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A study on the effect of water quality on bacterial flora of Tela pia 

(Oreochromis niloticusj from two different farms 

ABSTRACT 

The effect of water quality on the micro flora ofTilapia (Oreochromis niloticus) reared in 

two different conditions, Open Water (lake) and cultured, was studied. The major 

objective of the present study was to compare the total viable bacterial count (TVBC), 

quantitatively and qualitatively, present in the mucus and intestine of both groups of fish 

as well as rearing water. Emphasis was given on whether there is an association of 

pathogenic bacteria with the fi sh and rearing water or not. Two groups of fi shes each 

consisted of five fish samples each were collected from Gazipure Farm (cultured fi sh) 

and Dhanmondi lake (Open Water fish) during the month of August to November' 2006. 

Open Water fish did not receive any special feed but cultured fish were reared with 

selected fish feed. In the present study the quality of the fi sh fced and their microbial 

count were also observed. Two different types of fish feed samples powder fonn (FF I) 

and pellet form (FF2) , were collectcd from locally available sourccs at Gazipurc. For the 

isolation of bacterial strains Nutricnt, MacConkey, SS and TCSS agar media were used 

and the estimation of the total viable bacteria l count (TYBC) was done by streak and 

spread plate method. Identification of the bacterial strain was done by cultural, 

morphological and biochemical tests. On Nutrient agar media, the TVBC of intestine and 

mucus of Open Water Tilapia fish and rearing water of Open Water (Iakc) were 1.85 x 

10' , 9.9x I 0' cfulg , and 1.75 x 10' cfu/m!, respectively. The TV8C on the same media for 

intestine and mucus of cultured Tilapia fish and rearing water of pond were 4.96 x 106
, 

1.29 x I 0' cfulg , and 1.4 x 10' cfulm/, respectively. Similarly, TV8C on MacConkey agar 

media for the water and intestine and mucus of the fish reared in Open Water (lake) were 

much higher (0.96 x 10' cfu/ml , 1.73 x 10' and 1.48 x 10' cfu/g, respectively) than 
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cultured varieties reared under controlled condition ( 1.20 x 104 crulml , 3. 90 X 106 and 

7.03 x 104 cfu/g, respectively). 10 differcnt types of Gram negative bacteria were isolated 

from the intestine and the mucus of the Open Water fish compare to only 6 ty pes from 

the intestine and 7 types from the mucus of cultured variety. The TVBC in FF,(fish feed 

I) grown on Nutrient agar media and MacConkey agar media were 1.75 x l 09 and 

1.65x I O' cfu/g , respectively whereas in case of FF, (fi sh feed 2), it were 1.1 x 10' and 

2. 15 x 10&cfu/g . Identification and characterization through cultural , morphological and 

biochemical tests showed that the frequently encountered bacteria in the samples of both 

Open Water and cultured fish as well as in the rearing water and fish feeds (FF, and FF, ) 

were Aeromonas, Plesiomonas, Escherichia coli, Pseudomonas, Salmonella, Shigella, 

and Klebsiella. The bacteria were predominantly Gram negative rods (91%). Significant 

finding were that Salmonella, Shigella, and Vibrio spp. were present only in the samples 

collected form Open Watcr (lake) environment. Furthermore, the physical, chemical and 

biological parameters of the pond water were far more acceptable than those of the Opcn 

Water (lake). The rcaring water of lhe Open Water ( Dhanmondi lake) had an average 

pll, BOD and DO values of 6.92, 35.8 ppm and 5.76 ppm respectively were as for pond 

water those were 7.24, 1.97 ppm and 6.94 ppm respectively. The presence of pathogenic 

bacteria and high levcl of organic contaminations in the Open Water (Dhanmondi lake) 

as reflected by higher BOD render it unsafe and unsuitable for consumption or handling 

of fi sh reared in this environment. Fish reared in this environment may cause severc 

health hazards which may lead to severe problems in general public heaths. Thus, it can 

be recommended that by maintaining good quality of rearing water as well as fi sh feed 

contamination and prevalence of deadly pathogenic bacteria can be minimized in the fi sh 

body. 
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1. Introduction 

In a re vering COWltry like Ba ngladesh, the ro le of fi shery is very importa nt. 

Bangladesh is rich in fisheries sector. This sector contributes about 5.4% of GDP 

in 19981
• In Bangladesh numerous ri vers and their tributaries in addition to lakes 

canals, ponds, marshes, cultural ponds, hatcheries etc constitutes a large fresh 

and cultural water body that harbors about 25 7 species offish under 144 genera 

and 56 families
2

• Freshwater aquaculture can make a s ignifica nt contribution to 

bridg ing the w idening gap between demand for and suppli es of fi shery products 

in Asia, in the face of dec lining capture fisheries production and growing 

populations. 

In all countries, water pollution due to discharge of industrial pollutants needs to 

be minimized if it cannot be stopped. Water use conflicts between crops and 

aquaculture should be minimized as far as possible. Fertilizers and agro­

chemicals should be used judiciously on crops to protect the natural habitats of 

fi sh. Research on fi sh nutrition should be undertaken in order to develop cheap 

but good quality feed. Fish as food has been playing an important role in the 

world food security including Bangladesh; Fish contribute about 80% of the tota l 

animal protein in the diet of Bangladesh2
. 

Fish consumption preferences vary across countries, but in general (a) higher­

income groups consume more fi sh, though the proportion of the food budget 

allocated to fi sh expenditure is higher among low-income groups; (b) rural 

people consume more than urban dwellers; (c) fi sh producers in general 

consume more fi sh than non-producers; and (d) demand for fish is very sensitive 

to price changes. Relig ious beliefs and ethnic and geographical differences also 

explain variations in fi sh consumption across countries. Fishes supply essential 
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nutrients needed by our body I.e. protein, fat vitamins, minerals and energy. 

(FAO). 

More than 80 percent of the animal protein in the Bangladeshi diet comes from 

fi sh. An ounce a day has been shown to cut risk of heart attacks by 50 percent. 

The omega-3 oil in fish can relieve symptoms of rheumatoid arthriti s, 

osteoarthritis, asthma, psoriasi s, high blood pressure, Raynaud 's di sc.ase, 

migraine headaches, ulceratjve celitis and, possibly, multiple sclerosis. Fish 

intake raises good type HDL cholesterol and lowers triglycerides. It g!!3.!ds 

against glucose intolerance and Type 2 diabetes.Some fishes exhibits anti-cancer 

activity espec ially in blocking development of colon cancer and spread of breast 

cancer Fish highest in omega-3 fatty acids include sardines, tilapia , herring, 

sa lmon, tuna. Fish fatty acids linked to mature brain development in infants and 

omega-3 intake may protect against Alzheimer's. Fish amino acids may reverse 

smok ing damage and infarction. It has effect on cancer administration, patients. 

It also has effect on joints as treatment of rheumatoid arthritis with omega-3 

fatty ac ids is a well established method. 

Tilapia has become the third most important fish in aquaculture after carps and 

salmon ids, with production reaching 1,505,804 metric tons in 20023
. Because of 

their large size, rapid growth, and palatability, a number of tilapiine cichlids are 

at the focus of major aquaculture efforts, specifically various species of 

Oreochromis, Sam/herodon, and Ti/opia, collectively known colloquially as 

tilapias. Like other large fish, they are a good source of protein and a popular 

target for artisanal and commercial fisheries. Originally, the majority of such 

fi sheries were in Africa, but accidenta l and deliberate introductions of tilapia 

into freshwater lakes in Asia have led to outdoor aqua culturing projects in 

countries with a tropical climate such as Papua New Guinea. the Philippines, and 
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Indonesia' . In temperate zone localities, tilapiine faWiing operations requ,re 

energy to warm the water to the tropical temperatures these fish require. One 

method involves wann ing the water using waste heat from factories and power 
. , 

stations. 

Tilapiines are also among the easiest and most profi table fish to fann. This is 

due to their omnivorous diet, mode of reproduct ion (the fry do not pass through 

a planktonic phase), tolerance of high stocking density, and rapid growth. In 

some regions the fi sh can be put out in the rice fields when rice is planted, and 

will have grown to edible size ( 12- 15 cm, 5-6 inches) when the rice is ready for 

harvest. One recent estimate for the FAD puts annual production of tHapia at 

about 1.5 million tonnes, a quantity comparable to the annual production of 

farmed salmon and trout"'. Unlike salmon, which rely on high-protein feeds 

based on fish or meat, commercially important tilapiine species cat a vegetable 

or cereal based diet. Tilapias raised in inland tanks or channels are considered 

safe for the environment, since their waste and disease should be contained and 

not spread to the Open Water (Iake).5 

Set against their value as food, til apiines have acquired notoriety as being among 

the most serious invasive species in many subtropical and tropical parts of the 

world. For example Oreochromis nilolicus, Oreochromis mossambiclls, 

Sarolherodon melanotherun melanu/herun, Tilapia mariae, and Tilapia zilli 

have all become established in the southern United States, particularly in Florida 
6 and Texas. 

The Ni le Tilapia, Oreochromis nilolicus is a cichlid fish of African origin which 

is native [mm Sudan into east Africa through the Congo to Liberia. It is also 

commercially known as Mango fi sh or Ni lotica
7 

3 

, 



Oreocllromis lIiJoticus: 

Kingdom: 

Ph ylum : 

Class: 

Order: 

Family: 

Subramily: 

Tribe: 

Genus: 

Species: 

Nile Tilapia 

Scj£.glific classification 

AnimaJia 
ChQrdata 

Act innntcrVlli i 

Pcrc.iformes 

Cichlidae 

P.c;;clIdocrcni lahrinae 

Ti laniini 
Oreochmmis 

O. tli/oticlIS 

BiuowiaJoawc 

Ort!fJchromis IIi/oticw; 

In modem aquaculture, Open Water (lake)-type Nile tilapia arc not too often 

seen, as their Oesh has a dark color that is not much desired by many customers, 

and because it has a bit of a reputation of being a "trash fi sh" associated with 

poverty". On the other hand. they arc fast-growing and give good fill ets; leucisti c 

("Red") breeds which have lighter meal have been developed and these are very 

popular. Hybrid stock is also used in aquaculture; Nile x Blue Tilapia hybrids 

are usually raLher dark. but a light-colored hybrid breed known as "Rocky 

Mountain White" tilapia is often grown due to its very light flesh and tolerance 

of low temperatures'). The Nile Tilapia has recently been discovered in a small 
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stream in central Arkansas. This invasive species may harm the other aquatic life 

present in this stream within the next few years , depending on quickly it is able 

to reproduce and how adapted it is to competition with other aquatic vertebrates. 

As of yet, there is evidence to support the possibility that the Nile Tilapia has 

established a strong breeding ground and will eventually endanger other fish 

species, possibly competitively exclude them. 

Nile tilapia occurred during the 1960s up to the 19805. Nile tilapias from Japan 

were introduced to Thailand in 1965, and from Thailand they were sent to the 

Philippines. Nile tilapias from Cote d' ivoire were introduced to Brazil in 1971, 

and from Brazil they were sent to the United States in 1974. In 1978, Nile tilapia 

was introduced to China, which leads the world in tilapia production and 

consistently produced more than half of the global production in every year from 

1992 to 2003. The uncontrolled breeding of tilapia in ponds, which led to 

excessive recruitment, stunting and a low percentage of marketable-sized fish, 

dampened the initial enthusiasm for tilapia as a food fish. The development of 

hormonal sex-reversal techniques in the 1970s represented a major breakthrough 

that allowed male monosex populations to be raised to uniform, marketable 

sizes. In addition, research on nutrition and culture systems, along with market 

development and processing advances, led to rapid expansion of the industry 

since the mid I 980s. Several species of tilapia are cultured commercially, but 

Nile tilapia is the predominant cultured species worldwide. 

5 



Main producer countries of Oreochromis niloticus (FAD Fishery Statistics, 2006) 

Global aquaculture production ofOreochromis niloticus 

(FAD Fishery Statist ic) 
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China is by far the largest producer of fa rmed Nile tiiapia. Dy 2003 annual 

Chinese product ion had risen to nearly 806000 tonnes and Egypt reported a 

production of nearl y 200 000 tonnes in that year, whi le the Philippines. Thailand 

and Indonesia produced 111 000 tonnes, 97 000 tonnes and 72 000 tonnes 

respect ively. The other five 'top ten' Nile til apia producers were the Lao People's 

Democratic Republic, Costa Rica, Ecuador, Colombia and Honduras. Brazi l and 

Taiwan Province of China are also major producers of Nile tilapia and many 

others, such as Cuba, Israel, Malaysia, the USA, Viet Nam and Zimbabwe 

produce significant quant ities annually. However, the production of these 

countries is reported to FAO under the general stati stical categories 'tilap ias ncit 

(which may include other til apia species) and 'freshwater fishes nei' . It is 

therefore not possible to include their production data in the above chart until the 

reporting countries refine their statisti cal returns to FAO; for the same reason 

these production locations are not shown in the aquaculture geographical 

distribution section of th is fact sheet. 



Aquaculture Microbiology: 

In aquaculture the micro nora and their various fish and invertebrate hosts share 

ecosystem, and become easi ly colonized by bacteria. This intimate relationship 

may result in disease epizootics or commensally relationships. Aquaculture will 

depend on extens ive understanding of the complex interactions between the 

cultured organisms and bacterial communities which develop on mucosal 

surfaces and in the rearing systems. Some of the more common bacterial 

pathogens found in fTeshwater fish are mentioned here. Such as Aeromonas spp, 

Pseudomonas spp, Azobacler, Escherichia coli, Shigella, Salnwnenella, Vibrio 

spp. Klebsiella etc. 

Diseases And Control Measures 

Diseases can often be avoided by maintaining a high quality environment and 

reducing handling stress. The major disease problems affecting Nile tilapia are 

included in the table below. In some cases antibiotics and other pharmaceuticals 

have been used in treatment but their inclusion in this table docs not imply an 

FAO recommendation. 

DISEASE AGENT TYPE SYNDROME MEASURES 

r'-'0ss of equilibrium ; 
KMn04 at 2-4 

cthargic swimming; 
mgllitre indefinite 

~~ping at surface; 
immersionor4-10 
mg/litre for I hour: 

Motile ~cromonas 
~aemorrhaged or 

antibiot ics (need 
Aeromonas 

nnamed fins & skin ; 
'extra-Iabel use 

Septicaemia "ydrophila & ~acleria ~ulging eyes; opaque 
permit' in the 

elated spec ies omeas; swollen 
(MAS) 

~bdomen containing 
\jSA), e.g. 
Terramycin® in 

~Ioudy or bloody 
feed at 50 mg/kg ~uid ; chroni c with 
ti sh/d for 12-14 d. 

ow daily mortality 
I d withdrawa l 

~ibriosis tyibrio ~acleria rsame as MAS; caused 
Antibiotic in feed 

n 'uill.rum & v stress & Door 



!other spec ies vater quality 

'-rayed fin s &/or IKMn04 as with 

I: lavobacterium 
' rregular whitish to IMAS; indefinite 

~olumnar is !Bacterium 
~rey patches on skin 'mmersion with 

olumnare ~or !ins; pale. icuS04 at 0.5-3 
!necrotic lesions on Im g.llitre. depending 
, ill s Ion alkal;n;!)' 

Few external 
symptoms; bloody 

Edwardsiclla 
fluid in body cavity; 

!Antibiotic in feed Edwardsiellos is 
arda 

Bacterium pale, mottled li ver; 
wollen. dark red 

spleen; swollen, soft 
idney 

Lethargic. erratic 
swimming; dark sk in 
pigmentation; 
exophthalmia with 

!Antibiotic in feed. opac ity & 

tstreptococcus 
haemorrhage in eye; !e.g. Erythromycin 

~Ircptococcosi s bdomina l distension; ~t 50 mg/kg fi sh/d 
niae& Bacteria 

diffused !ror 12 d (req uires 
~nlerococc us sp. 

!haemorrhaging in extra-label use' 
operculum, around permit in the USA) 
Imouth. anus & base 
of !ins; enlarged. 
nearly black spleen; 
nigh mortality. 

~Mn04 or CuS04 
realments: use I 

png/litre of CuS04 
p..-ethargic swimming; or every 100 

~aprolegnia vhite, grey or brown ~g/lilIe alkalinity 
psapro legni osis Fungus :olonies that resemble ~p to 3.0 mg/litre 

parasitica 
tulls o f cotton; open ~uS04; forma lin at 
lesions in muscle P5 mg/litre 

ndefinite . 
mmersion or 150 

Im gll itre for I h 

chth yophthirius 
pccurs on gil ls or ~Mn04. CuS04 or 

Ciliates 
f1ultifilii s; Protozoan 
Trichodina & parasite 5k in ormalin treatments 

Ioth ers 

~onogenetic 
p actylogyrus 

pccurs on body 'pp.; Protozoan ~ame as for ciliates 
rematodes ~yrodactylus parasite ~ urface , fins or gills 

pp. 

8 



Cultured Vs. Open Water (lake) Fishes: 

As Bauer (in Dogiel et al. 1970) points out, there are several major differences, 

positive and negative, between pond-cultured and non-pond cuhured fi shes, their 

disease control and prevention. These differences may be explained by 

consideration of the design of culture systems vs. Open Water (lake) 

environments. 

I) Density: Due to the proximity of co-specifics, transmiss ion of parasites IS 

facilitated in cul tured pond. 

II) Confinemenl: The uniformity of a culture environment in terms of 

temperature, pH, oxygen concentration, food availability, and other physical­

chemical-nutritional factors allows little latitude for cultured fishes to select more 

suitable conditions. 

LIJ) MODocu ltu re: The cultivation of one or perhaps a few species in a system 

that is periodically sterilized. 

IV) General stress: Disease In fi shes can be physio logical response to stress 

(Gratzek, 1975). Some common sources of stress are transportation, excessive 

handling, abrupt temperature nuctuations, physical-chemical factors, and 

overdosing with medicants. Many fishes die outright from severe stress but many 

more often from chronic less-severe sLIesses. Many fish pathologists feci that fi sh 

carry bacteria and protozoan in low numbers in their blood and kidney tissues as 

well as on the surface of their skin and intest ines, but remain healthy until 

stressed. fi sh in intensive culture are continuously affected by environmental 

nuctuations and management practices such as handling, crowding, transporting, 

drug treatments, undernourishment, nuctuating temperatures, and poor water 

quality. All of these factors can impose considerable stress on the homeostatic 

mechanisms of fi sh rendering them susceptible to a wide variety of pathogens. 

Another major issue pertaining to fi sh health is the concern over the introduction 

of infectious diseases, particularly those that are not endemic to the area, through 
9 



fi sh culture facilities to Open Water (lake) fish populations. Open Water (lake) 

fish stocks can become infected and suffer high mortalities through the release of 

pathogens in untreated hatchery emuent or through the stocking or escapement of 

diseased fi sh into aquatic systems. (Leeds, 2004). 

Fish Culture: 

Water bodies for aquaculture are largely owner-operated 111 Bangladesh. 

Polyculture, monoculture, cage culture and rice-fish farming are nowaday 

practiced in aU over the world. Bangladesh has major (Indian) carp (rohi, katla and 

mrigal), tilapia and silver carp as the dominant species. Cultured ponds in 

Bangladesh, use of relative ly lower inputs and thus are sem i-intensive or improved 

extensive. Fish has become an increas ingly important source of protein in 

Bangladesh, with the anllual rate of per caput fish consumption generally 

increasing. Bangladesh aims to increase fi sh production, improve export earnings, 

provide more animal protein and expand employment opportunities. Nowa day. 

the practice of culture fishes is well established. Tilapia fish is a very rapid 

growing fish. (FAO report). 

Pond Management: 

A modern cultural pond must have to maintain a safer aquatic zone for the 

productioll of healthy fishes. It is recommended to fulfill some of the basic water 

quality properties to raise up fi shes in cultural pond with good health. ("Pond 

Management" GenoMar Supreme Tilapia l'M Inc. Norway, 2005). 
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V Ifaramete .. Normal range Un it 

Transparency 25-40 c.m. 
Temperature 28-32 c 
Dissolved oxygen Greater than 5 ppm 

po. 6.5-8.8 -----
Alka lin ity 90-250 gIL 

Ammonia less than 0.3 I¥L 
Nitride less than 10 
Phosphate less than 0.025 
Hardness 60-150 giL 

Parameters are shown below with their acceptable ranges. 

In order to fix up the above reference in practical the fo llowi ng steps should be 

taken. 

I. pH of the pond should be taken twice in a week. If pH of the water inc reases the 

lime should be added to lower the pll . 

2. Temperature should be counted dai ly. 

3. DO (Dissolved Oxygen) should be measured In every day and night. If 

necessary airiator can be used. 

4. To sweep up the condensed gas that stored under ground water level , it is 

recommended to us a propel ler which wi ll not a llow to store the gas and dragged 

the stored gas oul. 

Fish Feeds: 

Since the middle of t 980s, the increasing use of feeds has been the main method 

of increasing production for all the finfish species. Prepared fet:ds that provide a 

complete diet (adequate protein, lipids. carbohydrates, vi tamins and minerals) are 

readily avai lab le in developed countries and are al so manufactured and available 

in developing countries with an export market for high quality tilapia products. 
11 



Trash fish provide the major feed type for finfish culture. Until a few years ago, 

almost all fish farmers used entirely fresh feed, ground or minced, consist ing of a 

variety of fish and non edible part of fish, right after catch or in frozen state. The 

inclusion of compound feed , in dry state, was 2% in 1988, and 1993 it was 9% 

with 91% of raw fish (mostly frozen, in wet state), and now more compowld feed 

is used. Meanwhile, the uses of fonnulated feeds are great ly expanded for 

freshwater and marine fish species recently. Most pellets containing higher 

amount of compound feed keep much higher water stabi lity. Nowaday, In fish 

feed various food components are used. Vitamins, minerals, protein and 

carbohydrate are among the major components of the fish feed. Wheat , nce , 

soybean, calcium, flour and micronutrients like iron, iodine, sulphur, phosphorus 

are used in fish feed as additives9
. 

Present Situation Of Lakes In Dhaka City: 

The water of the Gulsan-Baridhara is the most polluted among the city's five lakes 

according to a study conducted by the department of Environment (DoE). The 

study of the lake's water revealed that presence of bacteria was 1200 counts, 

which researchers say is not even fit to be touched by humans. The tolerable 

bacteria count in water bodies is 200 or less. According to the research conducted 

al the Bangladesh Atomic Energy Commission (BAEC), marine life could not 

survive in water that had a Dissolved Oxygen (DO) level of less than 5.0. The 

Biological Oxygen Demand (BOD) in Gulsan-Baridhara lake was found at 35. 

indicating serious contamination of the water. The acceptable level is three or less. 

Hundreds of drains carry toxic waste and untreated sewage in the Gulsan­

Baridhara Lake every day. The DoE study in the effect solved the mystery of dead 

fishes in the Dharunondi lake a couple years ago. Water of Dhanmondi lake, part 

of which was excavated and cleaned about 6 years ago, had the most ideal BOD 

level with 1.9 counts. It however has 600 counts ofcolifonn, 6.1 counts of DO and 

6.95 counts of pH. With 9202 counts, the watcr of the Cresent Lake has the sccond 
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highest count of colifonn. At 8.3 it has the best DO level among the five lakes. 

Cresent lake's BOD level (2. 1) is the second best after Dhanmondi lake. The water 

of Ramna lake is the most po ll utant behind the Gulshan-Baridhara lake. It has 700 

counts of coliform. J.3 counts of DO, 25 counls of BOD and 6.52 counts of pH. 

The Sitadal Lake in Baridhara has 6.91 counts of pH, 2.6 counts of BOD, 6.6 

counts of DO, and 500 counts of ovifonn. Th is is the common picture of our 

inland water system which is much poll uted and has adverse effect on the aquatic 

life li ke fishes. As we ll as on general public hea lth as huge amount of fishes are 

being caught and conswned by people of the lower income group. In that contrast 

cultured fishes are grown is much healthy environments. (Dept. of Environment, 

2004, Dai ly Star, 29~ December, 2004). 
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Objectives of the study 

General objective: 

To see the effect of water quality on microbial flora of cultured(pond) and open 

water(wild) Tilapia (Oreochromis nilolicus) fish. 

Specific objectives: 

I. To isolate bacteria from small intestine, mucus of tilapia (Oreochromis niloticus) fish 

as well as form rearing waters and fish feeds. 

2. To calculate the total viable bacterial count on Nutrient and MacConkey agar. 

3. To characterize the isolates on Nutrient, MacConkey, SS, and TeBS agar media by 

cultural and morphological analysis. 

4. To identify isolates by biochemical tests. 

5. To measure of the physiochemical parameters such as BOD, DO, pH. and temperature 

of the rearing waters both pond and open water (lake). 
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~ Review of Literature 



20 Review Of Lite,oaturc 

Most of the tilapia production in Bangladesh comes from aquaculture which 

largely depends to greate r extent on aquatic environment. Water quality is the 

main factor that determines degree of production. Contaminated water is not 

suitab le for aquaculture. Contamination may result from rupturing fi sh intestine 

during poor process ing or inadequate washing. It has been suggested that intestinal 

micro flora is the causative agent for food spoilage. Bacteria l activity, so far is the 

most important factor influencing fi sh quality, so bacterial numbers can be used as 

an index of quality. Fish possess bacterial populations on or in their skin. gills, and 

light-emitting organs. In additjon. the internal organs (kidney, li ver, and spleen) of 

healthy fi sh may contain bacterial. The numbers and taxonomic composition of 

the bacterial populations often reflect those of the surrounding water 10 . Various 

studies from different parts of the world have demonstrated that many enteric 

organisms are associated with fish and initiate various fish-borne di seases in man. 

Ahmed H. AI-Habra & Nairn Uddin showed that The bacterial flora occurring in 

brackish pond water, sediment, gills and intestine of healthy tilapia cultured in 

Saudi Arabia were estimated both quanLitatively and qualitatively, and the isolates 

were identified to genus or species level. Total viable count of bacteria ranged 

from 1.4± I. Sx IOJ to 8.6±2.7x I03 cfu mrl ; 1.2±3. 1x I06 to 7.3± J.l x I01 cfu g- I; 

8. 7± J.9x 105 to 2. 1 ±O.9x 106 cfu g - I: and 2.8±2.4x 107 to 1.0± 1.6x 1 08 cfu g- I in the 

pond water, sediment, gill s and intestine of brackish water tilapia, respectivel y. In 

total, 19 bacterial species were identified. The bacteria were predominantly Gram­

negative rods (87%). Pond water and sediment bacteria influenced the bacterial 

composition of gi ll s and intestine of tilapia. tn contrast to gill bac teria, more 

diversi fication was observed in intestinal bacteria. The predominant (prevalence 

> 10%) bacterial species were Vihrio parahaemulylicus, Vibrio carchariae, Vibrio 

a/ginolyliclIs, Chryseomonas sp., Vibrio vulniJicus. and StreptococclIs sp. in all the 

15 



populations with the exception of the sediment population where Streptococcus sp. 

was replaced by Shewanella plifrejaciens. Vibrio spp. (58% of the total isolates) 

dominated the total bacterial population 11 . 

In another study Ahmed H. AI-Habra & Nairn Uddin showed that seasonal 

quantitative and qua litat ive ana lyses of the bacteria l flora assoc iated wi th the 

intestine of hybrid tilapia (Oreochromis niloticlIsxOreochromis aurells) cultured 

in earthen ponds in Saudi Arabia were carried out. The isolates were being 

identified to genus or species level. Total viab le counts (TVe) of bacteria in the 

intestine vari ed between 6.8± 1.9x 1 06 to 7.5± 1.4x 1 07 colony fonn ing units (cfu) 

g- I in early summer, 1.6±2.0x I06 to 5.1±2.5x I07 cfu g -I in summer, 3. 1±IA x 108 

to 1.3±2.2x lOlJ cfu g- I in autumn, and 8.9±1.8x IOs to 1.3±O.9x 107 cfu g-I in 

winter. Altogether, 17 bacterial genera were identified from the intestine oft ilapia. 

The bacteri a were predom inantly Gram-negati ve rods (77%). Aeromunas 

hydruphila, Shewanella putrefaciens, Corynebacterium urealyticum, ES"herichia 

coli and Vihriu chulerae were the most abundant species with a prevalence 

of> 10% in most cases except V. cholerae. Considerable numbers of Pseudomunas 

spp. were found only in winter. Phutubacterium damselae, Pasteurella spp., 

eellulomonus sp. and Bacillus sp. were present in some seasons of the yearlZ. 

Ojala (Ojala, 1968) and Oliver (Oli ver et. ai , 1980) isolated Aeromunas !.pp, from 

heallhy and mo ri bund fish lJ 
• • " . 

Species of Ecoli are generally found In the gastrointestinal tract of 

homoeothermic species but were not found in Significant number in the fish 

(Wood et. ai, 1972). So presence of E.coli in the fish can probably be directly 

related to the fecal contamination of water with worm blooded animal and the fish 

are probably the transient carriers of the organisms, unhygienic handling and 

processing of the fish undoubtedly induce the Ecoli as secondary bacteria l 

contamination. 
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In 1977 Boulanger el 01. isolated Aeromonas hydrophila and Aerumonas sorbia 

from fish and most of these Aeromonas were found pathogenic. 

Vibrio alginolyticlls has been found in water in widely diverse geographic 

locations. Vibrio alginulylicils has been etiologically associated with 

gastroentities, cellulitis, acute otiti s media, conjunctivitis, wound infections and 

these infections have generally been reported in fishcrmcn , healthy swimmers and 

fish cuners lS
. 

Vibrio miniclIs, a newly described organism has been isolated in Bangladesh from 

patient with diarrhoea and from fresh water samp1es I6
• ". Vibrio miniclIs has also 

been isolated from fish in Japan.IS 

Vibrio cholerae non-O I has been isolated from fresh water and estuarine water 

throughout the world as well as from fish .17
•

IOJ Vibrio cholerae nimicus has been 

isolated only with sporadic cases of dairrhocal diseases.16 

Gennari M, 1988 reported that Pseuciomonadaceae. Neisseriaceae, 

Flavobacterium, Cytophaga, Enterobacteriaceae, Coryneform bacteria and 

Micrococaceae were the most common bacteria in fresh fish. 

Zheng et a!. collected samples of epideLi'ilis, gills and digestive tract of dead 

Pagrosomus major in China. The genera of the bacteria isolated from water and 

fish samples were Vibrio, Pseudomonas, Aerumonas, and Flavobacterium 20. 

Toranzo et a l. studied in the micro flora associated with healthy and diseased 

Turbot (Scophthalmus MaximlJs) from three farms in northwest Spain. Vibrio 

spand Pelldomonas spp were present in both types of samples?' 

Sung-Hunghung et al. isolated Citrobacter freundil , Pseudomonas spp, Aeromunus 

spp, from gaint fresh water prawn. 22 

Starliper el al isolated motile Aeromunas spp. from fresh water bivalves from the 

Ohio river and the mean total bacteria counts were 1.6x 1 06 CFU/g. 2J 
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Ln Lndia, Das and Mukherjee measured micro flora of 240 Lndian major carp Rohu 

(Lubeo rohita) at fry and fingerling stages. Aerumonas hydrophila, bacillus sp and 

Pseudomonas mallophiliu were the most freqeutnly encountered bacterial. Other 

species isolated were EnlerubacJer agg/omerans, Yersinia pseudotuberculosis, 

Klebsiella uzaenae.24 Lida et al. isolated bacterial flora from the digestive tract of 

cultured Pacific oyster25
. 

Austin B.showed that fish possess bacterial populations on or in their skin, gills, 

digestive tract, and light-emitting organs and that numbers and taxonomic 

composition of the bacterial populations often reflect those of the surrounding 

'6 water.-

Recently Al-Harbi AH, 2005 has worked on microbiological quality changes In 

the intestine of hybrid tilapia (Oreuchromis niluticus x Oreochromis aurew) In 

fresh and frozen storage conditions:H 

Shankar Chandra Mandai investigated the abundance of colifOi7il bacteria in Nile 

tilapia sampled from different sources. Densities of total aerobic bacteria, total 

coliform (TC), faecal coliform, (FC) and Esdwrichia coli were measured from 

different organs of Nile tilapia sampled from pond, gher and market using seria l 

dilution and spread plate techniques. Significant differences were observed in 

various parameters of bacterial density between and within different organs of 

Ni le tilapia (p<0.05). Significantly hig her density of faecal coliform was detected 

in the muscle, gill and intestine in Nile tilapia sampled from pond than that of 

market. The highest density of total aerobic bacteria (8.81 ± 0.45 x lOS cfulg), TC 

(3.00 ± 0.20 x 10' cfu/g) and Escherichia coli (1.45 ± 0.19 x 10' cfu/g) were 

measured in the intestine and FC (3.00 ± 0.67 x 103 cfulg) in the gi ll of Nile lilapia 

sampled from market. Findings of the present study suggest that Ni le tilapia may 

be faecally contaminated during culture period, storage and transportation and 

unhygienic marketing. 
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In Bangladesh very limited numbers of studies were done on the isolation of 

Aeromonas from fish. In one study a ll the specimens taken from 20 fresh water 

prawns collected from Dhaka city markets were positive for Aeromunas, while in 

two other studies swabs taken superfic ial skin ulcers were positive for Aeromonas 

in 8 out of 15(53.3%) fresh water fish and II out of 15 ( 73.3%) brackish water 

c h 28,29 
liS , 

Ahmed Shakil, M.Sc Thesis, lNFS, DU, 2000 studied on the qualitative and 

quantitative analysis of bacterial nora assoc iated with mucus, intestine. kidney and 

gill of fresh water fish in Dhaka city, 

In Bangladesh, Banu el af. (200 1) investigated the bacterial load in pond water. 

They observed lhat the mean bacterial load in surface water varied from 1.39x lOs 

(July 94) to 3. 11 xl 0' CFUlml (September 93), wh ile that of bottom water ranged 

from J.Ox 10' (May 94) to 5.90x 10' CFU/ml (October 93)30 Romanenko (197 1) 

reported that the bacterial number in reservoir water was 1.43-0.18x 106 ml of 

waterJ1
. Tewary and Mishra (1985) reported that fresh water bacteria varied from 

I to 3.00x 103 CFU/ml in the lake waterJ
"2 . Araki and Kitamikadi (1978) pointed 

out that the population denSity of bacteria ranged from 0.0 to 1.8xlOs eellJml of 

water in some river and pond water of Japan l
]. 

Rahman e/ al. (200 I) observed the virulence of viable but non culturable state 

(VBNC) of Aeromvnas hydruphi/a in a carp fish Carassius aura/us and recorded 

the LD50 values of 106.18 CFU/fi sh, 108.45 CFUlfish and > I 09.11 cell/fish in 

VBNS cells. A perusal of the data shows that the natural average bacterial load of 

3.3x106 CFU/ml or below do not produce any significant mortality in 

Oreochrvmis mossambicusJ4
. 

A study was conducted in the local tilapia industry to detcrrr.ine the microbial 

quality of pond water, prevalence of bacterial pathogens and their anti-microbial 

resistance using the disk diffusion method. Seventy-five apparently healthy fish 

and 15 pond water samples from three of the four commercial tilapia fish farms in 
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the country were processed. The 202 bacterial isolates recovered from fish slurry 

and 88 from water. belonged to 13 and 16 genera respectively. The predominant 

bacteria from fish slurry were Pseudomonas spp. (60.0'%). Aeromonas spp. 

(44 .0%), Plesiomonas (41.3%) and Chromobacterium (36.0"10) (P < 0.05; v2) 

compared wi th isolates from pond water where Bacillus spp. (80J)%). 

Slaphylococclis spp .• Alcaligenes spp. and Aeromonas spp. (60.0%) were most 

prevalent (P < 0.05; v2). 
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3.l\1ethods and materials 

To carry out the qualitative and quantitative analysis of bacterial flora 

associated with the mucus and intest ine of hea lthy Open Wate r (Lake) and 

cultured(Pond) Tilap ia fishes , there rearing water and the Fish Feeds ,the 

following methods were used as fo llowed. 

3.1 Sample: All the samp les of th e fish belong to the genus Tilapia a nd 

species nito /jells. Water was sampled from the same rearing pond and Open 

Water (lake). 

3.2 I'lace Of Sample Collection: All the samples fi sh and wa ter were 

collected from Dhanmondi Lake and Gazipurc Farm of Dhaka division. 

3.3 Period Of Collection: The samples were collec ted in August to 

November 2006. The collec ted time was between 6.30 to 7.30 am. 

3.4 Methods For Sample Collection: During co llection, fi sh sampl es were 

examined care fully. Fishes with diseases , mechanical injurics during catching 

were carefull y sorted out. Fish were caught and kept in a tank of 30 liter 

capacity. Rearing wa ter was collected in special air tig ht sterile tubes. Three 

watc r samples were collected from three different locations of the same 

rearing lake .Water samples were collected with special care and followed the 

following steps: 

1. Putted on gloves and goggles. To avo id contamination, thoroughly rinse the 

water sampling bottle with sample water three times. 

2. The uncapped bottle was faced down and perpendicular to the creek at arm's 

length. Submerged it straight down into the wate r, rotated it to point upstream, 

and then tilted it slightly up until it fills with water. 
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3. Tap the sides of the submerged bottle to dislodge any air bubbles clinging 

to the inside. Replaced cap, while the bottle is still submerged. 

4. Retrieved bottle and examined it carefully to make sure that no air 

bubbles were trapped inside. 

The number of the examined fi shes was 5(five). All fishe s were 

approximately weighted 150gm. 

3.5 Sample Preparation: 

3.5.1 Mucus: A 1 cm x I cm area on the fish body was se lected and the 

mucus present in that particular area was scrapped off and exactly 1.0 gm 

was weighted out ,then suspension of mucus was made in 10 ml of sterile 

physiological saline (0.9% Nael). 

3.5.2. Intestine: Then the fi sh were dissected longitudinally from the ventral 

side. From the exposed peritoneal cavity middle part of the intest ine was 

removed and exactly 1.0 gm was weighted out and pasted well in a sterile 

mortar pestle with I ml of Physiological saline . The mi xture was then 

suspended in 9 m I of steri Ie physiological saline to make a final volume of 

JO ml. 

3.5.3. Water: No special treatment was done with water sample. Collected 

water sample was considered as concentrated inoculum and later serial 

dilutions were prepared fTom it. 

3.5.4. Fisb Feeds: No special treatment was done with water sample. Exactly 

1.0 gm was weighted out and pasted well in a sterile-mortar pestle with J 

ml of Phy siolog ical sa line. The mi xture was then suspended in 9 ml of 

s terile physiological saline to make a final volume of 10 m!. 
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3.6 Bacteriological Studies: 

3.6. 1. Isolation Of Bacteria: For the iso lation of bacteria, the streak and 

spread plate methods were fo llowed . Instant MacConkey« Bio li fe , h aliana 

S. r.I ). Nutrient (DlFCO Manual, 1984), SS(Bio life, Italiana S. r. l ) and 

TCBS(B ioiife, italia lia S. r.I ) agar media were used fo r the isolation purpose. 

All the media were prepared according to the instructions given in the label of 

the conta iner.The MacConkey agar was used for the iso lation and 

d ifferenti ation of enteric bacteri a (DlFCO manual , 1984).This medium also 

supports the growth of Staphylococcus and Enterococcus. Nutrient Agar was used 

for cultivating non fastidious microorganisms.SS agar was used for better growth 

of Shigella and better colony charac teristics for Salmonella.Te BS agar is 

hi ghl y se lec ti ve med ia a nd it was use d fo r iso latin g Vibrio spp. 

Diffe rent types o r bacteria l co lony g rown on MacConkey, SS and Te BS 

aga r were coll ec ted and ma inta ined in Nutrient agar s lant fo r furth er 

anal ys is. The Gram negative bac teria were expected to be appeared on these 

medi a which are of specia l interests. Bacterial colonies grown on the Nutrient 

aga r were tested immediately after their growth for morphological and cultural 

characteristi cs. 

3.7. Preparation Of Culture Media 
3.7.1. Nutrient Agar: 1.5 'Yo (Difeo Manual, 1984) 

Composition (per liter) 

Yeast extract 3.0 g 

Peptone( DIFCO) 5.0g 

NaCI (BDH chemica l UK) 8.0g 

Agar 15.0g 

Final pH 7.3 ± 0.1 at 25 0 C 
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All the ingredients were suspended in o ne (I) lite r distilled wate r and 

heated to boil. The media was then autoc lavcd at 12 1°C for 15 minutes. The 

sterili zed media cooled Up to 50-60° C was th en poured into previously 

s te rili zed petridishes and were a llowed to so lidify. The Nut ri e nt agar 

was used for cu lti vat ing non-fastidious microorganisms. 

3.7.2. Macconkey Agar (Biolife, Italians S.R. l): 

Composition (per liter) 

Peptone Bacteriological 17.0 g 

Peptone complex 3.0 g 

Lactose 10.0 g 

Bile Salt N 3 J.5g 

NaC I 5.0 g 

Neutral red 0.03 g 

Crystal vio let 
0.001 g 

Agar 13.50 g 

Final p rt 7. 1±0.2 at 25 0 C 

50.0 gram s of MacConkey agar powder (instant) was d isso lved in 1000 ml 

of cold deionize distilled water. Then allowed to soak for 10 minutes, swi rl 

to mix and heated to boi l. Then the media was autoclaved at 121 °C (I. 06 

kg/cm2) fo r 15 minutes, cooled up to 50-60 ° C and mixed well before 

pouring into previous ly sterili zed petri di shes. Media was then poured into 

petri plates and a llowed to solidify. Prior to inoculation the surface of the 

aga r was dri ed by partially exposed them at 37 °C in clean bench . T he 

MacCo nkey aga r was used for th e isolation and differentiatio n enter ic 

bacteria (DIEGO Manual , 1984) .This medium also supports the growth of 

Staphylococcus and Enterococcus. 
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3.7.3 Salmonela Shigella Agar (Bioljfe, Italjana S.R.I): 

Composition (per litre) 

Beef extract 5.0 g 

Peptone or trypose 5.0 g 
Lactose 10.0 ~ 

Bile Salt 8.5 g 
r;l , 8.5 ' 

Sodium thiosulphate 8.5 g 

Ferric citrate 1.0 " 
Neutra l red 0.025 g 

Brilliant green 0.33 g 

Agar 13.5 
Final ptt 7.3 ± 0.2 at 25" C 

56.70 g of SS agar powder (ready made) was suspended in 

1000 ml of demonized water. The suspension was brought to boiling with 

frequent agitation and allowed to simmer gently to dissolve the agar. 

Media was then cooled to 50°C and poured into sterili zed petridishes. The 

media was not autoclaved. SS agar was used for the better growth of Shigella 

and Salmunella. 
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3.7.4. Thiosulphate Citrate Bile Salt Sucrose 

Composition (per liter) 

Tryptone 10.g 

Yeast ex tracts 5.0g 

Sod ium Thiosulphate 1O.0g 

Sodium citrate 10.Og 

NaCI 10.Og 

Ox Bile Bios 8.0g 

Sucrose 20.0g 

Ferric ci trate 1.0g 

Bromothymol blue 0.04g 

Thymol blue 0.04g 

Agar 16.0g 

Final P" 8.4±0.2 at 25°C 

90.0 g of TeBS agar powder (instant ) was added to 1000 ml of deionized 

water. The suspension was all owed to soak for 10 minutes. Swirl to mix and 

then it was brought to boiling. The med ia was then cooled to 50°C a nd 

poured into sterile petri dishes. Th e media was not a ut oc laved. The 

TCBS agar is a hi ghl y se lect ive media for isolating Vibrio spp . 

3.7.5. Preparation Of Diluent (Physiologicsallinc): 

Physiological sal ine was used as sample diluent. This was prepared by 

add ing 0.9 gm 0 NaCI in 100 ml distilled water. With thi s concentration of 

NaC I the amount of physiological sa line was pre pared as per 

requirement. Aliquots of 9ml of th e sa lin e were distributed in test tubes 

and autoclaved at 12 1°C for 15 minutes. 
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3.8. Isolation Procedure: 

3.8.1. Preparation of bacterial dilution: Dilution was made from the 

concentrated bacterial suspension by tenfold seri al dilution method (Pciczer ct. 

a l. 1993). From concentrated bacterial suspension 1 ml was transferred to a 

tes t tube containing 9 ml of phys io log ica l sa line. Then the so lution was 

homogenized with vortex. Then 1 ml of suspension from this tube was 

transferred to the next tube containing 9 ml saline and so on. 

3.H. 2. Inoculation : From th e des ire d diluti on 20 III a mo unt o f sampl e 

suspension was transferred onto previously prepared Nutrient , MacConkcy, 

SS and TCBS agar surface in petridishes by micropipette and spreaded w ith 

sterile g lass spreaders. All these steps were done inside laminar air fl ow hood to 

maintain aseptic conditions. 

3.8.3. Incubation: A ll the inoc ul ated plates we re incubated at 3rC in 

a n incubator fo r 24 to 48 hours. All the petridishes were kept in incubator 

under 37°C over night before inoculating to avoid contamination. 

3.8.4. Total Viable Count: Aft er 24 -48 hours of in cubation, bac teri al 

colonies were appeared on the agar surface. The colonies appearing on the plates 

were counted by the following fonnula. 

CFU/g = Number of colonies appeared x Amount of sample applied on 

Petridish x Dilution Factor 
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3.8.5. Isolation Of Bacterial Colonies: 

Afte r the bacteri al colonies were appeared on the agar surfaces clear, di screte 

and isolated co lonies with different co lor, marg in surface e le vati o n a nd 

sha pe were se lec ted for pure c ulture. The selected colonies were ma rked 

and each co lony was picked up se parate ly by an inoculum loop and 

inoculated in nutrient agar slant. 

3.8.6 Preparation Of Agar Slant For Storage Of The 

Bacterial Isolates: 

Nutrient agar media o f the fo llowing composition was used to maintain the 

indi vidual bacterial culture (strains). 

Nutr ient Agar 1.5 %( DlFCO Manual, 1984) 

Composit ion (I'cr litre) 

Y cast extrac t 3.0 g 

Peptone (DlFCO) 5.0 g 

NaCI(BDI·1 chemica l UK) 8.0g 

Agar 

Final pH 15.0 g 

A II the ing redi ents were suspended in di still ed water and heated 10 bo il. 5 

ml media was di spensed in each tes t tube and plugged with co tton . Then it 

was autoclaved a t I 2 Io C for 15 minutes. After a utoc lav ing tes t tubes were 

kept in slop ing pos iti on o f 300
_ 45° A for solidification. 
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3.9. Preservation And Maintenance: 

From the culture plates, the discrete and iso lated s ingle colony of each 

type was transferred to agar s lant s and incubated. After 24 hours 

bacterial growt hs were observed . The agar s lants were kept in the 

refrigerator at 4°C as stock culture for Future studies. For proper 

maintenance. these slant culture were sub cultured in every 15 days. 

3.10. Coding Of lsol.t.s: 

Bacterial isolates from Nutrient ,MacConky, SS and TCSS agar were coded 

according to the names of the media , fi sh si te and sample number. The 

coding was done as follows 

Every sample had been taken for twice i.e. sample a and sample b 

N1S h = Nutrient agar, Intestine, Sample No.la. 

NIS 1b = Nutrient agar, Intestine, Sample No.lb. 

NIS2 = Nutrient agar, Intestine, Sample No.2. 

NIS] = Nutrient agar, Intestine, Sample No.3. 

NIS4 = Nutrient agar, Intestine , Sample 

No.4. 

NISs = Nutrient agar, lntesline, Sample NO.5. 

Sample coding was assigned by following the above way for different working 

media 

MIS= MacConky Agar, Intestine , Sample No 

S IS = SS Agar, Intes tine, Sample No 

T1S~ TCBS Agar, Intestine, Sample No 

NMS = Nu trient aga r, Mucus, Samp leNo 

MMS= MacConky Agar, Mucus, Sample No 

SMS = SS Agar, Mucus, Sample No 

TMS ~ TCBS Agar, Mucus, Sample No 
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Three water samples were co ll ected from three different locations of the 

same rearing pond (Sample number = 3, Duplication of each sample as sample a 

and sample b) 

NWS III= Nutrient agar, Water, Sample No. lao 

NWS 1b = Nutrient agar, Water, Sample No. lb. 

Sample coding was assigned by fo llowing the above way for different working 

media 

MWS= MaeConk--y Agar, Water, Sample No. 

SWS ~ SS Agar, Water, Sample No. 

TWS ~ TCBS Agar, Water, Sample No. 

Two Fish Feed samples were co ll ected from three different sources 

(Samp le number =2, Dupl icat ion of each sample as sample a and sample b) 

NFFS h = Nutrient agar, Fish Feed~ I, Sample No. 1 a 

NFFS 1b = Nutrient agar, Fish Feed- I, Sample No.1 b. 

Sample coding was assigned by following the above way for different working 

media 

MFFS]a= MaeConky agar, Fish Feed-I , Sample No.la 

SFFS 1a= S5 Agar, Fish Feed-I , Sample No. la 

TFFS, .~ TCBS Agar, Fish Feed- I, Sample No.la 

NFFS2a= Nutrient agar, Fish Feed-2, Sample No.2a 

NFFS2b = Nutrient agar, Fish Feed-2, Sample No.2b. 

Sample coding was assigned by fo llowing the above way for difTerent working 

media 
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M'FFS2a= MacConky agar, Fish Feed-2, Sample No.2a 

SFFS2.~ SS Agar, Fish Feed-2, Sample No.2a 

TFFS2a = Te BS Agar, Fish Feed-2, Sample No.2a 

The code numbers were maintained and fo llowed till the end of the study. 

3.1 1. Cha racterization Of The Isolates: 

To ident ify the iso lated stra ins cultural, morphological and biochemical 

characteri sti cs we re st udied carefull y accordin g to th e meth ods 

descri bed by Buc ha na n a nd Gibbons ( 1974). 

3 .1 1.1. C ultural C haracteristics: 

The bacteri al colonies grown on respecti ve media wcre studied for their color, 

co lony shape, s ize, margin, surface, elevation, and growth on Agar or in Midia. 

Surface colonies on the solid media: 

Whole colony/Colony shape: Punctiform, Circular, Rhizoid, Irregular. 

-- (-...", 
~ 

",,-<,,' 0 
Rhizoid Irregul ar Circular 

PunctifOi'Ti'i (p in-point) : Less than I mm in diameter. 

Size: Have to record d iameter in mm. 

Color: Yellow, Pink, Purple, Brown Black, CreamY,Gray, Colorless, etc. 

Elevation: Flat, Raised, Convex, Umbonate 



Surface: Smooth, Rough, Glistening, Dry, And Powdery. 

MarginlEdge: Enti re. Undulate , Lobate. 

Growth: On Surface. In Media. 

3.12. Morphological Characteristics: 

3.12.1. Staining Of Bacteria: 

Cleaned and grease free microscopic g lass slides were used for this 

purpose. The slides were washed and dried. After drying, the slides were 

rubbed by cotton soaked with 95% ethanol 

3.12.2. Staining Technique: 

Preparation of smear on slides: 

a) A clean s lid e was taken and a small drop of di st ill ed wate r was 

placed 011 the middle of the slide with a loop. 

b) A very sma ll portion of fr eshl y prepa red bacterial cu lture 

from stock was transfe rred on the s li de by inocu lati ng loop and a 

very thin fi lm was prepared by spreading it unifonnly. 

c) The film was fi xed by passing the slide quickly over the gentle 

flame of spirit lamp for 1·2 times. 

Procedure: A drop of I % Methy lene blue was placed on fixcd 

film and a ll owed to stand for 30 minutes .Then it was washed with 

tap water and soaked the excess water with tissue paper. 

3.13. Cell Morphology: The stained s li des we re viewed by oi l 
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immers ion objective ( I OOx IO).Tht: shape, s izes of the indi vidua l 

bacterial ce ll s we re observed. The arrangement of the cells were also 

studied and recorded. 

3.13.1. Gram Staining: 

Ingredients: 

I 0.5% crystal violet solution. 

2. Lugol's Iodi ne solution as mordant (1% iodine in 2% potass ium iodide). 

3. 95% ethanol (A lcohol). 

4. Safran in solution. (0. 1% safran in in 2% acetic acid). 

Gram stain procedure is as follows: 

I. A slide wi th a bacterial smear was placed on a staining rack. 

2. The slide was stained with crystal vio let fo r 1-2 min. 

3 . Pour offlhe slain. 

4. The slide was flooded with Gram's iodine for 1-2 min. 

5. Pour off the iodine. 

6. Decolori zed the slide by washing briefly with alcohol ( 10 seconds). 

7. The s li de was washed th o rough ly wit h wate r to re move th e 

a lco hol. It is recommended not to delay with this step. 

8. The slide was then flooded with safranin counter stain for 2 min. 

9. Wash with water. 

10. Blot excess water and dry in hand over Bunsen flame. 

I I. The s lides were then examined under bright light field microscope 

(Olympus) at a magnification of l Ox I 00 by Oil immers ion object. 
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3.14. Biochemical Characteristics: The isolates were characteri zed fo r 

thei r biochemical properti es. The fo ll owing biochemical tes ts were done 

fo r the identificat ion of the bacteri al strains which had been grown on 

MacConkey, SS and TCBS agar. 

I. KIA 

2. MlU. 

3.Catalae 

4.0xidae 

2.14.1 Kliglcr!s Iron Agar (KIA) Oxoid, Uk 

Composition (per litre) 

Meal infusion broth 

Peptone 

Proteose peptone 

Sodium chloride 

Lactose 

Glucose 

Ferrous sulphate 

Sodium thiosu lphate. 

Ferri c citrate 

Agar 

Prepa ration : 

1.0 Liter 

5.0 

5.0 g 

5.0 

10.0 g 

1.0 g 

0.2 g 

0.3 g 

1.0 g 

12.0g 

The desired amount of KIA powder (instant) was suspended in the 

dist ill ed water. Heating di sso lved the agar in the suspens ion. Then 6-7m l 

amounts o f med ia were dist ributed in the test tubes. The tubes were then 

steri lized by au toclaving under 1.06 kg/cm z pressures at 12 1°C fo r 15 
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minutes. The media was then cooled and set with a slant of 2.5 em and a 

butt of 2.5 em deep. 

3.14.2 Sterility Test: 

The tubes were incubated at 37°C for 18-24 hours and examined for 

contamination of sterility. if contam ination occurred, there would be the 

growth of unwanted bacterial colonies. Contam inated tubes were discarded 

and further investigation was done with only sterile media. 

3.14.3. Motility Indole Urea (MlU): 

Composition (pcr litrc) 

Peptone (rich in tryptophane) 30g 

KH, PO, (S.D.Fine CHEM .Ltd) I.Og 

Agar 5.0g 

Phenol red (A lcoholic solution) (E.Merck, lndia) 2.0 ml 

Distilled water 1 liter 

Alcoholic so lution of phenol red was prepared by d isso lving 0.25g of 

pheno l red in 50m I ethyl alcohol and adding 50 ml of di stilled water. 

Preparation: The ingredients were added to di stilled water, boiled to 

disso lve and filtered through paper. 90 ml quantities were di stributed In 

screw cap tubes and sterilized by autoclav ing under 1.06 kg/cm2 pressures at 

12 l'C for 15 minutes. 

A 20% urea so luti o n was prepared. Urea so lu t io n(S IGMA,UK) was 

sterili zed by filtrati on through microbiological filter.l0ml of 20% sterile 

urea soluti on was added to 90 ml of culture medium that has been melted 

and cooled to 50°C.Then the media was distributed in presterile test tubes 
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by 5 ml in each and allowed to so lidify in an upright pos ition. 

lodole paper preparation: lodo le reagent was prepared according to the 

fo ll owing composition. 

Para dim ethyl amino benza ldehyde (M erck. lndia) 5.0 g 

Isoamyl alcohol (Merck, India) 75.0ml 

Hydrochlori c ac id (concentrated) (Merck . India) 25.0 ml 

Be nza ldehyde was di sso lved in isoamyl alco hol and the n hydroc hl o ri c 

ac id was added . Whatman double filter paper was cut into small strips o f 5 

x O.5cm size. Filte r paper SLrips were soaked with indole reagent and dried at 

37°C over night. 

3.14.4. Performance Of KIA And MIA Tests: 

Both the tes ts were perfo rm ed according to the methods described in the 

ma nua l (Manua l fo r labora to ry inves ti gatio n of acut e enteri c infec tio ns, 

WI-IO) .Us ing a s tra ig ht w ire, an inoc ulum s fr o m th e to p of th e 

se lec ted co lo ny avo iding th e underly in g agar was tak en . S moo th 

co lo ni es were se lec ted . Th en inoc ulum was inoculated in the KIA first. 

The butt was stabbed and then the s lant was streaked with a zig-zag 

conformatio n. The tip of the wire was touched to the point of the stab in the 

Kathleen stabbed the MI U without retouching the colo ny or n aming the wire. 

A strip of filter paper that has been saturated with Indole reagent and dried, was 

placed on the inside top of the MIU tube and the tube was kept in place wi th 

cotton plug. 'Thcn both types of tubes wcre placed for overnight incubation at 

37°C. Fermentation of glucose was indi cated by the production of ac id 

(ye ll ow butt) or a lkali (red) and gas on KIA. Gas producti on from g lucose 

was ind ica ted by bubbl es or creaks throughout the medium. Large amo unt 
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of gas indi ca ted by the di s ruption o f the medi a. Lac tose ferme ntati on 

s imultaneously w ith g lucose was indicated by ye ll ow co lo riza ti on of both 

but! and s lant. If lac tose is not fermented then the butt will be ye llow and 

s lant will be red (a lka line). 

3.14.5. Motility: 

Motility was ind ica ted by spreading growth from the area of the stab lin e. 

Observa ti ons for clari fy of the medium in co mpari son with non motil e 

cultures are done by hold ing an uninocul ated tube of MI U medium next to 

the tu be with the test strain. 

3.14.6. Urease Activity: 

Unease ac ti vity was indi cated by a red co lor in the MID medium. The red 

color appears when urea was hydrolyzed causing an alkaline pH 

The presence of iodole was read by two ways. 

I. The paper strip im pregnated with Kovac's reagent attached to the top of 

the tube turned red ifindole was produced. 

2. lf test was ques tionable o r negati ve, 1 ml of iodole reagent was added to the 

surface of the MIU medium . The presence of iodole turned the surface 

layer red within 10 minutes. 

3.14. 7. Catalase Test: Catalase test was done to detect the presence of the 

enzyme catalase. Cata lase enzyme is found in most bacteri a. It cata lyses 

the breakdown of hydrogen peroxide (I-h02) with the release of free Oxygen. 
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Method 

I. Dipcapillary tube was dipped into 30 %H202_ 

2. The colony was touched with the tube. 

3. Formation of bubble indicating positive reaction. 

3.14.8. Oxidase Test: Ox idase Test was done to determine th e presence 

of oxidase enzymes. The reagent ( impregnated into strips of double filter paper) 

contains tctrametliyl-p-p lienylenediam ine wh ich se rves as an alterna te 

s ubst rate for the cytochrome oxidase reaction. Ln the reduced state the reagent 

was colourless but when oxidiscd it became purple. 

Method: A piece of the ox idase test paper was touched onto an a rea of 

heavy bacterial growth with ,he help of a forcep. The result s were 

interpreted as follows, 

Colour change to purple w ithin -

10 seconds = posit ive 

10- 60 seconds = delayed posit ive 

>60 seconds = negative 

3.15. Water Parameters: 
I. DO 
2. BOD 
3. pH 

4. Temperature 

3.15.1. Dissolved O xygen (Do): 
Test Equipment 

I. LaMone Dissolved Oxygen Test Kit (Code 5856) 

2. Gloves and goggles 

3. Towel 

4. Waste container 

5. Small brown paper bag 

38 



Procedure: 
Collection &Treatment of the Water Sample 

Water samples were collected with special care and fo llowed the following steps. 

L Putted on gloves and goggles. To avoid contamination, thoroughly rinse the 

water sampling bottle with sample water three times. 

2. The uncapped bott le was faced down and perpendicular to the creek at ann's 

length. Submerged it straight down into the water, rotaled it to point upstream, 

and then tilted it slightly up until it fills with water. 

3. Tap the sides of the submerged bott le to dislodge any air bubbles 

clinging to the inside. Replaced cap, whi le the bottle is sti ll submerged. 

4. Retrieved bottle and examined it carefu lly to make sure that no air 

bubbles were trapped inside. 

5.Repeated the step from 1-4 with a second sample bonle, which was used 

fo r the 5-day biochemical oxygen demand (BOD) test, for which a dissolved 

oxygen measurement was also needed. 

6. Dried off the second bottle with the towel and placed it into the brown 

paper bag to shield it from light and continued the procedure with the first 

sample bott le. The towel was used to catch any spills from subsequent steps. 

When a satisfactory sample had been collected , proceed immediately with 

steps 5 and 6 to "fix" the sample. We had to careful not to introduce air into the 

sample wh ile adding the reagcnt~ in step s 5 & 6. Simpl y drop the reagents 

into sa mple. Capped carefully, and mixed gently. 

7.8 drops of manganous sulfate solution and 8 drops of alkaline potass ium 

iodide azide were added .The dropper was kept perpendicular and hold 

approximately one inch above the sample bottle so that drop size would be 

consistent. The sample bottle was capped and mixed by inverting several 

times. A precipitate was form. Allowed the precipitate to se ttle be low the 

shoulder of the bottle before proceeding ( 1-5 minutes). 
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8. 8 drops of sulfuric acid was used .Capped and gently shaked until the 

reagent and the precipitate had been dissolved. A clear-yellow to brown-orange 

color was developed, depending on the oxygen content of the sample. 

9. Filled the graduated cylinder to 20 mlline with "fixed" sample. 

I O.Transfered to titration tube and inserted the direct readi ng ti trator into the 

ho le at the mouth of th e bottle conta inin g sodium thi osu lfate , 0.025N , 

turned the bottle upside-down and pulled the titrato r plunger gently, filling 

the grad uated tube until the tip of the plunger tines up with the zero mark . 

The titrator plunger had a tendency to stick at the bottom or wherever it had 

been stored. 

II . In serted the titrato r into the center ho le of the titration tube cap. 

Whil e gent ly shaking the tube, s lowly pressed the plunger to titrate until the 

yellow-brown color is reduced to a very faint ye llow. 

12 . Removed the titrator and cap. 8 drops of starch indi cator soluti on was 

added to the titration tube. Sample would turn blue. 

13. Rep laced the cap and titrato r. Co ntinued titrating until th e blue 

co lo r just di sappeared. When the blue became pale, pressed the titrator 

plunger ve ry s lowly, allowed onl y 112 drop at a time. Always swirl 

thoroughly after each drop. Read the test result where the plunger tip meets the 

scale. Record as ppm dissolved oxygen. 

Each minor divis ion on the titrator scale equals 0.2 ppm. 

If the plunger lip reaches tile bottom line on the titrator scale ( 10 ppm) before 

the end point co lor change occurs, refill ed the titrator a small amount and 

continued the titration. 
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3.15.2. Biological Oxygen Demand (Bod) 

Test Procedure: 

The BOD test took 5 days to complete and was performed us ing a dissolved 

oxygen tes t kit (from LaMotte}.Record the dissolved oxygen leve l (in ppm) 

on the first day using the method .Then place the water sample in an 

incubator at 20 0 e for 5 days or wrap the wate r sample bottle in a luminum 

foi l or black electrical tape and store in a dark pl ace at roo m temperature 

(20 C or 68 F). On day 5, took anot her disso lved oxygen reading (in 

ppm) usi ng the dissolved oxygen test kit. The BOD leve l was determined 

by s ubtracting the Day 5 read ing from the Day I reading. Record the final 

BOD result in ppm. 

P II and Tcmpcratu rc: 

The pH was measured by a pll meter. At first, the pI! meter was calibrated by 

three calibrators. JENWA Y 3010 pH meter. (German) has three calibrators of 

different values. Those are pH 4.0(acidic), pH 7.0(neutral) and pI! 

IO.O(alkalin e) .Th en the mach ine was ready for measurin g pI! of the water 

sample. Temperature of the wate r samples were measured by a special 

thermometer. 

3.15.3. Proximate Composition OfFish Feed-I And Fish Feed-2: 

Proximate composition of fish feed samples (FFS-l and FFS-2) was analyzed by 

the standard methods of AOAC (4). 
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Chepter-4: 

~ Results 



4. Results 

Table-I : Total bacterial count of mucus of Open Water Tilapia (Oreol.:"romi~' 

"iloticus) grown on NUldent and MacConky agar 

Sample No Nutrient Agar Average MacConkey Average 
(elu/S) (elu/S) Agar(elu/s) (elu/S) 

Fish I 
, , 

9.95 x 10 1.17 x 10 

Fish 2 
, , 

10.01 x 10 1.87 x 10 

9.9 x 10
5 5 

Fish 3 
, , 1.48 x 10 9.48x 10 1.96 x 10 

Fis h 4 
, , 

10.1 5 x 10 I.I 0x 10 

Fish 5 
, , 

9.96 x 10 1.3 1 x 10 

The total viab le bacteri a l count in the mucus of Open Water Tilap ia fish on 

Nutrient and MacConkey agar were presented in table no I. As shown in the 

tab le 1 on Nutrient agar the average bacterial counts(cfulg) were 9.9 x 105 where 

on MacConkey agar the bacterial counts were 1.48 x 105 (cfu/g). 

Tabll'-2: Total bacteria l count of the intestine of Open Water Ti lapia 

(OreoclrromiJ "i/oriel/,f) grown on Nutrient and MacConkcy agar 

Fish NUlrientAgar Average MacConkeyAgar Avcragc 
Sample (eCule) (cfu / ·) (cfu /o) (eCule) 

Fish I n' " 1.80x I 0 1.40x l0 
Fish 2 1.95x 10' , 1.80x I 0" , 
Fish 3 1.90x I 0 

1.85 x 10 , 1.73 x 10 
1.95x l0 

Fish 4 
, , 

1.75x l0 I. 75x I 0 
Fish 5 

, 
1.75x 10' 1.85x I 0 

The total viable bacteria l count in the intestine of Open Water Ti lap ia fi sh on 

Nutrient and MacConkey agar were presented in table no 1. As shown in the 

tab le I on Nutrient agar the average bacterial counts (cfu/g) were 1.85 x 109 

where on MacConkey agar the bacteria l counts were 1. 73 x 108 (cfu/g). 
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Table-3: Total bacterial count of mucus of Cultu red Tilap ia (Oreoehromis 

n itotiells) grown on Nutrient and MacConkey aga r 

Fish Sa mple Nutri entAga r Ave rage MacConkey Ave rage 
(du/g) (du/g) Agar (du/g) 

(cfu/g) 
Fish I 

, , 
1.32 x 10 6.87 x 10 

Fish 2 
, , 

1.23 x 10 s 7.33 x 10 4 

Fish 3 
, 1.29 x 10 • 7.03 x 10 

1.47 x 10 7.08 x 10 
Fish 4 

, • 1.20 x 10 7.25 x 10 
Fish 5 

, A' 1.25 x 10 6.66 x 10 

The total viable bacteri al count in the mucus of Cultured T ilapia fish on 

Nutrient and MacConkey agar were presented in table no 3. From the table it 

was observed that on Nutrient agar the average bacterial counts (cfu/g) fo r 

mucus were l.29 x 10.5 where on MacConkey agar the bacterial counts were 7.03 

x 10' (cfu/g). 

Table-4: Tota l bacterial count of the intestine of Cultu red T ilapia (Oreoc:hromis 

"i1otic:U.f) grown on Nutrient and MacConkcy agar media 

Fish Nut rientAga r Ave rage MacConkeyAga r Average 
Sample (cfu/g) (cfu/g) (cfu/g) (cfu/g) 

Fish 1 
, , 

4.85 x 10 3.45 x 10 
Fish 2 

, , 
4.20 x 10 , 3.36 x 10 , 

Fish 3 
, 4.96 x 10 , 3.90 x 10 

5.66x 10 3.80 x 10 
Fish 4 

, , 
5.29x 10 4.28 x 10 

Fish 5 
, , 

4.82x 10 4.62 x 10 

The total viable bacterial count in the intestine of Cultured Tilapia fish on 

Nutrient and MacConkey agar is presented in table no 4. From the table it was 

observed that on Nutrient agar the average bacterial counts (cfu/g) were 

4.96 x 106 where on MacConkey agar the bacteri al counts were 3.90 x 106 

(cru/g). 
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Tablc-5: Comparison between Open Water Tilapia and Cultured Tilapia, in 

respect to the average total bacterial count of the intestine and mucus ofTilapia 

(OreochTfm.il' niloticul')grown on Nutrient and MacConkey agar media 

Fish type Intestine (cfu/~) Mucus (cfu/e) 
Nutrient MacConkev Nutrient MacConkev 

Cultured 4.96 x 10 3,90 x 100 1.29 x 10 7.03 x 10 

Open Water 1.85 x 10' 1.73 x I06 9,9 x IO~ 1,48 x 10~ 

From the table 5, it was observed that the Culture Tilapia fishes carried lower 

bacterial content than Open Water Titapia in both intestine and mucus on 

Nutrient and MacConkcy agar media .On Nutrient agar the average bacterial 

counts (cfu/g) were 4.96x 106 where on MacConkey agar the bacterial counts 

were 3.90 x 106 (cfu/g) . On Nutrient agar the average bacterial counts (cfu/g) 

for mucus werel.29 x 105 where on MacConkey agar the bacterial counts were 

7.03 x 10' (cfulg). 
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Figure I: Comparison between Open Water Tilapia and Cultured Tilapia, in 
respect to the average total bacterial count. 
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Table-6: Cultura l cha racteristics of bacterial cells isolated from mucus of O pen 

Water Tila pia (Oreochrom;!)' "i1ot;cm') grown on differ ent culture media (N utrien t, 

MacConkey, SS a nd TCBS 

St rain 
Colony 

Color Ma rgin eleva tion Surface 
G rowth on 

shape Al!a r 
NMS,• Circular PUrple Entire Convex Smooth Surface 
NMS 1 x x X x x x 
NMS, Circular Pale ye llow Undulate Raised Smooth Surface 
NMS]l> Circular Creamv Entire Convex Smooth Surface 
NMS la Circular White Entire Convex Smooth Surface 
NMS 'h x x X x x x 
NMS . Circular vellow Entire Convex Smooth Surface 

NMS" Circular Creamy Entire Flat Smooth Surface 
NMSsa Circufar Gra' Entire Convex Glistenin£!: Surface 
NMS~" Circular Lil!ht White 'Entire Flat Smooth Surface 

-
MMS 1 Circular Creamv Enti re Raised Smooth Surface 

MMS 1" Circular Creamy Entire Convex Smooth Surface 
MMS, .. Circular Purple Entire Convex Smooth Surface 

MMS'h Ci rcular Pale yellow Entire Convex Smooth Surface 
MMS1 Ci rcular Creamv Undulate Flal Smooth Surface 

MMSJh Circular Brown Enti re Flat Smooth Surface 
MMS4~ Circular Pink Im'~u l ar Flat Smooth Surface 
MMS4h Circular Pink Entire Convex Smooth Surface 
MMS4< Circular Pale vellow Undulate Raised Smooth Surface 
MMS, x x x x x X 

MMS~h Circular Colorless En tire Convex Smooth Surface 

SMS 1 Circular Pink Entire Flat Smooth Surface 
SMS lh Circular Purple Entire Convex Roul!h Surface 
SMS~ Circular Colorless Entire Convex Smooth Surface 

SMS' h Circu lar Creamv Entire Flat Glistenin\! Surface 
SMS, x x X x x X 

SMS, Circular Creamy Enti re Convex Smooth Surface 
SMS . Circular Colorless Entire Convex Smooth Surface 
SMS~h Circular Pink Entire Convex Glistenin~ Surface 
SMS Circular Colorless Entire Convex Smooth Surface 
SMS,~ Circular Pink Entire Convex Smooth Surface 
SMS 1h Circular Creamy Entire Convex Smooth Surface 

TMS II .... h\ x x X x x X 

TMSl!,.hl X X X X X X 

TMS'lI • ., C ircular ye llow Entire Flat Glistenin!! Surface 
TMSb Circular ve llow Entire Flat G l istenin~ Surface 

TMS~" x x x x x x 
TMS~. Circular vellow Entire Flat Gl istening Surfact! 
TMSn x x x x x x 

~ x - No 1:TOwth. NltfS= Nut"ent Agar M UCUl Sumple. MMS- MacConkey A/:ar Mucus Sample. SMS= 
Salmonella- Shigella Agar MUCUl ' Sample. TMS= Thio Sulfate Citrate BiI,. salts Sucrose Agar MUCU,f 

Sumple, 
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According to table no. 6 from the mucus of Open Water Tilapia-

Total strains were 42 and growths were not found in 10 strains. 32 circular 

colonies were shown. Colonies of different colors were chosen such as creamy, 

yel low, pale ye llow, light white, pink, white, purple, brown, colorless and gray. 

28 colonies showed entire margin, 1 irregular margin and 3 colonies showed 

undulate margin. 18 colonies showed convex surface elevation, 11 colonies 

showed flat surface elevation, and 3 colonjes showed raised elevat ion. 24 

colonies showed smooth surface, 1 showed rough surface and 7colonies showed 

glistening surface .AIl growth were observed on agar surface. 
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Picture-La: 
Cultural characteristics from mucus of Open Water (Lake) Tilapia 
(Oreochrom;s niloticus) Grown on Nutrient Agar and MacConkey Agar 
media. 

Picture-l.a.l : Nutrient Agar. 

Picture-l.a.2: MacConkey Agar . 
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Picture-l .b: 
Cultural characteristics from mucus of Open Water (Lake) Tilapia 
(Oreochrom;s nilot;cus) Grown on SS Agar and TeBS Agar media. 

Picture-1.3: SS Agar. 

Picture-I.4: Te BS Agar. 
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^  ^

Table-7: Morphological characteristics of bacterial cells isolated from mucus of 

Open Water Tilapia (Oreocllromis "i/o/iells) grown on different culture media 

(Nutrient, MaeConkey, SS and TeBS) 

S train 
Gram 

ShllJ)e Arrangement 
reaction 

NMS .. - Rod Arranecd in simde ccll 
NMS II, x x X 

NMSl,o - Shon Rod Arranced in small chain 
NMS1 - Rod Arran l?cd in lone chain 
NMS,. - Rod Arranged in small cha in 
NMS_'h x x x 
NMS - Rod Arranecd in sin l!Je and oair 
NMS .. , - Rod Arram~ed in sinf!\e and oair 
NMS~ - Rod Arranl?ed in s ine.le and oair 
NMS~h - Rod Arran!.!ed in s ingle cell 

MMS , - Rod Arranged in sing le and Qair 
MMS h - Shan rod ArraMed in small chain 
MMS~ - Short rod Arranged in small c hain 
MMS:!h - Rod Arran!!ed in sin!!le cell 
MMS,• - Rod Arranecd in lone chain 
MM SJh - Rod Arran 'ed in long chain 
MMS~. - Rod Arranged in s ingle and pair 
MMS4h - Rod Arranl?ed in lonl? chain 
MMS-v - Rod ArraOfi~ed in small chain 
MMS~ x x x 
MMS~b - Rod Arran!!ed in s ingle and pair 

SMS lo - Rod Arranged in single and pair 
SMS lh - Rod Arranoed in s in ole and pair 
SMS] - Rod Arranged in small chain 
SMS1h - ShonRod ArranQed in small chain 

f--_SMS, x x x 
SMS1 - Rod Arran£!cd in lone: chain 
SMS4~ - Rod Arranged in s ingle and pair 
SMS~h - Rod Arran(!ed in sinl!.lc and pair 
SMS - Rod Arran(!ed in s ingle and oair 

f--_SMS,. - Rod A rranged in s incJe and pair 
SMS~h - Rod Arran(!ed in s inl!.le and oair 

TMS J,.th\ X X X 

TMS1/. X X X 

TMS, t .. - Curved Rod Arranlted in sin~le and pair 
TMS~ - Curved Rod Arranced in sinl!le and pair 
TMS~h x x x 
TMS~o - Curved Rod Arranl!ed in single and pair 
TMSSh x x X 

x - No growth. NMS= Nutrient Agar MUCU.f Sample. MMS= MacConluy Agur Mucus Sumplc. SMS= 
Sulmolft!lIu- Shigdlu Agur MUI.:us Sample. T/tfS= Thio Sulfate Citrate Bile l·a/ts Sucrose Agur Mucus 
Samp(l.'. 
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According to table no 7 from the mucus of Open Water Tilapia -

Total strains were 42. But growths were observed in 32 strains and no growth 

found in 10 strains. All of them, 24 isolates were rod and gram negati ve and 

4 were short rod and g ram negativeA were curved rod and grain negative. 

Among them 18 were arranged in single and pair, 6 were in small chain, 5 

were long chain and 3 were single ce ll. 

Table-8: Biochemical characteristics of gram negative bacterial cells isolated from 

mucus of Open Water Ti lapia (Oreoc/rromis "UoliL-IlS) grown on different culture 

media (Mac-Conkey, S8 and TCBS) 

Stai n 
Crlm 

Slant Butt G" Motility Indol£ Urus£ CatallS£ Oxidas£ holatn 
ruction 

MM S, - K A + + + - + + ACrOnlOllllS 
MMS, ~ - K A - + + - + + P~·elldomOIllL~ 

MMS, - A A + - + + + - Klebsiella 
MMS"~ - K A - + + - + + Plesiomollas 
MM S3a - A A + + - - + - E.coli 
MMS\~ - K A + + + - + + Aeromollas 
MMS~. - A A + + - - + - ElllerobilCler 
MMS~h - K A + + + - + + AeromOllas 
MMS4 < - K A + + + - + + AerOmOllllS 
MMS~. x x x x x , , , , , 
MMS'h - K A - + + - + + PsclidOmOl1(IS 

SMS , - K A + + - - + - SalmOflella 

SMS'h - K A - - + - + - Unidenti led 
SMS, - K A - - - - + - SIIi 'ella 

SMS'h - K A - - - - + - Shif:ella 
SMS1 

, , , , , x x , x , 
SMS1~ - A A + + - - + - Uni dentilied 
SMS~. - K A + + - - + - Salmonella 
SMS.~ - A A - - - - + - Un idl-nlified 
SMS,< - K A + + - - + - Salmot/ella 
SMS~ - K A - - - - + + Unidentified 
SMS~h - K A + + - - + - Salm(lIIe//a 

TM S,(a+b x x x , , , x , x , 
TMS,(a+b) x , x .x x , x , x x 
TMS,(a+b) - K A - + + - + + Vibrio 

TMS - K A - + + - + + Vibrio 
TMS h 

, , X X , , , , x X 
TMS - K A - + + - + + Vibrio 
TMS,~ , x x x , , x x x x 

x = No growth, MMS= Ma cConkey Agar Mucus Sampll!, SMS= Salmonella· Shigella Agar Mucus 
Sample, TMS= Thio Sulfate Citralt! Bile salts Sucrose Agar Mucus Sample, X = A lkaline (red) 
reat·,ion, A= Acidic' ()"f:llow) reaction, + = Posilil'e reaction, . = !Vega';I'e reaction 
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According to table no 8 from the mucus ofOpcn Water Tilapia -

Total stra ins were 32.Growth was observed in 24 strains and growths were not 

found in 8 strains. KIA test indicated that out of 24 strains, 5 strains gave 

pos itive resu lts for both glucose and lactose fennentation. The stra ins produced 

acid [rom both glucose and lactose so that both the butt and slant turned yel low. 

19 strains fermented glucose but nol lactose. So the butt lumed into yellow but 

the sIan! remained red. Out of 24 strains. 12 produced gases which were 

observed by formation of bubbles in the media and 12strains were not produced 

gas. MIU test indicated that out of 24 strains, 15 strains were motile and 9 were 

non- mot ile. lodole test were positive for 16 stra ins and negative for 8 strains. 

These were indicating by red color of the strips which were impregnated with 

Kovac 's reagent and were attached to the top of the tube. Among the strains only 

I showed urease act ivity. Urease activity was indicat ing by a red color in the 

MfU medium. The red color occurs when urea is hydrolyzed causing an alkaline 
II p. 

Cahtlase Test: 

All the isolates having rod shape were rod catalase positive. Fonnation of the 

bubbles after addition of l-h02 solution on the smears of fresh culture indicated 

the presence of catalase. 

Oxidase Test: 

While carrying oul the oxidase test, in the filter paper 2-3 drops of oxidase 

reagent was placed and then the fresh culture was smeared. Out of 24 gram 

negative rods, 12 were oxidase pos itive and 12 were negative. Positive reaction 

was indicated by the appearance of the dark purple color on the filte r paper 

within 10 seconds. 
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Picture-2: 
Biochemical characteristics from mucus of wild Tilapia (Oreocllromis 
II;lolicIIS) KIA 

Pidu re-2.1: 
KIA- Produced Acid from both Glucose & Lactose so that botb the 
butt & slant turned yellow. 

Picturc-2.2: 
KIA -Fermented glucose but not lactose, so that butt turned into 
yellow and slant remained red. 
In some tube, the surface of the media is cracked due to gas 
production. 
In some test tube, due to Hydrogen Sulfide gas production ,it turned 
black. 
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Picture-3: 
Biochemical characteristics from mucus of open water(lake) Tilapia 
(Oreochromis niloticus) MTU 

Picture-3.t : 
MJU-Due to Indole test positive, the Indole paper strip turned into red 
colour in Tube. 

Picture-3.2: 
MJU-In tube, surface of the media turned reddish due to Urease 
activity. 
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Table 9: Cultur:l l cha racterist ics of bacteria l ce lls isola ted from t he in testine of 

Open water Ti lapia (Oreocllrom;)' "ilo,;cus) grown on different culture media 

(Nutr ient, MacCon key, SS and TC BS) 

Stmin Co lony sha~ Colo r Margin E leva tion S u rface 
Growt h o n 

Aear 
NIS Circular Pale ydlow Entire Convex Smooth Surface 

NI SI~ Circular Creamy Entire Convex Smooth Surtnce 
NIS,. Circular Pale vellow Entire Conv~ Smooth Surface 
NISJ1, Irrell.u lllr Whitl: Undu late Raised Glistenin Surface 
NIS1• Circular White Entire Convcx Glisteninlil Surface 
N I S,~ Circular Yellow Entire Conve,'\: Olistcnine. Surface 
NIS Circultlr Or'dY Entire Convex Smooth Surface 
NIS~h Circular White Entire Convex Smooth Surface 
N I S~ Circular Pak )'1:1 low Irre,l(ular Convex Smooth Surface 
NI S~ Circular White Entire Raised Glislenin fi, Surface 

MIS 1• Circular Pale yellow Entire Convex Glistening Surface 

M IS I~ Circular Pink Enti re Raised Glisteninl!. Surface 
MIS 1• Ci rcular Pink Irrcltular Flat Smooth Surface 
MIS7• Circular Cre-.uny Entire Com'ex Smooth Surface 
MIS7~ Circular Ydlow Entin: Convl."X Smooth Sur ace 
MIS,- Circular Pink Entire Convex Gl isleninlt Surface 
M I S1~ Circular Colorless Entire Flal 0lislenin2 Surface 
MIS,. Circular Urown Entire Flat Smooth Surfacl: 
MIS4a Circular Rcd Entire Flat Smooth Surface 
M1S oII> Circu lar Colorless Entire Flat Smooth Surface 
MIS1 Circu lar IJrown Entire Flat Smooth Surface 
MIS!~ Circular Pink Irre,ll.ular Flat Smooth Surface 

SIS la Circular Colorless Enlire Convex Glistening Surface 

SISlb Circular Colorless Ent ire Convex Glisteninp, Surface 
SIS2a Circular Cream,' Entire Convex Smooth Surface 
SIS2b , , , , 

" 
, 

SIS3a Circular Pinl:: Entire Flat Smooth Surface 
SISJb Circular Creamy Entire Convex Smooth Surface 
SIS4a Circular White Entire Convex Glistenin\! Sur ace 
SIS4b Circular Yellow Entire Convex Glisteni n2 Surface 
SISSa Circular Purpl e Entire Flat Smooth Surface 
SISSb Circular Creamy Entire Convcx Smooth Surface 

S, ircular Yellow Entire Flat koulI.h Sur ace 
TISJ~ , , , , , Surface 
TIS,. , , , , , Surface 
T IS", Circular Yellow Enlirl: Flat Glistl:nin Surface 

TIS, . , Circular Yellow Entire Flat Smooth Surfacc 
TIS~{r~\ , , , , , , 
TIS~ , , , , , Surface 
TIS'h Circular Yellow Entire Flat Glisteninlil Surface 

X" No growth, NMS= Nutrient Agar Mucus Sample. MMS= MacConke)' Agar Mucus Sample. SMS= 

Sa/mOlfd/a- SlJige/fo Agar Mucus Sample. TMSz. Tllio Sulfide Citratl' Bile salts Sucrose Agar MuclIs 

Sumple. 
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According to the table no. 9 from the intestinc of Opcn Water Tilapia -

Total strains were 42 and growths were not found in 6 strains, growths were 

observed in 36 stra ins. 35 circular colonies and J irregular colony were shown. 

Colonies of different colors were chosen such as creamy, ye llow, red, pale 

yellow, pink, white, purple, brown, colorless and gray.32 colonies showed enti re 

margin, 3 irregular margins and 1 colony showed wldulate margin. 19 colonies 

showed convex surface elevation, 14 colonies showed flat surface elevation and 

3colonies showed raised elevation. 21 colonies showed smooth surface, I 

showed rough surface and 14 colonies showed glistening surface .AII growth 

were observed on agar surface. 

55 



^  ^

Table-IO: Morphological characteristics of bacterial cells isolated from the 

intestine of Open water Tilapia (Oreoc/rromis "i/OtiCI/!),) grown on different culture 

media (Nutrient. MacConkey, S5 and Te BS) 

Strain 

NIS" 
NIS 
NJ: 

Nil 

i 
NI 
NI ' 

N] ' " 

MIS, 
MI' 

~ 
MI 
MIS 

MIS, ,, 
MIS,_ 

MIS~ 

" SIS, 

1--=1 

I 
'IS, 

I'IS" 

C",m 

-
-
-
-

--±-

-
-
+ 

-
-
-

-=-

-
-

-
-
x 
-

-
-

-, 
x 
-

x 
x 
-

Rod 
Rod 
Rod 

Rod 

Sh"" cod 
Rod 
Rod 
Rod 
Rod 

Rod 
Rod 
Rod 

Rod 
Rod , 
Rod 

Short cod 
R~ 

R~ 

Rod , 
, 

Rod 

x 
x 

Rod 

A 

Arrangement 

I ;, ,m," ,h,;, 
I in s;njt1c and pair 

1;,10", , h,;o 
I in :' i I 

i I :andpa;r 
I in ! incle and pair 

I ;"h,;, 
I in :,in i lC and pair 
Ii, ,.i"," "d pa;' 

i .i 

I ;n~; Jpair , ;, ,m," ,h,io 
i I :andpair 
Ii, ,h,;o f<><m 

I in sin~lc lind pair 
I I i 
i ,i : and pair 

lin ~i I pair 
I I I : pair 

I in sing le and pair 

I I i 

I I :I pair 
I ;n sin!.th: and pai r , 
l in!1 >a~r 

I ;n Ion I/. chain 
iii I 

I in sin!l,lc and pair 
x 

I I 1 I 

i ,i , 
x 

I in ~ i 

x = No gro .... th. NMS: NUlrient Agar hllICl/,f Sumple. MM8=- MacConkey Agar Mucus Sample. SMS= 

Salmo"ella~ Shigella Agar Mucu~' Sample. TMS= ThiQ Sulfate Citrate Bile ,faits Suero}'e Agar Mucu}' 

Sample. 
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According to table no 10 from the intestine of Open Water Tilapia-

Total strains were 42. But growths were observed in 36 strains and no growth 

found in 6 strains. All of them, 31 iso lates we re rod, 4 were short rod 

and I was coccus. Out of 36, 35 iso lates were Gram negative and 1 was gram 

posi ti ve. Among them 26 were a rranged in s ingle and pa ir , 2 were long 

cha in , 1 was s in gle ee l 1, 2 were long chain, 4 were small chain and 1 was 

arranged in scattered [on11 . 

Table-I I: Biochemical characteristics of gram negative bacterial cells isolated 

from the intestine of Open Water Tilapia (Oreochromis "iloticlIs) grown on 

different media (MacConkey. SS and TCBS) 

Stain 
G ram 

Slant Butt C .. Motility Indole Urease C atalase Oxidase Isolates 
reaction 

MIS t - K A - + + - + + f'lcsimonas 
M I St~ - A A + + - - + - £ .coli 
MIS - A A + + - - + - £ lIlerohat.'ler 
MIS" - K A - + + - + + Pselidomon{l.l· 
M I S,~ - A A - - - - - - Uni dentified 
MIS1 - K A + + + - + + Aeromomls 
MISn• - K A - + + - + - Pseudomonas 
MIS} - K A + + + - + + Aeromol/us 
MIS - A A + + - - + - E.coli 
M IS~h - K A - + + - + + P~·eudomOIlUS 

MI S,. - K A - - - + + - rersillia 
MIS\~ - K A + + - - + - Enlerobacler 

SIS - K A - - - - + - Shi~ella 

SIS Ih - K A + + - - + - Salmolle l/a 
SIS,. - K A + + - - + - !X,/m ollella 
SIS' h x x X x x x x x x X 

SIS1• - A A - - - - + + Unidenti fied 
SIS\ - K A - - - - + - SlIiwlla 
SiS .... - K A - - - - + - Shi ella 
S I S~h - K A + - + + + - Unidenti fied 
SIS •• - A A + + - - + - Unidentified 
S J S~~ - K A + + - - + - Salmolle lla 

TI S - K A - + + - + + Vibrio 
TI S I~ x x X x x x x x x x 
T IS, x x x x x X x x x X 

T IS'h - K A - + + - + + Vibrio 
TIS" _hi - K A - + + - + + VibriQ 
TI S-li.+h x x , x x x x x , x 

TIS x x x x x x x x x X 

T IS1h - K A - + + - + + Vibrio 

x = No groHl,h . MMS= Macemlke), Agar Mucus Sample. SMS= Salmonella- Shigella Agar MUCUl' 
Sumple. TMS= Thio Sulfate Cilrale Bile soilS Sucrose Agur Mucus Sample. II = A 'kolint~ (red) 
reuelioll , A - A ci(/ic (ydlo",) reaction. + - POl·;tive reuct;on_ - = Negutil't! rcul:lion 
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According to table no II from the intestine of Open Water Tilapia -

Total stra ins were 32.Growth was observed in 26 strains and growths were not 

found in 6 strains. KlA test indicated that oul of 26 strains. 6 strains gave 

positive results for both glucose and lactose fermentation. The strains produced 

ac id from both glucose and lactose so that both the butt and slant turned yellow. 

20 strains fermented glucose but not lactose. So the butt turned into yellow but 

the slant remained red. Out of 26 strains, 12 produced gases which were 

observed by formation of bubbles in the media and 14 strains were not produced 

gas. 

MJU test indicated that out of26 strains, 19 were motile and 7 were non- motile. 

lodole test were positive for 12 rods and 14 strains were not positive for lodole 

test. These were indicating by red color of the strips which were impregnated 

with Kovac' s reagent and were attached to the top of the tube. Among the strains 

only 2 showed urease activity. Urease activ ity was indicating by a red color in 

the MIU medium. The red color occurs when urea is hydrolyzed causing an 

alkaline pH. 

Catalase Test: All the isolates having rod shape were rod catalase positive. 

Fonnation of the bubbles after addition of H20 2 solution on the smears of fresh 

culture indicated the presence of catalase. 

Oxidase Test: While carrying out the oxidase test, in the filter paper 2-3 drops 

of oxidase reagent was placed and then the fresh culture was smeared. Out of 26 

gram negative rods, II were oxidase positive and 15 were negative. Positive 

reaction was indicated by the appearance of the dark purple color on the filter 

paper within 10 seconds. 
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Table-12: C ultu ral characteristics of bacterial cells isolated from mucus of 

Cultured Tilapia (Oreocllromis "i1oliL'lIs) grown on different culture media 

(Nutrient, MacConkey. SS and TCSS) 

St rain 
Colony 

Color Margin Elevation Surface 
Growt h 

shaDe on Aear 
NMS 1• Circular Creamy Undulate Convex Smooth Surface 
NMSI ~ Circular Purple Entire Convex Dev Surface 
NMS,. C ircular Creamy Entire Convex Smooth Surface 
NMS,~ x x X x x X 

NMS3• Circular 
Pale 

Undu late Raised Smooth Surface 
vell ow 

NMS1h Ci rcular Creamv Entire Convex Powdery Surface 
NMS4 Circular White Entire Flat x Surface 

NMS~h x x X x Smooth x 
NMS~ x x x x G listenine x 
NMSI~ C ircular Purple 'Entire Convex Smooth Surface 

MMS Ci rcular Creamy Undulate Flat Smooth Surface 

MMS" Circular White Entire Convex Smooth Surface 
MMSh x x X x x x 
MMS]~ Circular Purole Entire Convex Roueh Surface 
MMs Jo x x X x x X 

MMS3b Circular 
Pale 

Entire Convex Smooth Surface 
ye ll ow 

MMS Circular Creamv Entire Convex Smooth Surface 
MMS4h x x X x x X 

MMS1 X X X X X X 

MMS~h Circular Creamy Entire Raised Dev Surface 

SMS 1• Circular Purp le Entire Convex Smooth Surface 
SMS \h x x X x x X 

SMS,. Circular Creamy Entire Convex Smooth Surface 
SMS]h Ci rcu lar PUlJ)le Entire Convex Smooth Surface 
SMS J• Circular Pink Entire Flat Smooth Surface 
SMS 1~ x x X x x x 
SMS x x x x x X 

SMS4h Circu lar Creamy Entire Flat Dey Surface 
SMS1• Circular Creamv Undulate Convex Dey Surface 
SMS1h Circul ar Pi nk Entire Convex Smooth Surface 

TMS""rh' x x x x x X 

TMS'f.,l,l X X X X X X 

TMS1r ... 1>I X X X X X X 

TMSlIl' ~ X X X X X X 

TMSv •h\ x x X x x x 

x == No groWlh. NMS= Nutrient Agar Mucus Sample. MMS= MucConkey Agur MU('U,f Sumple. SMS= 
SulmOlrellu- Shigellu Agur Mucu~' Sumple. TMS= Thio Sulfate Citrate Bile sa/t.v Sucrou Agur Mucus 
SlImp/e. 
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According to the table no. 12 from mucus of Cultured TUapia -

Total strains were 40 and no growths were found in 20 strains. 20 circular 

colonies were shown. Colonies of d ifferent colors were chosen such as creamy. 

pale yellow, white. pink and purple. 16 colonies showed entire margin and 4 

colonies showed undulate margin. 14 colon ies showed convex elevation, 4 

colonies showed flat elevation and 2 colonies showed raised elevation. 14 

colonies showed smooth surface, 1 showed rough surface and 4 showed dry 

surface, 1 showed powdery surface and 1 showed glistening surface .A II growth 

were observed on agar surface. 

60 



^  ^

Table-l3: Morphological characleristics of baclerial cells isola ted from mucus of 

Cultured Ti lapia (Oreochrom;s niloticus) grown on differenl culture media 

(Nutrient, MacConkey, SS a nd TCBS) 

Strain 
GrAm 

Shape Arra ngement 
reaction 

NMS •• · Rod Arram.'!ed in s ine:le and oaiT 
NMS lh · Rod Arran f,!ed in sin ~le cell 
NMS}a · Rod Arranged in long chai n 
NMS1h x x x 
NMS •• · Short rod A rraneed in small chain 
NMS'h · Rod Arranc:ed in [one: chain 
NMS •• · Rod Arraneed in s in gle and pair 
NMS x x x 
NMSsl X X X 

NMS<h · Rod Arranf~ed in s inele cell 

MMS lo · Rod Arranged in long chain 
MMS ll! · Rod Arran ,cd in s ineJc and oair 
MMS}o x x X 

MMS2h · Short rod A rraneed in small chain 
MMS. x x x 
MMSlh · Rod Arran 'cd in sinl\le cell 
MMS ..... x x x 
MMS~h · Short rod ArranQed in small chain 
MMS<. x x x 
MMS~ · Rod Arranecd in sinele and oair 

SMS1• x x X 

SMS 1 , · Rod Arranaed in sin ele cell 
SMS1• · Rod Arranl!ed in lon' chain 
SMS1h · Rod Arranccd in sin glc and oair 
SMSJ · Rod Arranged in s ingle cell 
SMS' h x x X 

SMS .. x x x 
SMS h · Short rod Arran 'cd in small chain 
SMSja · Rod Arranged in single and pair 
SMS~ · Short rod Arranc:ed in s ineJe cell 

TMS uo.'hI x x X 

TMSu •• t,\ X X X 

TMS1/ •• h\ X X X 

TMSila .... , X X X 

TMS~(.- hI x x x 

X "" No groll'1h. NMS= Nutrient Agar Mucus Sample. MMS= MacConkey Agar Mucus Sample. SMS= 
Su/nwnellu· Shigellu Agur Mucus Sample. TMS= Thio SuI/aIl.' Citrate Bile salts Sucrm>'f! Agar Mucu)' 
Sumple. 
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According to table no 13 from mucus of C ultured Tilapia-

Total strains were 40. But growths were observed in 20 strains and no growLh 

found in 20 strains. All of lhem, 15 iso lates were rod and gram negative and 

5 were short rod and gram nega ti ve. Among them 6 were arranged in sing le 

and pair, 4 were in small chain, 4 were long chain and 6 were single ce ll . 

Tablc-14: Biochemical characteristics of gram negative bacterial cells isolated 

from mucus of Culturet.l Tilapia (Oreoc"romi.~ nilo/icll.\") grown on different 

media (MacConkcy, 58 a nd TCBS*) 

Sta in ,~';;:" Slant Hull GIl~ Motility Indole' Ur C':ilSe' Clii talau Ox.idau bohlttcS 

-- - - • - E.,"1i 
MMS - K A - - - - • - i i 

MMS - A . A + - • - + -

, 
A. - + • - • + 

+ - + + 

+ 
i 

SM K A + + + - + • I 

~ - A A + + -

x = No growth · TI~I~'=- Thio Sulfate Citrate Bill! salts Sucrost' Agar Mucus Sample. no growth was 
obsearved • MMS= MacCOnkej' Ilgar Mucus Sample. SMS= Saimonella- Shigdla Agar Mu cus 
Sample K = A lkaline (reli) reaction. A= Acidic ()'ellolt~ rt'aclioll . + .. Positil't' reaction. - = Negatil'l! 
reaction 

According to table no 14 from mucus of Cultured Tilapia -

Tolal strains were 20.Growth was observed in 13strains and growths were not 

found in 7 stTains. KIA test indicated that out of 13 strains, 6 strains gave 

positive results for both glucose and lactose fe rmentation. The strains produced 

acid from both glucose and lactose so that both the bun and slant turned ye llow. 

62 



7 strains fermented glucose but not lactose. So the butt turned into ye llow but the 

slant remained red. Out of 13 stra ins, 9 produced gases which were observed by 

f07'i'i'ia tion of bubbles in the media and 4 were not produced gas. 

M ru test indicated that out of J3 strains, 10 strains were motile and 3 were non­

motil e. lodo le test were pos it ive fo r 7 rods and 6 were indole negati ve . These 

were indicating by red color of the strips which we re impregnated wi th Kovac's 

reagent and were attached to the top of the lube . Among the strains only I 

showed urease acti vity. Urease acti vity was indicating by a red co lor in the MJ U 

medium . The red color occurs when urea is hydrolyzed causing an alkaline pll . 

Cata lase Test: All the iso lates hav ing rod shape we re rod catalase pos iti ve. 

Formation o f the bubbles a fter addition of HzOz so lution on the smears of fresh 

culture indicated the presence of cata lase. 

Oxidase Test: 

While carrying out the oxidase test, in the filter pa per 2-3 drops of oxidase 

reagent was placed and then the fresh culture was smeared. O ut of 13 gram 

negative rods, 5 were oxidase pos itive and 8were negati ve. Pos itive reaction was 

indicated by the appearance o f the dark purple color on the filler paper w ithin 10 

seconds. 
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According to table DO 15 from intestine of Cultured Tilapia-

Total strain was 40 and no growth was found in 19 strains. 19 circular colonies 

and 2 irregular colonies are shown. Colonies of different colors were chosen 

such as creamy, yellow, pale yellow, pink, white and purple .18 colonies showed 

entire margin, and 3 colonies showed undulate margin. 16 colonies showed 

convex elevation, 3 colonies showed nat elevation and 2 colonies showed raised 

elevation. 14 colonies showed smooth surface, J showed rough surface and 4 

showed dry surface, J showed powdery surface and 1 showed glistening surface 

.AII growth was observed on agar surface. 
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Stain 

:MIS;: 
I MIS ,. 

j ' 
~ 
MI: 

MIS" 
MIS,. 

~ 
ISIS;: 
, SlS_. 

tilt" 
~ 
I Sl S,~ 
I SI S,. 

According to table no 16 from the intestine of Cultured Tilapia-

Total strains were 40. But growth was observed in 2 1 strains and no growth 

found in 19 strains. All of them, 15 isolates were rod and were gram 

negative. 5 were short rod and gram negative, 1 was coccus and gram 

positive. Among them 6 were arranged in s ingle and pair, 5 we re In 

s ingle ce ll . 5 were smal l chain, 4 were long chain and I was arranged 

scatlered foml. 

Table-17: Biochemical characteristics of gram negative bacferial cells isolated 

from the intestine of Cultured Tilapia (Oreoc:l,romis "i/oticlIs) grown on differen 

media (MacConkcy, SS and TCBS·). 

Gram 
reactio Slant Bult C .. Motility Indole Urease Ca talase Otidase 

" --:- K A , x x , X X x 

Isolates 

- K A - + + - + + Plesiomon(ls 
A A + + - - + - I "" oli , , x X " X 

- + -
K A + - + + 
A A 

- K A - + + - + + 
X , , x , , x 

x , , , x , x x x 
- + -

K A 
x x x x x x , x x 
- K A - - - - + -

x x x x x x x x 
- + + + -

A 
x , x x 

- K A + + + - + + 

x = No groN'th , MMS= MucConk~' Agar Intestine Sample. SMS= Sulmonella- Shigella Agar Agar 
Intestine Sample. K = Alkaline (red) reoc:f;on , A = Addie (vel/ow) reaction, + = Positive 
r eQ('tion, - = Negulh'e reaction, • No growlII W(U o bserl'ed ill TeBS · agar. 

According 10 table no 17 from intestine of Cultured Tilapia-

Total strain was 20.Growth was observed in 13 strains and growth was not 

found in 7 strains. KlA test indicate that out of 13 strains, 4 strains gave positive 
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results for both glucose and lactose fennentation. The strains produced acid from 

both glucose and lactose so that both the butt and slant turned yellow. 9strains 

fennented g lucose but nol lactose. So the butt turned into ye llow but the slant 

remained red. Out of 13strains, 7 produced gas which was observed by 

formation of bubbles in the media and 6 not produced gas. 

MIU test indicated that out of 13 strains, 6 were motile and 7 were non- motile. 

lodole test were positive for 8 rods and 5 were indole negative. These were 

indicating by red color of the strips which were impregnated with Kovac 's 

reagent and were attached to the top of the tube. Among the strains only I 

showed urease activity. Urease acti vity was indicating by a red color in the MIU 

medium. The red color occurs when urea is hydrolyzed causing an alkaline pH. 

Catalase Test: Out of 13 strains, I isolates was unidentified, that showed 

negative catalase. All other isolates having rod shape were rod catalase positive. 

Fonnation of the bubbles after addition of I-h02 solution on the smears of fresh 

culture indicated the presence of catalase. 

Oxidase Test: 

While carrying alit the oxidase test, in the filter paper 2-3 drops of oxidase 

reagent was placed and then the fresh culture was smeared. Out of 13 gram 

negative rods, 4 were oxidase positive and 9 were negative. Positive reaction 

was indicated by the appearance of the dark purple color on the filter paper 

within 10 seconds. 
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TabI1. .... 18: Comparative analysis of bacterial present in mucus and intestine of 

both Open water and cultured fish : 

Name of the Mucus Intestine 
bacteria 

Opcn Water Culture Open Water Culture 
Shift.ella + - + + 
Salmonella + - + + 
Pseudomonas + + + + 
PlesiommlOs + + + + 
Aeromonas + + + + 
Klebseilla + + + + 
E.coli + + + + 
Vibrio + - + -
Yersinia + - + -
Enrerobacler + - + -

+= Presence, - = A bsem:e 

From the table no 18, it was observed that in mucus and intest ine of Open Water 

fish Shigella, Salmonella, Pseudomonas, Plesiomonas, Aerumonas, Klebseilla, 

E.coli, Vibrio, Yersinia, Emerubacler were present while in case of mucus of 

cultured fish Vibriu, Yersinia. Emerobacler were absent and in intestine of 

cultured fish Vibrio, Yersinia. Enlerobacler. , Klebseilla were absent . 

Table-19: Total bacterial count of the rearing water samplcs of the Open Water 

(Lake) grown on Nutrient and MacConky agar 

Water sample Nutrient Average MacConkeyagar Average 
a1!'arfcfu/ml) (cfu/~) (cfu/ml) (cfu/ml) 

Sample I 1.2 x 10J 1.1 x 10J 

Sample 2 1.9 x l0~ 
1.75x 10> 

0.9 x 10J 
0.96 x lOs 

Sample3 2. 16 x W 0.9x 10' 

Thc total viable bacterial count in the reanng water samples of Open Water 

Tilapia (lake) on Nutrient and MacConkey agar were presented in table no 19. 

From the table on Nutrient agar the average bacterial counts were 1.75 x lOs 

(cfu/ml) where on MacConkey agar the bacterial counts were 0.96 x lOs 

(cfu/ml). 
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T a ble-20: Total bacteria l count of the rearing water samples of the Cultured Pond 

grown on Nutrient and MacCoDky agar 

Water Nutrient Average MacConkey Average 

Sample Agar(cfu/ml) (cfu/ml) Agar(cfu/ml) (cfu/ml) 

Sumple I 1.50x I 0 1.40x I O' 

Sample 1 2.2 5x I O~ 1.45x104 I.SOx 1 O~ 1.I 2x lO4 

Sample 3 O .7xlO~ O .7x I O~ 

The total viab le bacteria l count in the rearing water samples of the pond 

(cultured) on Nutrient and MacConkey agar were presented in tab le no 20. From 

the tab le 20 on Nutrient agar the average bacteri al counts were 1.45 x 

104(cfu/m l) where on MacConkey agar the bacteri al counts were 1.10 x 124 

(cfulml). 
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Table -2 1: Tolal bacterial coun t of the rea ring wate r samples of Cultu red Pond 

a nd Open Water (Lake) grown on Nutrient a nd MacConkey aga r. 

Type of water Nutrient MacConkcy 

Agar(cfu/ml) Agar(cfu/ml) 

Pond 1.45 x 1 0~ 1.1 2 x 104 

Open Water 1.75 x 10) 0.96 < 10' 

(Lake) 

The tota l viab le bacteri al count in the rearing water samples of the Cultured 

Pond and Open Water (lake) on Nutrient and MacConkey agar is presented in 

tab le no 2 1. From the tab le 2 1 on Nutrient agar the average bacteria l counts were 

1.45 x 104(cfu/ml) where on MacConkey agar the bacteri a l counts were 1.1 2 x 

104 (cfu/ml).On Nutrient agar the average bacteria l counts were 1. 75 x 

1O'\cfu/ml ) where on MacConkey agar the bacterial counts were 0.96x lOs 

(cfu/ml ). 
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Figure 2: Comparison Tota l bacterial counts (cfu/ml) of the rea r ing wa ter samph.-s 
of C ultured Pond and Open Water (Lake) grown on Nu tri en t a nd MacConkey 
agar 
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Tabh.."-22: Cultural characteristics of bacterial cells isolated from the rearing 

water samples of Open Water (lake) grown on different culture media (Nutrient, 

MacConkey, SS and TCBS). 

Strain 
Colony 

C olour Margin Elevation Surrace 
Growth on 

shape Agar 

NWSh Circular Creamy Entire Convex Smooth Surface 
NWS ,~ Circular Creamy Enlire Flat Glistenin ' Surface 
NWS~. Circular Purpl e Entire Convex Glistenin l? Surface 
NWS1~ Circu lar Pink Entire Convex Smooth Surface 
NWSJ Circu lar Creamy Entire Raised Smooth Surface 
NWS1~ Ci rcular Li r> htCreamy Entire Convex Glisteninl!. Surface 
NWS,. Circular Pink Entire Flat Glistenin' Surface 

MWS j Circular Pink Irre~ul ar Flat Smooth Surface 
MWS l b Circular Creamy Enlire Convex Smooth Surface 
MWS7• Circular Colourless Enlire Flat Dry Surface 
MWS}h Circular Creamy Enti re Convex D", Surface 
MWS1~ Circular Creamy Entire Convex D'Y Surface 
MWS,. Ci rcular Pink Entire Raised Smoolh Surface 
MWSJb Circular Pale Vellow Entire Convex Smooth Surface 

SWSI~ Circular Creamy Entire Convex Powdery Surface 
SWS lh Circular Creamy Entire Fla t PowderY Surface 
SWS~ Circular Colourless Entire Fla t Smooth Surface 
SWS2h Circular Creamy Entire Convex Smooth Surface 
SWS.1 Circular Colourless Entire Convex Smooth Surface 
SWSlh x x X x x X 

T WS lo Circular Ye llow Enlire Flat Smooth Surface 
TWS, Circular Yellow Entire Flat Smooth Surface 
TWS"o- x x x x x X 

TWS1. Circular Yellow Entire Flat Smooth Surface 
TWSlh x x X x x x 

x '= No growth, N il's.=. Nutrient Agur Wuter Sample, Mil'S: MocConkey Agur Wuter Sample, 

S'~ Sa/mone/fa- Shigellu Agar Water SamfJ/~, Til's.=. Thio Su/fale CilrUle Bile salts Sucrosl! .'Igur 

Water Sumple. 

According to table No 22, from the rearing water samples of Open Water 

(lake) on -

Total strains were 26. Growths were observed in 22 strains and growths were not 

found in 4 strains. 22 circular colonies were shown. Colonies of different colors 

were chosen such as light creamy, creamy yellow, pale ye llow. pink, white, 
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colorless and purple ,2 1 colonies showed entire margm, and Icolony showed 

irregular margin, II colonies showed convex surface elevation, 9 colonies 

showed flat surface elevation and 2 colonies showed raised elevation, 13 

colonies showed smooth surface, 3 showed dry surface, 2 showed powdery 

surface and 4 showed glistening surface ,A ll growth were observed on agar 

surface, 

Table-23: Morphologi cal characteristics of bacttrial cells isolatcd from the 

rearing water samples of Open Water (lake) g rown on different culturt media 

(Nutrient, MacC onkey, SS a nd TenS) 

Stra in 
Gram 

Shape ArrAngement 
reaclion 

NWS 1 - Rod Arran ·cd in sin >Ie cell 
NWS U! - Rod Arranl!ed in lonl! chain 
NWS1• - Rod Arra",~ed in small chain 
NWS'h - Rod Arranl!ed in Ion!! chain 
NWS,!t - Short rod Arranl!ed in small chain 
NWS 'h - Rod Arranl:ed in Ion I: chain 
NWS,c - Rod Arranged in sinl.!le and pair 

MWS 1• - Rod Arranl.!ed in single and pair 

MWSJ~ - Short Rod A rranged in small chain 
MWSh - Rod A rranl:cd in lone. chain 
MWS", - Short Rod Arranlted in small chain 
MWS", - Short Rod Arranc;cd in small chain 
MWS,. - Rod Arranf!ed in sin.le cell 
MWSJ - Rod Arranlled in s in gle and pair 

SWS,. - Rod Arrangcd in singlc and pair 
SWS lh - Rod Arran~cd in chain 
SWSJ • - Rod Arran!!ed in chain 
SWS", - Rod Arran!!cd in chain 
SWS1 - Rod Arranc:ed in s in ·Ie and pair 
SWS;h X , , 
TWS 1• - Curved Rod Arran Jed in s inc:le and pair 
TWSlli - Curved Rod Arranlloo in sinl!le and pair 
TWS }I +1>1 , , , 
TWS,~ - Curved Rod Arranged in single and pair 
TWS_lt> , , , 

X" No growth. NWS=- Nulrient Agar Water Sample. MWS= MacConkq Agar Waler Sample. 

SWS=- Salmonella- Shigella Agar Wafer Sample. TWS=- Thin Sul/Olt' Cilrole Bill' .\'afls Sucro)'e Agar 

Water Sample. 
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Accord ing to tab le no 23 from the rearing water samples of Open Water 

(lake) -

Total strains were 26. But growth were observed in 22 strains and growth not 

found in 4 strains. All of them, 16 isolates were rod and gram negat ive and 3 

were short rod and gram negali ve.3 were curved rod and grain negat ive. 

Among them 10 were arranged in single and pair, 4 were in small chain, 4 

were long chain, 3 were chain, 1 was short chain, 2 were in single cell . 

Table-24: Biochemical charlleled slies of gram negat ive bacterial cells isolated from the 

Rearing water samples of Open Wate r (lake) grown on differe nt mediaMacCo nkey, SS 

a nd TeBS) 

Gram 
Stain reaction Slant Butt C .. Moti li ty I ndol~ Un 'an Catala5~ OIida5~ Isolates 

MWS I 8 - A A + + - - + - Enlerobacler 

MWS lb - A A + - + + + - Klebsiei1a 
MWs] - K A - + + - + + Pseudomonas 
MWS] - K A + + + - + + AeromuntlS 
MWS] - K A - - - + + - Yers;nia 
MWS,. - A A + + - - + - E. coli 
MWS,. - K A - + + - + + Plesiomonas 

SWS la - K A + + - - + - Salmonella 
SWS lh - K K - - + + - - Un idenlified 
SWSh - K A - + + - + + Unidentified 
SWS]h - K A + + - - + - Salmonella 
SWS, - K A - - - - + - Shi 'ella 
SWS'h x x X x x x x x x X 

TWS 1 - K A - + + - + + Vibrio 
TWSlh - K A - + + - + + Vibrio 
TWS] .h x X X X X X X X X X 

TWS,. - K A - + + - + + Vibrio 
TWS 1h x x X x x x x x x x 

x = No growth, NWS= Nutrient Agar Water Sample. MWS= MacConkry Agar Water Sample,sWS= 

Sulmrmellu- Shigella Agur Wuter Sample. TWS= Thio Sulfate Citrate Bile sullS Sucrose Agar Water 

Sample. K = AII.:ulinc (red) reaction. A = Acidic (J'el/ow) reuction, + ., Positil'c reaction, 

_ z: Negatil'" reaction 
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According to table no 24 from the rearing water samples of the lake -

Total strains were 19. Growths were observed in 15 strains and growths were not 

observed in 4 strains. KIA test indicated that out of 15 strains. 3 strains gave 

positive results for both glucose and lactose fermentation. The-strains produced 

acid from both glucose and lactose so that both the butt and slant turned yellow. 

12 stra ins fe rmented glucose but not lactose. So the butt turned into yellow but 

the slant remained red. Out of 15 strains. 6 produced gases which were observed 

by formation of bubbles in the media. 9 strains were not produced gas. 

MIU test indicated that out of 15 strains, 9 strains were moti le and 6 were non­

motile. lodole test were positive for 12 rods. These were indicating by red color 

of the strips which were impregnated with Kovac's reagent and were attached to 

the top of the tube. 3 strains were non motile. Among the strains 2 showed 

urease activity. Urease activity was indicating by a red color in the MJU 

medium. The red color occurs when urea is hydrolyzed causing an alkaline pH. 

Catalase Test: Out of 14 strains, 13 were showed positive catalase test.Only I 

stra in was showed negat ive catalase test. All other isolates having rod shape 

were rod catalase positive. Formation of the bubbles after addition of H20 2 

solution on the smears of fresh culture indicated the presence of catalase. 

Oxidase Test: 

While carrying out the ox idase lest, in the filter paper 2-3 drops of oxidase 

reagent was placed and then the fresh culture was smeared. Out of 15 gram 

negative rods, 6 were oxidase positive and 9 were negative. Posilive reaction 

was indicated by the appearance of the dark purple color on the filter paper 

within 10 seconds. 
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Table-2S: Cultural characteristics of bacterial ce lls isolated from the rearing 

water Samples of the Cultured Pond grown on different culture media (Nutrient, 

MacConkcy, SS and TCSS) 

Stmin 
Colony Colour Margin Ele\'ation Surface 

G rowth on 
shape Agar 

NWS 11 Circular Creamv Entire Convex DN Surface 
NWS lh Circular Creamy Entire Flat Powdery Surface 
NWS,. Circular Purple Entire Convex Smooth Surface 
NWS", Circular Pink Entire Convex Smooth Surface 
NWS b Circular Creamy Entire Raised Smooth Surface 
NWS'h Circular Creamy Entire Convex Smooth Surface 

MWS 1A Circular White Entire Convex Smooth Surface 
MWS lli Circular ['urole Entire Raised Smooth Surface 
MWS11 Circular Cream", Ent ire Convex Smooth Surface 
MWS}h Circular Pink Entire Convex Smooth Surface 
MWS 1 Circular Yellow Enti re Convex Glistcnine Surface 
MWSTh x x X x x X 

SWS la Circular Pale oranee Entire Convex Glistenin' Surface 
SWSJ.l! x x X x x X 

SWS] X X X X X X 

SWS2b Circular Cream v Entire Convex Gtisleni'!lL Surface 
SWS, Irre2uJar Cream v Enlire Convex Gli stenin g Surface 
SWSJ~ Circular Creamy Entire Raised Glistenine Surface 

TWS 1 .1>\ x X X X X X 

TWS?I •• hl X X X X X X 

TWS 1i . 1.) X X X X X X 

.1" = No growth, NWS= Nutrient Agar Water Sample, Mil'S- MacConltq Agar Willer Sample. 

SWS"" Snlmondfa- Shigdfn Agar Water SlImple. Til'S: Thio Sulfate Citrate Bile salts Sucrose Agar 

Water Sumple. 

According to table No 25, from the rearing water samples of the Cu ltured 

Pond on -

Total strains were 24. Growths were observed in 15 strains and growths were 

not found in 9 strains. 14 circular colonies were shown. Colonies of di fferent 

colors were chosen such as creamy. ye llow, pale orange, pink, white and purple 

.1 5 colonies showed entire margin. II colonies showed convex elevation, I 

colony showed flat elevat ion and 3 colonies showed raised elevation. 8 colonies 
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showed smooth surface, I showed dry surface, I showed powdery surface and 5 

showed glistening surface .A II growth were observed on agar surface. 

Tabh..'-26: Morphologica l cha racteristics of bacterial cells iso lated fro m the rearin g 

water samples of the C ultured Pond g rown on diITerent culture media 

(N utrient,MacConkcy, SS and TCBS) 

Str'din 
G r am 

S hape Arrangem ent 
reaction 

NWS j - Rod Arran 'ed in s in ·Ie cell 
NWS 'h - Rod Arranecd in lone chain 
N WS,. - Rod Arranecd in small chain 
NWS", - Rod Arr31H:!cd in lone chain 
NWS - Short rod Arraneed in small chain 
NWS,,, - Rod Arranl!cd in lone chain 

MWS - Rod Arraneed in s inEle and oair 
MWSl h - Rod Arrane~d in s ingle and oair 
MWS - Rod Arrani!.cd in lon ' chain 
MWS]h - Rod Arrartecd in sin(!le cell 
MWS 1• - Rod A rranged in single cell 
MWS; x x X 

SWS 11 - Short rod A tranged in small chain 
S WS 11> x x X 

SWSz. x x x 
SWS - Rod Arranged in sinele and pair 
SWS; - Rod Arranged in lonl: chain 
SWS;h - Rod Arranef.'<i in s inele cell 

TWS1{ . ... 1 x x x 
TWS . , x x X 

TWS" ' I>, X X X 

x == No gro ll',h. NWS7> Nu,ri"nt Agar Walt'r Samp/'" MWS= MacConk~. Agar Wut"r Sumpl". 

SWS= Sulmonl'llu· Shigdlu Agar Wul,., Sampl". TWS- Thlo Sufjul,. CilrUI,. BiI,. suitt Sucrog Agar 

WOli'T Sumpl". 

According to table no 26 from the rearing water samples of the Cultured 

Pond -

Total strains were 24. But growths were observed in 15 strains and no growth 

found in 9 strains. All of them, 15 iso lates were gram negat ive bacteria l 

stra ins shown . Among those 13 were rod and 2 were short rod . Among 

77 



them 3 were arranged in single and pair, 3 were in small chain, 5 were 

arranged in long cha in and 4 were arranged in single cell. 

Table-27: Biochemical characteristics of gram negative bacterial isolated from the 

rearing water samplcs of Cultured Pond grown on different media (MacConkey, 

SS and TeBS' ) 

Stain Gr.lm Slant Bull Gil!; Motility Indole Urea.~t: Catal ase Oxidase lsolatt:s 
reaction 

MWS,• - A A + - + + + - Klebsiella 
MWS,h - K A - + + - + + P/esiomoll(lS 
MWS] - K A - + + + + + Unidenti led 
MWS'h - K A + + + - + + Aeromollas 
MWS,. - K A - + + - + + Pselldomomu 
MWS,h - K A + + - - + + E..col; 

SW S, - K A + + + - + + Unidentified 
SWS,h , , X , , x x x x , 
SWS] x ., x x x , x x x X 

SWS~b - K K + + - - + - Shigella 
SWS, - A A + + + + + + Unidentifi ed 
SW"S,h - K A + + - - + - Sa/mollella 

x : No growl" , NWS= NUlr; ,.."t Agar WUlerSumple, MWS= MucConkq Agar WUlerSample,sWS= 

Su/monella- Shigella Agar Watt'r Sample, TWS= T"io suI/urI' Cilrate Bill' salts Sucrosl! Agar Walcr 

Sample, K = Alkuline (red) reactiun, A : Acidic (yellow) reaction, + = Positive reuction, 

""No growlh M'US observed in TCBS · agar. 

According to tab le no 27 from the rearing water samples of Cu ltured Pond 

Total strains were 12 and growths were observed in 101 strains. KIA test 

indicated that out of 10 strains, 2 strains gave positive results for both glucose 

and lactose fermentation. The strains produced acid from both g lucose and 

lactose so that both the butt and slant turned yellow. 8 strains fermented glucose 

but not lac tose. So the bun turned into yellow but the slant remained red. Out of 

10 strains, 7 produced gases which were observed by formation of bubbles in the 

media and 3 were not produce gas. MI U test indicated that out of 10 strains, 9 

strains were motile and I was non- motile. lodole test were positive for 7 rods. 

These were indicating by red color of the strips which were impregnated with 

Kovac' s reagent and were attached to the top of the tube. Among the strains 3 
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showed urease activity. Urease activity was indicating by a red color in the MIU 

medium . The red color occurs when urea is hydrolyzed causing an alka line pH. 

Catalase Test: 

All the isolates having rod shape were rod catalase positive. Formation of the 

bubbles after addition of H20 2 solution on the smears of fresh culture indicated 

the presence of catalase. 

Oxidase Test: 

While carrying out the oxidase test , in the filler paper 2-3 drops of oxidase 

reagent was placed and then the fresh culture was smeared. Out of 10 gram 

negat ive rods, 6 were oxidase positive and 4 were negative. Positive reaction 

was indicated by the appearance of the dark purple color on the filter paper 

within 10 seconds. 

Table-28: Compa rative analysis of bacterial cells present in rearing water of Open 

Water (Lake) and Cultured Pond 

Name of the bacteria Rearing water 

Open Water(lake) Cultured Pond 

Shigella + -
Salmonella + -
P;scudumoflas + + 
Plesiomonas + + 
Aeromofills + + 
Klebseillll - -
E.coli + + 
Vibriu + -

Yersinia - -
EnterubuCler + -

+= Presellce, - ""'A bst!IlC.'t! 
From the table no 28, it were observed that in Open Water (lake) Salmonella, 

Shigella. E.coli,Plesiomonas,Pseudomonas, Aeromonas, Vibrio, Enterob,u:ler, 

were present and Klebseilla, Yersinia were absent .In rearing water sample of 
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Cultured Pond E.coli, Plesiumonul', Pseudumunas, Aerumunas, were present but 

Salmonella, Shigella, Klebseilla, Yersinia, Vibriu, Enlerohacler were absent. 

Ta ble-29: Different para meters of the rea ring watcr samples of Open Watre 
(Lake) and C ultured Pond 

Pa rameters Unit Lake Pond 
Temperature "C 30.4 28.93 

Dissolved ppm 5.76 7.24 
Ox,"en (DO) 

Biological Oxygen ppm 35.8 1.97 
demand (BOD) 

I' 6.92 6.94 

Source : "Pond Management" a publication of Gena Mar Supreme Tilapia Tht Inc. NOf\\lay. 
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Figure 3: Comparison of Different parameters of the rearing wa ter samples Opcn 
Water (Lakc) and Culturcd Pond 

The fi gure shows the compari son between different parameters of the rearing 

water samples of (lake) and Cultured Pond. From the study it was observed that 

though there were slight difference between Open Water (lake) and Cultured 

Pond water in tenns of temperature, pI! and DO level but BOD level of Open 
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Water (lake) were much higher than that of Cultured Pond water. The BOD of 

Open Water (Iakt:) was 35.8 ppm where in case of Cultured Pond water it was 

1.97ppm. 

Table-30: Bacteria l load in intesti ne a nd mucus of fis h a nd rearing water grown 
on different culture media 

Types of sample 

Cultured Intestine 

(Pond) Fish Mucus 

Water 

Open Intestine 
water Fish Mucus 
(Lake) 

Water 

-:-:-,- "" Gro""h more than I ii clujg 
++ "" Growth mor,. 'han IO'clu/g 
+ = Grow,h mort' 'han I ff clu/g 
- =Nogrowlh 

Nut r ient MacConkey Te BS SS 

+++ +++ - +-+ 
+++ +++ - -

+++ +++ - -

+++ +++ + +-+ 
+++ +++ + ++ 
+++ +++ + ++ 

From the table 30 no, for the all sample growth on NA, MacConkey is higher 

than on SS, Te SS. in case of cultured fish samples and pond water sample no 

growth shows on TeBS media Incase of cultured fish samples in mucus and 

pond water sample no growth was observed on SS media. 
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T~blc 31 : Total b~ctcrjaJ count of the selected fish feeds grown on Nut rient 

a nd MacConkey agar medi~ 

Sample Nutrient Agar Mac Conkey Agar 

(cfu/g) (cfu /g) 

Fish Feedt 1.75x 10" 1.65x 1 O~ 

Fish Feed 2 I.l x 10& 2.1 5x 10& 

From the Table 31 showed that average bacterial load of fish feed I grown on 

Nutrient agar and MacConkcy agar were 1.75x 109 and 1.65x108(cfu/g) 

respective ly where in case of fi sh feed 2 it were 1.1 x 108 and 2. 15x 1 08(cfulg) . 

2['09 

1 8E.09 

1.6E·09 

1.4['09 

1.2E·09 
~ -=> IE .09 
~ 

u 
80000000 

• Nut rtenl .ljl,lr 

60000000 
• MacConkev 

40000000 

20000000 

0 .. 
FC<'d 1 Feed :2 

Axis Tille 

Figure 4: Total bacterial counts (cful g) oflhe selected fish feeds grown on 

Nutrient and MacConkey agar media 
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Table 32: Composition of the selected fish feeds from locally available sources 

Ingredients Fish Feed . '" Fish Feed 2 ...... 

Rice bran 25 20 

Wheat bran 30 14 

Maize 15 30 

Mustard oil cake 10 15 

Meat and poul try Vi scera 15 15 

Vitamin and minera l premix 1 1.5 

Fish meal enzyme 0 0.5 

Salt 4 4 

Tolal 100 100 

· Pllwder jIJrm, .. Pelfe, jIJrm 

The composition of the selected two fish feeds collected from the loca ll y 

ava ilable sources were shown in table-32. Both the fi sh feeds were mainly 

consists of ri ce bran (%FF1=25% and F1= 20%), wheat bran (FFI=30% and FFl 

= 14%), Maize (FF1= 15% and FFl = 30%) and mustard oil cake (FF1= 10% and 

FFl = 15%). The amounts of meat and poultry viscera were same (15%) in both 

feeds. Both fi sh feeds contain vitamin and mineral premixes (%FF1= 1% and 

FF2= 1.5%), fi sh meal enzyme were only present in fi sh feed-2(FF2) at 0.5% 

leve l. 
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Table 33: Proximate composition (% dry matter) of the selected fish feeds 

Parameters Fish Feed 1 *( FF 1 ) Fish Feed 2**( FF2 ) 

Dry matter 91.26 87.26 

Protein 27.32 25.10 

Fat 3. 19 1.96 

Crude Fibre 16.75 15.76 

Ash 11.20 10.2 1 

Carbohydrate* 32.80 34.23 

Moisture 8.74 12.74 

*PIJ .... der /IJrm . .. Pelll!t/IJrm 

* Cli rboh}'drllles: IOIJ. ~ (MIJ;srure +PrlJfej" +"'141 + Crudefibu +Aslr) 

Table33 shows the proximate composition of the selected fi sh feeds. It was 

observed that fi sh feed-I (fF,l and fish feed-2(FF,l contains 87.26% and 91.26% 

dry matter respectively. Moisture content were higher in FFI (12.74%) compare 

to FF2 (8.74%). The other constituents were very similar to each other such as 

prote in 27.32%vcrses 25. 10%,fal 3 .19% verses l.96% and carbohydrate were 

32.80%verses 34.23% for FFI and FF2 . 

84 



Table-34: Cullura l characteristics ofbactcria l cells isolated from fish feed-l grown 

on different culture media (Nutrient, MacConkey, SS and TeBS) 

Sirain Colony Color Margin Surface Elevation G rowth on 
shape Agar 

NFFS h• Circular Creamy Entire Smooth Raised Surface 
NFFS II, Circular Yellow Entire Smooth Convex Surface 
NFFS l c Circular Wh ite Enti re Smooth and Convex Surface 

!!I isteni ng 

MFFS '1 Circular Purple Ent ire Smooth and Flat Surface 
glist enin~ 

MFFS l b Ci rcular Creamy Entire Smooth and Flat Surface 
c: lisleni ne 

MFFS lc Circular Pink Entire Smooth and Flat Surface 
glistening 

SFFS la Circular Yell ow Undu late Smooth Raised Surface 
SFFS It, Circular Black Ent ire Smooth and Flat Surface 

~Ii stenin l! 

SFFSJO Circular Pale pink Entire Smooth and Flat Surface 
glistenin,g 

TFFS 11 Circular Greeni sh Entire Smooth and Convex Surface 
gl isteninl! 

TFFS lb Irregu lar Ye llowish Undulate Smooth & Raised Surface 
l!: listenin l!: 

TFFSI~ Circular Greenish Ent ire Smooth and Convex Surface 
(! listenine 

N FFS,- Nutrient Agur Pish Feed Sumpld. MFFS,; l'tfucConkey Agur Fish FeedSample I . 

SFPS,- Salmonl!lIa- Shigella Agur Fish Feed Sumplel . TFFS,- Thio Sulfate Citrale Bile sal,s 

Sucrose Agar Fi.vh Feed Sump/I. 

According to table No 34 from the Fish Feed -J sample-

Total strains were 12. Growths were observed in a ll strains. II circular colonies 

were showed and 1 irregular colony was showed. Colonies of di ffe rent colors 

were chosen such as creamy, yellow, pale pink, pink, white, black, greenish, 

yellowish and purple .10 colonies showed entire margin, and 2 colonies showed 

undulate margin. 4 co lonies showed convex elevation, 5 colonies showed flat 

elevation and 3 colonies showed raised elevation. 3colonies showed smooth 

surface and 9 colonies showed smooth and glistening surface .AII growth were 

observed on agar surface. 
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Table 35: Morphological chllracteristics of bacteria isolated from fish feed-I grow 

on different media (Nutrient, MacConkey, SS and TCBS). 

Siruin Cram reaction Shane Arran 'ement 
NFFS 1• - Rod single cell 
NFFS lb + Coccus Scattered 
NFFS lo - Short rod singJe ce ll 

MFFS I • - Rod Sinilic chain 
MFFS lb - Rod Single and oair 
MFFS Ic - Rod LanA chain 

SFFS J• - Rod Single and pair 
SFFS l b - Rod Single and pair 
SFFS Ic - Rod Single and pair 

n:FSI ~ - Rod. coma SinAie cell 
TFFS It• - Rod.Coma Single and pair 
TFFS lo - Coma Single and pair 

NFFS/= Nutri~nl Agar Fish Feell Sample I. MFFS/= MacConkey Agar Fish FeedSamp/~ I. 

SFFS/"" Salmonella- Shigdla Agar Fish Feell Sampld. TFFS1- Thio SuI/ate Citrate Bill'salfl' 

SIICro.fe Agar Pi.fih ft.-cd Sampf /. 

According to tabl. no 35 from the Fish Feed -I sample of the cu ltured 

Tilapia -

Total strains were 12. Growths were observed in 12 strains. All of them, 

II isolates were gram negative bacterial strain shown. Among those 7 were 

rod , I was short rod , I was coma, I was coccus and 2 were rod , coma. 

Among them 6 were arranged in single and pair, 1 was in single chain. I was 

arranged in long chain, 3 were arranged in single cell and 1 was in scattered 

ce ll. 



Table 36: Biochemical characlerislics of baclerial cells isolated from fish feed-I 

grown on differenl media (Nutrienl, MacConkey, SS and TeBS 

St rain Gram Slant Butt C .. Motility Indole Urease catalase Oxidase Isolates 
Reaction 

NFFS ,• - K A + - + + + + Unidcntiticd 

NFFS l b + K A + - - - + - SJapllylococclIs 

NFFS - A A + + + - + - E.coli 

MFFS , - A A + + - - + - £ocoli 

MFFS , - A A + + - - + - E,coli 

MFFSJ ~ - A A + + - - + - £ocoli 

SFFS t • - K A + + - - + - Sf"mollella 

SFFS1 - K A - - - - + - Siligilla 

SFFS 1 • - K A - - - - + - Shigil/a 

TFFS h - K A - + + - + + Vibrio 

TFFS, ~ - K A - + + - + + Vibrio 

TFF 
" 

- K A - + + - + + Vibrio 

N FFS, : /Vutrient Agar Fish Feed Samplt' l. MFFSI': MucConkq Agar Fish Ft't!dSllmp!e , 

SFFS,: Sa!monella- Shigel/a Agar Fish Fel.'d Sumplel. TFFS, : Thio SuI/lilt' Citrate Bile saIls 

Sucrose Agar Fisl! Feed Sumpl I, K = Alkaline (red) re{Jction. A = Acidic 6'ellaw) reaction, + = 

Po,~i1h'e rt!actiml, - = /Vega,iI'I! rellctiOll, 

According to table no 36 from the fish Feed -I sample-

Total strains were 12 and growths were observed in all strains. KIA tes( 

indicated that out of 12 strains, 4 strains gave positive results for both glucose 

and lactose fermentation. The strains produced acid from both glucose and 

laclose so that both the butt and slant turned ye llow. 8 strains fermented glucose 

but not lactose. So the butt turned into ye llow but the slant remained red. Out of 

12 strains, 5 produced gas which was observed by formation of bubbles in the 

media. 

Mru lest indicated that out of 12 strains. 8 strains were motile and 4 were non­

motile. lodole test were positive for 6 rods. These were indicating by red color of 
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the str ips which were impregnated with Kovac's reagent and were attached to 

the top of the tube. Among the strains 2 showed urease activity. Urease activity 

was indicating by a red color in the MTU medium. The red color occurs when 

urea is hydrolyzed causing an alkaline pH. 

Catalase Test: 

II isolates having rod shape were rod catalase positive. Formation of the 

bubbles after addition of HzOz solution on the smears of fresh culture indicated 

the presence of catalase. 

Oxidase Test: 

While carrying out the oxidase test , in the filter paper 2-3 drops of oxidase 

reagent was placed and then the fresh culture was smeared. Out of J I gram 

negative rods, 2 were ox.idasc positive and 10 were negative. Positive reaction 

was indicated by the appearance of the dark purple color on the filter paper 

within 10 seconds. 
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Table-37: Cultura l characteristics of bacterial cells isolated from fish feed-2 grown 

on different culture media (Nutrient. MacConkey, SS and TeBS). 

Strain Colony Color Margin Surface Elevation Growth on 
s han~ Al!'ar 

NFFS} Irreuular Creamy Undulate Smooth Flat Surface 
NFFS.!b Circular White Entire Dey & Convex Surface 

DOwderv 
NFFSzc Circu lar White Entire Smooth & Flat Surface 

glistenin g 

MFFS21 C ircular Purple Entire Smooth and Flat Surface 
I?listenin~ 

MFFS2b Circular Creamy Entire Smooth and Flat Surface 
I! li steninu 

MFFS20 Circular Pink Entire Smooth and Flat Surface 
{!Iistenint.! 

SFFS1• C ircular Pale pink Entire Smooth and Flat Surface 
glistening 

SFFS1b C ircular Black Enti re Smooth and Flat Surface 
I?listcninl! 

SFFS20 Circul ar Creamy Enlire Smooth and Flat Surface 
glistenimr 

TFFS" Punctiform Yellow Entire Smooth and Convex Surface 
gli sleninc. 

TFFSb Punctiform Yell ow Entire Smooth and Flat Surface 
,ul istenin l! 

TFFS20 Irregular Yellow Undulate Smooth and Raised Surface 
l! listening 

NFFS]= Nutrient Agar Fish Feed Sample 2. MFFS:= MacCo"k~J' Agar Fish FeedSample 1. SFFS]= 

Su/mo"el/a- Shigel/u Agur Fish Fud Sumpld. TFFS]= Th;Q Sulfate Citrule Bile salls Sucrose Agur 

fish Feed Sumpl 1. 

According to table No 37 from the Fish Feed -2 samples-

Total strains were 12. Growths were observed in all strains. 8 circular colonies 

were shown. 2 colonies showed irregular in shape and 2 colonies showed 

punctiform in shape. Colonies ofdifTerent colors were chosen such as creamy. 

yel low, pale pink, white purple and black .1 Ocolonies showed entire margin, and 

2colonies showed undulate margin. 2 colonies showed convex elevation, 9 

colonies showed flat elevat ion and I colony showed raised elevation. 24 colonies 
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showed smooth surface, showed rough surface and 7colonies showed 

gli stening surface .AII growth were observed on agar surface. 

Table 38: Mo r phologica l characleristics of bacte ria isolated from fish feed-2 

grown on d iffe renl media (Nutrient, MacConkcy. SS and TCBS) 

SIr-tin G ram reaction Shane Arranpement 
NFFS1 - Rod Long chain 
NFFS lh - Rod Lone. chain 
NFFS?c - Coccus Sinj;!Je and oair 

MFFS la - Rod Sin l! le chain 
MFFS]h - Rod Si n .Ie and pair 
MFFS~c - Rod Single and oair 

SFFS,_ - Short rod Small chain 
SFFS,. - Rod Si nl! le and oair 
SFFS 'r - Rod Sine. le and pair 

TFFS,. - Rod. coma Sin ,Ie chain 
TFFsh - Coma, Single and pair 

TFFS] - Coma Sine.le and oair 

NPf"S;== Nutrient Agur Fish Feed Sample 1, AfFPS1== MucConkq Agur Fish FccdSamplt' lSFFS:== 

Sufmollcllu- Shigdlu Agar Fish Ft't'd Sumple1. TFFS:= Thio Sulfate Citrutl' Bile salts Sucrose Agur 

Fil'h Ft't'd Sumpl1. 

According to table 0 0 38 from the Fish Feed -2 samples-

Total strains were 12. Growths were observed in all strains. All of them were 

gram nega ti ve bacte ri a l strains shown but I was g ram pos itive. Among 

those 7 were rod, I was short rod, I was rod, coma, I was coccus and 2 

were coma. Among them 7 were arranged in sing le and pair, 1 was in small 

chain, 2 were arranged ill long chain and 2 were arranged in sing le chain. 
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Table 39: Biochemical characteristics of bacteria l cells isolated from fish feed·2 

grown on different media (Nutrient. MacConky. S8 and TCBS) 

Strllin Gram Silint Butt C .. Motilit Indole Urea cata lase Oxidase Isolates 
Reaction v 

NFFSb - K A ++ - + + + + Unidcntil1cd 

~t'FSn, -
NFFSk + K A + - - - + - Staphy hx:ocCU5 

MFFS]. - A A + + + - + - E.coli 

MFFSlh - A A + + + - + - E.coli 

MFFS? - A A + + + - + - Ecoli 

SFFS]. - K A + + - - + - S(I/molle//a 

SFFSlh - K A - - - - + - Shigilla 

SFFS,~ - K A - - - - + - Siligilta 

TFFS lo - K A - + + - + + Vibrio 

TfF~I' - K A - + + - + + Vibrio 

TFFS l - K A - + + - + + Vibrio 

NFFS~ Nmricnt Agur Fish Fred Sample 2. MFFS],'" MacConkl'J' Agar Fish FeedSumple 2, SFFS2= 

Su/mondlu- Shigella Agar Fish Fel!rl Sumpld, TFFS]= Thio Sill/utI! Citrott' Bile salts Sucrost' Agar 

Fi!>'h Pct'rl Sampl]. K '" Alkaline (Rt'd) reudiotl, A "" Acidic (yelloK-) readion. + - Positive reaction. 

- ,., NegQ'i~'e relletion. 

According to lable no 39 from the Fish Feed -2 samples-

Total strai ns were 12 and growths were observed in all strains. KlA test 

indicated that out of 12 st rains. 4 strains gave positi ve results for both glucose 

and lactose fermentation. The strains produced acid from both glucose and 

lactose so that both the butt and slant turned ye llow. 8 strains fermented glucose 

but not lactose. So the bun turned into ye llow but the slant remained red. Out of 

12 strains, 6 produced gas which was observed by formation of bubbles in the 

media. 

Ml U test indicated that out of 12 stra ins, 9 strains were motile and 3 were non­

motile. lodole test were posit ive for 6 rods. These were indicat ing by red color of 

the strips which were impregnated with Kovac 's reagent and were attached to 

the top of the lubc. Among the strains 2 showed urease activity. Urease activi ty 
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was indicating by a red color in the MTU medium. The red color occurs when 

urea is hydrolyzed causing an alkaline pll . 

Catalase Test: 

From 12 isolates, 2 isolates having rod shape were rod catalase positive. 

Fonnation of the bubbles after addition of H20] solution on the smears of fresh 

culture indicated the presence of cata lase. 

Oxidase Test: 

While carrying out the oxidase test, in the filter paper 2-3 drops of oxidase 

reagent was placed and then the fresh culture was smeared. Oul of 12 gram 

negative rods, I I were oxidase positive and I were negative. Positive reaction 

was indicated by the appearance of the dark purple color on the filter paper 

within 10 seconds. 

Table-40: Comparative analysis of bacteria present in fish feed I and fish feed 2 

Names of the bacteria Fish Feed 1 Fish Feed 2 

Salmonella + + 

Shigella + + 

E.coli + + 

Vibrio + + 

Staphylococcus + + 

+'" Presence, 

From the table no 40, it was observed that in fi sh feed t Salmonella, Shigella, 

E.co/i, Vibrio Spp. and Slaphy/ococclls were present while in case of fish feed 2 

all the above mentioned bacteri a were present. 
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Chepter-5: 

~ Discussion 



S. Discussion 

In the present study the effect of water quality on the micro flora of Tilapia 

(Oreochromis nilolicus) reared in two different conditions Open Water (Lake) 

and cultured, was studied. The major objective of the present study was to 

compare the total viable bacterial count (TVBC) quantitatively and qualitatively, 

present in the mucus and intestine of both groups fish of as well as rearing water. 

Emphasis was given on whether there is an association of pathogenic bacteria 

with the fi sh and rearing water or not. Two groups of fish each consisted of five 

fi sh samples were collected from Gajipur Fam. (cultured fish) and Dhanmondi 

lake (wild fish) during the month o f August to November' 2006. Wild fish did 

not receive any special feed but cultured fi sh were reared with selected fish feed. 

In the present study the quality of the fish feed and there microbial count was 

also observed. Two different types of fish feed samples powder fonn (FF]) and 

pellet form (FF2), were collected from locally available sources at Gagipure. 

Isolation of bacteria was made on Nutrient, MacConky, SS and TCBS agar. 

MacConky, SS and TCSS agar were employed to facilitate the growth and 

isolation of gram negative bacteria, Salmonella and Shigella spp. Vibrio spp. 

respectively. Nutrient agar was used to isolate non fastidious organisms. The 

bacterial iso lates were characterized and identified by their cultural, 

morphological and biochemical characteristics. 
449919 

From the study it was observed that The average viable bacterial count in the 

mucus of Open Water type Tilapia fish on Nutrient and MacConkey agar were 

9.9 x 105 and 1.08 x 105 (cfu/g) whereas in the intestine the average bacterial 

count (cfu/g) were 1.85 x 109 and 1.73 x 108 (cfu/g) respectively. Total viable 

bacterial count in the mucus of Cultured Tilapia fish on Nutrient and 

MacConkey agar were 1.29 x 105 and 7.03 x 104 (cfu/g) while in the intestine the 

average viab le bacterial counts were 4.96x 106 and 3.60 x 106 (cfu/g) 

respectively. Therefore it was observed that the Culture Tilapia fishes carried 

lower bacterial content than Open Water type Tilapia in both intestine and 

93 



mucus on Nutrient and MacConkey agar media. Similar study conducted by 

Ahmed H. AI-Habra & Nairn Uddin showed that Total viable count of bacteria in 

Open Water (Lake) tilapia was higher than in cultured tilapia. The bacterial 

count found in our study was far higher than the acceptable leve l. 

By considering the cultural , morphological and bio chemical characteristics of 

the isolated strains it was observed that in mucus and intestine of Open Water 

fish Shigella, Su/mcmellu, Pseudomonas, Plesiomonas, Aeromonas, Klebseilla, 

E.c:oli, Vibrio, Yersinia, EnlerobaC:ler were present wh ile in case of mucus of 

cultured fish Vibrio. Yersinia. Enlerobac:ler were absent and in intestine of 

cultured fi sh Vibrio, Yersinia, Enlerobacter, , Klebseillu were absent. So it is 

revealed that the pathogenjc bacteria Salmonella, Shigella and Vibrio were 

present only in the Open water type til apia which indicates better microbial 

management for cultured fish. In another study Ahmed H. AI-Habra & Nairn 

Uddin showed association of same lypes of bacteria in the intestine of hybrid 

tilapia (Oreoc:hromis niloticus). 

The present study also showed that tota l viable bacterial counts in the rearing 

water samples of Open Water Til"pia (lake) on Nutrient and MacConkey agar 

were 1.75 x lOS (cfu/ml) and 0.96 x lOS (cfu/ml) where in the rearing water 

samples of the pond (cultured) average bacterial counts were 1.45 x 10\cfu/rnl) 

and 1.10 x 104 (cfu/ml) respectively. in Bangladesh, Banu et Cl I. (200 I), 

investigated the bacterial load in pond water. They observed that the mean 

bacterial load in surface water varied from 1.39xlOs (July 94) to 3. ll x 107 

CFU/ml (September 93), while that of bottom water ranged from J .Ox 106 (May 

94) to 5.90, 10' CFU/ml (October 93). Romanenko (1971) reported that the 

bacterial number in reservoir water was 1.43-0.18x I 06 ml of water. Tcwary and 

Mishra (1985) reported that fresh water bacteria varied from I to 3.00x J 03 

CFU/ml in the lake water. Araki and Kitarnikadi (1978) pointed out that the 

population density of bacteria ranged from 0.0 to 1.8x lOS celVm l of water in 

some river and pond water of Japan. As we did not filter the water sample the 

count was around lOs to 106 cfulg which may be far more greater if concentrate 
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by filtration. The higher number of microorganisms in lake water reflected by 

higher num ber of microorgan isms in the fish body. 

From the study it was observed that in Open Water (lake) Salmonella, Shigella. 

E.coli,Plesiomonas, Pseudomonas, Aeromonas, Vibrio, Enlerobucler, were 

present and Klebseillu, Yersinia were absent. ill rearing water sample of 

Cultured Pond E.coli,Plesiomonas, Pseudomunus, Aeromonas, were present but 

Salmonellu, Shigella, Klebseilla. Yersinia, Vibriu, Enlerubacler were- not 

present. Another study was conducted for the determination of the microbial 

quality of pond water and prevalence of bacterial pathogens by using the disk 

diffusion method. 

In pond waler BOD ,~O, pll, and temperature were measured and found that the 

average biological oxygen demand (BOD) was 1.97 ppm, dissolved oxygen 

(~O) was 7.24 ppm ,pH was 6.94 and temperature was 28.93 DC.!n lake water 

the average biological oxyge-n demand (BOD) was35.8 ppm, dissolved oxygen 

(DO) was 5.76 ppm ,pH was 6.92 and temperature was 30.4 Dc. From the 

study it was observed that though there was slight difference between Open 

Water (lake) and Cultu red Pond water in tenns of temperature, pH and DO level 

but BOD level of Open Water (lake) was much higher than that of Cultured 

Pond water. All the measurements of pond water showed an ideal cond ition for 

cultured fi sh than lake water for wild fi sh. In the experiment the total viable 

bacterial count of cultured fish was very low and the mucus had a lower viable 

count of bacteria than intestine. BOD level of pond water is very good. There 

wi ll not be much organic waste present in the rearing water of pond. BOD leve l 

of lake water is very law. The water is considered much polluted with organic 

waste. Genera lly, as BOD levels increase there is a corresponding decrease in 

DO levels. According to "Pond Management" a publication of GenoMar 

Supreme Tilapia, Norway the safe range of temperature, DO, BOD and pH in 

pond water was 28-32, >4,<2 and 6.5-8.8 respectively. 

The average bacterial load of fish feed I grown on Nutrient agar and 

MacConkey agar was 1.75x 100} and 1.65x108 respectively wbere in case offish 
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feed 2 it was I. Ix lOll and 2. 15x 108. The composit ion of the selected two fish 

feeds collected from the locally available sources showed that doth the fish feeds 

are mainly consists of rice bran (%FF,=25% and F2= 20%). wheat bran 

(FF, =30% and FFz = 14%), Maize WF, = 15% and FFl = 30%) and mustard oil 

cake (FFt= IO% and FFz = 15%). The amount of meat and poultry viscera was 

same (15%) in both feeds. Both fi sh feeds contain vitamin and mineral premixes 

(%FF.= I% and FFz= 1.5%), fish meal enzyme was only present in fish feed-

2WFz) at 0.5% level. From the proximate composition of the selected fish feeds 

it was observed that fish feed- l(fF,) & fi sh feed-2(FF2 ) contains 87.26% and 

91.26% dry maner respectively. Moisture content was higher in FF. (12.74%) 

compare to FFz (8.74%). The other constituents were very similar to each other 

such as protein 27.32%verscs 25.10%, fat 3. 19% vcrsesl.96% and NFE 

(N itrogen Free Extract) was 32.80%verses 34.23% for FF1 and FFz. From the 

study it was observed that both in fi sh feed land fi sh feed 2 Salmonella, 

Shigella, E.co/i, Vibrio Spp. and Slaphylococcus were present. 

It is also likely to say that the toxic product from industries and house complex 

are poured in to the lake water though sewerage linc whcre Tilapia fish arc 

cultured. This waste product can infect the fishes and by ingestion of those fish 

carring deadly pathogenic bacteria may deteriorate the health of the consumers 

or even lead to death. The news media are trying their level best to highlight all 

those events occurring in our daily life for creating awareness among the people. 

Public health department already working vigorously to give emphasis on it. 

Various study from difTerent parts of the world have demonstrated that may 

enteric organisms arc assoc iated with fish and they can initiate various fi sh born 

diseases in man. 1.n Bangladesh very limited study has been done on isolation of 

bacterial pathogen from fish . Moreover, it is well known that prevalence and 

variety of bacteria are directly related to temperature and water quality of the 

rearing environment. Therefore the aim of the present study is isolate and 

identify the potential Gram- negative human pathogenic bacteria from mucus 

and intestine of Tilapia (Oreochromis niloticus) reared in two difTerent farms 

and also to determine the water quality of the rearing farm s as the hygienic 
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condition or the water effect the quant itati ve and qualitati ve aspects or the fi sh 

bacterial nora. 
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Chepter-6: 

~ Conclusion 



CONCL SION 

I. Total viable bacterial count was higher in the Open Water (lake) Tilapia than in 

the cultured Tilapia . 

2. The bacterial load found in the Open Water (lake) Tilapia was faT greater than the 

acceptable (safe) level. 

3. Frequently encountered bacteria in the samples of both the Open Water (lake) 

and Cultured fish as well as in the rearing water and fish feeds (FF I and FF2) were 

Aeromonas, Plesiomonas, Escherichia coli, Pseudomonas, Salmonella, Shigella, 

and Klebsiella. The bacteria were predominantly Gram negative rods 91 % . 

4. Pathogenic bacteria such as Vibrio spp, Salmonella, Shigetla were found in the 

intestine and mucus of the Open Water (lake) Tilapia, rearing water of lake 

(Dhanmondi ) and Fish Feeds (FF, and FF,). But they were absent in the Cultured 

fi sh samples as well as in pond water. 

5. Basic parameters such as BOD, DO, pH and temperature of the Open water 

( Dhanmondi lake, Dhaka) do not meet up to the nonnal range, but the water 

quality of cultured pond was far better. 

5. TVBC was higher in the rearing wOller of Open Water (lake) than in the pond. 

7. Fish reed (FFI ) was higher in moisture content than in the Fish feed (FF2). 

Because of higher moisture content more bacterial growth was observed. 
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Chepter-7: 

~ Recommendations 



7. Recommendation 

To reduce health hazards such as food borne disease(Diarrhoea. Cholera etc) 

initiates the cultivation offish maintaining healthy aquatic life to prevent 

contamination of food (Fish), 

To research into fi sh feed quali ty could benefit all hatchery and aquaculture 

operations and assist in the interpretation of the effects of population on open water 

fish . 

To research on fish nutrition should be undertaken in order to develop cheap but 

good quality feed . Identification of potential future constraints to sectoral growth 

is an equally important area of research. 

It was a small scale shtdy . It has limitations. So, to reach a concrete decision 

further large scale scientific research should be needed. 
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