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This study aimed to investigate the physicochemical characterizations such as the PH, 
temperature, alkalinity, hardness, biological oxygen demand, turbidity and the 
isolation of bacteria using the spread plate technique in pond water in Abuja, Nigeria 
using major pilot farms in the region. The results obtained for physicochemical 
characterization showed that pH ranged from 6.25 6.73, with the highest pH of 6.73 
from Andrew Azazi Barack Pond. The temperature ranged from 25.3-25.8, ammonia 
(0.26-0.55), alkalinity (46.8-53.6), hardness (19.6-25.7), dissolved oxygen (2.8-5.5), 
biochemical oxygen demand (2.9-4.4) and the turbidity (34.1-52.2) respectively. The 
swab sticks were inoculated on the MacConkey agar, Cetrimide agar and Cledagar. 
The plates were allowed to stand undisturbed for 15 minutes and then the plates were 
inverted and incubated at 37℃ for 24 hours. After 24 hours, the plates were examined, 
discrete colonies were picked and streaked on Nutrient agar, and incubated for 24 
hours. The plates were observed for growth. Biochemical test such as; catalase, 
oxidase, citrate, indole and methyl red test were carried out. The presence of blue-
green colouration on a Cetrimide agar, Cledagar and Nutrient agar signifies the 
presence of P. aeruginosa. Finally, the organism was identified as; P. fluorescence 
strain PF-5 and P. aeruginosa, strain PAO. 
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1. Introduction  
It has been estimated that the current world population is over seven billion people and it has also been projected to increase to 
above nine billion by 2050, therefore this presents challenges to continue feeding an ever-increasing population. Fish is an 
integral part of human diet but while the demand is increasing, the wild fish stocks have remained static over the past three 
decades (FAO 2016). 
Fish take a large number of bacteria into their gut from water sediment and food (Adedeji et al., 2011). It has been well known 
that both freshwater and brackish water fishes can harbour human pathogenic bacteria particularly the coliform group (Adedeji 
et al., 2011). Faecal coliform in fish demonstrates the level of pollution in their environment because coliform are not named 
flora of bacteria in fish (Adedeji et al., 2011). According to Guzman et al., (2010). Fish living in natural environment are known 
to harbour pathogenic enterobacteriaceae. More than 140 invasive bacteria species have been identified in great lakes and other 
water bodies (Udeze et al., 2012). Invasion of fish muscles due to the breakage of immunological barrier of fish by pathogens is 
likely to occur, when the fish is raised in ponds with faecal coliform, E. coli and Salmonella of greater than 103 per ml in pond 
water respectively (Adedeji et al., 2011). It has been shown that pathogens like Escherichia coli, Enterobacter spp, Klebsiella 
pneumonia and Aeromonas are frequently isolated from fish in pisciculture (Yagoub, 2009). Fish take a large number of bacteria 
into their gut from water sediment and food (Adedeji et al., 2011). It has been well known that both freshwater and brackish 
water fishes can harbour human pathogenic bacteria particularly the coliform group (Adedeji et al., 2011). Faecal coliform in 
fish demonstrates the level of pollution in their environment because coliform is not named flora of bacteria in fish (Adedeji et 
al., 2011). According to Guzman et al., (2010). Fish living in natural environment are known to harbour pathogenic 
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enterobacteriaceae. More than 140 invasive bacteria species have been identified in great lakes and other water bodies (Udeze 
et al., 2012). 
 
2. Methodology  
 
2.1 Study Area 
This research work was carried out in Gwagwalada Area Council Abuja, FCT, North-Central Zone of Nigeria. The town is 
located at Longitude 8 ºN and Latitude 7 ºE with a land mass of 7, 315 sq km of which Gwagwalada occupies 1, 043 sq km. It is 
situated within the Savannah region with moderate climatic conditions (Polgreen, 2006).  
 
2.2 Physicochemical characteristics of fish pond water 
The physicochemical characterizations carried out in this research are: Temperature, pH, Ammonia, Alkalinity, Total hardness, 
Dissolve oxygen (DO) and Biological oxygen demand (BOD) 
Water temperature was measured at the pond sites using a mercury-in-glass thermometer graduated in degree Celsius (0-100oC). 
The pH, ammonia, total alkalinity and total hardness were determined with Hach’s Model FF-2 Aquaculture test kit. Dissolved 
Oxygen (DO) and Biological Oxygen Demand (BOD) were determined by Winkler’s method (Welch, 1948). Turbidity of 
samples was analyzed using a Hach ratio Turbidimeter as in APHA (1992). The electrical conductivity was measured with a 
conductivity meter (Lovibond US meter, type CM-21).  
 
2.3 Isolation and characterization of bacterial isolates 
The isolation of bacteria was done using the spread plate technique described by Chesebrough (2006). Some drops of normal 
saline were introduced into the swab sticks, the swab sticks were spread on an already solidified MacConckey agar, Cetrimide 
agar and Cled agar. The plates were allowed to stay undisturbed for 15 minutes. After 15 minutes, the plates were inverted and 
incubated at 37oC for 24 hours. After 24 hours of incubation, the plates were examined, discrete colonies were picked with a 
sterile wireloop and streaked on Nutrient agar, and the plates were inverted and incubated for another 24 hours. The plates were 
observed for growth. Colonial morphology such as; size, shape, optical characteristics, elevation and colour change were 
observed on the plates. The presence of blue-green colouration on a Cetrimide agar, Cled agar and Nutrient agar signifies the 
presence of P.aeruginosa. Additionally, P. aeruginosa was isolated and identified by using conventional biochemical tests and 
Api system (Biomeraux, France) (Forbes et al., 2007) and cultivated in pure culture, at 176 Guards Battalion brigade Medical 
Laboratory Dukpa Gwagwalada Abuja. 
The isolates were characterized and identify using the conventional methods discussed below; 
 
2.4 Colonial Morphology  
The bacterial colonies were described and characterized by their morphological appearances (i.e. colony shape, edge or margin, 
pigmentation, elevation, colony surface, consistency and optical characteristics) on the plate. In addition to the colonial 
characterization, cellular morphologies and biochemical characteristics as described in the Laboratory manual of microbiology 
by Fawole and Oso (2007) were used to characterize the bacteria. The isolates were subsequently identified using the Bergey’s 
Manual of Determinative Bacteriology (Buchanan and Gibbons, 1974).  
 
2.5 Motility test 
The hanging drop method was used. Loop full of sterile distilled water was placed on a cover slip. A small portion of each 
bacterial isolate from 24 hours old culture was transferred to the drop of water on the cover slip using a sterile inoculating loop 
and a smooth suspension was made by thoroughly mixing it. Vaseline was applied around the edges of the cover slip to 
disallow air and it was carefully covered with a clean cavity glass slide. Cover-slip was pressed down to make an air tight seal. 
The cover slip was subsequently observed and was inverted upon the cavity slide under the ×40 objective lens. Motile bacterial 
cells were seen moving rapidly in the field (Fawole and Oso, 2007). 
 
2.6 Resuscitation of pure Isolates  
The obtained pure isolates were resuscitated on agar slant by aseptically streaking a loopful of inoculum onto nutrient agar 
slant and incubated at 37⁰C for 24 hours. Resultant fresh cultures of isolates were stored at 4oC for further studies. 
Characteristic blue green colonies were used for the biochemical test. 
 
2.7 Biochemical test 
This was used to characterize the microorganisms based on their reactions to various biochemical tests. The test include; 
catalase test, triple sugar ion test, methyl red, citrate utilization test, and Voges-Proskauer were carried out. 
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2.8 Gram staining and microscopy of isolates 
Sterile grease-free slides was labeled accordingly and bacteria smear of discrete colony was made on a clean glass slide and 
allow to air dry. They were heat by passing the smeared slide over the flame and allow cooling. The slides were then covered 
with crystal violet for 1mins and were rinsed under running tap for 5sec.  
Slides were covered with Grams iodine and flood with same reagent for 1minute and were rinsed in slow running tap. Alcohol 
reagent was added and allowed to stayed for 30sec and was rinsed slowly under tap running water. 
The smears were counter stained with safranin reagent for 1min, was rinsed under slow running tap and were blot dry with 
filter paper. Oil immersion was applied and was examined under the microscope using oil immersion lens. 
 
2.9 Catalase test 
As described by (Boon et al., 2007). A drop of 3% hydrogen peroxide (H2O2) was placed on a free grease slide and a bit of the 
growth on the slant (isolate) was picked with nichrome wire loop, then a drop of H2O2 was added to the slide. A positive test 
indicated by bubbling and frothing. 
 
2.10 Oxidase test 
This was carried out as described by (Isenberg, 2004) to determine whether a bacterium produces an enzyme cytochrome 
oxidase. The procedures are described as follows: 
i. Each disk was wet with about four inoculating loops of deionized water. 

ii. A loop was used to aseptically transfer a large mass of pure bacteria to the disk. 
iii. The disk was observed for up to three minutes. The area of inoculation turns dark-blue to maroon to almost black; this 

indicates that the result was positive. 
 
2.11 Citrate test 
Citrate test was carried out according to Forbes et al. (2010), by Inoculating on Simmons citrate agar (not heavily) by using 
straight sterile wireloop from an 18 to 24 hours old colony and incubate at 35°C for up to seven days. The growth and 
development of a deep blue colour indicates a positive result. 
 
2.12 Indole test 
A pure isolate of P.aeruginosa was grown in 5mls of peptone water for 24 hours, then kovac`s indole reagent of about 3 drops 
was added. The mixture was carefully agitated. A negative test was indicated by absence of colour change in the reagent layers 
above the broth within 1 minute.  
 
2.13 Methyl Red / Voges-Proskauer (MR/VP)  
Methyl Red Test. 
 4-5 drops of Methyl Red Reagent was added to the culture and shake in order to homogenize. Colour development was 
observed in the medium. The test is considered negative as it maintains it yellow colouration. 
 
2.14 Voges Proskauer Test 
Barrit’s Reagent was added to the medium until it gets a milky appearance and then O’Meara’s Reagent was added until milky 
appearance disappears and was shaked vigorously. The medium acquires a pink-violet colour, forming at the top of the tube 
indicates a positive. Though, a negative result was recorded.  
 
2.15 Preparation of MacFarland Standard 
The suspensions of the test microorganisms were made in comparison with 0.5 MacFarland standards to give an approximate 
cell density of 1.5X108 cells/ml. 
It is prepared by; 

 1% w/v solution of barium chloride (BaCl2) was dissolved in 1.17g of barium chloride dihydrate (BaCl2 .2H2O) 
and 98.83ml of distilled water (H2O). 

  1% v/v solution of sulfuric acid (H2SO4) was added to 1ml of concentrated H2SO4  and  99ml of water (H2O) and 
mix properly. 

 0.5ml of the barium chloride (BaCl2) was added to 99.5ml of sulfuric acid (H2SO4). 
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 Lastly, a small volume of the turbid solution was transferred to a capped tube of the same type as used for 
preparing the test and control inocula (Brantner et al., 1996). 

 
2.16 Statistical analysis   
SPSS was used to analyze the data into simple percentage and standard deviation of the mean at P > 0.05 level of significant. 
 
 
3. Results and Discussion  
 
Results 
Physicochemical characteristics of fish pond waters 
The physicochemical characteristics of fish pond waters collected from three different ponds each; Pond A, (Andrew Azazi 
Barack Earthen Pond Dukpa) Pond B, (Muhammad Salihu’s Concrete pond phase 3) and Pond C, (Abdullahi’s Earthen Pond 
Dagiri). The pH ranges from 6.25-6.73, with the highest pH of 6.73 from Andrew Azazi Barack pond. The temperature of the 
ponds are approximately equal with the range of 25.3-25.8, the ammonia value ranges from 0.26-0.55, the alkalinity value is 
within 46.8-53.6, the hardness ranges from 19.6-25.7, the dissolved oxygen ranges from 2.8-5.5, the B.O.D ranges from 2.9-
4.4, while the turbidity is within the range of 34.1-52.2  as shown in Table 1 and Figure 1 respectively. 
 
Table 1: Physicochemical characteristics of fish pond waters 
 
S/No.   Parameters                               Pond A                Pond B                 Pond C 

1.    pH                                             6.73± 0.10           6.25± 0.05           6.5± 0.20 
2.    Temperature (℃)                        25.8                        25.3                  25.5        
3.    Ammonia (NH3) ppm               0.55± 0.23           0.48±0.10            0.26± 0.23 
4.    Alkalinity                                  46.8± 19.35         49.2± 18.0           53.6± 9.2    
5.    Hardness                                   19.6±4.60            25.7± 3.80           24.3±3.70 
6.    Dissolved oxygen                     5.5±0.5                5.1± 0.8               2.8±0.20     
7.    Biological oxygen demand       2.9± 0.60             3.0± 0.50             4.42± 0.90  
8.    Turbidity (ppm)                     49.1± 4.7              34.12± 0.5          52.2± 40.3 
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Plate 3: Physicochemical Characteristics of Pond A water (Andrew Azazi Barack Earthen Pond Dukpa) 
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Plate 4: Physicochemical Characteristics of Pond B water (Muhammad Salihu’s Concrete pond phase 3) 
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Plate 5: Physicochemical Characteristics of Pond C water (Abdullahi’s Earthen Pond Dagiri) 
 
The frequencies of isolates from both male and female fishes 
The frequency of occurrence of isolated bacteria from fish scrapings was determined by taking the sum of all the numbers of male 
and female fishes per pond in which the isolation was carried out from and the percentage calculated. 
 
Morphological characteristics of P. aeruginosa isolated from fish scrapings on different agar media was carried out base on the 
colony shape, size, elevation, edge, optical characteristics, consistency, surface, pigmentation and odour as shown in Table 1 below. 
 
Table 2: Morphological characteristics of P. aeruginosa on different media 
 

S/No.               Morphological feautures          Mac agar        NA agar       CLED agar     

1. Colony shape                        Circular           circular           irregular                                     
2. Colony size                           Large               medium          medium                                
3. Colony Elevation                  Raised             convex            raised      
4. Colony Edge                         Entire              entire              undulate                             
5. Optical characteristics          Opaque           opaque            opaque                                                   
6. Consistency                          Mucoid           mucoid            mucoid                                 
7. Colony surface                     Smooth            smooth            rough                        
8. Colony Pigmentation           Colourless       blue-green       blue-green                
9. Colony odour                    Sweet grape       sweet grape     sweet grape                   
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KEY: Mac agar = MacConkey agar, NA agar = Nutrient agar 
 

 
 
Biochemical characteristics of Pseudomonas aeruginosa 
The table 2 below shows the biochemical test results of P. aeruginosa. As an autochthonous member of an aquatic and soil 
habitat, P. aeruginosa is a motile, asporogenous, non-lactose fermentous bacteria which shows a positive reaction towards 
Catalase, Oxidase and Citrate test, with most of the biochemical test negative. Under microscope, the organisms appeared Gram 
negative rods with no particular arrangement. 
 
Table 3: Biochemical characteristics of Pseudomonas aeruginosa 

 
 
 
 
 
 
 
 
 
 
 

KEY:-  + = Positive                 - = Negative 
 
 
Table 4: The frequencies of isolates from both male and female fishes 
 

Ponds           Male fishes [%]  Female fishes  [%]        Total [%] 
 

 A                 21[8.4]                             19[7.6]                            40[16] 
 
       B                  23[9.2]                             17[6.8]                            40[16] 
       C                  25[10]                              15[6]                               40[16] 

Total             69[83]                              51[61]                             120[144] 
   
 
 
 
 
 
 

 

Biochemical Tests            Results 

Gram staining                     _ 
Motility test                        + 
Catalase                              + 
Oxidase                               + 
Citrate                                 + 
Indole                                   _ 
Methyl red                           _ 
Voges-proskauer                 _ 
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Plate 6: Frequencies of occurrence of both male and female fishes from the three ponds 
 
Keys: 
Pond A = (Andrew Azazi Barack Earthen Pond Dukpa)  
Pond B = (Muhammad Salihu’s Concrete pond phase 3) and  
Pond C = (Abdullahi’s Earthen Pond Dagiri). 
 
Discussion  
About One hundred milliliters (100 ml) of water samples (from three different portions) and a total of (120) one hundred and 
twenty swab sticks were collected from three different ponds each such as; Pond A, (Andrew Azazi Barack Earthen Pond) Pond 
B, (Muhammad Salihu’s Concrete pond phase 3) and Pond C, (Abdullahi’s Earthen Pond Dagiri). Physicochemical 
characterization was carried out using with the water samples collected. Some parameters where examined such as; pH, 
Temperature, Ammonia, Alkalinity, Total hardness, Dissolve oxygen (DO) and Biological oxygen demand (BOD). 
The pH is a major factor that determines the growth of microorganisms. The pH value helps to ascertain if the water is a proper 
environment for fishes, plants and algae. The pH obtained from all the ponds in this study were within the range of pH 6.25 to 
6.73, with the highest pH of 6.73 from Andrew Azazi Barack pond. It is almost within the range required for aquaculture as 
reported by Njoku et al. (2015). Ehiagbonare and Ogunrinde (2010), and Kamal et al. (2007). The temperature obtained from 
this study ranges from 25.3oC – 25.8oC which is still within the limit that supports fish productivity. It has been reported by 
Ntegwu and Edema (2008) that the optimum temperature for increased fish productivity ranges from 20oC - 30oC. This finding 
corroborates with the report of Fafioye (2011) who observed a temperature range of 27oC – 28oC in the preliminary studies and 
water characteristic of fish ponds. The ammonia value ranges from 0.26-0.55, the alkalinity value is within 46.8-53.6, the 
hardness ranges from 19.6-25.7, the dissolved oxygen ranges from 2.8-5.5, the B.O.D ranges from 2.9-4.4, while the turbidity is 
within the range of 34.1-52.2.  
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The morphological features of P. aeruginosa on different media such as; MacConkey agar, Cetrimide agar, and Cled agar are 
very similar, even though P. aeruginosa produces circular, Mucoid, smooth colonies with emits of sweet grape odour in all the 
agar, P. aeruginosa grew well on MacConkey agar, but did not ferment lactose sugar. The characteristics colonies were similar 
with finding of (Wahba and Darrell, 1965). Some subcultured isolate of P. aeruginosa did not produce any characteristics 
pigment neither on nutrient agar, nor on MacConkey agar which was observed to be due to minimal in temperature level (i.e. 
temperature below 37oc) and some atypical strain of P. aeruginosa may not produce pigment on agar media has been reported 
by some investigators (Wahba and Darrell, 1965). Many strains of P. aeruginosaproduce various types of pyocins and this 
pyocin producing strain of P. aeruginosa give pigment on agar media 
In Gram’s staining, the morphology of P. aeruginosa showed gram-negative, pink coloured, medium rodshaped appearance. 
While the biochemical test revealed that P. aeruginosa shows a positive test towards; Catalase, Oxidase, and citrate. With 
indole, methyl red, sugar fermentation test, and Voges-Proskauer negative. This supports the observation of (Quinnet al., 2002 
and Cheesbrough, 1985). 
 
5. Conclusion  
The findings presented showed that the physicochemical properties were within range for ideal cat fish production in the region 
and indicated a fair hygienic practice among the commercial fish farmers. It was concluded that P.aeruginosa. remains a constant 
contaminant of fresh pond water in Gwagwalada Area Council, Abuja, Nigeria.  
 
Funding:. The study has not received any external funding.  
 
Acknowledgments: In this section you can acknowledge any support given which is not covered by the author contribution or 
funding sections. This may include administrative and technical support, or donations in kind (e.g., materials used for 
experiments).  
 
Conflicts of Interest: The authors declare no conflict of interest. The funders had no role in the design of the study; in the 
collection, analyses, or interpretation of data; in the writing of the manuscript, or in the decision to publish the results.  
 
References  
 

[1] Adedeji, O.B., Tiamiyu, A.M. and Emikpe, B.O. (2011). Isolation and Identification of Aerobic Bacterial Flora of the 

skin and stomach of wild and cultured Clarias gariepinus and Oreochromis niloticus from Ibadan, Southwest Nigeria. 

Journal of Applied Sciences Research, 7(7), 1047-1051. 

[2] Ajayi, O.A. and Okoh, I.A. (2014). Bacteriological Study of Pond Water for Aquaculture Purposes. Journal of Food, 

Agriculture and Environment, 12(2), 1260-1265. 

[3] Boon, E.M., Downs, A. and Marcey, D. (2007). "Proposed Mechanism of Catalase". Catalase: H2O2: H2O2 

Oxidoreductase: Catalase Structural Tutorial. 

[4] Brantner, A., Males, Z., Pepeljnjak, S. and Antolic, A.  Antimicrobial activity of Paliurus spina-christi Mill (Christ’s 

thorn) Journal of Ethnopharmacology, 52 (1996), pp. 119-122 

[5] Cheesbrough, M. (1985) Culturing of Anaerobes. In: Medical Laboratory Manual for Tropical Countries, Butterworth 

Co., Kent, 248-264. 

[6] Cheesbrough, M. (2006) District Laboratory Practice in Tropical Countries. Part 2, 2nd Edition, Cambridge University 

Press Publication, South Africa, 1-434. 



EJABS 4(2):1-12 

 

11 
 
 

 

 

[7] Danba, E.P., David, D.L., Wahedi, J.A., Buba, U., Bingari, M.S., Umaru, F.F., Ahmed, M.K., Tukur, K.U., Barau, 

B.W., Dauda, U.D. and Thomas, T.L. (2015). Fish environmental factors. Journal of Agriculture and Social Research, 

17: 5-12. 

[8] Edun, O.M. (2007). Infectious dropsy of hybrid catfish fingerlings from Nigeria. Journal of Animal. Vet. Adv., 6:528-

529. 

[9] Ehiagbonare, J. E., Ogunrinde, Y. O. (2010). Physicochemical Analysis of Fish Pond in Okada and its Environs, 

Nigeria. African Journal of Biotechnology, 36: 5922 - 5928. 

[10] Fafioye, O. O. (2011). Preliminary Studies on Water Characteristics and Bacterial Population in High Yield Kajola 

Fish Ponds. Journal of Agriculture Extension and Rural Development, 3: 68 – 71. 

[11] Fawole, M.O. and Oso, B.A. (2007) Laboratory manual of Microbiology. 5th Edition, Spectrum Books Limited, 

Ibadan, 22-23. 

[12] Fishery Committee for the West Central Gulf of Guinea (FCWC) (2016). Nigeria fishery statistics - 2016 Summary 

report. Retrieved from https://www.fcwc- fish.org/fisheries/statistics/nigeria/901-nigeria-fishery-statistics-2016-

summary-report on 11th June 2016. 

[13] Forbes BA, Sahm DF and Weissfeld AS. (2007). Bailey and Scotts' Diagnostic microbiology 12th. ed. Elsevier China. 

[14] Forbes, A., Betty, D., Sahm, F., Alice, S. and Weissfeld, S. (2010). BAILEY & SCOTT'S Diagnostic Microbiology; 

(tenth edition ed.). Don Ladig. p. 430. ISBN 0-8151-2535-6. 

[15] Fredrickson, J.K., Zachara, J.M., Balkwill, D.I., Kennedy, D., Li, S.W., Kostandarithes, H.M., Daly, M.J., Romine, 

M.F. and Brockman, F.J. (2014). Geomicrobiology of high level nuclear waste contaminated vadose sediments at the 

Hanford site, Washington State. Applied Environmental Microbiology, 70, 4230-4241. 

[16] Guzman, M.C., Biotoni, M.A., Tamagninii, I.M. and Gonzalez, R.D. (2010). Recovery of Escherichia coli in fresh 

water fish. Water Reserve, 38, 2368-2374. 

[17] Isenberg, H.D. (2004). Clinical Microbiology Procedure Handbook. Vol. 2, American Society for Microbiology, ASM 

Press. 



Physicochemical Properties, Isolation and Identification of Pseudomonas Aeruginosa from the Skin of Some Selected Pond Grown Catfish from Gwagwalada 
Area Council Abuja 

 
12 

[18] Njoku, O.  E., Agwa, O.K. and Ibiene, A. A. (2015). An Investigation of the Microbiological and Physicochemical 

Profile of Some Fish Pond Water within the Niger Delta Region of Nigeria. European Journal of Food Science and 

Technology, 3: 20-31. 

[19] Ntengwe, F. N. and Edema, M. O. (2008). Physicochemical and Microbiological Characteristics of Water for Fish 

Production using Small Ponds. Physics and Chemistry of Earth, 33:701-707.  

[20] Polgreen, L. (2006). In dream city a nightmare for the common man. Nyt.com. New York times December 2006. 

Retrieved 10-08-2007. 

[21] Quinn, T. P., J. A. Peterson, V. Gallucci, W. K. Hersh-berger, and E. L. Brannon. (2002). Artificial selection and 

environmental change: countervailing factorsaffecting the timing of spawning by coho and Chi-nook salmon. 

Transactions of the American Fisheries Society 131:591–598. 

[22] Torimiro, N., Bebe, P.T., Ogundipe, F.E., Esan, D.M. and Aduwo, A.I. (2014). The Bacteriology and physico-

chemical analysis of fresh water fish ponds. International Research Journal of Microbiology, 5(3), 28-32. 

[23] Udeze, A.O., Talatu, M., Ezediokpu, M.N., Nwanze, J.C., Onoh, C. and Okonko, I.O. (2012). The effect of Klebsiella 

pneumoniae on catfish (Clarias gariepinus). Reseacher, 4(4), 51-59.  

[24] Ugwuba, C.A. and Chukwudi, C. (2010). The Economics of catfish production in Anambra state Nigeria: A profit 

function approach. Journal of Agriculture and Social Science, 6(4), 105-109. 

[25] Wahba AH, Darrell JH (1965). The Identification of Atypical Strains of Pseudomonas aeruginosa. J. gen Microbiol., 

38: 329-342.  

[26] Wakabayashi H and Egusa S (1972) Characteristics of a Pseudomonas sp. from an epizootic of pond-cultured eels 

(Anguilla japonica). Bulletin of the Japanese Society of Scientific Fisheries, 38 (6): 577-587. 

[27] Yagoub, S. (2009). Isolation of Enterobacteriaceae and pseudomonas spp. From raw fish sold in fish market in 
Khartoum state. African Journal of Bacteriology Research, 7:85-88. 

 

 

 

 

  

 

 


