


Investigation of foodborne bacterial pathogens isolated from Beef Sold in an Open Market in Port Harcourt, Nigeria


ABSTRACT
Beef is a highly nutritious yet perishable food prone to microbial contamination which poses public health risks. This study evaluated the bacteriological quality of fresh beef sold across five zones of Mile III Market, Port Harcourt, Nigeria. One hundred (100) beef samples were randomly collected and analyzed for Total Aerobic Count (TAC), Total Coliform Count (TCC), and bacterial species identification using standard microbiological and biochemical techniques. Additionally, a questionnaire assessed food safety awareness and handling practices among retailers. Results showed that Native Market and Slaughter 2 had the highest mean TAC (7.18 Log CFU/g) and TCC (6.77 and 6.56 Log CFU/g, respectively), while Bishop Okoye recorded the lowest TAC (5.88 Log CFU/g). Escherichia. coli was the most frequently isolated bacterium (28%), followed by Proteus spp. (23%), Staphylococcus spp. (23%), Bacillus spp. (12%), Enterobacter spp. (10%), and Klebsiella spp. (4%). High bacterial loads were associated with poor hygienic practices, including inadequate storage, improper washing, and insufficient personal hygiene. These findings highlight a significant risk of foodborne infections from beef sold in the market. The study emphasizes the need for proper handling, strict hygiene enforcement, regular microbial monitoring, and education of beef retailers to safeguard public health.
Keywords: Beef, Microbial contamination, Total aerobic count, Total coliform count, Foodborne pathogens, Mile III Market

INTRODUCTION
Meat obtained from fully grown cattle is referred to as beef. Beef which is a nutritionally rich food that supplies high-quality protein and several essential micronutrients, including bioavailable iron, zinc, and B-vitamins, and contributes meaningfully to nutrient intakes in many populations [3;34]. Beef can provide a sizable share of daily intakes for several nutrients (for example, contributing roughly ~14% of dietary protein and substantial proportions of vitamin B₁₂ and zinc in population studies) [3;4]. Beef is highly perishable and susceptible to microbial spoilage and biochemical degradation when handling or storage ina  healthy and safe way are inadequate because of its nutrient-dense composition (high protein, water and fat content) [25]. Microbiological and storage studies of chilled and vacuum-packaged beef demonstrate that microbial growth, shifts in the spoilage microbiota, and the buildup of spoilage metabolites (including volatile organic compounds) limit shelf life and therefore underscore the need for good handling, temperature control, and appropriate packaging to maintain quality and safety [25;33]. Given its nutritional benefits and widespread consumption including in Nigerian cities such as Port Harcourt, beef remains an important food source, however, its safety and shelf life depend strongly on handling, storage and preservation practices [33;34]Meat serves as a major vehicle for the transmission of foodborne pathogens to humans, leading to a variety of illnesses. Consumption of contaminated meat can result in salmonellosis, caused by Salmonella species, and campylobacteriosis, caused by Campylobacter species, both of which commonly produce gastrointestinal symptoms such as diarrhea, abdominal cramps, and fever. Meat can also harbor Escherichia coli O157:H7, which may lead to severe complications including hemorrhagic colitis and hemolytic uremic syndrome. In addition, consumption of meat contaminated with Listeria monocytogenes can cause listeriosis, particularly dangerous in pregnant women, newborns, and immunocompromised individuals. Foodborne poisoning may also result from Clostridium perfringens or Clostridium botulinum, as well as from toxins produced by Staphylococcus aureus. Furthermore, Yersinia enterocolitica can cause yersiniosis, especially from pork, and in rare cases, Mycobacterium bovis from infected meat may lead to tuberculosis. Collectively, these pathogens highlight the importance of proper handling, cooking, and storage of meat to prevent foodborne diseases. [35]. The high moisture content and near‑neutral pH of fresh meat create favourable conditions for bacterial proliferation. Beef can become contaminated at several points along the production chain, including processing, handling, and transportation. Recent evidence from West Africa shows high contamination rates and frequent detection of antimicrobial-resistant pathogens in fresh beef and other meats, underscoring growing public health concerns in developing regions [35].
Ambient temperature and storage duration are major determinants of the growth and succession of spoilage and pathogenic microorganisms in meat [38]. The shelf life of beef is strongly influenced by the initial microbial load present at contamination; products that begin with higher bacterial counts consistently show shorter retail and storage life [33]. In hot, humid environments, meat deteriorates more rapidly due to accelerated microbial and biochemical activity, which increases the risk of gastrointestinal illness among consumers [25;37]Common spoilage taxa associated with beef spoilage include organisms such as lactic acid bacteria, Pseudomonas spp, Acinetobacter spp, and related psychrotrophic genera that promote off-odors, discoloration and slime formation on meat surfaces [22;33]. Foodborne disease usually results from ingesting beef contaminated with these spoilage and pathogenic organisms; major meat-associated pathogens that cause infection and/or intoxication include Salmonella spp, Escherichia coli, Listeria monocytogenes, Campylobacter spp. [6]. Global surveillance and public-health reports continue to document a substantial burden of foodborne disease attributable to contaminated animal-source foods, and many recent national reports indicate rising case counts and outbreaks linked to contaminated meat products in a number of countries [37].
Bacterial contamination along the beef production chain can be significantly reduced through the adoption of formal food-safety systems in processing industries together with implementation of Good Manufacturing Practices (GMP) and hygienic practices during slaughtering, processing, and retail operations. Likewise, Hazard Analysis and Critical Control Point (HACCP) remains a vital tool for systematically identifying and controlling points in the production chain where food-borne pathogens may be introduced or proliferate [8]. As part of HACCP, periodic microbiological monitoring (e.g., total viable counts, coliform/E. coli detection) of meat and contact surfaces provides a reliable means to assess hygiene and detect contamination [11;16]. In many low and middle-income settings, however, raw beef is often sold under sub-optimal conditions, for instance, exposed in open-air markets at ambient temperature, with dust, insects, frequent human handling, and lack of cold-chain or storage hygiene which elevate the risk of contamination and food-borne illnesses [11]. The documented poor sanitary conditions in retail shops and abattoirs, including unclean surfaces, improper handling, lack of protective clothing among handlers, and inadequate water supply for cleaning, further underscore the importance of hygiene protocols [8;16].
Major sources of contamination across the beef supply chain include contact with animal hides or gastrointestinal contents during slaughter, use of contaminated knives or tools, processing or display surfaces, dust, flies or other environmental contaminants, and poor personal hygiene of meat handlers [2;11;16]. Inadequate or non-functional cold-chain (refrigeration/ freezing) during storage, transport, and retail exacerbates microbial growth and reduces meat shelf-life. 
With these realities, this study aims at assessing the bacteriological quality and safety of beef sold around Mile III (Nkpolu-Oroworukwo) market in Port Harcourt.

MATERIAL AND METHODS
Study Area
Mile III Market, also known as the Nkpolu-Oroworukwo Ultra-Modern Market, is situated within the Nkpolu-Oroworukwo community in Port Harcourt City, Rivers State, in the Niger Delta region of Nigeria. The community is regarded as one of the most commercially vibrant and industrially active areas of the city, attracting a high volume of daily economic activities.
The market is organized into several functional zones, each designated for specific categories of retail activities, including the sale of fresh meat. 
For this study, the market was stratified into five major zones, namely: Zone A – Bishop Okoye, Zone B – Main Park, Zone C – Slaughter 1, Zone D – Native Market, and Zone E – Slaughter 2.
These zones served as the sampling points for evaluating the bacteriological quality of beef sold within the market.

Study Design
This study employed a descriptive cross-sectional design to assess food safety practices and awareness among market meat retailers. Data were collected using a well-structured questionnaire designed to evaluate various aspects of food safety knowledge and practices, such as food processing, storage, and selling conditions, knowledge of food safety principles, environmental hygiene and waste disposal practices, hygienic handling of tools and materials, such as knives and water. Additionally, the questionnaire captured information on demographic and personal hygiene factors, including level of education, exposure to food safety training, use of hair covers and jewelry during food handling, practices related to money handling, and overall personal hygiene. 

Sample Collection
A total of twenty (20) fresh beef samples were randomly purchased from each of the five (5) selected zones, yielding a total of one hundred (100) samples. All samples were collected aseptically using sterile zip-loc polyethylene bags, which were then sealed to prevent contamination. The samples were transported in an ice box maintained at 4°C and delivered to the Medical Microbiology Laboratory, Rivers State University, Nkpolu-Oroworukwo, Port Harcourt, for immediate bacteriological analysis.

Sample Processing
Ten grams of each beef sample was weighed and placed in a sterile stomacher bag. The sample was homogenized with 90 mL of sterile peptone water to achieve a uniform suspension and left undisturbed for 30 minutes to allow proper equilibration (International Organization for Standardization [ISO], 2017: Mazizi et al., 2017). Serial dilutions were prepared up to 10⁻⁵, and 0.1 mL aliquots from each dilution were spread on Nutrient Agar (NA) for Total Heterotrophic Bacterial Count (THBC), Total Viable Count (TVC), and Total Coliform Count (TCC). Salmonella-Shigella Agar, MacConkey Agar, and Blood Agar were used for presumptive pathogen identification [12]. All plates were incubated at 37 °C for 24 - 48hours.



Identification of Organisms
Presumptive isolates obtained from the different culture media were further subjected to biochemical characterization for definitive identification. Gram staining and standard biochemical tests were performed following established protocols [12]. Identification of Escherichia coli and other Enterobacteriaceae was based on results from the indole, methyl red, Voges–Proskauer, citrate utilization (IMViC) tests, urease activity, and triple sugar iron (TSI) agar reactions. E. coli isolates were confirmed by positive indole and methyl red tests, with negative Voges–Proskauer and citrate reactions. Proteus spp. were identified by positive urease and indole reactions, characteristic TSI reactions, and motility. Enterobacter and Klebsiella spp. were differentiated based on citrate utilization, Voges–Proskauer reactions, urease activity, and motility tests. Staphylococcus spp. were identified using catalase and coagulase tests, while Bacillus spp. were confirmed by Gram-positive spore formation, catalase positivity, and motility tests. 

Total Viable Count (TVC)
An aliquot of 0.1 mL of the appropriate dilution was spread on sterile Nutrient Agar in duplicates. Plates were incubated at 37 °C for 24–48 hours [1].
Colonies on plates containing 30–300 colonies were counted. The total number of colonies was multiplied by the dilution factor to obtain the Colony Forming Units per gram (CFU/g) of meat. Plates with <30 colonies were considered too few to count (TFTC), and plates with >300 colonies were considered too numerous to count (TNTC) and discarded [13].

Total Coliform Count (TCC)
For coliform enumeration, 0.1 mL of the 10⁻6 dilution was deposited onto well-dried sterile MacConkey Agar plates using a sterile pipette. The sample was evenly spread using a sterile glass spreader. Plates were incubated aerobically at 37 °C for 24 hours.
Colony morphology was used for identification. Pink lactose-fermenting colonies were counted as coliforms. Counts were expressed as CFU/g of meat [12;21]
Calculation of Colony Forming Units
For both TVC and TCC, the CFU per gram of undiluted meat was calculated using the formula:
CFU/g = (Number of colonies × Dilution factor) / Volume plated (mL)
Mean counts from duplicate plates were recorded for each sample (TFTC) [13].

Data Analysis
All collected data were entered and organized using Microsoft Excel. Descriptive statistics, including means and percentages, were calculated to summarize the data. The normality of the data distribution was assessed using a normality test, which confirmed that the data were normally distributed. For inferential statistics, parametric tests such as Chi-square (χ²) goodness-of-fit test were used to analyze categorical data. Analysis of Variance (ANOVA) was performed to compare mean differences among groups. Differences were considered statistically significant at P < 0.05. Additionally, correlation analysis was conducted to assess the relationships between microbial counts, with significance set at P < 0.01. Results were displayed in tables and graphs for clarity and easier interpretation.




RESULTS
Prevalence of Bacterial Isolates from Various Market Zones
Zone A - Native Market recorded the highest prevalence of bacterial isolates at 35.6%, followed by Zone C - Slaughter 1 (25.1%) and Zone E - Slaughter 2 (18.7%), Zone A - Bishop Okoye Market (12.8%), and Zone B - Main Park Market, (7.8%) (Table 1). These findings indicate that beef from zones D, C and E (Native market and Slaughter 1 and 2 markets respectively) harbored higher proportions of bacterial contaminants compared to the other market zones.




Table 1: Prevalence of Bacterial Isolates from Various Market Zones
	Market Zones
(n=5)
	Number Of Bacteria isolated and Percentage Occurence (%)
	Percentage Occurrence (%) of Isolated Bacteria Per Zone

	Zone A (Bishop Okoye)
	E. coli (22) (36.7%)
Proteus spp. (9) (15.0%)
Staphylococcus spp. (10) (16.6%)
Bacillus spp. (16) (26.7%)
Enterobacter spp. (3) (5.0%)
Total = 60 (100%)
	12.8

	 Zone B (Main park)
	Klebsiella spp. (5) (13.5%)
E. coli (11) (29.7%)
Staphylococcus spp. (14) (37.9%)
Bacillus spp. (7) (18.9%)
Total = (37) (100%)
	7.8

	Zone C (Slaughter 1)
	Klebsiella spp. (15) (12.7%)
E. coli (26) (22.0%)
Staphylococcus spp. (33) (28.0%)
Bacillus spp. (20) (17.0%)
Enterobacter spp. (24) (20.3%)
Total (118) (100%)
	25.1

	Zone D (Native market)
	E. coli (40) (23.9%)
Proteus spp. (75) (44.9%)
Staphylococcus spp.(36) (21.6%)
Bacillus spp. (12) (7.27%)
Enterobacter spp. (4) (2.4%)
Total = (167) (100%)
	35.6

	Zone E (Slaughter 2)
	E. coli (33) (37.5%)
Proteus spp. (26) (29.6%)
Staphylococcus spp. (15) (17.0%)
Enterobacter spp. (14) (15.9%)
Total (153) (100%)
	18.7

	Total 
	470
	100





Frequency of Bacteria Isolated from Fresh Beef
The most frequently isolated organism was E. coli, with a prevalence of 28%. Other bacterial isolates included Proteus spp. (23%), Staphylococcus spp. (23%), Bacillus spp. (12%), Enterobacter spp. (10%), and Klebsiella spp. (4%). These results indicate that E. coli, Proteus spp., and Staphylococcus spp. were the predominant bacterial contaminants in fresh beef from this market.

Mean ± SD Distribution of Bacterial Isolates from Various Market Zones
Statistical analysis obtained from the mean ± standard Deviation (SD) distribution of bacterial isolates revealed a significant difference in the prevalence of Klebsiella spp. across market zones (P = 0.0350). In contrast, the distributions of E. coli (P = 0.7225), Proteus spp. (P = 0.5634), Staphylococcus spp. (P = 0.6577), Bacillus spp. (P = 0.6353), and Enterobacter spp. (P = 0.2477) did not differ significantly among the various market zones (Table 2).
These results suggest that while Klebsiella spp. prevalence varies between market zones, the occurrence of other bacterial species remains relatively uniform across the study zones.


Table 2.	Mean ±SD Distribution of Bacteria Isolates from Various Market Zones
	Zones
	Klebsiella spp (×10⁶ CFU/g)
	E. coli (×106 CFU/g)
	Proteus spp (×106 CFU/g) 
	Staphylococcus spp (×106 CFU/g)
	Bacillus spp (×106 CFU/g) 
	s (×106 CFU/g)

	Zone A (Bishop Okoye)
	0.0±0.00
	11.00±14.14
	4.50±2.121
	5.00±5.657
	8.00±11.31
	1.50±2.121

	Zone B (Main Park)
	2.5±2.121
	5.5±6.364
	0.0±0.00
	7.0±8.485
	3.50±4.95
	0.0±0.00

	Zone C (Slaughter 1) 
	7.5±3.536
	13.0±2.828
	0.0±0.00
	16.50±9.192
	10.0±0.00
	12.00±9.899

	Zone D (Native Market)
	0.0±0.00
	20.00±16.97
	37.50±38.89
	18.00±16.97
	6.00±8.485
	2.00±2.828

	Zone E (Slaughter 2)
	0.0±0.00
	16.50±14.85
	13.0±4.243
	7.5±9.192
	0.0±0.00
	7.00±4.243

	P value 
	0.0350*
	0.7225
	0.5634
	0.6577
	0.6353
	0.2477

	Inference 
	S
	NS
	NS
	NS
	NS
	NS



KEY
CFU/g = Colony forming unit per gram
NS = Not significant 
S = Significant at P<0.05


Total Viable Counts (TVC) and Total Coliform Counts (TCC)
The mean Log₁₀ aerobic and coliform counts were highest in Zone D - Native Market, Zone C - Slaughter 1, and Zone E - Slaughter 2 (7.18 each) compared to Zone B - Main Park (6.90) and Zone A - Bishop Okoye Market (5.88). This indicates that beef from zones D, C, and E (Native Market, Slaughter 1 and Slaughter 2 markets respectively) had comparatively higher bacterial loads, although the differences were not statistically significant (Table 3 and Figures 1 and 2).
Statistical analysis showed no significant differences in total viable counts (P = 0.8572) or total coliform counts (P = 0.4470) among the different market zones.

Table 3. Total Viable Counts and Total Coliform Counts of Beef from Various 				Market Zones

	Location 
	Mean TVC (×106 CFU/g) (n=2)
	Mean Log10
	Mean TCC (×106 CFU/g) (n=2)
	Mean Log10

	Zone A (Bishop Okoye)
	76.0±4.243
	5.88
	17.00±4.243
	6.23

	Zone B (Main Park)
	78.5±0.707
	6.90
	8.00±8.485
	5.90

	Zone C (Slaughter 1)
	106.5±55.861
	7.03
	32.50±10.61
	6.51

	Zone D (Native Market) 
	149.5±135.057
	7.18
	59.50±53.03
	6.77

	Zone E (Slaughter 2)
	150.5±144.957
	7.18
	36.50±23.33
	6.56

	P value 
	0.8572
	
	0.4470
	



KEY
TVC- Total Viable Count
TCC-Total Coliform count
CFU/g-Colony forming unit per gram
P value >0.05 (Not Significant). 
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Figure 1. Total Viable Counts from the various market zones
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Figure 2. Total Coliform Counts from the various market zones












Statistical Analysis
Statistical analysis showed no significant differences in total viable counts (P = 0.8572) or total coliform counts (P = 0.4470) among the different market zones.
The mean Log₁₀ aerobic and coliform counts were highest in Zone D - Native Market (7.18), Zone C - Slaughter 1 (7.18), and Zone E - Slaughter 2 (7.18), compared to Zone B - Main Park (6.90) and Zone A - Bishop Okoye Market (5.88). This indicates that beef from zones D, C, and E (Native Market, Slaughter 1 and Slaughter 2 markets respectively) had comparatively higher bacterial loads, although the differences were not statistically significant.

Demographic and Food Safety Awareness of Beef Retailers
Among the 20 retailers surveyed, 16 (80%) were males and 4 (20%) were females. The majority of retailers, 16 (80%), were aged 16–35 years, while 4 (20%) were above 35 years.
Regarding educational attainment, 3 retailers (15%) had a National Diploma as their highest qualification, while the majority, 17 retailers (85%), had secondary education.
Food safety awareness, assessed via the structured questionnaire, was expressed as percentages, with detailed responses presented in Table 4. These results provide insight into the demographic profile and knowledge level of beef retailers concerning food safety practices.

Table 4. Demographic and Food Safety Awareness of Beef Retailers
	Parameter
	Response 
	Frequency
	Percentage (%)

	Sex
	Male
Female
	16
4
	80
20

	Age (Years)
	16-35
>35
	16
4
	80
20

	Educational status
	National Diploma
Secondary
	3
17
	15
85

	Duration in business
	Don’t remember
Years
Months
	4
12
4
	20
60
20

	Health license
	Present
Absent
	3
17
	15
85

	Temporary method of storage
	Freezer
Refrigerator
None
	6
5
9
	30
25
45

	Maximum storage of meat
	1 week
1 month
>1 month
	8
9
3
	40
45
15

	Washing of hands before vending
	Yes
No
	17
3
	85
15

	Disinfection of contact surfaces
	Yes
No 
	20
0
	100

	Types of water used for washing and disinfection
	Water only
Antiseptic
Water and soap
	12
2
6
	60
10
30

	Water source for meat washing
	Rain water
Tap water
Well water
	5
10
5
	25
50
25

	Is food safety important?
	Yes 
No
No response
	15
3
2
	75
15
10

	Source of food safety information
	Food safety course
Media
None 
	1
10
9
	5
50
45

	Have you had any training on food safety?
	Yes
No 
	5
15
	25
75

	If yes, when?
	1 year ago
Don’t remember
Months ago
Years ago
Never 
	2
10
2
2
4
	10
50
10
10
20

	Use of gloves/ nose masks
	No
Yes
Sometimes 
	14
1
5
	70
5
25




DISCUSSION
The present study of fresh beef from five zones of Mile 3 Market, Port Harcourt, Nigeria revealed high bacterial contamination. These results suggested substantial microbial loads likely stemming from poor sanitation, inadequate hygienic practices among retailers, and possibly contaminated water used for meat washing. High aerobic plate counts and coliform loads in raw meat are classic indicators of poor meat quality and an increased risk of spoilage or foodborne illness [20]. These findings are broadly consistent with other recent investigations in Nigerian and international contexts. For instance, A similar comparative study in small shops and meat markets in Benin City, Nigeria, versus Finland found median mesophilic aerobic bacteria (MAB) counts of ~7.5 log₁₀ CFU/cm² on raw beef surfaces, which were significantly higher than reports from beef in Finland (6.5 log₁₀ CFU/cm²), highlighting systemic hygiene issues in Nigerian meat markets [31]. A more recent study from retail and abattoir meat samples in Osogbo, Nigeria reported mean coliform counts around 6.7–6.6 log₁₀ CFU/g (for two LGA zones), values very similar to those observed in Zones D and E (Native Market and Slaughter 2 zones) in this present study illustrating that high microbial loads in retail raw meat remain a recurring public health concern across several parts of Nigeria [14]. The high aerobic counts (≥ 7 log CFU/g) in many of our samples suggest that the meat may be nearing or exceeding acceptable microbial load limits for raw beef. According to the study comparing Finnish and Nigerian meat, most Nigerian samples (~94%) were deemed unacceptable based on European or international safety standards [25]. Similarly, the elevated coliform counts signal fecal contamination or poor hygiene, and possibly the presence of potential pathogens (e.g., E. coli, S. aureus, Klebsiella spp., etc). Given that meat is highly perishable, this contamination levels raise concerns over meat spoilage, reduced shelf life, and elevated risk of foodborne illness, especially if meat is stored for 24 hours or more under ambient conditions, as may happen in such markets.
Additionally, the marked variation in bacterial load between zones with higher values in some zones as against other zones suggests differences in the retailer handling practices, differences in environmental sanitation, and perhaps water quality used in meat washing in these zones which play critical roles in contamination. This reemphasizes the need for regular training of meat handlers, enforcement of hygiene standards, and access to potable water to reduce microbial contamination of meat products [22]. The recovery of S. aureus from beef samples in this study strongly suggests improper handling and hygiene practices during retail and meat processing. Contamination of raw meat with S. aureus and other bacteria is commonly linked to factors such as poor sanitary conditions, contaminated water, unclean equipment, and inadequate personal hygiene of handlers [30]. Poor hygienic practices remain a critical problem. A 2024 survey of raw‑meat handlers in butchery shops in Ghana reported that 90% of butchers handled meat and money with the same bare hands; microbial counts (total viable bacteria, Staphylococci, E. coli) in meat samples remained high, indicating potential food‑borne hazards [7]. 
A recent review on meat‑handling practices in Africa highlights that contaminated surfaces (knives, cutting boards, abattoir floors), unhygienic water supply, poorly trained staff, and inadequate waste handling contribute substantially to microbial load on meat [5]. Similarly, a study in Ethiopia demonstrated that lack of hot‑water baths, infrequent hand washing, poor sanitization of equipment, and absence of cold‑chain/storage facilities in slaughterhouses and retail shops significantly increased the risk of meat contamination [15]. 
Beyond spoilage, S. aureus poses a serious public health risk: many strains produce heat-stable enterotoxins that survive routine cooking, meaning that contaminated meat can cause staphylococcal food poisoning even if properly cooked [30]. Thus, the presence of S. aureus in retail meat, as observed in this study is a potential health hazard to consumers.
In addition to S. aureus, this study isolated several members of the family Enterobacteriaceae, including E. coli, Klebsiella spp., Proteus spp., and Enterobacter spp, highlighting multiple contamination pathways, including fecal contamination, contaminated water, environmental exposure, and cross-contamination during handling or processing [10]. Such Enterobacteriaceae not only signify poor sanitary conditions but also contribute to spoilage, off‑odour, slime formation, and reduced shelf‑life of meat, especially under sub-optimal storage conditions such as ambient temperature or inadequate refrigeration [10;36]. This suggests that meat from zones with high Enterobacteriaceae load might deteriorate rapidly, increasing risk to consumers.
The demographic profile of beef retailers in this study, predominantly young or middle-aged men with mostly secondary-level education, aligns with patterns observed elsewhere. In a study from Ghana, the majority of butchers were middle-aged men with a basic educational background [31]. Lower levels of formal education, combined with limited training in food safety, may reduce adoption of proper handling and hygiene practices, contributing to high microbial loads on meat [31].
When comparing microbial load levels, this study’s findings appear at the higher end of contamination ranges reported in other African contexts. For example, a study of raw meat in butchers’ shops in Assosa, Western Ethiopia, reported mean aerobic mesophilic bacterial (AMB) counts around 5.04 log₁₀ CFU/g and S. aureus around 3.84 log₁₀ CFU/g [28]. This is considerably lower than the mean counts observed in some zones in the present study. The difference likely reflects more severe lapses in hygiene, longer duration between slaughter and sale, poor water quality, and lack of effective cold‑chain/storage in your study environment.
Moreover, studies have found raw meat contaminated with multidrug-resistant Enterobacteriaceae and other pathogens, underscoring the potential for antimicrobial‑resistant bacteria entering the food chain via raw meat [22]. Such resistance, combined with high bacterial loads, raises the threat level of consuming contaminated meat.
Given these comparisons, the high bacterial loads both aerobic and coliform, presence of S. aureus, Enterobacteriaceae, and likely poor handling/storage strongly suggest that raw beef sold in the studied markets represents a significant food safety risk. Unless rigorous hygiene practices, potable water supply, and cold‑chain procedures are enforced, consumers remain at risk of foodborne illness or exposure to antimicrobial‑resistant bacteria.

CONCLUSION
In conclusion, the present findings align with multiple recent studies showing that raw beef sold in Nigerian markets often carries high bacterial loads frequently above recommended safety thresholds which are most likely driven by poor hygiene, inadequate water and handling practices, and environmental sanitation deficiencies. These conditions pose a risk to consumers, underscoring the critical need for improved food safety interventions, butcher/vendor education, regular microbial monitoring, and provision of safe water and sanitation infrastructure in meat retail zones to ensure that beef marketed for public consumption is microbiologically safe and wholesome.
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