


Microbiological Quality and Phenotypic Quinolone Resistance of Salmonella enterica in Retail Cow Intestines in Port Harcourt Markets, Nigeria

ABSTRACT
Background: The intestinal tract of food animals is a major reservoir of enteric bacterial pathogens, including Salmonella enterica, with implications for food safety and public health.
Objectives: This study investigated the microbiological quality, prevalence, and phenotypic quinolone and fluoroquinolone resistance of S. enterica isolated from cow intestines sold in selected markets in Port Harcourt, Nigeria.
Methods: A total of 192 cow intestine samples were collected from twelve major markets and analyzed for total heterotrophic bacterial counts (THBC) using standard microbiological techniques. Isolation and identification of S. enterica were performed using conventional cultural and biochemical methods. Antimicrobial susceptibility testing was conducted via the Kirby–Bauer disk diffusion method against Ciprofloxacin, Levofloxacin, Ofloxacin, and Nalidixic acid, following CLSI guidelines.
Results: THBC values varied significantly among markets (ANOVA, p < 0.05), with several markets recording markedly high microbial loads. S. enterica was detected in all markets, with prevalence ranging from 87.5% to 100%. Antimicrobial susceptibility testing revealed high resistance to Nalidixic acid (68.1%), whereas most isolates remained susceptible to fluoroquinolones, including Ciprofloxacin (92.6%), Levofloxacin (88.2%), and Ofloxacin (85.6%). This pattern suggests early phenotypic quinolone resistance, where Nalidixic acid resistance may precede clinically apparent fluoroquinolone resistance.
Conclusion: The findings highlight widespread contamination of cow intestines with S. enterica and underscore the public health risk posed by antimicrobial-resistant foodborne pathogens.
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INTRODUCTION 
Foodborne diseases remain a critical global public health challenge, with bacterial pathogens accounting for a substantial proportion of illnesses, hospitalizations, and deaths associated with contaminated food. The World Health Organization estimates that foodborne pathogens cause approximately 600 million illnesses and 420,000 deaths annually, with the highest burden occurring in low- and middle-income countries (LMICs) where food safety systems are often weak or inconsistently enforced (WHO, 2018; Havelaar et al., 2015). Among bacterial foodborne pathogens, Salmonella enterica is one of the most significant etiological agents of gastroenteritis worldwide, responsible for an estimated 93 million cases and more than 150,000 deaths each year (Majowicz et al., 2010; WHO, 2018).
Nontyphoidal Salmonella (NTS) serovars, particularly S. enterica have been implicated in infections associated with foods of animal origin, including meat, poultry, eggs, and dairy products (Teklemariam et al., 2023; Rincón Gamboa et al., 2021). These organisms persist in the gastrointestinal tracts of food animals and can contaminate carcasses during slaughter, evisceration, and processing, especially where hygienic controls are inadequate (Yang et al., 2020; Foley et al., 2011). Once introduced into the food chain, S. enterica can survive under a wide range of environmental conditions, making its elimination particularly challenging in informal food systems.
The epidemiology of salmonellosis is closely linked to food production practices, slaughter hygiene, retail handling, and consumer behavior. In Nigeria, meat is predominantly sold through informal open markets characterized by minimal regulation, poor infrastructure, inadequate cold-chain facilities, and limited enforcement of food safety standards (Grace, 2015; Fasanmi et al., 2017). These conditions create an environment conducive to microbial contamination and amplification. Intestinal meat products, such as cow intestines locally referred to as “round about,” are especially high-risk commodities due to their direct contact with fecal material and intestinal contents during slaughter and processing.
Despite their popularity and cultural significance, cow intestines pose considerable microbiological hazards if not thoroughly cleaned and properly handled. Studies have demonstrated that edible offal often harbors higher bacterial loads than muscle meat, including enteric pathogens such as Salmonella, Escherichia coli, and Campylobacter species (Buncic & Sofos, 2012; Fasanmi et al., 2017). Regulatory microbiological standards, including those outlined by the U.S. Food and Drug Administration and the International Organization for Standardization, require raw meat intended for human consumption to be free from pathogenic microorganisms at levels that pose health risks (U.S. FDA, 2019; ISO, 2017). However, in informal markets, these standards are rarely monitored or enforced.
Beyond microbial contamination alone, the increasing prevalence of antimicrobial resistance (AMR) in foodborne pathogens has emerged as a major global public health threat. The misuse and overuse of antibiotics in human medicine and animal agriculture have accelerated the selection and dissemination of resistant bacteria along the food chain (Van Boeckel et al., 2015; O’Neill, 2016). Quinolones and fluoroquinolones, including Ciprofloxacin, Levofloxacin, Ofloxacin and Nalidixic acid are classified as critically important antimicrobials for human medicine and remain first-line agents for the treatment of severe and invasive salmonellosis (WHO, 2019; Yin et al., 2022). Consequently, resistance to these agents poses serious challenges to clinical management and public health control strategies.
Quinolone resistance in S. enterica arises predominantly through chromosomal mutations within the quinolone resistance-determining regions (QRDRs) of the gyrA, gyrB, parC, and parE genes, as well as through plasmid-mediated quinolone resistance (PMQR) mechanisms involving qnr, aac(6′)-Ib-cr, and oqxAB genes (Redgrave et al., 2014; Yang et al., 2020). These resistance determinants reduce the binding affinity of quinolones for DNA gyrase and topoisomerase IV, thereby diminishing antimicrobial activity. The circulation of such resistant Salmonella strains in food sources substantially increases the risk of therapeutic failure, prolonged infection, and invasive disease, particularly among immunocompromised individuals, children, and the elderly.
From a phenotypic perspective, resistance to Nalidixic acid is a critical and reliable marker for detecting quinolone resistance in S. enterica. Nalidixic acid resistance is strongly associated with point mutations in the gyrA gene and is widely recognized as a sensitive screening indicator of early quinolone resistance. Importantly, Salmonella isolates exhibiting Nalidixic acid resistance may still appear susceptible to fluoroquinolones by routine disk diffusion testing, yet demonstrate reduced Ciprofloxacin susceptibility that can compromise clinical outcomes. This has led to the recognition of Nalidixic acid resistance as an essential phenotypic tool for identifying isolates with underlying QRDR mutations that may not be fully captured by fluoroquinolone breakpoints alone.
In addition to Nalidixic acid, the evaluation of susceptibility to fluoroquinolones such as Ciprofloxacin provides complementary phenotypic evidence of quinolone resistance. Reduced Ciprofloxacin susceptibility may reflect either chromosomal QRDR mutations or PMQR mechanisms, the latter of which often confer low-level resistance and may not be associated with Nalidixic acid resistance. Therefore, the combined phenotypic assessment of Nalidixic acid resistance alongside fluoroquinolone susceptibility patterns offers a more comprehensive approach for detecting both classical and emerging quinolone resistance mechanisms in S. enterica. This integrated strategy enhances surveillance accuracy and improves the identification of isolates with clinically significant reduced susceptibility that may otherwise go undetected.
Globally, surveillance studies have reported rising rates of quinolone-resistant Salmonella in retail meats and food animals, especially in regions with high antimicrobial usage in livestock production (Rincón Gamboa et al., 2021; Yin et al., 2022). In Africa, including Nigeria, several studies have documented multidrug-resistant Salmonella and other Enterobacteriaceae in meat, poultry, and dairy products (Adebesin et al., 2023; Ayichew et al., 2024; Fashae et al., 2018). However, data specifically addressing quinolone resistance in Salmonella enterica isolated from cow intestines sold in Nigerian open markets remain limited.
Given the public health importance of S. enterica, the widespread consumption of cow intestines, and the critical role of quinolones in therapy, there is an urgent need for targeted surveillance studies. This study assessed the prevalence of S. enterica in cow intestines and characterized their phenotypic susceptibility to quinolones, using Nalidixic acid as a primary marker of phenotypic quinolone resistance alongside selected fluoroquinolones. The findings contribute important evidence for food safety risk assessment and support ongoing surveillance of antimicrobial resistance within informal meat supply chains.
MATERIALS AND METHODS 
Study Area
The study was conducted in Port Harcourt, the capital of Rivers State, located in the Niger Delta region of southern Nigeria. Port Harcourt lies between latitudes 4.75°–4.90° N and longitudes 6.95°–7.10° E, with a mean elevation of approximately 18 m above sea level. The city experiences a tropical monsoon climate, characterized by high annual rainfall (2,000–2,500 mm), elevated humidity, and average temperatures ranging from 25 °C to 32 °C, conditions that can favor bacterial survival and proliferation in food products.
Port Harcourt is a major commercial and industrial hub with a rapidly growing population and a high demand for fresh meat. A substantial proportion of meat consumed in the city is distributed through informal open markets, where slaughtering, processing, and retailing often occur under variable hygienic conditions. These markets are typically characterized by limited cold-chain infrastructure, high vendor turnover, and minimal regulatory oversight. Such conditions increase the risk of microbial contamination of meat products, including bovine intestines.
The selected study area is therefore epidemiologically relevant, as it represents a typical urban informal meat supply chain in southern Nigeria. Investigating S. enterica contamination within this context provides critical insights into food safety risks and antimicrobial resistance dynamics in settings where consumer exposure is likely to be high.
Sample size 
The sample size was determined using the standard formula for estimating prevalence in cross-sectional studies:
n = (Z² × P × (1 − P)) / d²
Where:
n = minimum required sample size
Z = standard normal deviate at 95% confidence level (1.96)
P = estimated prevalence of Salmonella enterica from a previous study
d = margin of error (precision), set at 0.05
Substitution used in this study
n = (1.96² × 0.13 × (1 − 0.13)) / 0.05²
n = (3.84 × 0.13 × 0.87) / 0.0025
n ≈ 174
Prevalence (P), was derived from a recently published cross-sectional study in Nigeria that reported a 13% prevalence of Salmonella enterica in ready-to-eat food samples (Makun et al., 2025).
To enhance the statistical robustness, precision of prevalence estimates, and representativeness across study sites, the sample size was increased to 192 samples. This adjustment also accounted for potential sample loss, contamination, or exclusion during laboratory processing, while allowing for equal allocation of samples across markets, thereby minimizing sampling bias and improving inter-market comparability.
Sample Collection
A total of 192 cow intestine samples were collected from twelve major open markets located in different districts of Port Harcourt, Rivers State, Nigeria, with sixteen (16) samples obtained per market. The markets were coded as Markets 1–12 and comprised Mile One Market (1), Mile 3 Market (2), Creek Road Market (3), Rumuokoro Market (4), Rumuodomaya Market (5), Garri Market (6), Sangana Market (7), Ogunabali Fruit Garden Market (8), Town Market (9), Airforce Market (10), Mgbuoba Market (11), and Igwuruta Main Market (12).
Market selection was based on predefined criteria, including market size, volume of commercial activity, consumer patronage, and accessibility, ensuring broad representation of the informal meat distribution network within the study area. Sample collection was conducted anonymously to prevent alterations in vendor handling practices.
Immediately after collection, each sample was aseptically placed into a sterile, labeled polyethylene bag, stored in an insulated cooler maintained at approximately 4 °C, and transported to the laboratory within 2–3 hours for microbiological analysis.

Sample Preparation and S. enterica Isolation
In the laboratory, approximately 25 g of each intestine sample was aseptically excised and homogenized in 225 mL of buffered peptone water (BPW) to achieve a 1:10 pre-enrichment suspension. Pre-enrichment was performed at 37 °C for 18 hours to facilitate recovery of sub lethally injured bacteria.
Selective enrichment was then carried out by transferring 0.1 mL of the BPW suspension into 10 mL of Rappaport–Vassiliadis (RV) broth, followed by incubation at 42 °C for 24 hours. This step selectively favors the growth of Salmonella species while suppressing competing flora. Following enrichment, loopfuls of culture were streaked onto Salmonella–Shigella (SS) agar and incubated aerobically at 37 °C for 24 hours. Distinct colonies exhibiting characteristic morphology and pigmentation on SS agar were sub cultured onto fresh media to obtain pure isolates.
Serial tenfold dilutions from 10⁻² to 10⁻⁴ were also prepared in sterile phosphate-buffered saline for quantitative analyses. Plates from these dilutions were spread in duplicate on SS agar and non-selective Nutrient agar, and incubated at 37 °C for 24 hours. Representative colonies were examined for morphology, pigmentation, and hemolysis prior to further biochemical identification.
[bookmark: _GoBack]Isolates were subjected to standard phenotypic identification procedures, including Gram staining, motility testing using the hanging drop method, and biochemical assays such as catalase, oxidase, and citrate utilization following ISO 6579-1 (2017) and established microbiological protocols. Further confirmatory tests consistent with the identification of Salmonella enterica were performed, including indole production, urease activity, triple sugar iron (TSI) agar reaction, and hydrogen sulfide (H₂S) production (Madigan et al., 2021).
Total Heterotrophic Bacterial Count
Total heterotrophic bacterial loads were estimated using standard colony counting methods. Colonies on Nutrient agar from the 10⁻⁴ dilution plates were enumerated and expressed as colony-forming units per gram (CFU/g). The results were benchmarked against international food safety guidelines to assess microbial quality of the samples and identify potential health risks (Madigan et al., 2021; U.S. FDA, 2019).
Antibiotic Susceptibility Testing
Phenotypic antimicrobial susceptibility of S. enterica isolates was determined using the Kirby–Bauer disk diffusion method according to Clinical and Laboratory Standards Institute (CLSI, 2023) guidelines. Bacterial suspensions were first standardized to 0.5 McFarland turbidity to ensure uniform inoculum density. A sterile swab was used to streak the bacterial suspension evenly across the surface of Mueller–Hinton agar plates to create a confluent lawn.
The following antibiotics, selected to detect quinolone and fluoroquinolone resistance, were used: Nalidixic acid (30 μg), Ciprofloxacin (5 μg), Levofloxacin (5 μg), and Ofloxacin (5 μg). Disks were carefully placed on the inoculated agar at adequate spacing to prevent overlapping zones of inhibition. Plates were incubated at 37 °C for 18–24 hours under aerobic conditions.
After incubation, the diameter of the inhibition zones around each disk was measured in millimeters using a calibrated ruler. The results were interpreted as susceptible, intermediate, or resistant according to CLSI (2023) breakpoints.  
Statistical Analysis
Data was analyzed using Statistical Package for the Social Sciences (SPSS) version 26.0. Total heterotrophic bacterial counts (THBC) were expressed as mean ± standard deviation (SD) and log₁₀-transformed before analysis to achieve normality. Differences in mean THBC values among markets were assessed using one-way analysis of variance (ANOVA). Where significant differences were detected, post hoc comparisons were performed using Tukey’s test. The prevalence of S. enterica and antimicrobial susceptibility categories (susceptible, intermediate, resistant) were analyzed using the chi-square (χ²) test to determine associations between categorical variables. Statistical significance was set at p < 0.05 for all analyses.
RESULTS
Phenotypic and Biochemical Confirmation of Presumptive Salmonella enterica Isolates
All presumptive Salmonella enterica isolates exhibited a biochemical profile consistent with the species, characterized by Gram-negative rods, motility, catalase positivity, oxidase negativity, indole negativity, urease negativity, citrate utilization, and a typical triple sugar iron (TSI) reaction showing an alkaline slant and acid butt (K/A) with hydrogen sulfide (H₂S) production (blackening of the medium) and gas formation.


Total Heterotrophic Bacterial Counts (THBC) of Cow Intestines across Markets
THBC values ranged from 1.5 × 10⁷ to 6.1 × 10⁷ CFU/g. Six markets (Markets 1–6) recorded elevated bacterial loads exceeding 4.8 × 10⁷ CFU/g, with the highest mean count observed in Market 3 (Creek Road Market) at 6.1 × 10⁷ CFU/g. Four markets (Markets 7–10) exhibited moderately high counts, ranging from 2.8 × 10⁷ to 3.1 × 10⁷ CFU/g, while two markets (Markets 11 and 12) recorded moderate counts. Statistical analysis revealed significant variation in THBC among the twelve markets (p < 0.001) (Table 1; Figure 1)
Table 1. Total Heterotrophic Bacterial Counts (CFU/g) by Market
	Market
	Mean THBC (×10⁷ CFU/g) ± SD
	Contamination Level

	1 (Mile One)
	5.20 ± 0.41ᵃ
	High

	2 (Mile 3)
	4.80 ± 0.36ᵃ
	High

	3 (Creek Road)
	6.10 ± 0.52ᵃ
	High

	4 (Rumuokoro)
	5.50 ± 0.44ᵃ
	High

	5 (Rumuodomaya)
	4.90 ± 0.38ᵃ
	High

	6 (Garri)
	5.70 ± 0.46ᵃ
	High

	7 (Sangana)
	2.80 ± 0.29ᵇ
	Moderately high

	8 (Ogunabali Fruit Garden)
	3.10 ± 0.31ᵇ
	Moderately high

	9 (Town)
	2.90 ± 0.27ᵇ
	Moderately high

	10 (Airforce)
	3.00 ± 0.28ᵇ
	Moderately high

	11 (Mgbuoba)
	1.50 ± 0.19ᶜ
	Moderate

	12 (Igwuruta Main)
	1.70 ± 0.21ᶜ
	Moderate



Key:
High: ≥ 4.8 × 10⁷ CFU/g
Moderately High: 2.8–3.1 × 10⁷ CFU/g
Moderate: 1.5–1.7 × 10⁷ CFU/g
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Prevalence of S. enterica in Cow Intestines
S. enterica was isolated from 95.5% of the total samples analysed. The organism was recovered from all twelve markets, with prevalence rates ranging from 87.5% to 100% (Table 2; Figure 2). Complete prevalence (100%) was observed in Market 1 (Mile one), as well as several other markets, while the lowest prevalence (87.5%) occurred in Markets 11 (Mgbuoba) and Market 12 (Igwuruta Main). Chi-square analysis revealed no statistically significant differences in prevalence among markets (p > 0.05).
Table 2. Prevalence of S. enterica across Markets
	Isolate
	Market
	Number of Positive Samples
	Prevalence (%)

	




S. enterica
	1 (Mile One)
	16
	100

	
	2 (Mile 3)
	16
	100

	
	3 (Creek Road)
	16
	100

	
	4 (Rumuokoro)
	15
	93.8

	
	5 (Rumuodomaya)
	16
	100

	
	6 (Garri)
	16
	100

	
	7 (Sangana Market)
	15
	93.8

	
	8(Ogunabali Fruit Garden)
	16
	100

	
	9 (Town)
	15
	93.8

	
	10 (Airforce Market)
	16
	100

	
	11 (Mgbuoba)
	14
	87.5

	
	12 (Igwuruta Main)
	14
	87.5


Chi-square (χ²) = 9.84, p = 0.13 (not significant)
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Biochemical Characterization
Gram staining and biochemical tests confirmed the identity of S. enterica to be Gram-negative, motile and catalase-positive, consistent with standard microbiological identification protocols (Madigan et al., 2021; ISO, 2017).
Table 3. Key Biochemical Features of S. enterica
	Test
	S. enterica

	Gram reaction
	-

	Motility
	+

	Catalase
	+



Antibiotic Susceptibility Pattern of S. enterica Isolates
Marked differences were observed in the susceptibility of S. enterica isolates to quinolone and fluoroquinolone antibiotics. Resistance to Nalidixic acid was high, with 68.1% of isolates classified as resistant, indicating widespread phenotypic quinolone resistance.
In contrast, fluoroquinolones demonstrated substantial in vitro activity. Ciprofloxacin showed the highest susceptibility (92.6%), followed by Levofloxacin (88.2%) and Ofloxacin (85.6%). Statistical analysis revealed a highly significant difference in susceptibility patterns among the tested antibiotics (p < 0.001)(Table 4; Figure 3).
Table 4. Antimicrobial susceptibility pattern of S. enterica isolates 
	Antibiotic
	Susceptible n (%)
	Intermediate n (%)
	Resistant n (%)

	Ciprofloxacin (5 μg)
	170 (92.6)
	8 (4.3)
	6 (3.1)

	Levofloxacin (5 μg)
	162 (88.2)
	12 (6.5)
	10 (5.3)

	Ofloxacin (5 μg)
	158 (85.6)
	14 (7.6)
	12 (6.8)

	Nalidixic acid (30 μg)
	0 (0.0)
	59(31.9)
	125 (68.1)


Chi-square (χ²) = 512.7, p < 0.001
	

	
	
	

	
	
	
	














Discussion
The total heterotrophic bacterial counts (THBC) recorded in this study, ranging from 1.5 × 10⁷ to 6.1 × 10⁷ CFU/g, substantially exceed internationally recommended limits for raw edible offal, indicating poor microbiological quality. According to the European Food Safety Authority, high total viable counts in meat and offal products are reflective of inadequate hygiene during slaughtering, processing, and retail handling, and are strongly associated with increased risk of foodborne illness (EFSA, 2008). Similar findings have been reported in studies of edible offal and raw meat products in Nigeria and other low and middle-income countries, where microbial loads above acceptable thresholds were linked to poor sanitation, lack of potable water, and extensive manual handling (Okorie-Kanu et al., 2016; Fasanmi et al., 2018). The variability in THBC observed across the twelve markets likely reflects differences in infrastructure, environmental sanitation, and adherence to hygienic practices. Prolonged exposure of intestines to ambient temperatures, repeated washing in contaminated water, and the use of unhygienic processing surfaces have been identified as critical contributors to microbial proliferation in similar market settings (Grace et al., 2012). Given that cow intestines are frequently subjected to minimal or inconsistent cooking prior to consumption, the high microbial loads observed in this study represent a significant public health concern.
The recovery of S. enterica from 95.5% of cow intestine samples indicates extensive contamination and underscores the role of intestinal meat products as major reservoirs of enteric pathogens. This prevalence is considerably higher than values reported for other raw meat products in Nigeria, where Salmonella prevalence typically ranges from 10% to 35% depending on the meat type and sampling location (Okorie-Kanu et al., 2016; Jibril et al., 2021). The markedly higher prevalence observed in the present study may be attributed to the anatomical nature of intestines, which are inherently exposed to fecal material during slaughter and evisceration, increasing the likelihood of contamination if hygienic controls are inadequate.
In addition, the exceptionally high prevalence (95.5%) may also reflect significant cross-contamination occurring along the processing and distribution chain. During slaughter, intestinal rupture or improper evisceration can lead to leakage of fecal contents, contaminating carcasses, processing tables, knives, water sources, and handlers’ hands. Once introduced into the processing environment, Salmonella can persist on equipment surfaces and form biofilms, facilitating repeated transfer to subsequent batches of meat products. In open-market settings, the proximity of displayed products, the reuse of contaminated wash water, and inadequate sanitation of cutting implements further increase the risk of horizontal transfer between samples. Such cumulative cross-contamination events may substantially elevate apparent prevalence, particularly in the absence of strict hygienic segregation.
It is also important to consider methodological factors that may have contributed to the high detection rate. The use of standardized selective enrichment procedures, consistent with ISO protocols, enhances recovery of low-level or stressed Salmonella cells that might otherwise remain undetected. Enrichment broths are designed to resuscitate sub-lethally injured organisms and suppress competing flora, thereby increasing analytical sensitivity. While this strengthens the reliability of detection, it may yield higher prevalence estimates compared to direct plating methods used in some previous studies. Therefore, the near-universal recovery observed in this study likely reflects a combination of true widespread contamination and the high sensitivity of the applied isolation protocol.
The detection of S. enterica across all sampled markets suggests that contamination likely occurs early in the production chain, particularly at the abattoir level, and is subsequently amplified by unhygienic handling during transportation and retail. Similar conclusions have been drawn in studies from other developing countries, where poor slaughter hygiene and lack of Hazard Analysis and Critical Control Point (HACCP) implementation were identified as major drivers of Salmonella contamination in edible offal (Bintsis, 2017). The observed association between higher THBC and increased Salmonella recovery further supports the role of poor general hygiene in facilitating pathogen persistence and cross-transfer within the retail environment.
A key finding of this study is the high prevalence of Nalidixic acid resistance (68.1%) among S. enterica isolates, occurring alongside relatively high susceptibility to fluoroquinolones, including Ciprofloxacin (92.6%), Levofloxacin (88.2%), and Ofloxacin (85.6%). Nalidixic acid resistance is widely recognised as a phenotypic marker of early quinolone resistance and is commonly associated with mutations in the quinolone resistance-determining regions of gyrA and parC genes or plasmid-mediated quinolone resistance mechanisms (Cavaco & Aarestrup, 2009; Kim et al., 2011; Redgrave et al., 2014). Similar resistance patterns have been reported in foodborne Salmonella isolates from livestock and retail meats globally, where Nalidixic acid resistance precedes clinically apparent fluoroquinolone resistance (Jibril et al., 2021; Rincón Gamboa et al., 2021; Yin et al., 2022). The continued circulation of such strains within informal meat supply chains presents a silent but growing threat to public health.
Nalidixic acid resistance remains a valuable and practical screening marker for detecting reduced fluoroquinolone susceptibility in S. enterica, particularly in resource-limited settings. Several studies have demonstrated that isolates resistant to Nalidixic acid but classified as Ciprofloxacin-susceptible by conventional disk diffusion methods may still exhibit reduced clinical responsiveness to fluoroquinolone therapy (Crump et al., 2015; Kim et al., 2011). The use of Nalidixic acid in conjunction with Ciprofloxacin susceptibility testing therefore enhances the detection of early resistance phenotypes and supports more effective antimicrobial resistance surveillance.
The reliance on phenotypic methods in this study reflects common diagnostic practices in many low-resource laboratories. While molecular characterization provides deeper insight into resistance mechanisms, phenotypic surveillance remains essential for routine monitoring and early warning of emerging resistance trends in foodborne pathogens.
The combination of high microbial loads, widespread S. enterica contamination, and early phenotypic quinolone resistance presents a substantial food safety challenge. Cow intestines sold in informal markets may serve as vehicles for both foodborne infection and the dissemination of antimicrobial-resistant bacteria along the food chain. These findings reinforce the need to view antimicrobial resistance as a One Health issue, linking human health, animal production, and environmental contamination (Robinson et al., 2016). Given the critical importance of fluoroquinolones in the treatment of invasive salmonellosis, particularly in vulnerable populations, the emergence of reduced susceptibility poses serious implications for public health. Without effective intervention, resistant strains originating from food animals may compromise treatment options and contribute to increased morbidity and mortality.  Although this study provides valuable phenotypic data on microbial contamination and antimicrobial resistance, it did not include molecular characterization of resistance determinants. Future studies should incorporate molecular techniques to identify QRDR mutations and PMQR genes, as well as expanded sampling along the slaughter-to-market continuum to identify critical control points for contamination. Such approaches would strengthen understanding of resistance dissemination and support targeted interventions to improve food safety and antimicrobial stewardship.
Conclusion
This study demonstrates that cow intestines sold in informal markets in Port Harcourt represent a significant food safety and public health concern due to poor microbiological quality and widespread contamination with Salmonella enterica. The high prevalence of S. enterica (95.5%), combined with elevated total heterotrophic bacterial counts expressed reflects inadequate hygienic practices during slaughter, processing, and retail handling. Of particular concern is the high level of phenotypic resistance to Nalidixic acid (68.1%), alongside high but incomplete susceptibility to fluoroquinolones, including Ciprofloxacin (92.6%), Levofloxacin (88.2%), and Ofloxacin (85.6%). This resistance profile suggests the emergence of early quinolone resistance and underscores the need for strengthened food safety controls and antimicrobial resistance surveillance.
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Figure 1: THBC from the 12 markets studied
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Figure 2: Prevalence of Salmonella enterica in cow intestines
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Figure 3: Antibiotic Susceptibility Profile of S. enterica isolates
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