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ABSTRACT: Bioremediation is a waste management method where we can 

employ different types of microorganism’s to nullify the effect of pollutants 

from a contaminated site. In the current study the authors have carried out a 

three months study to find out how different bacterial strains of Bacillus 

licheniformis, B. substilis and   pseudomonas species can be used to assess 

the water quality in terms of parameters like pH, dissolved   oxygen, free 

ammonia, total ammonia and nitrite and turbidity from the discharge of 

common ponds. The study was carried to evaluate the physico-chemical 

parameters of the catla and selavathi culture ponds by applying probiotics. 

During the process of investigation one pond was treated with probiotics 

having Bacillus licheniformis, B. subtilis and Pseudomonas species and to 

study the efficacy of results the pond to which probiotics were not added was 

kept as control. The current study is aimed not only to focus on the changes 

in water quality but also biochemical characterization of bacterial species 

and to understand what concentration of the bacterial species is more 

effective in bioremediation of probiotic treated ponds and ponds not treated 

with probiotics. 

INTRODUCTION: The beneficial microbial 

consortium  plays an  important  role in natural  

balances  in the pond,  in  cultivate  farming,   

culture  growth  in pond, maintaining high fish or 

prawn densities, high  feeding rate (Ecologically  

because  fish feed have high protein content mainly  

from  fish meal),  faecal matter, blood vessels, 

along  with (moulting) shells and  left over food.  

The term solid is very broad and is found to be 

taken in relation to plankton, fish wastes, clay 

particles and uneaten fish feeds that are usually 

suspended in the water.  
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The large particles which commonly settle down to 

the pond bottom are referred as suspended solids. 

During the process of fish production in 

aquaculture 
12

 ponds huge amounts of settled solids 

and suspended particles are obtained. The waste 

materials produced by fish are a major source for 

the water to get contaminated and hence can lead to 

very poor water quality 
4, 9, 14, 21 

as they are very 

likely to contain up to 70 percent of the nitrogen 

load in the system. 

Most of the turbidity issues in pond water is often 

associated with the presence of phytoplankton 

(microscopic plants) and zooplankton (microscopic 

animals) and is not directly harmful to the fish. 

Phytoplankton (green algae) not only provides a 

food source for zooplankton feeding fish/shellfish, 

but also produces oxygen. Ammonia 
14

 produced 

by the fishes is considered as an essential nutrient 
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source for Phytoplankton’s. Zooplankton is also 

considered an important food source for fishes. 

Owing to their ability to consume extra oxygen 

algae 
14

 can lead to increased rates of respiration 

during the night. Varying oxygen levels can be a 

major concern for low oxygen concentrations. 

Temperature also determines the amount of 

dissolved gases (oxygen, carbon dioxide, nitrogen, 

etc.) in the water. In the process called thermal 

stratification the physical parameter temperature 

plays a major role. Fish wastes, nutrients (solids) 

and dissolved gases are evenly mixed throughout 

the pond.   

In the bottom layer the dissolved oxygen levels 

decrease due to photosynthesis and as a result the 

contact with air is reduced. The existing low 

oxygen levels show further decline through 

decomposition of waste products, which settle to 

the pond bottom. The primary metabolic waste of 

fish is ammonia and is primarily excreted through 

the gills. Ammonia occurs in two forms namely the 

ionized (NH4
+)

 and un-ionized (NH3). Among the 

two forms of ammonia the unionized form is 

deemed to be more toxic when compared to the 

ionized form. Both forms are collectively referred 

as total ammonia nitrogen. Toxic ammonia present 

in the ponds can be converted to non-toxic nitrates 

using standard biological procedures  

The levels of ammonia are found to increase as and 

when there is an increase in temperature and 

hydrogen ion concentration. In terms of the 

hardness of water, when the hardness is found 

equal to the combined concentrations of carbonate 

and bicarbonate alkalinity, it is called as carbonate 

hardness. When the hardness values are 

comparatively greater than the sum of the 

carbonate and bicarbonate alkalinity, then such a 

condition is termed as non-carbonated hardness. 

There is a variation in toxicity levels for ammonia 

and this invariably depends on the nature of the 

species involved. When the levels are around 0.02 

ppm, it is considered safe for the pond and the 

species living there. Through the process of 

nitrification ammonia is initially oxidized to nitrite 

and then terminally to nitrate. Ammonia and nitrite 

are by far the most toxic metabolites to the fish and 

other aqua species. Denitrification also results in 

the formation of nitrite. Ammonia concentrations 

have been reported as toxic to fish.  

When the fishes are exposed to ammonia, there 

have been observed many epithelial changes in the 

form of epithelial liftings on the gill filaments 

resulting in increased risk of respiratory tract 

infections and mortality. Except when there is an 

imbalance the concentration of nitrite is generally 

present at low concentrations in defined natural 

systems, because nitrite is considered to occur as a 

common intermediate in nitrification 
16

 and 
denitrification, catabolic ammonification and nitrate 

incorporation. As a result of the denitrification 

process, nitrite is obtained as an intermediate in the 

conversion of nitrate to nitric oxide, nitrous oxide 

and nitrogen gas. Where water is continually 

recycled there is dangerously high ammonia 

concentrations and are usually limited to water 

reuse systems.  

However, the intermediate form of ammonium 

nitrate - has been known to occur at toxic levels in 

fish ponds. pH, alkalinity, and hardness. The 

acceptable pH range for fish culture is normally 

between pH 6.5 and 9.0. In spite of the classical 

belief that this process is predominated by 

autotrophic bacteria, certain bacterial species like 

the Bacillus sp. 
11, 19

 also is considered for nitrogen 

removal.  Certain species of the Bacillus group, 

especially one members of this group, such as B. 

substilis 
19, 21, 22

, are able to grow under facultative 

aerobic, aerobic, and anaerobic conditions, 

allowing for shifts in nitrogen uptake that facilitate 

both nitrification and denitrification.  

The pattern of nitrite metabolism by B. substilis 
21, 

22 
of nitrite and nitrate metabolism Nitrite oxidation 

is common in heterotrophic bacteria such 

as Bacillus species.
 

The reduction of phosphate 

concentration in culture systems has also been 

demonstrated through addition of Bacillus species. 

The improvement in solubilisation of phosphate is 

also thought to facilitate removal of phosphate and 

reduction of algal blooms 
14

. 

MATERIALS AND METHODS: 

Fish Ponds: The study was carried out in Eluru 

town in the state of Andhra Pradesh, India. Two 

ponds (one as control and one treated with 

probiotics were selected which had two fish 

varieties Catla-catla (2, 500 numbers) and Selavathi 

(10,000 numbers) in the ratio of 1:4. The 

supplementary feed supplied to these ponds having  
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crude protein including, ground nut oil cake, rice 

bran, coconut oil cake, dry fish, Vitamin and 

minerals premix. In addition to the supplementary 

feed supplied certain inorganic fertilizers such as 

superphosphate, poultry manure, cattle dung, were 

applied before and after the release of fish. For the 

present study, the investigations were carried out 

for a fortnight during the period from in the culture 

ponds. 

Probiotics: Probiotics containing, Bacillus 

licheniformis, B. substili and   pseudomonas sp. 

manufactured at Sneha Biotech, Vijayawada, 

Krishna district, Andhra Pradesh, India were used 

for the present investigation,. 

Water Samples: In the present investigation, 

physicochemical parameters such as temperature, 

transparency, dissolved oxygen, pH, nitrate, 

ammonia present in water samples were estimated 

using standard and suggested protocols. All these 

parameters were studied at fortnight intervals by 
collecting water samples in between 6 am and 11 am. 

Identification of the Probiotics: The isolated 

probiotic bacteria were identified by morphological, 

cultural and biochemical characterization methods. 

Morphological and Culture Characterization: 

Morphology and cultural characteristic studies 

were carried out to find out essential characteristics 

like the shape, colour, size, edge elevation, 

transparency and surface texture. One of the major 

concerns was to find out the genus or species of the 

selected bacterial isolates. Once purified the 

isolates were subjected to determine the motility, 

cell shape, flagellation, spore formation, encapsula-

tion mechanisms and staining procedures using 

gram staining methods.  

Biochemical Characterization: The different 

bacteria were then subjected to biochemical tests 

(Indole, methyl red, voges-proskauer, citrate 

utilization, starch hydrolysis, urease test, 

caseinolytic activity and catalase test, oxidase test, 

nitrate reduction) according to the method 

described by Bergey’s manual. 

Simple Staining: The bacterial smears were treated 

with crystal violet (60 seconds), rinsed with 

distilled water, air dried and observed under 

microscope.  

Gram Staining: A thin bacterial smear was made 

on a clean glass slide and heat fixed. Then the 

smear was stained with crystal violet for 1 minute 

and then washed with water. Gram’s iodine was 

added for 1 minute and decolorized with alcohol. 

After decolourization, the smear was counter 

stained with saffranin for 1 minute. Finally the 

smear was washed, air dried and observed under 

the microscope.  

Indole Production Test: Peptone broth (1 %) was 

prepared, sterilized and incubated with the bacterial 

suspension and incubated at 37 
o
C for 48 h. The 

incubated sample was treated with 1ml of Kovac’s 

reagent and shaken gently. After allowing the tubes 

to stand at room temperature, the results were 

observed. Formation of a cherry red precipitate 

showed positive results.   

Methyl Red Test: The sterilized MR-VP broth was 

incubated with the bacterial cultures, 5 drops of 

methyl red indicator was added and the tubes were 

observed for a colour change to red that indicates a 

positive reaction.  

Voges-Proskauer Test: The sterilized MR - VP 

broth was incubated with the bacterial cultures at 

37 °C for 48 h. After incubation few drops of 

Barritt’s reagent A and B were added and the result 

noted. Development of crimson to pink colour 

indicates a positive reaction.  

Citrate Utilisation Test: Simmon’s citrate agar 

slants were prepared and sterilized. Bacterial 

cultures were streaked on the surface of the slant 

and incubated at 37 ºC for 24 h. A change in green 

colour to Prussian blue indicates the positive 

results. 

Starch Hydrolysis: Starch agar medium plates 

were prepared, inoculated (streaked) with the 

bacterial culture and incubated at 37 
o
C for 48 h. 

After incubation, the plates were flooded with 

Gram’s Iodine. Amylase production was indicated 

by colourless zone and rest of the plate appeared 

purple.  

Catalase Test: A clean glass slide was taken and a 

drop of culture suspension was placed on the slide. 

To this, few drops of hydrogen peroxide was 

added. A positive reaction indicates the release of 

air bubbles from the suspension. 
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Casein Hydrolysis: Skim milk agar medium plate 

were prepared and inoculated with the bacterial 

culture by streaking and incubated at 37 ºC for 48h. 

The opaque zones surrounding the microbial 

growth consist of casein milk powder, indicating 

protease activity. 

Nitrate Reduction Test: Nitrate broth was 

prepared, sterilized and incubated with the bacterial 

culture and then incubated at 37 ºC for 48 h. 

Presence or absence of nitrate was identified by 

adding a few drops of sulfanilic acid and 

naphthylamine reagent to each of the tubes. Results 

were observed without shaking the tubes. A distinct 

red colour that may slowly convert into brown 

indicates that nitrate has been reduced. 

Oxidase Test: 

Wet Filter Paper Method: A 1% solution of the 

reagent (tetra methyl-p-phenylene-diamine di-

hydrochloride was prepared and strip of filter paper 

was soaked. A small amount of the culture was 

rubbed on it with the help of a platinum loop. A 

positive reaction is indicated by the formation of a 

deep purple colour within 5 - 10 seconds, a delayed 

positive reaction by the presence of blue 

colouration in 10- 60 sec, and even after 60 seconds 
if no colour is formed it indicates a negative reaction.  

RESULTS: After carrying out the above tests the 

results of analysis were tabulated. Table 1 below 

shows the results of water analysis in ponds over a 

period of three months, with day 1 as control , for 

different parameters like pH, total ammonia, free 

ammonia, dissolved oxygen and nitirite levels 

which were treated prior to (day 1)  and after 

addition of probiotics (day 2 - day 90). A series of 

Biochemical characterization tests were carried out 

to identify B. Substilis, Bacillus licheniformis and 

Pseudomonas species bacteria from pond water and 

the results are shown in Table 2. Variation of 

physicochemical parameters day wise before and 

after treatment of probiotics is depicted in Fig. 1. 

The first day values are treated as control. 

 
FIG. 1: VARIATION OF PHYSICOCHEMICAL 

PARAMETERS DAY WISE BEFORE AND AFTER 

TREATMENT OF PROTBIOTICS (DAY 1 IS CONTROL) 

TABLE 1: BIOCHEMICAL TESTS CONDUCTED FOR IDENTIFICATION OF BACTERIA FROM POND WATER 

Biochemical tests Bacillus substilis Bacillus licheniformis Pseudomonas sp. 

Indole Test Negative Negative Negative 

Methyl red Negative Negative Negative 

Voges-proskauer Positive Positive Negative 

Citrate utilisation Positive(blue) Positive (blue) Positive (blue) 

Catalase Positive ( release of air bubbles) Positive Positive 

Oxidase Positive (formation of opaque zones) Positive Positive 

Motility Motile Motile Motile 

Urease Negative Negative Negative 

Nitrate Positive (red colour) Positive (red colour) Positive 

H2S production Negative Negative Negative 

TABLE 2: PHYSICOCHEMICAL CHARACTERISTICS OF POND BEFORE AND AFTER TREATMENT WITH PROBIOTICS 

Test pH T. NH4 F. NH3 D. O Nitrite 

Control 7.8 1 0.038 0 2 

07.01.16 8 0 0 0 0 

16.01.16 7.9 0 0 0 0 

22.01.16 8.1 0 0 0 0 

30.01.16 7.7 2 0.06 0 4 

06.02.16 7.8 0.25 0.01 0 0 

13.02.16 8 0 0 0 0 

20.02.16 7.8 0 0 0 0 

27.02.16 7.8 0.25 0.01 0 0 

02.03.16 8.2 1 0.098 0 0 

09.03.16 8 0 0 0 0 

17.03.16 7.8 0 0 0 0 

24.03.16 7.8 0 0 0 0 
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DISCUSSION: In the current study, after 

reviewing the literature it was proposed to 

introduce probiotics prepared in our laboratory by 

including a number of bacterial species, to study 

the water quality in ponds. In order to achieve the 

above said objectives, Bacillus substilis 
21

, Bacillus 
licheniformis 19 and Pseudomonas species 19 bacterial 

isolates from ponds were identified and a series of 

biochemical tests were carried out.  

For the isolates, the probable identity of each 

genera include: Bacillus substilis 
11, 21, 22 

Bacillus 

licheniformis 
19

 and Pseudomonas species 
19

 were 

all found to be gram positive and having a 

characteristic rod shaped morphology. Bacillus 

substilis 
11, 21, 22 

showed negative biochemical 

reactions with methyl red test, indole test and H2S 

tests and showed positive results with oxidase, 

catalase and nitrate test.  

Similar tests were also conducted for Bacillus 

licheniformis 
19 

and Pseudomonas species 
19

 the 

positive and negative results have been duly 

tabulated in Table 1. From the above tests the 

probable identification of isolates were found to be 

with reference to: Bacillus substilis 
11, 21, 22

, Bacilus 

licheniformis 
23 

and Pseudomonas species 
19

. When 

compared to earlier studies carried elsewhere it was 

observed that Bacteriological nitrification 
16, 17 

is 

the most practical method for the removal of 

ammonia from closed aquaculture systems. 

According to earlier studies of B. substilis 
21, 22

, are 

able to grow under aerobic, facultative aerobic and 

anaerobic conditions, allowing for switches in 

nitrogen metabolism that facilitate both nitrification 
16, 17

 and denitrification.  

The pattern of nitrite metabolism by B. substilis 
21, 

22
 of nitrite and nitrate metabolism nitrite oxidation 

16
 common in heterotrophic bacteria such 

as Bacillus sp. The reduction of phosphate 

concentration in culture systems has also been 

demonstrated through addition of Bacillus species. 

The improvement in of phosphate, through 

solubilisation, is also thought to facilitate removal 

of phosphate and reduce of algal blooms 
14

. Certain 

Bacillus species also alters the pH slightly towards 

the acidic range, When compared to earlier studies 

it is quite evident that probiotics are effective in 

bioremediation of fish aquaculture 
12, 20, 21

 ponds. 

Earlier studies have shown the effect of 

bioremediation to improve the health of aquaculture. 

In the current study bioremediation has been 

effectively carried out using probiotics and hence 

the study is more viable. Usage of probiotics 

showed stable pH and other physicochemical 

constituents and at the same time prevented the 

accumulation of organic sludge 
15, 17

 at bottom of 

the pond as well as formation of toxic gases 
15

 like 

NH3, NO2, H2S and thus helped to improve water 

quality 
1, 21

 and subsequently fish health.  

CONCLUSION: The management of pond 

microbial ecology is an area where applied research 

can lead to important findings for improving the 

productivity and environmental friendliness of the 

fish farming industry worldwide. The use of 

bioremediators will gradually increase and the 
success of aquaculture in future may be synonymous 

with the success of bioremediators that, if validated 

through rigorous scientific investigation and used 

wisely, may prove to be a boon for the aquaculture 
12, 20, 21

 industry. 
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