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Examination of Some Smoked Fishes for Bacteriological implications in Port Harcourt Metropolis, Nigeria


ABSTRACT
Smoked fish is a widely consumed food product in Port Harcourt Metropolis due to its affordability, nutritional value, and distinctive flavor but is often compromised by microbial contamination. This study assessed the microbiological quality and antibiotic susceptibility of smoked fish from Creek Road, Mile 1, and Rumuokoro markets in Port Harcourt metropolis. Standard microbiological techniques were employed for isolation and identification of bacteria, while antibiotic susceptibility was determined using the Kirby–Bauer disc diffusion method. Mean bacterial counts were highest in Creek Road samples (3.7 × 10⁴ ± 0.6 cfu/g), followed by Mile 1 (2.5 × 10⁴ ± 0.4 cfu/g) and Rumuokoro (2.1 × 10⁴ ± 0.3 cfu/g), with significant variation among markets (p < 0.05). A total of 37 bacterial isolates were recovered, with Bacillus subtilis (21.6%), Staphylococcus aureus (16.2%), and Escherichia coli (10.8%) being the most frequent. Hemolytic patterns revealed that most isolates were gamma-hemolytic, although some Bacillus and Staphylococcus strains showed beta-hemolysis. Antibiotic susceptibility results indicated high resistance to ampicillin, augmentin, and ceftriaxone, whereas ofloxacin, ciprofloxacin, and gentamicin showed high effectiveness. These findings underscore the public health risks of smoked fish consumption in Port Harcourt and call for improved handling and preservation practices.	Comment by FPCC: How many isolation units were taken from each sample?

Keywords: Smoked fish, bacteriological implication, susceptibility, Markets, Port Harcourt metropolis. 	Comment by FPCC: 'microbiological quality' instead of 'bacteriological implication'

INTRODUCTION
Fish has remained an important source of animal protein in Nigeria and particularly the Niger Delta region of the Country. Aside its provision of essential fatty acids, vitamins, and minerals, it plays a vital role in the diets of millions of people worldwide, particularly in developing countries where fish is often an affordable and accessible source of animal protein (Umezurike et al., 2024). The perishability of fish is influenced by different factors such as its high moisture content and rich nutrient composition that favors microbial proliferation and post-harvest spoilage (Ekechukwu et al., 2025). Common microbial contaminants that have been associated with smoked fish include Escherichia coli, Salmonella spp., Staphylococcus aureus, Pseudomonas spp., moulds, and yeasts; several of these organisms are pathogenic and can pose serious public health risks if consumed (Umezurike et al., 2024).

Different preservation methods have been in use to extend its shelf life and enhance flavor. Smoking of fish has remained a widely used method of fish preservation in Nigeria, which reduces moisture and can inhibit microbial growth (Umezurike et al., 2024; Ekechukwu et al., 2025; FAO & WHO, 2020; Adebayo-Tayo et al., 2021).
In Port Harcourt Metropolis, smoked fish is widely sold in open markets such as Creek Road Market, Mile 1 Market, and Rumuokoro Market, serving as a staple diet in many households and a source of livelihood for local traders (Obiora & Amaechi, 2024).
Despite the benefits of smoking as a preservation method, smoked fish can still be contaminated with microorganisms introduced during handling, processing, transportation, or storage (Olatunde & Akinwale, 2022). Other factors influencing microbial contamination of smoked fish in the market place include unhygienic market conditions, exposure to dust, insects, and polluted air from market activities and nearby industries (Umezurike et al., 2024). In Port Harcourt, where environmental pollution from industrial and oil-related activities is prevalent, there is the possibility of smoked fish being exposed to harmful chemical residues in addition to microbial contamination (Onoja et al., 2025). 

Artisanal smoking methods, though culturally entrenched, are often inconsistent in temperature control and duration, leading to incomplete dehydration and reduced effectiveness in inhibiting microbial growth (Ekechukwu et al., 2025). Previous studies have documented that smoked fish sold in Nigerian markets harbor a wide range of microorganisms, including E. coli, Salmonella spp., S. aureus, Pseudomonas spp., and various fungal contaminants, some of which are pathogenic and linked to food-borne illnesses (Umezurike et al., 2024; Kanki et al., 2025). Markets with poor hygienic facilities often display smoked fish in open baskets directly exposed to dust and insects, conditions that increase microbial load and present serious public health risks, especially to children, pregnant women, and immunocompromised individuals (Umezurike et al., 2024).
In addition to microbial hazards, environmental pollution in Port Harcourt, especially from industrial emissions, raises the possibility of smoked fish contaminated with chemical residues and heavy metals, introducing additional long-term health risks (Onoja et al., 2025). Furthermore, the widespread practice of consuming smoked fish without proper reheating increases the likelihood of ingesting viable pathogens and toxins.
Despite these concerns, there is limited up-to-date research on the microbiological quality of smoked fish sold in Port Harcourt Metropolis, leaving gaps in understanding the current safety status of smoked fish in a city that is growing in population and industrial activity. Without adequate surveillance and monitoring, consumers remain at risk of food-borne disease while vendors continue to operate without sufficient knowledge of food safety standards.
It is therefore imperative to investigate the microbial quality of smoked fish sold in Port Harcourt markets, not only to identify the types and levels of microorganisms present but also to evaluate potential public health implications. Findings will provide evidence-based data to guide public health interventions, inform policy makers, and create awareness among consumers and traders about safe handling and storage practices. By identifying and quantifying the microorganisms present in smoked fish, this research will provide essential information on potential health risks and help prevent food-borne diseases and improve overall population health.

The findings from this study can guide fish processors and vendors on the need for hygienic handling, proper smoking techniques, and safe storage methods, thereby reducing microbial contamination.	Comment by FPCC: This paragraph should be split. State the study's objective first, then rewrite the remaining points as a flowing paragraph
should be more concise
The results will help educate consumers on the importance of purchasing smoked fish from hygienic sources, encouraging them to demand higher safety standards from sellers. Data generated from this study can assist food safety regulatory agencies in formulating and enforcing guidelines for the processing, handling, and sale of smoked fish, thereby strengthening food safety policies in Port Harcourt metropolis. By reducing spoilage and contamination, the study indirectly supports the livelihoods of fish vendors, as improved quality and safety can lead to increased customer trust, reduced waste, and higher sales. This research will add to the body of knowledge on the microbiological quality of smoked fish in Nigeria, serving as a reference point for future studies and interventions in food safety. This study aims to examine some smoked fishes for bacteriological implications in Port Harcourt Metropolis, Nigeria.


MATERIALS AND METHODS	Comment by FPCC: The scientific names of the fish used in the research should be mentioned, with a separate section dedicated to them in the materials and methods.

Description of Study Area
This study was carried out in Port Harcourt Metropolis, Rivers State, Nigeria. Smoked fish samples were obtained from markets such as Rumuokoro, Mile 3, and Creek road markets.	Comment by FPCC: The descriptions of the three sampling locations can be streamlined into one concise paragraph. For visual clarity, this should be supplemented by a map of the study area with markers indicating the specific sampling points
Rumuokoro market
Rumuokoro Market is a prominent open-air commercial hub located in Obio-Akpor Local Government Area of Rivers State, Nigeria, within the Port Harcourt metropolis. It serves as a vital point for trade and distribution, particularly of agricultural products such as smoked fish, fruits, vegetables, grains, and household goods.
The market is situated along a major intersection that connects several key roads leading to Choba, Rumuodara, Rukpokwu, and Ikwerre Road, making it a strategic location for both local residents and traders from surrounding communities, with latitude: 4.8653° N and longitude of 6.9876° E.
Creek Road Market
Creek Road Market is one of the oldest and busiest markets in Port Harcourt, located in the Port Harcourt Local Government Area. It is situated close to the waterfront, which makes it a major outlet for seafood, including smoked fish. The market’s proximity to marine environments and the dense population of traders contribute to the complex microbial dynamics in its food items. It is delimited by the coordinates: (4.7519° N, 7.0246° E)
Mile 1 Market 
Mile 1 Market is located along Ikwerre Road in the heart of Diobu, Port Harcourt. It is one of the most popular urban markets in the city, offering a wide range of goods, including smoked and fresh fish. Despite its significance, the market experiences issues such as overcrowding and limited hygiene infrastructure, factors that could influence microbial contamination. It is delimited by the coordinates: (4.8014° N, 6.9996° E)

[bookmark: _Hlk221959387]Sample Collection	Comment by FPCC: Sampling instead of Sample Collection

A total of nine smoked fish samples were collected from the three selected markets. Three different fish species commonly consumed in the region were represented, and obtained from each market. Samples were purchased directly from vendors using aseptic techniques to minimize contamination during collection. Each sample was placed in sterile zip lock bags and transported to the laboratory within a few hours of purchase under cold chain conditions to reduce changes in microbial composition before analysis. The selection of multiple markets and species was done to ensure that the study captured a wide representation of smoked fish available to consumers in Port Harcourt.
Bacteriological Analysis
Enumeration and Isolation of Bacteria 

A 10-fold serial dilution of the fish samples was carried out by first homogenizing 10g of the fish samples in 90ml of normal saline. From the homogenate, 1ml of the sample was aseptically transferred into test tubes with sterile pipette and agitated properly to allow even distribution. After serial dilution of the samples, an aliquot (0.1ml) was inoculated in duplicates on Nutrient Agar, Mannitol Salt Agar (MSA), MacConkey Agar (MCA) and Eosin Methylene Blue (EMB) using spread plate method. The inoculated plates were incubated at 37C for 24 hours after which the colonies were counted and recorded. 	Comment by FPCC: The formula for calculating CFU/g should be added

Characterization of Isolates
The isolates obtained from the smoked fish were first examined for their cultural characteristics on the respective media. Parameters such as colony size, shape, margin, elevation, pigmentation, and texture were observed and recorded. Colonies were then purified by sub-culturing on fresh media before being subjected to microscopic examination. Gram staining was performed to differentiate between Gram-positive and Gram-negative organisms (Abasi et al 2024). 	Comment by FPCC: What is the original source for this method?
Antimicrobial Susceptibility Testing  
Preparation of Standard Bacterial Suspension  
A pure culture of the test organism that was 24 hours was emulsified in sterile nutrient broth tubes and adjustment was continued to 0.5 MCFarland Turbidity Standard using sterile normal saline. The standardized bacterial suspension was used for the susceptibility test. The Clinical and Laboratory Standards Institute's guidelines were followed in creating the McFarland standard. (CLSI, 2017, Cheesbrough, 2006). 
Susceptibility Testing  
The tube holding the standardized bacterial suspension was dipped into with a sterile swab stick, and the turbidity of the suspension was found to be equivalent to the 0.5m McFarland turbidity standard. The petri dish containing the pre-prepared Muller-Hinton agar was swabbed uniformly in three dimensions using a swab stick. The plates were rotated to approximately 60°C to guarantee a uniform distribution of the organism. Agar was allowed to dry for three to five minutes. The impregnated antimicrobial disc was positioned equally on the inoculation plate's surface and 15 mm from the plate's edge using sterile forceps. Each disc was gently pressed down with the forceps head to establish contact with the agar. Following a 24-hour aerobic application of the disc in an inverted posture at 35°C, the test plates were inspected to confirm confluence growth or near confluence. Using a centimeter rule on the underside of the plate, the diameter of each zone of inhibition was measured in millimeters and recorded for future reference (Clinical and Laboratory Standards Institute, 2017).	Comment by FPCC: The plate was rotated at a 60° angle (using angular degrees, not temperature degrees)
	Comment by FPCC: The inoculated plates were incubated aerobically in an inverted position at 35°C for 24 hours  


RESULTS
Bacterial Population of the Fish Samples Studied 
The bacterial load of the fish samples investigated is presented in tables 1 and 2. From Table 1 it was observed that Mile 3 Market recorded the highest Total Heterotrophic Bacteria Count (THBC) of 7.1±2.95 x 10⁶ CFU/g, with Rumuokoro Market having the least THBC (4.90±2.97 x 10⁶ CFU/g) For the Total coliforms counts, Mile 3 markets had the highest mean count (11.2±2.07 ×10⁵ CFU/g) while Creek Road Market recorded the least count of 2.8±3.70 ×10⁵ CFU/g. 
The Salmonella-shigella count (SSC) indicated that fish samples from Rumuokoro Market had the highest mean count (7.7±4.93 ×10³ CFU/g) while Mile 3 Market had the least mean count of 0.73±1.27 ×10³ CFU/g. For Fecal Coliform Count (FCC), it was observed that fish samples from Mile 3 Market had the highest mean count (14.6±9.3 x 104 CFU/g) while fish samples from Rumuokoro market had the least mean count (4.16±1.76 x 104 CFU/g).
Despite the observed variations, P-values for all bacterial parameters (THBC = 0.603, SSC = 0.222, TCC = 0.59, FCC = 0.269) indicate no statistically significant differences among markets
Data in Table 2 presents the comparison between the bacterial populations across different fish types, Bonga fish, Ice fish, and Mangala regardless of their market source. The study recorded the highest THBC in Ice fish with the value 7.9±1.82 97 x 10⁶ CFU/g while Bonga fish had the lowest mean value of 4.03±2.5 97 x 10⁶ CFU/g. The total coliform count revealed that Ice fish had the highest mean value (8.8±1.58 x 10⁵ CFU/g) while Mangala had the lowest mean value (4.30±4.9 x 10⁵ CFU/g). 	Comment by FPCC: Is this number in the table?	Comment by FPCC: ???????????
In terms of Salmonella-shigella count (SSC), it was observed that Ice fish had the highest mean count with the value 7.7±6.92 ×10³ CFU/g while Mangala fish had the lowest mean count of 2.06±2.00 ×10³ CFU/g.  For Fecal Coliform Count (FCC), Ice fish recorded the highest mean value (13.8±8.05 x 104 CFU/g) while Bonga fish had the least mean value (2.6±0.98 x 104 CFU/g).
The P-values for THBC (0.217), SSC (0.291), TCC (0.561), and FCC (0.123) indicate no statistically significant differences among the fish types. 

Table 1. Mean Bacterial Population of the Fish Samples Studied
	Markets
	
	THBC
X 106
	SSC
X 103
	TCC
X 105
	FCC
X 104

	Creek Road 

	 (ice fish)
	     6.7 
	          —
	     7.0 
	     16.7 

	
	 (Mangala)
	     1.7 
	     2.2 
	     1.4 
	     14.8 

	
	 (Bonga fish)
	     6.5 
	       —
	       —
	     2.0 

	Mean ± sdv
	4.96±2.83
	0.73±1.27
	2.8±3.70
	11.10±7.95

	
	
	
	
	
	

	Mile 3 

	 (Ice fish)
	    10.0 
	      10 
	     10.0 
	     20 

	
	(Mangala)
	     7.2 
	       —
	    10.0 
	     20 

	
	(Bonga )
	    4.1 
	      1.0 
	    13.6 
	     3.8 

	Mean ± sdv
	7.1±2.95
	3.66±5.50
	11.2±2.07
	14.6±9.3

	
	
	
	
	
	

	Rumuokoro 

	(Ice fish)
	     7.0 
	   13.3 
	     9.4 
	     4.7 

	
	(Mangala )
	     6.2 
	     4.0 
	     1.5 
	     5.6 

	
	(Bonga fish)
	    1.5 
	     5.8 
	      1.3 
	     2.2 

	Mean ± sdv
	4.90±2.97
	7.7±4.93
	4.06±4.61
	4.16±1.76

	P value
	0.603
	0.222
	0.59
	0.269








Table 2. Mean Bacterial Population in the different Fish Samples Studied
	Fish types
	THBC
X 106
	SSC
X 103
	TCC
X 105
	FCC
X 104

	Bonga fish 
	     6.5 
	       —
	       —
	     2.0 

	Bonga fish
	    4.1 
	      1.0 
	    13.6 
	     3.8 

	Bonga fish 
	    1.5 
	     5.8 
	      1.3 
	     2.2 

	Mean ± sdv
	4.03±2.5
	2.26±3.1
	4.9±7.5
	2.6±0.98

	
	
	
	
	

	Ice fish 
	     6.7 
	          —
	     7.0 
	     16.7 

	Ice fish 
	    10.0 
	      10 
	     10.0 
	     20 

	Ice fish 
	     7.0 
	   13.3 
	     9.4 
	     4.7 

	Mean ± sdv
	7.9±1.82
	7.7±6.92
	8.8±1.58
	13.8±8.05

	
	
	
	
	

	Mangala 
	     1.7 
	     2.2 
	     1.4 
	     14.8 

	Mangala 
	     7.2 
	       —
	    10.0 
	     20 

	Mangala 
	     6.2 
	     4.0 
	     1.5 
	     5.6 

	Mean ± sdv
	5.03±2.9
	2.06±2.00
	4.30±4.9
	13.4±7.2

	
	
	
	
	

	P value
	0.217
	0.291
	0.561
	0.123

	


	
	
	
	


Prevalence and Distribution of the Bacterial Isolates in the Study Area
From the Table 3, it is evident that Bacillus spp., Staphylococcus spp., and Lactobacillus spp. were the most commonly occurring bacteria, each with a prevalence of 100%, indicating that these species were consistently present in smoked fish samples from all three markets. This highlights their potential significance as dominant contaminants in these samples.
Other bacterial species such as Shigella spp., Actinobacter spp., Micrococcus spp., Proteus spp., Enterobacter spp., Citrobacter spp., and Salmonella spp. were detected less frequently, with prevalence ranging from 33.3% to 66.7%, suggesting that their occurrence is more sporadic and may depend on specific handling, storage, or market conditions. For instance, Shigella spp. and Actinobacter spp. were only detected in Mile 3 market samples, whereas Micrococcus spp.was found only in Creek Road market samples.
The table also shows that some potentially pathogenic species such as Escherichia coli, Salmonella spp., and Providencia spp. were present in a subset of samples, which may pose a public health risk if smoked fish are consumed without proper cooking or handling.

Table 3. Occurrence of Bacteria species in the Markets studied  
	Bacterial species  
	Mile 3
market
	Creek road market
	Rumuokoro market 
	Prevalence (%) 

	Shigella spp. 
	- 
	+ 
	- 
	33.3 

	Bacillus spp 
	+ 
	+ 
	+ 
	100

	Actinobacter spp 
	- 
	+ 
	- 
	33.3 

	Micrococcus spp 
	+ 
	- 
	- 
	33.3

	Staphylococcus spp 
	+ 
	+ 
	+ 
	100 

	Lactobacillus spp
	+
	+ 
	+ 
	100

	Escherichia coli
Proteus spp
Corynebacterium spp 
Klebisella spp
Enterobacter spp
Citrobacter spp
Providencia spp
Salmonella spp
Number of bacterial  species present 
	-
-
-
-
+
+
-
+
	 -
+
-
+
+
-
-
-
	 +
+
+
+
+
+
+
-
	33.3
66.7
33.3
66.7
100
66.7
33.3
33.3




Hemolytic Potential (Virulence) of the Isolates from the Samples 
The hemolytic patterns of the bacterial isolates from the smoked fish samples were observed and recorded. Among the bacteria, Shigella spp., Actinobacter spp., and Micrococcus spp. exhibited gamma hemolysis exclusively, indicating no hemolytic activity. Bacillus spp. showed both beta (37.5%) and gamma (62.5%) hemolysis, suggesting variable hemolytic properties among the isolates. Similarly, Staphylococcus spp. demonstrated alpha (28.6%), beta (14.3%), and gamma (57.1%) hemolysis, reflecting diverse hemolytic capabilities within the genus. Lactobacillus spp. primarily exhibited gamma hemolysis (75%), with a smaller proportion showing beta hemolysis (25%). Some Gram-negative enteric bacteria, including Salmonella spp. and Providencia spp., displayed beta hemolysis in 100% of the isolates, while Escherichia coli, Proteus spp., Klebsiella spp., Enterobacter spp., and Citrobacter spp. mostly showed gamma hemolysis or low-level beta hemolysis.  The presence of hemolytic and pathogenic bacteria in smoked fish has been linked to increased public health risks (Ajayi & Egbebi, 2023).




Table 4. Hemolytic Pattern of the Isolates  
	Organisms  
	No. of isolates  
	                Hemolysis 
	

	  
	  
	No. (%) 
	Beta 
No. (%) 
	Gamma 
No. (%) 

	Shigella spp. 
	1 
	- 
	   -
	1(100) 

	Bacillus spp 
	8 
	- 
	3 (37.5)
	5 (62.5)

	Actinobacter spp 
	1 
	- 
	  -
	1 (100)

	Micrococcus spp 
	1 
	-
	   -
	1 (100) 

	Staphylococcus spp 
	7 
	2 (28.6)   
	1 (14.3)  
	4 (57.1)

	Lactobacillus spp
	4 
	-
	1 (25)   
	3 (75)

	Escherichia coli
Proteus spp
Corynebacterium spp 
Klebisella spp 
Enterobacter spp
Citrobacter spp
Providencia spp
Salmonella spp

Total
	
2 
3
1
2
3
2
1
1

37
	
-
-
-
-
1 (33.3)
-
-
-

3 (8.1)
	
2 (100)
3 (100)
1 (100)
-
1 (33.3)
2 (100)
-
-

15 (40.5)
	
-
-
-
2 (100)
1 (33.3)
-
1 (100)
1 (100)

19 (51.4)



Antibiotic Susceptibility Pattern of Isolates
The response of the bacteria isolated to the different antibiotics is reported in Tables 5 and 6.
The result in Table 5 shows the antibiogram of the Gram-positive bacteria, where Bacillus spp. exhibited the highest resistance to Ampicillin and Azithromycin with 100% of the isolates showing resistance. Similarly, Corynebacterium spp.demonstrated complete resistance to most of the antibiotics tested, indicating multidrug resistance. In contrast, Lactobacillus spp. showed the least resistance, with 100% susceptibility to several antibiotics, while Staphylococcus spp.recorded 57.1% resistance to Gentamicin but remained completely susceptible to Pefloxacin. Micrococcus luteus also displayed total resistance to Ampicillin, Pefloxacin, Azithromycin, and Amoxicillin.
The antibiogram of the Gram-negative bacteria in Table 6 revealed that Shigella sonnei showed the highest resistance, with all the isolates (100%) resistant to Cefuroxime, Augmentin, Gentamicin, Cephalexin, Trimethoprim, and Ceftazidime. Acinetobacter baumannii on the other hand, was largely susceptible, with resistance observed only against Rifampicin. Escherichia coli and Salmonella enterica showed moderate resistance to some β-lactam antibiotics but remained sensitive to fluoroquinolones. Providencia stuartii exhibited very low resistance, while Klebsiella pneumoniae isolates were all resistant to Augmentin but remained highly susceptible to most of the other antibiotics tested. Enterobacter spp. showed moderate resistance to β-lactams, while Proteus spp. and Citrobacter freundii recorded multiple resistances, especially against Augmentin, Cephalosporins, and Trimethoprim (Table 6). 


  
  







































Table 5. Antibiotics Susceptibility Pattern of the Gram-Positive Bacterial Isolates
	Bacteria

	CFX
	S
	SXT
	E
	PEF
	CN
	APX
	Z
	AM
	R

	Bacillus spp. 
	
	
	
	
	
	
	
	
	
	

	No. of R (%)
	2 (25)
	5 (62.5)
	3 (37.5)
	3 (37.5)
	1 (12.5)
	5 (62.5)
	8 (100)
	8 (100)
	3 (37.5)
	1 (12.5)

	No. of I (%)
	2 (25)
	1 (12.5)
	2 (25)
	3 (37.5)
	2 (25)
	1 (12.5)
	0 (0)
	0 (0)
	3 (37.5)
	4 (50)

	No. of S (%)
	4 (50)
	2 (25)
	3 (37.5)
	2 (25)
	5 (62.5)
	2 (25)
	0 (0)
	0 (0)
	2 (25)
	3 (37.5)


	Lactobacillus spp.
No. of R (%)
	0 (0)
	1 (25)
	0 (0)
	0 (0)
	0 (0
	0 (0)
	4 (100)
	1 (25)
	0 (0)
	0 (0)

	No. of I (%)
	0 (0)
	1 (25)
	0 (0)
	1 (25)
	0 (0)
	1 (25)
	0 (0)
	1 (25)
	1 (25)
	0 (0)

	No. of S (%)
	4 (100)
	2 (50)
	4 (100)
	3 (75)
	4 (100)
	3 (75)
	0 (0)
	2 (50)
	3 (75)
	4 (100)



	Staphylococcus spp.
No. of R (%)
	
0 (0)
	
0 (0)
	
2 (28.6)
	
0 (0)
	
0 (0)
	
4 (57.1)
	
7 (100)
	
1 (14.3)
	
0 (0)
	
0 (0)

	No. of I (%)
	3 (42.9)
	2 (28.6)
	3 (42.9)
	4 (57.1)
	0 (0)
	1 (14.3)
	0 (0)
	2 (28.6)
	2 (28.6)
	1 (14.3)

	No. of S (%)
	4 (57.1)
	5 (71.4)
	2 (28.6)
	3 (42.9)
	7 (100)
	2 (28.6)
	0 (0)
	4 (57.1)
	5 (71.4)
	6 (85.7)



	Micrococcus luteus
No. of R (%)
	

0 (0)
	

0 (0)
	

0 (0)
	

0 (0)
	

1 (100)
	

0 (0)
	

1 (100)
	

1 (100)
	

1 (100)
	

0 (0)

	No. of I (%)
	0 (0)
	1 (100)
	0 (0)
	0 (0)
	0 (0)
	0 (0)
	0 (0)
	0 (0)
	0 (0)
	0 (0)

	No. of S (%)
	1 (100)
	0 (0)
	1 (100)
	1 (100)
	0 (0)
	1 (100)
	0 (0)
	0 (0)
	0 (0)
	1 (100)


	Corynebacterium spp.
No. of R (%)
	

1 (100)
	

0 (0)
	

0 (0)
	

0 (0)
	

0 (0)
	

1 (100)
	

1 (100)
	

1 (100)
	

1 (100)
	

1 (100)

	No. of I (%)
	0 (0)
	1 (100)
	1 (100)
	1 (100)
	0 (0)
	0 (0)
	0 (0)
	0 (0)
	0 (0)
	0 (0)

	No. of S (%)
	0 (0)
	0 (0)
	0 (0)
	0 (0)
	1 (100)
	0 (0)
	0 (0)
	0 (0)
	0 (0)
	0 (0)



Key: CFX – Cefuroxime, S – Streptomycin, SXT – Sulfamethoxazole/Trimethoprim, E – Erythromycin, PEF – Pefloxacin, CN – Gentamicin, APX – Ampicillin, Z – Azithromycin, AM – Amoxicillin, R – Rifampicin

Table 6 Antibiotics Susceptibility Pattern of the Gram Negative Bacterial Isolates
	Bacteria
	CEF
	OFX
	AU
	PEF
	CN
	CPX
	CEP
	TRX
	CTZ
	S

	Shigella
 sonnei 
	
	
	
	
	
	
	
	
	
	

	No. of R (%)
	1 (100)
	0 (0)
	1 (100)
	0 (0)
	1 (100)
	0 (0)
	1 (100)
	1 (100)
	1 (100)
	1 (100)

	No. of I (%)
	0 (0)
	0 (0)
	0 (0)
	0 (0)
	0 (0)
	0 (0)
	0 (0)
	0 (0)
	0 (0)
	0 (0)

	No. of S (%)
	0 (0)
	1 (100)
	0 (0)
	1 (100)
	0 (0)
	1 (100)
	0 (0)
	0 (0)
	0 (0)
	0 (0)

	Acinetobacter baumanni 
	
	
	
	
	
	
	
	
	
	

	No. of R (%)
	0 (0)
	0 (0)
	0 (0)
	0 (0)
	0 (0)
	0 (0)
	0 (0)
	0 (0)
	0 (0)
	1 (100)

	No. of I (%)
	0 (0)
	0 (0)
	0 (0)
	1 (100)
	0 (0)
	0 (0)
	0 (0)
	0 (0)
	0 (0)
	0 (0)

	No. of S (%)
	1 (100)
	1 (100)
	1 (100)
	0 (0)
	1 (100)
	1 (100)
	1 (100)
	1 (100)
	1 (100)
	0 (0)

	Escherichia 
coli 
	
	
	
	
	
	
	
	
	
	

	No. of R (%)
	1 (50)
	0 (0)
	1 (50)
	0 (0)
	0 (0)
	0 (0)
	1 (50)
	1 (50)
	1 (50)
	0 (0)

	No. of I (%)
	0 (0)
	0 (0)
	0 (0)
	1 (50)
	0 (0)
	0 (0)
	0 (0)
	0 (0)
	0 (0)
	0 (0)

	No. of S (%)
	1 (50)
	2 (100)
	1 (50)
	1 (50)
	2 (100)
	2 (100)
	1 (50)
	1 (50)
	1 (50)
	2 (100)

	Salmonella 
enterica 
	
	
	
	
	
	
	
	
	
	

	No. of R (%)
	0 (0)
	0 (0)
	1 (100)
	0 (0)
	0 (0)
	0 (0)
	0 (0)
	0 (0)
	1 (100)
	0 (0)

	No. of I (%)
	0 (0)
	1 (100)
	0 (0)
	1 (100)
	0 (0)
	0 (0)
	0 (0)
	1 (100)
	0 (0)
	0 (0)

	No. of S (%)
	1 (100)
	0 (0)
	0 (0)
	0 (0)
	1 (100)
	1 (100)
	1 (100)
	0 (0)
	0 (0)
	1 (100)

	Providencia
 stuartii 
	
	
	
	
	
	
	
	
	
	

	No. of R (%)
	0 (0)
	0 (0)
	0 (0)
	0 (0)
	0 (0)
	0 (0)
	0 (0)
	0 (0)
	0 (0)
	0 (0)

	No. of I (%)
	0 (0)
	1 (100)
	1 (100)
	0 (0)
	0 (0)
	0 (0)
	0 (0)
	0 (0)
	1 (100)
	0 (0)

	No. of S (%)
	1 (100)
	0 (0)
	0 (0)
	1 (100)
	1 (100)
	1 (100)
	1 (100)
	1 (100)
	0 (0)
	1 (100)

	
Klebsiella pneumoniae 
	
	
	
	
	
	
	
	
	
	

	No. of R (%)
	0 (0)
	0 (0)
	2 (100)
	0 (0)
	0 (0)
	0 (0)
	0 (0)
	0 (0)
	1 (50)
	0 (0)

	No. of I (%)
	1 (50)
	0 (0)
	0 (0)
	0 (0)
	0 (0)
	0 (0)
	0 (0)
	1 (50)
	0 (0)
	0 (0)

	No. of S (%)
	1 (50)
	2 (100)
	0 (0)
	2 (100)
	2 (100)
	2 (100)
	2 (100)
	1 (50)
	1 (50)
	2 (100)

	Enterobacter
 spp. 
	
	
	
	
	
	
	
	
	
	

	No. of R (%)
	1 (33.3)
	0 (0)
	1 (33.3)
	0 (0)
	0 (0)
	0 (0)
	1 (33.3)
	0 (0)
	1 (33.3)
	0 (0)

	No. of I (%)
	0 (0)
	0 (0)
	0 (0)
	1 (33.3)
	0 (0)
	0 (0)
	0 (0)
	1 (33.3)
	0 (0)
	0 (0)

	No. of S (%)
	2 (66.7)
	3 (100)
	2 (66.7)
	2 (66.7)
	3 (100)
	3 (100)
	2 (66.7)
	2 (66.7)
	2 (66.7)
	3 (100)

	Proteus 
spp. 
	
	
	
	
	
	
	
	
	
	

	No. of R (%)
	3 (100)
	1 (33.3)
	2 (66.7)
	2 (66.7)
	0 (0)
	0 (0)
	2 (66.7)
	2 (66.7)
	1 (33.3)
	0 (0)

	No. of I (%)
	0 (0)
	2 (66.7)
	1 (33.3)
	1 (33.3)
	0 (0)
	0 (0)
	0 (0)
	1 (33.3)
	0 (0)
	0 (0)

	No. of S (%)
	0 (0)
	0 (0)
	0 (0)
	0 (0)
	3 (100)
	3 (100)
	1 (33.3)
	0 (0)
	2 (66.7)
	3 (100)

	Citrobacter 
freundii 
	
	
	
	
	
	
	
	
	
	

	No. of R (%)
	2 (100)
	0 (0)
	2 (100)
	2 (100)
	0 (0)
	0 (0)
	2 (100)
	2 (100)
	2 (100)
	0 (0)

	No. of I (%)
	0 (0)
	1 (50)
	0 (0)
	0 (0)
	0 (0)
	0 (0)
	0 (0)
	0 (0)
	0 (0)
	0 (0)

	No. of S (%)
	    0 (0)
	1 (50)
	0 (0)
	0 (0)
	2 (100)
	2 (100)
	0 (0)
	0 (0)
	0 (0)
	2 (100)


Key:
S – Streptomycin, CEF – Cefuroxime, OFX – Ofloxacin, AU – Augmentin, PEF – Pefloxacin, CTZ – Ceftazidime, CN – Gentamicin, CPX – Ciprofloxacin, CEP – Cephalexin, TRX – Trimethoprim.

DISCUSSION
The microbiological evaluation of smoked fish from Creek Road, Mile 3, and Rumuokoro markets revealed a diverse and complex bacterial flora, emphasizing the potential health risks associated with consumption of these products. Analysis of bacterial populations across the different markets demonstrated notable variations, reflecting differences attributable to handling practices, storage conditions, and intrinsic characteristics of the fish. The Total Heterotrophic Bacterial Count (THBC) with Mile 3 markets consistently exhibited higher counts, particularly in ice fish, whereas Rumuokoro recorded the lowest values. Similarly, Total Coliform Count (TCC) and Fecal Coliform Count (FCC) varied among markets, with Mile 3 Ice fish showing the highest counts, while Bonga fish consistently had the lowest bacterial loads. Although the p-values indicated no statistically significant differences among markets, these numerical differences is an indication of potential bacteriological risk which could have resulted from that factors associated with frequency of handling by vendors and their customers, and environmental exposure. 	Comment by FPCC: Comparing bacterial count results with the country's permissible limits.


When bacterial populations were examined according to fish type, ice fish consistently harbored higher bacterial loads compared to Bonga and Mangala fish. The elevated bacterial counts in ice fish may be attributed to its higher moisture content and larger surface area, providing an ideal environment for microbial proliferation. In contrast, Bonga fish, characterized by denser, drier flesh, exhibited comparatively lower counts, while Mangala fish showed intermediate levels. These findings are consistent with previous studies indicating that both intrinsic properties of fish and post-harvest handling significantly affect microbial contamination (Eze et al., 2015; Akinyemi et al., 2018). In this study, high microbial contamination was observed in the smoked fish samples, which may be due to poor hygiene during processing as well as storage condition of the smoked fishes (Nnodim et al., 2020). Other sources of these contaminants could be from solid waste deposited around the market premises (Khan at el., 2022). These waste dump sites may harbor bacteria of public health importance (Abasi et al 2024) and propelled as bio-erosols and eventually deposited on these smoked fishes in these open markets sampled. This observation relates to the findings of Eze et al. (2015), who reported high bacterial loads in smoked fish sold in Nigerian markets due to unhygienic handling conditions. Similarly, Akinyemi et al. (2018) also demonstrated that both the intrinsic properties of fish and post-harvest practices significantly influence the level of microbial contamination, which agrees with the present findings. Similar findings have been reported in previous studies on smoked fish sold in Nigerian markets (Adeyeye et al., 2020; Nwachukwu & Amadi, 2019).

The prevalence of bacterial species across the markets highlighted Bacillus spp., Staphylococcus spp., and Lactobacillus spp. as dominant isolates, with 100% occurrence in all markets. The presence of these bacterial species in these smoked fishes could be attributed to different factors associated with the adaptation of the bacterial organisms, including spore formation and other intrinsic factors.  Bacillus spp., being spore-forming and highly resilient to environmental stress, can survive the smoking process and multiply during storage. Staphylococcus spp., widely distributed in both human and environmental reservoirs, also showed universal occurrence, reflecting potential contamination during handling. Lactobacillus spp., generally considered non-pathogenic, was detected consistently, suggesting its resilience in smoked fish micro-environments. Less prevalent organisms, including Shigella spp., Actinobacter spp., and Micrococcus spp., Salmonella, Proteus, Citrobacter, Klebsiella, Enterobacter, and Providencia, were sparingly isolated. Their intermittent detection likely resulted from transient contamination during processing or cross-contact with contaminated surfaces.

Hemolysis, which remains a virulence factor of microorganisms are influenced by the compound hemolysin, produced by the organism (Mogrovejo et al 2020). Hemolytic activity analysis revealed that Bacillus spp. primarily exhibited gamma hemolysis, with a portion showing beta hemolysis, indicating potential virulence through red blood cell lysis. Staphylococcus spp. demonstrated alpha, beta, and gamma hemolysis by some isolates, reflecting the diverse pathogenic potential within the genus. Lactobacillus spp., while largely non-pathogenic, had only few isolates exhibiting beta. Bacterial species such as Enterobacter spp. and Proteus spp., also displayed hemolytic activity, further emphasizing the potential health risks associated with smoked fish consumption. The presence of these bacteria with hemolytic potentials in smoked fish has been linked to increased public health risks (Ajayi & Egbebi, 2023).
Antibiotic susceptibility patterns revealed concerning resistance profiles among both Gram-positive and Gram-negative isolates. Among Gram-positive bacteria, Bacillus spp. exhibited high resistance to gentamicin, cephalexin, and ampicillin derivatives, whereas Staphylococcus spp. displayed substantial resistance to gentamicin and ceftazidime. Micrococcus luteus and Corynebacterium spp. were resistant to more than one drug, particularly to cephalexin, cefuroxime, and trimethoprim. Lactobacillus spp. were generally susceptible, though some resistance to gentamicin and cephalexin was observed. These patterns suggest that certain commensal and environmental Gram-positive organisms in smoked fish can harbor and disseminate antimicrobial resistance determinants. Environmental exposure and indiscriminate antibiotic use has been reported as major sources antibiotics resistant bacteria in foodborne (Khan et al., 2022).
Gram-negative isolates demonstrated more pronounced drug resistance. Shigella sonnei displayed complete resistance to cefuroxime, augmentin, gentamicin, cephalexin, trimethoprim, ceftazidime, and streptomycin, yet remained susceptible to ofloxacin, pefloxacin, and ciprofloxacin. Escherichia coli and Klebsiella pneumoniae exhibited variable resistance, with multiple drug-resistant species isolated. Proteus spp. and Citrobacter freundii isolates also displayed high resistance rates to cephalosporins and trimethoprim. The presence of multi-drug-resistant Gram-negative bacteria is particularly alarming as these organisms are potential reservoirs of resistance genes, which could be transferred to pathogenic strains and compromise therapeutic options (Akani et al., 2019; Sampson et al 2020). 

The findings from this study has therefore emphasized the need for strict adherence to hygienic practices, routine monitoring, and effective regulatory oversight to ensure the microbiological safety of smoked fish and protect consumers from food-borne illnesses. 	Comment by FPCC: Move this paragraph to the conclusion

CONCLUSION
The study has reported the presence of bacterial species of public health importance in the smoked fishes sampled. These bacterial species which may be present as contaminants or spoilage organisms were reported in numbers warranting public health intervention in the form of market hygiene practices through public enlightenments, health education, as the continued presence of potentially pathogenic and drug-resistant bacteria in smoked fish sold in Port Harcourt poses significant public health risks.	Comment by FPCC: This should be condensed into one complete paragraph.

The results therefore highlight the urgent need for improved hygienic handling, safer processing techniques, better storage methods, and strict regulatory oversight to safeguard consumers. This will help protect the communities from the observed risk, as these smoked fishes could remain as potential sources of food borne diseases and a contributing factor to the growing challenge of antimicrobial resistance in Nigeria. 

More extensive study should be conducted to evaluate fungal contamination, heavy metal residues, and toxin production in smoked fish to provide a holistic understanding of its safety.
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