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ABSTRACT 
 
The occurrence of bacterial isolates in fin-fishes (Clarias gariepinus and Coptodon guineensis) from 
the humic ecosystem of Eniong River, Akwa Ibom State was investigated. The results obtained from 
pour plate analysis showed that the fin-fishes contained bacterial contaminants. The bacterial   
loads varied with the type of fin-fish and were much higher in fish intestines, when compared with 
the skin and gills. The heterotrophic bacterial loads obtained exceeded the 1.2 x 105 cfu/g limit 
recommended for fresh fishes. High and unsafe fecal coliform (1.1 ± 0.57 x 10

3 
cfu/g -2. ± 0.26 x 10

3 

cfu/g) loads were also obtained. The culture-able bacteria species associated with the fin-fish 
samples include Staphylococcus sp, Klebsiella sp, Bacillus sp, Enterobacter, Streptococcus sp, 
Micrococcus sp, Lactobacillus, Serratia sp, Proteus sp, Salmonella sp, Shigella sp, and Escherichia 
coli. The percentage of occurrence of the isolates in the various fish samples was also found to vary 
with the fish species. Staphylococcus sp had the highest rate of occurrence of 63% and 44.4% in C. 
gariepinus and C. guineensis respectively while the least prevalent organism was Micrococcus sp 
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with 7.41%, and Serratia and Shigella sp with 11.1% for C. gariepinus and C. guineensis 
respectively. Twelve bacterial species with variable virulent potentials were isolated. The analysis 
revealed that each of the isolates exhibited varying degree of virulence. Of the 12 bacterial isolates 
obtained from the various fish samples, ten (Bacillus cereus, Micrococcus sp, Streptococcus sp., 
Proteus sp, Serratia sp, Salmonella sp., Shigella sp., E. coli, Enterobacter sp and Lactobacillus sp 
had the potentials to produce lipases enzyme. This enzyme is responsible for breaking down lipids.  
Among the isolates Stahylococcus aureus was the most virulent. The results indicate poor 
microbiological quality. These call for proper processing of aquatic foods as well as routine 
monitoring. 
 

 
Keywords: Clarias gariepinus; Coptodon guineensis; Contaminants; Freshwater and Humic. 
 
1. INTRODUCTION  
 
The aquatic ecosystem is made up of fresh water 
and marine water habitat. It is widely recognized 
that freshwater biodiversity and habitats are 
under serious threat [1-2] and that the level of 
threat exceeds or will soon exceed that in either 
terrestrial or marine ecosystems [3]. Dudgeon et 
al. [2] grouped the main threats under five 
interacting categories: over-exploitation; water 
pollution; flow modification; destruction or 
degradation of habitat; and invasion by exotic 
species. Environmental changes occurring at the 
global scale, such as nitrogen deposition, global 
warming and shifts in precipitation and runoff 
patterns, are superimposed upon all of these 
threat categories. The primary indirect-drivers of 
degradation and loss of habitat have been 
population growth and increasing economic 
development and the primary direct-drivers of 
degradation and loss include infrastructure 
development, land conversion, water withdrawal, 
pollution, over-harvesting and over-exploitation, 
and the introduction of invasive alien species [3]. 
In Africa the most immediate impacts are likely to 
include habitat degradation and flow modification 
due to the actions of development projects aimed 
at meeting the growing requirement for access to 
safe drinking water, improved sanitation, 
irrigation for agriculture, and hydropower. 
 
Fish are susceptible to a wide variety of bacterial 
pathogens, most of which are capable of causing 
disease and are considered by some to be 
saprophytic in nature [4]. The microbiological 
diversity of fresh fish muscle depends on the 
fishing grounds and environmental factors 
around it [5]. It has been suggested that the type 
of micro-organisms that are found associated 
with particular fish depends on its habitat [6]. The 
bacterial pathogens associated with fish have 
been classified as indigenous and non-
indigenous [7]. The non-indigenous contaminate 
the fish or the habitat one way or the other and 

examples include Escherichia coli, Clostridium 
botulinum, Shigella dysenteriae, Staphylococcus 
aureus, Listeria monocytogens and Salmonella. 
The indigenous bacterial pathogens are found 
naturally living in the fish habitat for example 
Vibrio sp and Aeromonas sp [8].  The bacteria 
from fish only become pathogenic when fishes 
are physiologically unbalanced, nutritionally 
deficient, or there are other stressors, i.e., poor 
water quality, overstocking, which allow 
opportunistic bacterial infections to prevail [9]. 
Pathogenic and potentially pathogenic bacteria 
associated with fish and shellfish include 
Mycobacterium, Streptococcus spp., Vibrio spp., 
Aeromonas spp., Salmonella spp. and others [4].   
 
Integrated fish farming combines livestock 
production with fish farming. Animal manure is 
shed directly into a fish pond as fertilizer and 
supports the growth of photosynthetic organisms. 
While supplemental feeding affects fish growth 
directly, fertilization contributes to growth via the 
planktonic natural food. In addition to acting as  
food for fish, plankton perform other important 
functions in pond aquaculture: a net producer of 
dissolved oxygen, which is indispensable for fish 
growth and the most important sink of ammonia-
nitrogen, which is excreted by fish [10]. The use 
of different kinds of livestock manure in fish 
production may increase the level of pathogenic 
bacteria causing a public health risk to the rural 
community [11]. It has been highlighted that fish 
consumption can be an important avenue for 
human pathogenic bacteria and other food borne 
diseases exposure to man [12]. Pathogens from 
fish can be transmitted to humans through both 
active and passive contact and may cause food 
borne diseases such as dysentery, typhoid fever, 
salmonellosis and cholera. The practice of 
livestock-fish farming needs to be placed in 
perspective with the likely health risks [13]. One 
of the risks involved in livestock integrated fish 
farming is possible transfer of pathogens 
between livestock and humans. Previous 
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research has shown that, different kinds of 
livestock manure are contaminated with 
pathogenic bacteria such as Salmonella, 
Shigella, Pseudomonas, Vibrio, Streptococcus, 
and E. coli [14].     
 
The transmission of these pathogens to people 
can be through improperly cooked food or the 
handling of the fish. There have been great 
economic losses reported due to food borne 
illness such as dysentery and diarrhea resulting 
from consumption of contaminated fish and such 
can be a problem to the immune compromised, 
children and elderly people. The microbial 
association with fish compromises safety and the 
quality for human consumption; particularly 
critical is when the micro-organisms are 
opportunistic and or pathogenic in nature [15]. 
 
All living organisms evolve. As multicellular 
organisms evolved on earth, bacteria, viruses 
and other microorganisms also adapted and 
evolved to populate the new niches provided by 
these larger organisms. While some 
microorganisms evolved a mutual but benign 
lifestyle in their multicellular hosts, others 
evolved a more aggressive and pathogenic 
lifestyle that ultimately harms or even kills the 
host. The fate of these microorganisms which are 
classified as microbial pathogens is dictated by 
their virulence and virulence factors (i.e. ability to 
survive, multiply and cause infection within the 
host). 
 
Virulence factors are molecules expressed and 
or secreted by pathogens (bacteria, viruses, 
fungi and protozoa) that enable them colonize a 
niche in the host (this includes attachment to 
cells), evade and or inhibit host immune 
response, enter and exit from cells (applied to 
intercellular pathogens) and obtain nutrition from 
the host cell. These evolutions are triggered by 
intrinsic or extrinsic factors and may aid the 
organism to acquire more or develop their 
virulence factors.  For instance, mutations which 
may occur due to mistakes in DNA replication or 
mutagenic conditions in the environment may be 
beneficial to the organism and those mutations 
that benefit the organism are maintained and 
passed on to succeeding generations of progeny. 
Although most bacterial virulence factors are 
chromosomally encoded and intrinsic to the 
bacteria (e.g. capsule and endotoxins), bacteria 
do not depend solely on the occasional random 
mutation to improve their fitness but have 

evolved mechanisms for acquiring genes directly 
from other bacteria through contact-mediated 
transfer of DNA (conjugation) and indirectly via 
bacteriophage vectors (transduction) or the 
uptake of naked DNA from their surroundings 
(transformation) [16]. 
 
Studies on the occurrence of bacterial 
contaminants in fish produce from some 
freshwater ecosystem have been conducted by 
some researchers [15,17-18] but little or no work 
has been done on humic fresh water ecosystem, 
hence, the need for the present study to provide 
information on ocurrence of bacterial 
contaminants of fin-fishes (Clarias gariepinus 
and Coptodon guineensis) from humic freshwater 
ecosystem of Eniong River, Itu, Akwa Ibom 
State. 
 

2. MATERIALS AND METHODS 
 
2.1 Study Area 
 
The study area is a humic ecosystem of Eniong 
River, a tributary of the middle course of the 
Cross River located in South-Eastern coast of 
the Niger Delta region of Nigeria. The ecosystem 
is home to diverse species of fish resources and 
supports remarkable populations of fin-fishes 
including Clarias buthupogon and Coptodon 
guineensis (Plates I – II) that are widely 
consumed by the catchment communities in Itu 
Local Government Area of Akwa Ibom State. 
 

2.2 Sample Collection and Preparation 
 

20 samples of two different fish species (Clarias 
gariepinus and Coptodon guineensis) were 
collected during harvest from fishers from Eniong 
River. The samples were carefully sorted out, 
separately contained in sterile polythene bags 
sealed, labeled and preserved in an ice packed 
boxes. The samples were immediately within (2-
3 hours of sampling) transported to the 
laboratory for analysis. Representative samples 
of the fin-fish stocks collected were also taken to 
the Department of Fisheries, University of Uyo 
for identification.  
 

In the Laboratory, the fin fishes were aseptically 
dissected.  The organs (skin, gills and intestine) 
were removed and macerated using a sterile 
pestle and mortar. One gram (1.0 g) of each 
organ sample was serially diluted and used for 
microbiological analysis.  
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Plate I. Scientific name: Clarias gariepinus 
                                                             English name: Catfish 
                                                                 Local name: Obuot 

 

 
 

Plate II.  Scientific name: Coptodon guineensis 
                                                           English name: Red belly tilapia 
                                                               Local name: Asat 
 

2.3 Analysis of Bacterial Contaminants 
 
This procedure was carried out to enhance the 
enumeration of the bacterial load of the samples. 
Tenfold serial dilution of 1.0 g of gills, tissue and 
intestine of each representative fish sample was 
carried out as described by Cheesbrough [19]. 
Here, 1.0 g of each sample was added to 9 ml 

sterile water then sequentially diluted to obtain 
the required dilution.  
 
The media used for the study were: Nutrient Agar 
(NA), MacConkey Agar (MCA), Eosine 
Methylene Blue Agar (EMBA) and Salmonella–
Shigella agar (SSA) for the enumeration and 
isolation of heterotrophic bacteria, total coliform, 
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feacal coliform (Escherichia coli) and Salmonella 
and Shigella species respectively.  They were 
aseptically prepared according to the 
manufacturer’s instructions, sterilized by 
autoclaving at 121°C for 15 minutes.  
 
The density of heterotrophic and potential 
pathogens was determined using standard 
analytical procedures [20]. Staphylococcus 
aureus, Escherichia coli (fecal coliform) and 
Salmonella and Shigella loads on the samples 
was determined using the pour plate technique 
[20]. All inoculated plates were incubated at 37°C 
for 24 hours. 
 
After 24 hours, discrete colonies that appeared 
on the culture plates were enumerated with the 
aid of a Quebec colony counter and recorded as 
Colony Forming Units (CFU) per gram of fish 
sample. 

 
The colonies obtained from the samples were 
characterized using standard procedure as 
described by Cowan and Steel [21]. The colonies 
were subjected to Gram’s stain and various 
biochemical tests such as motility test, catalase 
test, urease test, coagulase test, citrate test, 
hydrogen sulphide test, sugars utilization test 
and MR-VP test.  

 
2.4 Determination of the Virulence Factor 

of the Bacterial Isolates 
 
Virulence factor of the bacterial isolates was 
determined by carrying out lipase, hemolysis, 
gelatin hydrolysis test and Dnase using the 
method of Aneja [22]. 

 
2.5 Data Analysis 
 
The data was analyzed using simple percentage 
to analyze the occurrence of bacterial 
contaminant in the different fish sample.  
 

3. RESULTS AND DISCUSSION 
 

3.1 Results 
 
3.1.1 Microbiological properties of fin-fish 

samples 
 

The results presented in Tables 1 - 2 showed 
that the ability of the fin-fishes to accumulate 
bacterial contaminants varied between the 
genera of fish analyzed as well as in the fish 

organs as the fish intestine generally 
accumulated more bacterial contaminants. 

 
(a) Bacterial Loads of Fin-fish Skin Samples 

 
Clarias gariepinus (Table 1) had the highest level 
of skin contamination with ranges of 2.0 ±0.2x10

5
 

- 4.0 ±0.35 x105 CFU/g of skin scrapings. Table 2 
shows bacterial load of Coptodon guineensis 
skin samples. The values recorded ranged 
between 2.2 ±0.2 x105 and 4.0 ±0.35x105 CFU/g 
for heterotrophic bacteria, 1.8 ±0.72 x 10

3
 and 

3.3 ± 0.26 x 103 CFU/g for coliform, 1.0 ±0.72 x 
10

3
 and 2.2 ± 0.92 x 10

3 
CFU/g for fecal coliform 

and between 0 and 1.6 ± 0.31 x 102 CFU/g for 
Salmonella and Shigella. 
 
(b)  Bacterial Loads of Fin-fish Gill Samples 

 
Analysis of the gills of Clarias gariepinus (Table 
3) revealed that its heterotrophic bacterial load 
ranged between 2.2± 0.92 x 10

5
 and 3.2 ± 0.36 x 

105 CFU/g. The total coliform counts ranged 
between 1.8 ± 0.17 x 10

3 
and 2.5 ± 0.5 x 10

3 

CFU/g while the fecal coliform counts ranged 
between 0 and 2.0 + 0.17 x 103 CFU/g. There 
were no Salmonella and Shigella except on 
sample CB 3, CB 5 and CB 9 with a mean count 
of 1.6 ± 0.35 x 10

2
, 1.5 ± 0.44 x 10

2 
and 1.4 + 

0.52 x 102 CFU/g respectively.  
 
Table 4 shows bacterial load of Coptodon 
guineensis gills samples. The values revealed 
that the heterotrophic bacterial loads of the 
samples ranged between 2.0 ±0.2x10

5 
and 3.8 ± 

0.44 x 10
5 

CFU/g, Total coliform counts ranged 
between 1.8 ± 0.1 x 103 and 2.7 ± 0.69 x 103 

CFU/g, the fecal coliform counts ranged between 
1.2 ± 0.17 x 103 and 1.9 ± 0.1 x 103 CFU/g while 
the Salmonella Shigella counts ranged between 
1.0 ± 0.11 x 102 and 1.6 ±0.53 x 102 CFU/g.  

 
(c) Bacterial Loads of Fin-fish Intestinal 

Samples 

 
For Clarias gariepinus the results revealed that 
the heterotrophic bacterial densities ranged 
between 2.5 ± 0.5 x 10

5
 and 5.4 ± 0.87 x 10

5 

CFU/g. The total coliform counts ranged between 
2.0 ± 0.17 x 10

3 
and 3.0 ± 0.26 x 10

3 
CFU/g, 

while the fecal coliform counts ranged between 
1.8 ± 0.26 x 103 and 2.7 ± 0.26 x 103 CFU/g. The 
viable cells of Salmonella Shigella detected 
ranged between 1.4 ± 0.52 x 102 and 1.8 ± 0.26 
x 10

2 
CFU/g respectively (Table 5).  
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Table 1. Bacteriological loads of Clarias gariepinus skin samples 
 

Sample THBC 

(x 10
5 
cfu/g) 

Total Coliform 

(x 10
3 
cfu/g) 

Fecal Coliform  

(x 10
3 
cfu/g) 

Salmonella Shigella 

 (x10
2 
cfu/g) 

CB 1  3.0 ± 0.26 1.5 ± 0.5 - - 

CB 2 3.0 ±0.2 2.2 ± 0.2 1.5 ± 0.44 1.4 ± 0.52 

CB 3  2.8 ±0.2 2.0 ± 0.17 1.5 ± 0.44 - 

CB 4  2.9 ±0.80 2.2 ± 0.2 1.3 ±0.26 - 

CB 5  3.5 ±0.62 2.2 ± 0.2 1.4 ± 0.52 - 

CB 6  3.2 ±0.36 2.2 ± 0.92 - - 

CB 7  4.0 ±0.35
 

3.3 ±0.26 1.3 ± 0.40 - 

CB 8  2.0 ±0.2 1.8 ±0.72 1.5 ± 0.44 - 

CB 9  2.2 ± 0.92 1.8 ± 0.72 1.5 ± 0.44 1.3 ± 0.40 
Values are mean of triplicate determinations ±SD 

SD = Standard Deviation 
 

Table 2. Bacteriological loads of Coptodon guineensis skin samples 
 

Sample THBC 

(x105 cfu/g) 

Total Coliform 

(x103 cfu/g) 

Fecal Coliform 

(x103 cfu/g) 

Salmonella Shigella  

(x102 cfu/g) 

CG 1 2.5 ±0.5 1.8 ±0.72 1.2 ±0.35 1.0 ±0.1 

CG 2 3.3 ±0.53 1.8 ±0.72 1.5 ±0.44 - 

CG 3 4.0 ±0.35 3.3 ± 0.26 2.0 ±0.26 - 

CG 4 2.6 ±0.66 2.0 ±0.31 1.6 ±0.26 1.3 ±0.17 

CG 5 3.2 ±0.92 1.8 ±0.45 1.0 ±0.72 1.0 ±0.26 

CG 6 2.2 ±0.2 2.0 ±0.72 1.4 ±0.69 1.5 ±0.45 

CG 7 2.8 ± 0.2 2.1 ± 0.45 2.0 ±0.17 - 

CG 8 2.5 ±0.87 2.3 ± 0.16 2.2 ± 0.92 1.6 ±0.31 

CG 9 3.0 ±0.36 2.6 ±0.17 2.2 ±0.35 1.5 ±0.17 
Values are mean of triplicate determinations±SD 

SD = Standard Deviation 

 
Table 3. Total bacterial count of Clarias gariepinus gill ������s 

 

Sample THBC  

(x105 cfu/g) 

Total Coliform 

(x103 cfu/g) 

Fecal Coliform 

(x103 cfu/g) 

Salmonella Shigella  

(x102 cfu/g) 

CB 1 2.6 ±1.58 2.5 ± 0.5 1.5 ± 0.2 - 

CB 2 2.4 ±0.26 1.8 ± 0.26 - - 

CB 3 2.7 ±0.36 2.2 ± 0.35 1.7 ±0.17 1.6 ± 0.35 

CB 4 2.2 ±0.92 2.0 ±0.17 1.5 ±0.44 - 

CB 5 3.2 ± 0.36 2.0 ± 0.2 1.8 ± 0.72 1.5 ± 0.44 

CB 6 2.8 ±0.2 1.8 ±0.17 - - 

CB 7 2.8 ±0.2 2.0 ±0.17 1.5 ± 0.44 - 

CB 8 2.6 ± 1.58 2.2 ± 0.2 1.3 ± 0.40 - 

CB 9 2.8 ± 0.2 2.1 ± 0.3 2.0± 0.17 1.4 ± 0.52 
Values are mean of triplicate determination±SD 

SD = Standard Deviation 

 
Table 6 shows that the heterotrophic bacterial 
load of Coptodon guineensis intestinal samples 
ranged between 2.3 ±0.16 x 10

5 
and 3.6 ±0.1 x 

105 CFU/g while the coliform and fecal coliform 
counts ranged between 2.1 ± 0.11x 10

3
 and 2.5 

±0.26 x 103 CFU/g and 1.8 ± 0.17 x 103 and 2.4 
±0.2 x 10

3 
CFU/g respectively. Salmonella and 

Shigella were detected and the values ranged 
between 1.0 ±0.17 x 102 and 1.9 ±0.26 x 102 

CFU/g.  
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d) Diverse Species of Bacteria Isolated from 
Fish Samples 

 

The cultural and biochemical characteristics of 
the bacterial isolates are represented in Table 7 
below. The attributes show that the culture-able 

bacteria associated with the fin-fishes were 
Klebsiella sp, Bacillus sp, Enterobacter, 
Streptococcus sp, Micrococcus sp, Lactobacillus, 
Serratia sp, Proteus sp, Salmonella sp, Shigella 
sp, and Escherichia coli. 

 
Table 4. Bacteriological loads of Coptodon guineensis gill samples 

 
Sample THBC  

(x105 cfu/g) 
Total Coliform 
(x103 cfu/g) 

Fecal Coliform 
(x103 cfu/g) 

Salmonella Shigella  
(x102 cfu/g) 

CG 1 3.0 ±1.5 2.0 ±0.51 1.4 ± 0.34 1.0 ± 0.12 
CG 2 2.8 ±0.7 2.7 ±0.69 1.8 ±0.17 1.6 ±0.53 
CG 3 2.0 ±0.92 2.0 ±0.44 1.2 ±0.17 1.0 ± 0.11 
CG 4 2.4 ±0.26 1.8 ±0.22 1.5 ±0.26 1.2  ±0.2 
CG 5 2.0 ±0.2 1.8 ± 0.1 1.7± 0.17 1.3 ±0.53 
CG 6 2.8 ±0.2 1.8 ±0.44 1.5 ± 0.72 1.0 ± 0.26 
CG 7 3.1 ±0.26 2.5±0.26 1.9 ±0.1 1.5 ±0.22 
CG 8 2.4 ± 0.27 2.0 ±0.24 1.8±0.26 1.5±0.2 
CG 9 3.8 ± 0.44 2.5 ±0.26 1.8 ± 0.79 1.2 +0.45 

Values are mean of triplicate determination ±SD 
 SD = Standard Deviation 

 
Table 5. Bacteriological loads of Clarias gariepinus intestine samples 

 
Sample THBC 

(x 105 cfu/g) 
Total Coliform 
(x 103 cfu/g) 

Fecal Coliform 
(x 103 cfu/g) 

Salmonella Shigella 
(x 102cfu/g) 

CB 1 5.4 + 0.87 2.0 +0.17 1.8 ± 0.26 1.4 + 0.52 
CB 2 3.2 ± 0.36 3.0 ± 0.26 2.7 ±0.26 1.8 ±0.26 
CB 3 3.2 ±0.36 2.9 ± 0.53 2.0 ±0.26 1.7 ± 0.34 
CB 4 2.7 ±0.2 2.6 ±0.36 2.5 ± 0.2 1.7 ±0.17 
CB 5 3.0 ±0.3 2.7±0.26 2.5 ± 0.53 1.8 ± 0.26 
CB 6 2.5 ± 0.5 2.3 ± 0.1 2.0 ± 1 1.5 + 0.44 
CB 7 3.2 ± 0.36 3.0 ±0.26

 
2.7 ± 0.26 1.8 ± 0.26 

CB 8 2.7 ±0.2 2.6  ±0.36 2.5 ± 0.2 1.7 ±0.17 
CB 9 3.0 ± 0.26 2.2 ± 0.3 2.1 ± 0.26 1.4 ± 0.53 

Values are mean of triplicate determination±SD 
 SD = Standard Deviation 

 
Table 6. Bacteriological loads of Coptodon guineensis intestine samples 

 
Sample THBC (x10

5
cfu/g) Total Coliform 

(x103cfu/g) 
Fecal Coliform 
(x103cfu/g) 

Salmonella Shigella 
(x102cfu/g) 

CG 1 3.2 ±0.35 2.5 ±0.26 2.4 ±0.2 1.8 ±0.2 
CG 2 2.3 ±0.21 2.1 ±0.17 1.9 ±0.17 1.8 ±0.23 
CG 3 3.0 ±0.1 2.1 ±0.1 2.0 ±0.3 1.9 ±0.1 
CG 4 2.3 ±0.26 2.1 ±0.26 1.8 ±0.17 1.4 ±0.27 
CG 5 3.6 ±0.1 2.4 ±0.16 2.1 ±0.3 1.5 ±0.2 
CG 6 3.2 ±0.44 2.2 ±0.2 2.0 ±0.36 1.9 ±0.26 
CG 7 3.0 ±0.1 2.3 ±0.17 1.9 ±0.3 1.4 ±0.1 
CG 8 2.3 ±0.16 2.1 ±0.26 1.8 ±0.3 1.0 ±0.17 
CG 9 3.4 ±0.14 2.1 ±0.13 2.0 ±0.17 1.8 ±0.21 

Values are mean of triplicate determination±�� 
 SD = Standard Deviation 
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Table 7. Morphological, cultural and biochemical characteristics of bacteria isolated from the fin-fish samples 
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cocci + + _ _ + _ _ + _ AG A A AG AG A B 
Rod _ + + + _ + _ + + AG AG _ _ AG AG C 
Rod + + + + _ + _ _ _ A A A _ A _ D 
Rod _  + + _ _ _ + + + AG AG AG _ AG AG E 
cocci + _ + _ _ + _ + + _ _ A _ A A F 
cocci + _ + _ _ + _ + + _ A A _ A _ G 
Rod + _ + + _ + _ _ + AG A _ _ _ _ H 
Rod _ _ + + _ _ + _ + _ AG A _ AG AG I 
Rod _ _ + + _ + _ + + AG AG AG _ AG AG J 
Rod _ + _ _ _ + _ _ + A A A AG AG _ K 
Rod _ + _ + _ + _ _  AG A  AG AG AG L 
Rod _ + + + _ + _ _ _ A A A A _ _ M 

Key: A = Acid production, AG = Acid and Gas production, B = Staphylococcus sp, C = Klebsiella sp, D = Bacillus sp, E = Enterobacter, F = Streptococcus sp, G = Micrococcus 
sp, H = Lactobacillus sp, I = Serratia sp, J = Proteus sp, K = Shigella sp, L = Escherichia coli, M = Salmonella sp 
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Table 8. Occurrence of bacteria on Clarias gariepinus samples 
 

Isolate Gills 
(n=9) 

Skin 
(n=9) 

Intestine 
(n=9) 

Frequency of 
occurrence 

% of occurrence 

Staphylococcus sp +(7) +(5) +(5) 17 63.0 

Bacillus subtilis +(3) +(2) +(4) 9 33.3 

Bacillus cereus +(2) +(5) +(2) 9 33.3 

Micrococcus sp - - +(2) 2 7.41 

Streptococcus sp +(7) +(2) - 9 33.3 

Proteus sp - +(4) - 4 14.81 

Serratia sp +(4) - - 4 14.81 

Salmonella sp +(1) +(1) +(2) 4 14.81 

Shigella sp - - +(3) 3 11.1 

Escherichia coli - +(2) +(6) 8 29.6 

Enterobacter sp +(5) +(1) +(3) 9 33.3 

Klebsiella sp - +(2) +(5) 7 26.0 

Lactobacillus sp +(2) - +(3) 5 18.5 
 

Table 9. Occurrence of bacteria on Coptodon guineensis samples 
 

Isolate Gills 
(n=9) 

Skin 
(n=9) 

Intestine 
(n=9) 

Frequency of 
occurrence 

% of 
occurrence 

Staphylococcus sp - +(9) +(3) 12 44.4 

Bacillus subtilis +(5) +(2) +(2) 9 33.3 

Bacillus cereus +(2) +(5) +(2) 9 33.3 

Micrococcus sp - +(4) +(4) 8 29.6 

Streptococcus sp +(6) +(2) - 8 29.6 

Proteus sp +(3) +(6) - 9 33.3 

Serratia sp +(3) - - 3 11.1 

Salmonella sp - - +(4) 4 14.8 

Shigella sp - - +(3) 3 11.1 

Escherichia coli - +(5) +(5) 10 37.0 

Enterobacter sp +(5) +(1) +(4) 10 37.0 

Klebsiella sp - +(3) +(5) 8 29.6 

Lactobacillus sp +(3) - +(3) 6 22.2 
 

Table 10. Virulence attributes of the isolated bacterial species 

 
Isolate Lipase Haemolysis DNase Gelatinase Coagulase 

Staphylococcus sp _ Βeta + + + 

Bacillus subtilis - Βeta - + - 

Bacillus cereus + Βeta - + - 

Micrococcus sp + Gamma - - + 

Streptococcus sp + Gamma - - - 

Proteus sp + Alpha + - - 

Salmonella sp + Βeta + - - 

Serratia sp + Gamma + + - 

Shigella sp + Alpha + + - 

Escherichia coli + Beta - - - 

Enterobacter sp + Alpha + - - 

Klebsiellasp - Gamma + - - 

Lactobacillus sp + Alpha - + - 
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e) Occurrence and Prevalence of Bacterial 
Species on Fin-fish Samples 

 
Analysis of the occurrence of various bacterial 
isolates on the fin-fish samples of Clarias 
gariepinus and Coptodon guineensis are shown 
on Tables 8-9 respectively. 
 
f) Virulence Attributes of the Isolated 

Bacterial Species 
 
The virulence attributes of the isolates were 
assessed using lipase, hemolysis, DNase, 
gelatin and coagulase tests. The results (Table 
10) of the analysis revealed that all the isolates 
but Staphylococcus and Klebsiella species were 
able to produce lipase. 
 

3.2 Discussion 
 
Fishes display an array of biotic responses such 
as changes in growth, distribution, abundance 
related to water pollution as well as has a greater 
potential of bioaccumulating environmental 
pollutants.  Fin-fishes which are among the major 
class of fish encountered in the freshwater 
ecosystem of Eniong that constitute an important 
source of income and aquatic produce for the 
settlers as well as the nearby community. 
However, this is not without limitation in 
microbiological quality. 
 
The present studies have shown that Clarias 
gariepinus andCoptodon guineensis harvested 
from Eniong River are laden with bacterial 
contaminants including potential pathogens. High 
numbers of coliforms, fecal coliform as well as 
the Salmonella and Shigella were found on the 
harvested fish samples. The level of bacterial 
contaminants accumulation however varied with 
the type of fish, and more contaminants were 
encountered in the fish intestines than the skin 
and gill. Slight variation was also noticed on the 
ability of the fishes to accumulate the different 
groups of bacterial contaminants with the skin of 
C. guineensis accumulating more coliforms and 
fecal coliforms respectively. More coliforms and 
fecal coliforms were found in the gills of C. 
guineensis. On the other hand, the intestine of C. 
gariepinus harbored the highest number of 
coliform and fecal colifom. 
 
The high bacterial contaminants recorded for the 
fin-fishes was expected and is in agreement with 
previous report by Ajayi [23], who in his study 
reported a high bacterial population in catfish 
from fish pond in Akungba-Akoko community, 

Nigeria. This he attributed to waste materials 
discharged into water bodies upon which the 
fishes inhabit/feed. The variations in the bacterial 
populations reported in this study is indicative of 
high bacteria accumulation potential of the fin-
fishes [24] and may be attributed to various 
factors such as body size, feeding pattern, 
physiology and sediment bio-turbation 
characteristics of the fish samples [25,26]. The 
total heterotrophic bacterial counts of some of 
the fish samples exceeded the 1.2 x10

5 
cfu/g limit 

recommended by the International Commission 
on Microbiological Specifications for Food and 
World Health Organization [27] for fresh fishes. 
The unsafe status of the fish samples is further 
confirmed by the remarkable incidence of fecal 
coliform which indicates that the fishes are 
readily exposed to fresh human fecal matter. 
 
The culture-able bacteria species associated with 
the fin-fish samples include Staphylococcus sp, 
Klebsiella sp, Bacillus sp, Enterobacter, 
Streptococcus sp, Micrococcus sp, Lactobacillus, 
Serratia sp, Proteus sp, Salmonella sp, Shigella 
sp, and Escherichia coli. Similarly, many 
researchers [28] have reported different bacterial 
species from the skin of sea-water fish. Sugita et 
al. [29] reported that Staphylococcus sp and 
Escherichia coli were isolated frequently from the 
skin of freshwater fish. He concluded that the 
skin of freshwater fishes was the natural habitat 
of these   bacteria. Some investigations reported 
that the skin of the Clarias species contained 
Klebsiella sp, Pseudomonas sp. and 
Micrococcus sp as the predominant genera. The 
percentage of occurrence of the isolates in the 
various fish samples was also found to vary with 
the fish species. Staphylococcus sp had the 
highest rate of occurrence of 63% and 44.4% in 
C. gariepinus and C. guineensis respectively 
while the least prevalent organism was 
Micrococussp with 7.41%, and Serratia and 
Shigella sp with 11.1% for C. gariepinus and C. 
guineensis respectively.  
 
Virulence is the degree to which a microbe can 
cause damage to its host. In this study, it was 
pertinent to assess the degree of virulence of 
each of the bacterial species isolated from the 
fish samples. This was achieved by assaying the 
isolates for the production of various enzymes 
such as lipase, hemolysin, DNase, gelatinase 
and coagulase. The analysis revealed that each 
of the isolates exhibited varying degree of 
virulence. Of the 13 bacterial isolates obtained 
from the various fish samples, ten (Bacillus 
cereus, Micrococcus sp, Streptococcus sp, 
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Proteus sp, Serratia sp, Salmonella sp, Shigella 
sp, E. coli, Enterobacter sp and Lactobacillus sp 
had the potentials to produce lipases enzyme. 
This enzyme is responsible for breaking down 
lipids.   
 

Hemolytic test is used to screen for the ability of 
the isolates to produce hemolysis, an enzyme 
that breaks down hemoglobin. Hemolytic ability 
of isolates is usually categorized into three – 
partial (alpha hemolysis), complete (beta 
hemolysis) and no hemolysis (gamma 
hemolysis). The result of the hemolytic test of the 
isolates obtained from the fish samples revealed 
that, four (Proteus sp, Shigella sp, Enterobacter 
sp and Lactobacillus sp) where able to partially 
lyse hemoglobin completely (alpha hemolysis), 
five (Staphylococcus sp, B. subtilis, B. cereus, 
Salmonella sp and E.coli) were able to 
completely lyse hemoglobin (beta hemolysis) 
whereas Micrococcus sp., Streptococcus sp., 
Serratia sp and Klebsiella sp were unable to lyse 
hemoglobin at all (gamma hemolysis). On the 
other hand seven of the isolates were able to 
produce DNase, an enzyme that degrades DNA 
molecules. Only two (Staphylococcus sp and 
Micrococcus sp) of the isolates were able to 
produce coagulase. Based on this result, the 
isolate with the highest degree of virulence was 
Staphylococcus sp. 

 

4. CONCLUSION  
 

The result of this study have revealed that the fin 
fishes harbour a high population of diverse 
bacteria including pathogenic strains of Klebsiella 
sp, Bacillus sp, Enterobacter, Serratia sp, 
Proteus sp, Salmonella sp, Staphylococcus 
aureus, Shigella sp, and Escherichia coli which 
are commonly associated with human and infant 
gastroenteritis. Bacterial contaminant 
accumulation varied with the fish types and also 
with the parts of fish analyzed as the intestine 
harboured more contaminants than the skin or 
gill. 
 

The results of this study call for proper 
processing of aquatic foods obtained from the 
apparently contaminated water body. 
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