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Abstract 
The bacteriological quality of both wild and cultured Nile Tilapia, Oreochromis niloticus, sourced 
in some area of Ibadan, Southwest, Nigeria was studied. Bacteria flora of the skin and stomach of 
fish samples were examined and compared statistically (t-test independent). The resistance of 
bacterial isolates to commonly used antibiotics was also studied. Total aerobic bacteria count [co-
lony forming unit: CFU = 159.50.13 ± 72, t < 0.01] with significant difference in the skin and Ente-
robacteriaceae count [(CFU) = 74.08 ± 5.55] with significant difference in the stomach were ob-
tained in the Nile tilapia. The bacteria in the genera Staphylococcus, Escherichia, Proteus, Bacillus, 
Klebsiella, Micrococcus, Serratia, Pseudomonas, Salmonella and Streptococcus were isolated and 
had been proven to be of great public health significance. About 87.5% of the tested isolates were 
resistant to augmentin, 83.33% to cotrimoxazole and nalidixic acid. In addition, 79.17% of the 
isolates were resistant to tetracycline, 75.0% to amoxicillin, 54.17% to nitrofuratoin, 50.00% to 
ofloxacin and 29.17% to gentamicin. Among the eight antibiotics tested, six patterns of drug resis- 
tance were obtained and all of them were multiple drug resistance with three to eight. The public 
health implications of these observations are discussed. 
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1. Introduction 
The increase in human population and report of large number of undernourished or starving people especially in 
the developing countries has made the need for food production a major worldwide issue of concern [1]. Thirty- 
five (35) grams of animal protein per day per person is recommended by the Food and Agricultural Organization 
[FAO], less than 7 grams are consumed by an average Nigerian [2]. 

With the ever-increasing growth witnessed by major sources of animal proteins such as livestock and poultry 
industries with their high market prices and the partial ban on importation of frozen food in Nigeria, many Nige-
rians suffer protein deficiency due to low protein intake [3] [4]. Therefore, there is need for more focus on fish 
production. Due to faster growth rate, tolerance to harsh environment and easy to culture technique and abun- 
dant capture from wild, tilapia offers the possibility of alternative sources of protein to many Nigerians. 

While fish are no more hazardous than other animal protein sources, many pathogenic microorganisms and 
parasites conceivably are transmitted to humans through fish [5]. The occurrence of pathogenic microorgan- 
isms in freshwater fish could exist anytime sewage from human or animal origin is discharged into natural water 
bodies. Fish and shell fish spoil rapidly because of bacteria action [6] [7]. 

The fish and shell fish provide good substrate for the microorganisms due to their meat properties. Fish and 
shellfish may carry pathogenic bacteria which is found in natural aquatic environments, contaminated water or 
handling environments [8]. Of significant interest are those bacteria that are capable of causing food poisoning 
in humans. 

More so, in Nigeria, little is known about the occurrence of antibiotics resistant bacteria in freshwater animals. 
As far as intensive fish culture goes, a large amount of fish food and antibiotics have been used to increase pro- 
duction and to protect the fish from diseases. Consequently, a large portion of feeds and antibiotic enter the wa- 
ter as wastes, causing water pollution. Based upon the shortage of information about the bacterial density and 
antimicrobial resistance in Nile tilapia sampled from feral and cultured ponds in Nigeria. The purpose of this 
study was to compare the bacterial load of microbes between the skin and stomach of Wild and Cultured Nile 
Tilapia (Oreochromis niloticus) and the susceptibility of the isolates to commonly used antimicrobial agents. 

2. Materials and Methods 
Study location: Nile tilapiasamples (19.55 ± 2.38 cm; 65.63 ± 9.26 g, mean ± SEM) were drawn from a fishery 
institute fish pondsin Ibadan, southwest local government, Oluyole Estate, Ibadan. The area of the pond is 
20,045 m2 with depth of 1.0 m. Nile tilapia (16.01 ± 1.45 cm, 99.83 ± 21.76 g, mean ± SEM) were also sampled 
from Eleyeleriver in Ibadan North West local government, Onireke Ibadan. The area and depth of the river were 
not determined. 

3. Collection of Fish Samples 
Live Nile tilapia (Oreochromis niloticus) was randomly collected from the study sites. The fish samples were 
transported directly to the food and meat hygiene laboratory of Department of Veterinary Public Health and 
Preventive Medicine, University of Ibadan in an insulated box filled with cool packs (Jonny Plastic Ice, Pelton 
Shepard, Stockon, CA, USA) within two hours of sampling at 4˚C according to APHA, 1998. The samples were 
caught by a local fishing gear and by cast net. Samples were drawn between 8:00 am and 10:00 am in each oc-
casion at periodic interval of seven days. 

4. Bacteriological Examination of the Fish Samples 
The fish samples were processed for bacteriological analyses within 2 - 4 hr of sampling following aseptic tech- 
niques. The bacteriological media namely, Nutrient Agar (NA) and MacConkey Agar (MAC) were used to pre- 
pare the culture media [9]. 

The bacteria isolates from each specimen were obtained aseptically from the skin (1 cm2) and stomach (1 g 
portion). Each of the samples was placed in 10 ml distilled water. The stock solution was serially diluted. An 
aliquot of 0.1 mL of each desired solution was spread on each of the culture medium (using spread plate method) 
and incubated for 18 - 24 hr at 37˚C. The colony forming counts per gram of sample was determined using 
standards method [10] [11]. Bacterial density as colony forming unit (cfu/cm2) or g–1 for two replicates were in-
itially averaged and used for final calculation. The results were converted to logarithms in base ten. 
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All equipment and chemicals used were sterilized properly prior to use. The single colony was further sub 
cultured on freshly prepared NA and MAC for colonial purification. The pure bacterial isolates were subjected 
to variety of primary and biochemical tests. Each bacterium isolates was subjected to variety of primary and bio- 
chemical tests according to standard taxonomic schemes [12]. 

5. Antibiotic Sensitivity Test 
The antibiotic sensitivity tests of randomly selected bacterial isolates were tested for their sensitivity to antibio-
tics by means of a disc diffusion method [13]. It was investigated using GBMTS discs (Abtek biological Ltd.) 
containing the following antibiotics: Augmentin (Aug), 30 µg; Amoxyclin (Amx), 25 µg; Cotrimoxazole (Cot), 
25 µg; Gentamicin (Gen), 10 µg; Nalidixic acid (Nal); 30 µg; Nitrofuratoin (Nit), 100 µg; Ofloxacin (Ofx); 5 µg; 
and Tetracycline (Tet) 10 µg. 

The commercial antibiotics were placed on nutrient agar plates previously seeded with an 18 - 24 hr aged 
culture of each test organism using sterile glass spreader. The plates were incubated at 37˚C for 48 hr, after 
which zones of inhibition were examined and interpreted accordingly [14]. The resistance pattern of each isolate 
was constructed from the antibiogram. Earlier, the potencies of the entire antibiotic used in the study were con-
firmed using susceptible Escherichia coli strains. 

Statistical Analysis: The results obtained from the study were subjected to a statistical analysis (SAS, 2003) 
using t-test as outlined by 36 Values at p < 0.05 were considered significant. 

Result and Discussion: The microbial load of heterotrophic bacteria isolated from skin and stomach of the 
fish are as presented in Table 1. The total heterotrophic bacteria count ranged from 104.1 ± 9.03 to 159.50 ± 
13.72, mean (±SEM) for cultured and wild Nile tilapia. The highest microbial load of 159.50 ± 13.72 (log10cfu/ 
cm2 13.20) was obtained from the skin of Nile tilapia captured from wild while the least occurrence of bacteria 
load of 104.1 ± 9.03 (log10cfu/g 13.02) was also found in the stomach of Nile tilapia obtained from the same 
source. 

For the wild Nile tilapia, the microbial load of the skin was significantly higher than that of the stomach. This 
could be due to mass pollution of the environment or scales on the skin of tilapia that can harbor feed matter 
suitable for the survival of the bacteria than the stomach. 

The acidic environment (pH < 2) of Nile tilapia stomach which ruptures the cell wall of bacteria [15] could be 
responsible for low survival rate of bacteria in the stomach of Nile tilapia than that harbor the skin. Comparing 
the total bacteria load of the skin (143.67 ± 19.25, log10cfu/cm2 13.16) and stomach (104.72 ± 17.19, log10cfu/g 
13.02) of fish sourced from cultured ponds, there was no significant difference however higher bacteria count 
was observed on the skin of the fish which could be due to the presence of scales on the skin that can harbor 
feed matter suitable for the survival of the bacteria. 

The Enterobacteriaceae count of the skin and stomach of wild and cultured Nile tilapia ranged from 49.00 ± 
4.13, log10cfu/cm2 13.02 to 74.08 ± 5.55, log10cfu/g 13.02 mean ± SEM as shown in Table 2. 

A significantly higher count of Enterobacteriaceae was obtained in the stomach of wild tilapia compared to 
the skin. This could be due to ability of some enteric bacteria to withstand acidic environment of the stomach of 
Nile tilapia [15]. Contrary to what was observed in the total aerobic bacteria count in the skin and stomach of 
fish samples, the Enterobacteriaceae count in the stomach of wild and cultured Nile tilapia was higher than 
count on the skin. 
 
Table 1. Total bacteria load on skin and in stomach of Nile tilapia (Oreochromisniloticus) (n = 12 fishes × duplicates read-
ings). 

 Sample Body Parts  

Sources Skin (cfu/cm2) Stomach (cfu/g) t-Value 

Wild CFU (×1011) 159.50 + 13.72 104.17 + 9.03 3.369*** 

Log10 (13.20)* (13.02)**  

Cultured CFU (×1011) 143.67 + 19.25 104.72 + 17.19 1.509 

Log10 (13.16)* (13.02)**  
***Significantly different at (p < 0.001), each value is a mean of duplicate readings of 12 fish samples. 
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Table 2. Enterobacteria load on skin and in stomach of Nile tilapia (Oreochromis niloticus) (n = 12 fishes × duplicates 
readings) count (×1011). 

 Sample Body Parts  

Sources Skin Stomach t-Value 

Wild CFU (×1011) 49.00 + 4.13 74.08 + 5.55 3.629*** 

Log10 (12.69)* (12.86)  

Cultured CFU (×1011) 63.83 + 7.33 67.17 + 10.74 –0.256 

Log10 (12.80)* (12.82)**  

*Log10cfu/cm2 skin; **Log10cfu/g stomach; ***Significant difference at (p < 0.001) each value is a mean of duplicate readings of 12 fish samples. 
 
This could be due to rapid die-off of enteric organisms introduced into water bodies by animal (including bird) 

manure and human waste [15] [16] and ability to survive more in the stomach than in the water environment. 
Generally, the bacteria load of all the skin and fish sampled from different aquatic environments were high with 
indices ranging from 1012 to 1013 as compared to the recommended level of 102 - 107/cm2 for skin [15] and 103 - 
109/g of stomach [17]. 

Therefore the bacterial load found in this study ranging from 1.43 × 1013 - 1.59 × 1013 cfu/cm2 for skin sam- 
ples and 1.04 × 1013 - 1.05 × 1013 for stomach was beyond the standard value which indicates their unacceptabil- 
ity as food from public health point of view. 

High microbial load encountered in this study could be due to mass pollution of water environment which 
produce dense population of micro-organisms [18]. Animal and human manure, pets especially dogs can contri-
bute to faecal contamination of surface waters. Birds can be a significant source of faecal contamination of wa-
ter bodies. Swans, geese and other water fowl can elevate bacterial counts in rivers and ponds [19]. 

The higher density of bacteria in fish body may also be due to secondary contamination during handling and 
storage. Predominant bacteria isolated from skin and stomach of fish samples are strains of Staphylococcus au-
reus, Escherichia coli, Proteus species, Bacillus species, Klebsiella species, Micrococcus species, Serratia spe-
cies, Pseudomonas species, Salmonella species, and Streptococcus species. 

All these organisms are potential pathogens of man capable of causing a variety of diseases. Bacillus species, 
Escherichia coli, Salmonella species, Streptococcus species and Staphylococcus aureus were implicated in fish- 
borne [20] shrimp-borne [21] diseases of humans. Perhaps the best known and most easily recognized of the Gram- 
negative, facultative anaerobic bacilli are those that currently make up the family Enterobacteriaceae or enteric, 
as they are commonly called, includes a group of bacteria that inhabit the intestinal tract of humans and other 
animals. Some species are permanent residents, others are found in only a fraction of the population, and others 
are present only as disease conditions agents. 

It was reported that there is evidence of rapid die-off of enteric organisms and viruses in well managed fish 
ponds [16], a significant number of organisms can be found in products harvested from waste fed systems and 
polluted river, and such products therefore pose a potential health risk [22]. There exists great concern over the 
wide spread use of antibiotics in aquaculture which may result in residue of antibiotics in water and mud and 
subsequently the development of antibiotics resistance in bacteria in the environment. Different antibiotic resis- 
tance patterns in environmental, food and clinical sources have been reported [23]-[26]. 

Information on antibiotics susceptibility of microbes isolated from fish in Nigeria is scarce hence three strains 
each of Escherichia coli, Salmonella species, Streptococcus species, and Staphylococcus aureus isolated from 
wild and cultured Nile tilapia Oreochromis niloticus, were examined for resistance to commonly used antibiotics. 

The results of the antibiotics sensitivity test were interpreted and are presented as the resistance of bacterial 
isolates to the antibiotic resistance pattern among the bacterial isolates (Table 4). Recent studies have shown 
that many antibiotics persist in the sediment and in the aquatic environments for several months following ad-
ministration [27] [28]. The residues of antibacterial agents may affects the sedimentary microbial community 
and introduce antibiotic resistance in the bacteria [29]. 

In a recent work conducted by a researcher [24] on microbiology of a pharmaceutical effluent discharged into 
natural water, multi-resistant environmental strains were found. Similar and more multi-resistant strains were 
found in this study from Nile tilapia, Oreochronus niloticus, sampled from natural water (Eleyele River which 
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has evidence of being polluted by industrial and domestic waste. Fish are caught in large quantity for local and 
regional consumption from this river, representing a potential threat to human health. Over the last decades, a 
high number of food borne disease outbreaks has occurred, some with high mortality rates. Antibiotic resis- 
tance which could lead to ineffective treatment of infections could be responsible for this increased mortality. 
[30]. 

High level of resistance was obtained among the bacterial isolates (33.33% - 100%) as shown in Table 3. 
None of the antibiotics tested had 100% activity against all strains of Salmonella isolated form wild tilapia, 
Gentamicin had 100% activity against all strains of Escherichia coli, Salmonella and Staphylococcus aureus 
isolated from wild tilapia while similar effect was on Salmonella strains and Staphylococcus aureus isolated 
from cultured tilapia. Ofloxacin had 100% activity against the strains of Streptococcus species isolated from 
wild tilapia. All strains of E. coli and Streptococcus isolated from cultured tilapia showed various forms of re- 
sistance to all the antibiotics. 

The cumulative effectiveness of the antibiotics as obtained in this study is Gentamicin > Ofloxacin > Nitrofu-
rantoin > Amoxicillin > Tetracycline > Cotrimoxazole = Nalidixic acid > Augmentin. Our result provides fur- 
ther evidence of multi resistant strains in nature, representing a potential threat to human health. Antibiotic re-
sistance is increasing rapidly and developing countries are the worse affected; since they provide conditions and 
practices that support the development and spread of resistant microbes. Antibiotics prescriptions in hospitals 
are given without clear evidence of infection or adequate medical indication [31]. Due to unaffordable laboratory 
tests and consultation fees, it is becoming popular to prescribe broad spectrum antibiotics that are active against 
a wide range of different microbes; such antibiotics exposes much more bacteria than is needed, resulting in the 
consequent risk of dangerous side effects, super infections and the selection of drug resistant mutants. Too much 
antibiotic in animal feed to prevent intestinal infections could rapidly cause resistance to develop and passed on 
to human as in Escherichia coli [32]. 

The rapid development of antibiotic resistant by Salmonella, Staphylococcus, and Streptococcus may have 
developed in this way. 

Six patterns of multiple drug resistant with the number of antibiotics ranging from 3 to 8 among the bacterial 
isolates were obtained (Table 4) and fall within the range obtained by earlier workers [24] [31] [33] [34]. Our 
result provides further evidence of the emergence of multi resistant strains in nature representing a potential 
threat to human health. Previous studies [31] reported that multiple drug resistant is an extremely serious public 
health problem and it has been associated with outbreaks of major epidemics throughout the world. Thus, the 
multiple drug resistance showed by these bacteria is worrisome because of the public health implications. 

In conclusion, it is recommended that the hygienic handling of fish from the moment of capture to the point of 
consumption is crucial to ensure good quality and long shelf life. Bacterial contamination of fish is a main cause 
of spoilage and is of particular importance if the fish is contaminated with pathogenic bacteria, which causes 
food poisoning or even death amongst consumers. Therefore fish should be kept clean and at chill temperature  
 
Table 3. Resistance of bacterial isolates against individual antibiotics. 

Bacterial Isolates 

Antibiotics #Ec ##Ec #SA ##SA #Sp ##Sp #ST ##ST Cumulative Resistance 

Aug 3(100) 3(100) 3(100) 3(100) 3(100) 3(100) 2(66.67) 1(33.33) 21(87.50) 

Amx 2(66.67) 3(100) 0(0.0) 1(33.33) 3(100) 3(100) 3(100) 3(100) 18(75.00) 

Cot 2(66.67) 3(100) 1(33.33) 2(66.67) 3(100) 3(100) 3(100) 3(100) 20(83.33) 

Gen 0(0.0) 1(33.33) 0(0.0) 0(0.0) 3(100) 3(100) 0(0.0) 0(0.0) 7(29.17) 

Nal 2(66.67) 2(66.67) 2(66.67) 3(100) 2(66.67) 3(100) 3(100) 3(100) 20(83.33) 

Nil 1(33.33) 1(33.33) 3(100) 3(100) 1(33.33) 1(33.33) 2(66.67) 1(33.33) 13(54.17) 

Ofx 2(66.67) 1(33.33) 3(100) 2(66.67) 0(0.0) 1(33.33) 1(33.33) 2(66.67) 12(50.00) 

Tet 2(66.67) 3(100) 3(100) 3(100) 3(100) 3(100) 3(100) 1(33.33) 19(79.17) 

No of resistant isolates, (%) in parenthesis, a total of 24 isolates used, three for each bacterium; Ec (E. coli), SA (Salmonella). Sp (Streptococcus), St 
(Staphylococcus aureus). #, wild tilapia isolates, ##, cultured tilapia isolates. 
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Table 4. Antibiotic resistance pattern among the bacteria isolates. 

No of Antibiotics Resistance Number of Isolate Bacteria % 

3 Amx, Cot, Nal 1 ##ST 4.17 

4 Aug, Nal, Ofx, Tet 1 #Ec 4.17 

 Aug, Amx, Cot, Nit 1 #Ec 4.17 

 Aug, Nit, Ofx, Tet 1 #SA 4.17 

 Aug, Nal, Nit, Tet 1 #SA 4.17 

 Aug, Amx, Cot, Nal 1 #ST 4.17 

 Amx, Cot, Nal, Nit 1 #ST 4.17 

 Amx, Cot, Nal, Ofx 1 #ST 4.17 

5 Aug, Amx, Cot, Nal, Tet 1 #Ec 4.17 

 Aug, Nal, Nit, Ofx, Tet 1 #SA 4.17 

 Aug, Amx, Cot, Gen, Tet 1 #Sp 4.17 

6 Aug, Amx, Cot, Nal, Ofx, Tet 2 #Ec, ##Ec 8.33 

 Aug, Amx, Cot, Gen, Nit, Tet 1 ##Ec 4.17 

 Aug, Cot, Nal, Nit, Ofx, Tet 2 #SA, #SA 8.33 

 Aug, Amx, Cot, Gen, Nal, Tet 3 #Sp, ##Sp, ##Sp 12.50 

7 Aug, Amx, Cot, Nal, Nit, Ofx, Tet 3 ##SA, #ST, ##ST 12.50 

 Aug, Amx, Cot, Gen, Nal, Nit, Tet 1 #Sp 4.17 

8 Aug, Amx, Cot, Gen, Nal, Nit, Ofx, Tet 1 ##Sp 4.17 

See methods for antibiotics abbreviations. 
 
which can help to minimize or delay the growth of bacteria. Good hygiene practice and proper handlings are 
necessary to prevent food poisoning associated with consumption of fish. 

It is also recommended that more studies are necessary to confirm the incidence and resistant pattern of anti- 
biotics strains in order to provide baseline information for policy maker. There is urgent need for a monitoring 
system of antibacterial drugs that are being used in aquaculture practices. 
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