. The results clearly showed that the 

newly formulated micro feed can advantageously replaces the live feed 

in the larval stage. 

Conclusion 

The use of the  indigenous probiotic isolates generated in this study 

with potential antibacterial activity have proven as  an effective alternative, 
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substituting commercial antibiotics in aquaculture. This would open up new 

horizons for the development and practice of ecofriendly strategies which can 

be readily adapted in aquaculture industry. The study stands as the first of its 

kind and emerged with a novel molecular tool, which is quick, sensitive and 

consistently reliable to screen important genera Bacillus and Pseudomonas for 

their use in aquaculture. The same methodologies standardized in this study 

could also serve as a molecular taxonomic tool to understand the distribution 

of these genera from wide ecological niches and their exploitation for diverse 

biotechnological applications. The bacteria with beneficial characteristics 

could be useful as a candidate potential probiont in aquaculture systems to 

manage and control bacterial infections We have further characterized the 

biologically active molecule through various spectroscopic methods from the 

antagonistic bacteria which in turn helps to expand drug discovery program 

against aquaculture pathogens. Utilizing the baseline data and products 

evolved a novel Vibrio antagonistic larval feed with nutritional ingredients 

supplemented by microbial product (Mp) was developed for use in aquaculture 

and readily substitutes the antibiotics to a large extent. The present study 

stands as the first one of its kind involved in screening the indigenous habitat 

for want of potential probiotic and readily utilized its potential in the form of a 

feed to be used in aquaculture. Such approaches would definitely initiate the 

process of screening more of natural environments and thereby making the 

aquaculture more ecofriendly and sustainable which is an important step 

towards food security. 

****** 
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