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Abstract
There is an avalanche of reports on foodborne bacteria causing different illnesses due to contamination of processing and transportation surfaces of foods. However, this study seeks to identify potential contamination hotspots, the foodborne bacteria capable of causing contamination and resistant bacterial isolates along red meat value chain from the Central abattoir Akinyele to Apata meat stalls in Ibadan. A total of 42 samples were collected from the abattoir (cutting surface, floor and wall), transportation vehicle (container and trunk) and meat stalls (table scrapings and axe/knife). The samples were subjected to microbiological analysis. The results showed variation in levels of contamination across the screened surfaces, with the identification of Salmonella sp., Escherichia coli, Clostridium sp., Shigella sp. and Staphylococcus sp., which are foodborne and of public health importance, but only Salmonella and Shigella sp. were subjected to antibacterial sensitivity testing using standard disk diffusion method (Kirby Bauer), The total bacterial count is highest in the vehicular trunk (6.75±0.20 x 105 /cfu/ml), followed by table scrapings at the butcher’s stalls (4.32±0.15 x 105 /cfu/ml) indicating high level of bacterial contamination. High antibiotics resistance prevalence was observed with the Salmonella isolates; Enrofloxacin (64%), Gentamycin (62%) and Oxytetracycline (56%). On the other hand, the Shigella isolates were resistant to the antibiotics at varying percentages, but with highest resistance prevalence of 74% for Ampicillin. Multi-drug resistance has been demonstrated against common antibiotics such as enrofloxacin, oxytetracycline and gentamycin, the resistance has also spread to the Fluoroquinolones (Ciprofloxacin at 54%) which are drugs of last resort. It is hereby recommended that proper hygiene and sanitary precautionary measures should be instituted and implemented across the red meat value chain.  Consequently, we recommend that operators of the red meat value chains are trained on general hygiene, and also, antibiotic prescription and dispensing be handled by qualified personnel.
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Introduction
Food safety is a fundamental aspect of public health that affects every segment of the society (Gizaw, 2019). As the global population expands and urban centers continue to grow, the demand for animal-based foods, particularly meat, has increased exponentially (Mahtta et al., 2022). Food safety incidents within the red meat industry pose a severe threat to public health as they continue to be a widespread concern globally (Shang and Tonsor, 2017).
Meat is one of the most perishable foods, it has high moisture content and nutrients favourable for microbial growth (Soladoye et al., 2022), hence the rapid bacterial proliferation and transmission upon contamination. More than 600 million people fall ill annually after consuming contaminated food, resulting in approximately 420,000 deaths, majority of which are linked to meat and meat products contaminated by pathogenic food-borne bacteria, including Salmonella spp., Escherichia coli, Shigella, Listeria monocytogenes, and Campylobacter spp. (WHO, 2019). These microbes could find their way into food through contaminated surfaces, which predominantly occur during processing, transportation, distribution, retail, or catering (FSA, 2020), and could potentially lead to food-borne disease outbreak(s) that are of major health concerns in Nigeria, contributing to the morbidity and mortality rates of the country (Omojokun, 2013).
The emergence and dissemination of antimicrobial resistance (AMR) in food-borne bacteria represent a significant public health challenge worldwide (Wang et al., 2024). The red meat value chain serves as a critical interface where bacterial contamination and antimicrobial resistance can be propagated (Karlsson et al., 2021). When these resistant strains enter the food chain, they can be transmitted to humans through consumption or handling of contaminated meat, leading to infections that may be difficult to treat (Sabater et al., 2003). 
The red meat value chain, which extends from the farm to the abattoir to butcher stalls and the end users in various locations, presents multiple points of potential bacterial contamination and exposure to antimicrobial-resistant pathogens (Kępińska, 2021). The analysis of the value chain model is applied to identify contamination hotspots and evaluate hygienic practices across points from the abattoir to the butcher’s stall. This approach shifts the focus from isolated events to generalised activities, enabling a more comprehensive risk assessment, thus creating critical control points (CCPs) along the red meat value chain from the Central abattoir to Apata butcher’s stalls in Ibadan. This research article is relevant to the scientific and community field, not only applicable to the geographical area of the research but also for regions that are involved in meat trade and the importation of red meat. Related diseases of food borne pathogens were highlighted globally due to resultant high mortality rate. Therefore, researches related to these critical points are crucial to the microbiologists, policy makers and stakeholders, to come together in order to proffer solutions and hence forestall or ameliorate food-borne disease outbreak.

Materials & Methods
Study area
The study was conducted along the red meat value chain in Ibadan, Oyo State, Nigeria, with specific attention to the route from the Akinyele Central Abattoir to the Apata butcher stalls. The Akinyele Central Abattoir serves as a major meat processing facility supplying red meat to various retail points within the city. The Apata area is a densely populated urban settlement with a bustling meat market, and it represents the final consumer point in the supply chain. Samples were also taken from the vehicles used in transporting meat from the abattoir to the butcher stalls, thus encompassing three main locations in the red meat value chain: the abattoir, transport vehicle, and retail stalls.
Experimental duration
The study was carried out over a period of 12 weeks. This included constructions of models, literature search, the phases of sample collection, laboratory analysis, microbial isolation and identification, and statistical data processing.
Materials used
The following materials and equipment were used during the course of the research:
Sterile swab sticks, labeled sterile envelopes, markers, Cold box with ice packs, Growth media, Autoclave, Incubator, Microscope, Microscope slides and cover slips, Sterile blades, Hand gloves, Distilled water, pH meter and laboratory glassware. 
Modeling of the red meat value chain to identify contamination hotspots and points of intervention (CCPs)

These models were generated based on experience of the authors about abattoir construction and layouts, slaughterhouse operations, handling and processing of meat, hygiene and sanitation along the red meat value chain, and reliability on submissions of related publications. More importantly having the knowledge of the work flow in the red meat value chain (Fig. 1).
Sample collection and preservation
A total of 42 samples were collected from three critical locations along the red meat value chain viz., the abattoir (18 samples), transport vehicle (12 samples), and retail stalls (12 samples).
All samples were collected using pre-labeled sterile swab sticks, immediately placed into sterile containers, and stored in a cold box containing ice packs to maintain a low temperature. Samples were transported to the Veterinary Microbiology laboratory immediately after collection to preserve the integrity and to prevent sample deterioration.
Culture, Isolation and Identification
Swabs were streaked onto selective and differential media,bacterial colonies were observed for morphological characteristics such as size, shape, color, and hemolysis patterns. Presumptive colonies were subjected to Gram staining and a battery of biochemical tests
Sample collection and preservation
A total of 42 samples were collected from three critical locations along the red meat value chain: The The serial dilution method was used for total microbial count. Pure isolates of resulting growth were identified using morphological and biochemical methods described by Lennette, et al. (1985) and Jolt, et al. (1994). The number of occurrence of each of the identified bacterium isolates were recorded

Determination of Antibiotic susceptibility of the Salmonella and Shigella isolates 
The standard disk diffusion method according to Clinical Laboratory Standard Institute (CLSI) guidelines was applied for antimicrobial susceptibility testing. Commercially available multi-disks Rapid labsR comprising of Gentamicin (10μg), Ciprofloxacin (5μg), Tetracycline (10μg), Enrofloxacin (5μg), and Trimethoprim (5μg). Antimicrobial susceptibility testing was performed using the Kirby-Bauer disk agar diffusion method according to the Clinical and Laboratory Standards Institute (CLSI) protocol (CLSI, 2015) on Mueller Hinton agar. 
Statistical analysis
Descriptive statistic (prevalence/frequency of occurrence) was used analyse resistance of isolates. All data for the isolated bacterial counts were subjected to analysis of variance (ANOVA) and Duncan multiple range test was used for post-hoc comparison of means found to be statistically significant (p < 0.05).
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Fig 1. Operational protocols of red meat value chain from farm to fork (worked from 1 - 3)
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Fig 2. Work flow chart of the abattoirs in Nigeria indicating the Critical Control Points of contamination (Fasanmi et al., 2017)        
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Fig 3. Work flow chart of the meat conveying vehicles from the slaughterhouse to butcher’s stalls and indicating the Critical Control Points
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Results & Discussion

Table 1. Potential contamination hotspots and points of intervention along the red meat value 		chain in Ibadan, Nigeria
	S/N
	Hotspots of contaminations
	Points of intervention
	References supporting interventions

	
	Pre-slaughtering activities: ante-mortem inspection, lairage,
	CCP1 & CCP2
	Small et al (2002), Adeyemo (2002), Small et al (2006), Adeyemo et al (2009), Okike et al (2011), Niyonzima et al (2011)

	2
	Slaughtering activities: bleeding, dehairing, skinning/flaying, washing, evisceration, post-mortem inspection
	CCP3, CCP4, CCP5, CCP6, CCP7 & CCP8
	FSIS (2002), Adeyemo (2002), Bryant et al (2003), FAO (2006), Podecan et al (2007), Nastasijevic et al (2007), Fasanmi and Sansi (2008), OIE (2010), Loretz et al (2010), Antic et al (2010), Okike et al (2011), Adetunji and Odetokun (2011), FSA (2013), Niyonzima et al (2015), FAO (2016), Chukwu et al. (2021)

	3
	Post-slaughtering activities: butchers exiting through entrance, washing and hanging and meat collection without washing.
	CCP9, CCP10, CCP11 & CCP12 
	OIE (2007), Fasanmi and Sansi (2008), Adeyemo et al (2009), Harris and Savell (2009), Adebowale et al (2010), Bello et al (2011), Niyonzima et al (2015), Malhotra et al (2015), FAO (2016) 

	4
	Transporting vehicle:
Container for carcass, beef & offal (plastic/bucket/Jute/rice sac), putting offal & beef in the same container 
	CCP13
	USDA (2017), Lianou et al. (2023)


	5
	Meat & offal moved into trunk/boot of transportation vehicle
	CCP14
	PHA (2025), Mallick (2023)

	6
	Butcher’s stall: Environment of the butcher’s stall 
	CCP15
	da Silva et al. (2016)

	7 
	Butcher’s meat table
	CCP16
	da Silva et al. (2016), 
Fasanmi et al. (2010)

	8
	Butcher’s knife/axe
	CCP17
	da Silva et al. (2016)








Identified contamination hotspots and points of intervention along the red meat value chain
The potential contamination hotspots along the red meat value chain, Ibadan are too numerous to count, but from this present study however, seventeen(17) Critical Control Points (CCPs) [Fig. 2, 3 & 4], which are mechanism(s) of intervention strategies put in place to prevent contamination at every potential hotspot and substantiated with earlier studies (Table 1) [Govender, 2014., Niyonzima et al., 2015], also Sagar et al (2023) submitted that food chain is a reservoir of resistance genes,  these isolates from meat samples show resistance to commonly used antimicrobials. The abattoir which is the most important location on the red meat value chain presented twelve CCPs, (Fig. 2), across the various compartmentalised units, indicating potential points of contamination (Fasanmi et al., 2017). The quality and safety of meat products can be estimated by assessing their contamination by hygiene indicator microorganisms and some foodborne pathogens, with Salmonella sp and Escherichia coli as a major concern globally (WHO, 2022). To identify the main sources of microbiological contamination in the processing environment (da Silva et al. 2016), the transportation of meat requires special care to guarantee its quality and safety during all stages of processing along the value chain  (PHA, 2025).  Maintaining the correct temperature, ensuring vehicle hygiene and complying with health regulations are essential steps to avoid contamination and preserve the products  (Fig 3). Contamination may occur at any point of processing due to contamination of the hides and skin of slaughter animals, improper handling by abattoir workers and poor hygiene and sanitation of the slaughterhouse and equipment, every stage of meat processing should be meticulously executed to prevent contamination and reduce public health risk (CFIA, 2014., Niyonzima et al., 2015). The introduction of critical control points (CCP) at the butcher’s stall, serve as checks or regulations to prevent contamination at the cutting surfaces and the axe or knives (Fig. 4), these must be applied to prevent or reduce food hazards for the assurance of food safety and hence increased shelf-life of meat and meat products (Delmore, 2009., Zorpas et al., 2010., Govender, 2014). 
Meat-borne bacteria and levels of contamination
This study enabled us to identify different types of zoonotic meat-borne bacteria along the red meat value chain in Ibadan, among which are Salmonella sp., Escherichia coli, Staphylococcus sp., Shigella sp. and Clostridium sp., that are of public health importance  These foodborne 

Table 2. Total bacterial Count along the red meat value chain from the Central abattoir to butcher’s stalls Apata
____________________________________________________________________

Location of sample               Components of location                  Count (x 106/cfu/ml)
_____________________________________________________________________
                                                     Cutting surfaces                              4.250±0.120b
   Slaughterhouse                          Walls                                            2.250±0.070d
      (Akinyele)                                Floor                                             3.750±0.120c

Vehicle                                  Trunk surface                                  6.750±0.200a 
                                                        Container                                     1.695±0.020e 

     Butchery                                 Table scrapings                              4.325±0.150b           
(Apata)                                      Knife/Axe                                  1.750±0.050e 
___________________________________________________________________
abcde mean values that are in the same column with different superscripts are significantly different @ p<0.05




Table 3.  Determination of levels of salmonella contamination among surfaces that make 		contact with carcass/meat between Central abattoir and Apata butcher’s stall 
  Components of  locations   Bacterial count (x 105/cfu/ml)   Level of contamination
Slaughterhouse
       ( Cutting surface)                      0.200±0.020b                                     1.00
     Conveying Vehicle
         (Trunk surface)                        0.380±0.020a                                     1.90
        Butchery
     (Table scrapings)                         0.212±0.021b                                     1.06
abmean values that are in the same column with different superscripts are significantly different @ p<0.05
  
bacteria were isolated in all the locations (potential contamination hotspots) sampled along the red meat value chain which is an indication of different levels of contamination (Table 2, Appendices 1,2, 3, 4 & 5). This finding further corroborates earlier submissions by Aslama, et al. (2020) and Deliephan, et al. (2023) that Salmonella,  Escherichia coli, Listeria and Shigella can cause varying degrees of contamination irrespective of the location along the red meat value chain. Also, Adeyemo (2002) and Fasanmi et al. (2023) submitted that there are various degrees of bacterial contamination at different locations of the abattoir. This may be as a result of the abattoir facilities which are not in conformity with standard conventional requirements or when such facilities are available but non-functional, standard operating procedures and good hygiene practices are compromised in the abattoirs, which may pose a danger to public health (Stevenson, 2001). 
As earlier stated by the Rani et al. (2023), that the microbial load of meat refers to the number and types of microorganisms present on or within the product. It serves as a direct indicator of the hygienic quality of the meat, the sanitary conditions under which it was processed, and its overall safety for consumption. This has further lend credence and substantiate the importance of hygienic practices in the red meat value chain. The evaluation of microbial load is a standard practice in food safety practices and provides critical data for determining spoilage potential, shelf life, and the risk of foodborne illness.
Considering all the tables of results, especially Appendices 1 and 4 that are for Salmonella sp. and Shigella count respectively, it was observed that the highest count for these bacteria were observed in the vehicle trunk and cutting surfaces at the butcher’s stall. The same trends were observed for the other locations sampled (Appendices 2, 3 & 5). It was further gathered in Table 2, that the total bacterial count was observed to be highest in the vehicle’s trunk where the meats are put for transportation to the butcher’s stall, followed by the cutting surfaces at the butcher’s stall., also, Table 3 show that Salmonella count is two times greater in the vehicle trunk when compared with other surfaces along the red meat value chain.  Therefore, the present study's results underscore the poor hygiene practices along the red meat value chain in Ibadan. The presence of Samonella sp. and Shigella sp. in red meat poses significant health risks, especially in settings like Nigeria where meat hygiene and regulatory oversight are often inadequate (WHO, 2020). This is because the total bacteria study in this study (6.750±0.200 x 106/cfu/ml) exceeds the standard limit  (105 /cfu/ml) [Codex Alimentarius, 2025], this further corroborates earlier submission by Adesokan et al.,  (2021) that Nigeria's informal meat sector, microbial counts often far exceeds international standards due to poor personal and environmental hygiene. Furthermore, Zaidi and Estrada-Garcia (2014), submitted that Shigella has a very low infective dose, with as few as 10–100 organisms they are capable of causing severe Shigellosis. This makes it a particularly dangerous pathogen in environments where food handling practices are poor, sanitation is inadequate, and personal hygiene is compromised. In developing countries however, shigellosis is a major contributor to childhood morbidity and mortality, with an estimated 165 million cases annually worldwide (Kotloff, 2017). But with good personal and environmental hygiene incidence of outbreak of Shigellosis can be ameliorated.

Table 4. Percentage antimicrobial resistant Salmonella sp and Shigella sp isolates along the red 	 meat value chain from the Central abattoir to Apata butcher’s stall, Ibadan 
________________________________________________________________________
    
 Antimicrobial          Salmonella Resistant           Shigella Resistant
                                          isolates (%)                      isolates (%)
________________________________________________________________________
  Oxyteracycline                    35(56)                                   4(11) 
  Gentamycin                         39(62)                                   7(18)
   Enrofloxacin                       40(64)                                   6(16)
   Ciprofloxacin                      34(54)                                   5(13)
   Trimethoprim                      6(10)                                    8(21)
   Ampicillin                           7(11)                                    28(74)
________________________________________________________________________
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Fig 5. Antibiogram of Salmonella and Shigella isolates from the red meat value chain, Ibadan

Multi-resistant Salmonella and Shigella isolates
Table of results 4 and Fig. 5 show high antibiotics resistance prevalence from the Salmonella and Shigella isolates from the red meat value chain, especially with the Salmonella sp; to Enrofloxacin (64%), Gentamycin (62%) and Oxytetracycline (56%), this further substantiates the findings of NCDC (2017). On the other hand, the Shigella isolates were resistant to the antibiotics at varying percentages, but with highest resistance prevalence of 74% for Ampicillin, which is in line with the submission of NCDC (2017), and also corroborates the surveillance data from Asia that revealed widespread resistance among Shigella isolates to ampicillin which is traditionally used as first-line treatments for shigellosis (Puzari et al., 2018). Comparatively, the Salmonella isolates are more resistant to the common antibiotics than the Shigella isolates.the evidences of multi-drug resistant Salmonella and Shigella isolates from these same locations to the antibiotics tested in this study. The successful use of antibiotics in veterinary medicine not withstanding its use has become particularly worrisome, especially for the fact of the potential to extend such drug into the human food chain or the possibility of reduced efficacy of such drugs which has been observed in some reports to be administered by non qualified personnel (Oluwasile et al. 2014). Shigella isolates have good sensitivity to fluoroquinolone which is contrary to the submission of Sholeh, et al, (2020) that the high-risk antimicrobials for  Shigella isolates development showed a high level of resistance, the highest was seen in fluoroquinolones. Multidrug resistance has been demonstrated against common antibiotics such as enrofloxacin, oxytetracycline and gentamycin, the resistance has also spread to the Fluoroquinolones (Ciprofloxacin at 54%) which are drugs of last resort (Table 4). The global consumption of antimicrobials in food animal production has reached alarming proportions, with recent estimates suggesting that over 73% of all medically important antibiotics are used in livestock systems (WHO, 2021). This phenomenon is particularly frightening in developing nations like Nigeria, where regulatory frameworks are weak and the growth-promoting use of antibiotics remains widespread. The Food and Agriculture Organization (FAO, 2022) reports that antimicrobial use in African livestock systems grew by 65% between 2015 and 2021, outpacing the global average growth rate of 34%. All these excessive usage of antimicrobials, maladministration and chemoprophylaxis have been responsible for multi-drug resistance of these common antibacterials (Love et al., 2011, Oluwasile et al., 2014). The presence of multi-drug resistant bacteria along the red meat value chain will lead to the transmission of resistance gene from the contaminated surface to carcass and meat, which can also ultimately be consumed by human beings (Davies et al., 2008).

 Conclusion
This study was able to identify seventeen (17) contamination hotspots and respective points of intervention substantiated with previous studies along the red meat value chain. Also, there were variation in levels of contamination across the screened surfaces, with the identification of Salmonella sp., Escherichia coli, Clostridium sp., Shigella sp. and Staphylococcus sp., which are foodborne and of public health importance. Furthermore, multi-drug resistance was observed against common antibiotics such as enrofloxacin, oxytetracycline and gentamycin, the resistance has also spread to the Fluoroquinolones which are drugs of last resort. The presence of multidrug-resistant pathogens (Salmonella and Shigella) in the red meat value chain is particularly worrisome in Ibadan, a city with a dense population and high demand for animal protein. It is hereby recommended that necessary hygiene and environmental laws along the red meat value chain should be promulgated and enforced. 
There should be proper training and enlightenment of the stakeholders on the importance of meat-borne diseases, hygiene and sanitation. 
Adoption of antimicrobial stewardship and one health approach to minimise or eradicate AMR
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Appendices

Appendix 1. Salmonella sp. count along the red meat value chain from Central abattoir 			   Akinyele to butcher’s stall Apata
____________________________________________________________________
Location of sample        Components of location          Bacterial count (x 105/cfu/ml)
_____________________________________________________________________
  Cutting surfaces                            0.200±0.020b 
   Slaughterhouse                          Walls                                         0.140±0.023c
     (Akinyele)                                 Floor                                          0.183±0.027bc  

    Vehicle                                 Trunk surface                                  0.380±0.020a 
                                                    Container                                       0.110±0.001d 

    Butchery                                Table scrapings                               0.212±0.021b           
    (Apata)                                     Knife/Axe                                     0.030±0.001e 
_____________________________________________________________________
abcde mean values that are in the same column with different superscripts are significantly different @ p<0.05


Appendix 2. Escherichia coli count along the red meat value chain from Central abattoir 	 Akinyele to butcher’s stall Apata
____________________________________________________________________
Location of sample        Components of location          Bacterial count (x 105/cfu/ml)
_____________________________________________________________________
  Cutting surfaces                            0.350±0.035c
   Slaughterhouse                          Walls                                         0.340±0.023c
     (Akinyele)                                 Floor                                          0.483±0.050b  

    Vehicle                                 Trunk surface                                  0.620±0.120a
                                                  Container                                        0.180±0.020e 

    Butchery                                Table scrapings                               0.512±0.070b           
    (Apata)                                     Knife/Axe                                      0.230±0.025d 
_____________________________________________________________________
abcde mean values that are in the same column with different superscripts are significantly different @ p<0.05



Appendix 3. Clostridium sp. count along the red meat value chain from the Central abattoir 	 Akinyele to butcher’s stalls Apata
____________________________________________________________________
Location of sample        Components of location          Bacterial count (x 105/cfu/ml)
_____________________________________________________________________
  Cutting surfaces                            0.320±0.020b 
   Slaughterhouse                          Walls                                         0.100±0.023c
     (Akinyele)                                 Floor                                          0.295±0.027b  

    Vehicle                                 Trunk surface                                  0.450±0.020a 
                                                   Container                                       0.015±0.001d 

    Butchery                                Table scrapings                              0.325±0.020b           
    (Apata)                                     Knife/Axe                                     0.020±0.001d 
_____________________________________________________________________
abcd mean values that are in the same column with different superscripts are significantly different @ p<0.05


Appendix 4. Shigella sp. count along the red meat value chain from the Central abattoir 	 Akinyele to butcher’s stalls Apata
____________________________________________________________________

Location of sample               Components of location                  Count (x 105/cfu/ml)
_____________________________________________________________________
                                                     Cutting surfaces                              0.280±0.012b
   Slaughterhouse                          Walls                                            0.015±0.000d
      (Akinyele)                                Floor                                             0.190±0.010c

Vehicle                                  Trunk surface                                  0.250±0.020b 
                                                      Container                                       0.015±0.001d 

     Butchery                                  Table scrapings                              0.355±0.025a           
(Apata)                                      Knife/Axe                                   0.020±0.001d 
___________________________________________________________________
abcd mean values that are in the same column with different superscripts are significantly different @ p<0.05




Appendix 5. Staphylococcus sp. count along the red meat value chain from the Central abattoir to Apata butcher’s stalls Ibadan
____________________________________________________________________

Location of sample               Components of location                  Count (x 105/cfu/ml)
_____________________________________________________________________
                                                     Cutting surfaces                              0.290±0.012b
   Slaughterhouse                          Walls                                            0.180±0.010c
      (Akinyele)                                Floor                                             0.320±0.020b

Vehicle                                  Trunk surface                                  0.450±0.020a 
                                                      Container                                       0.095±0.001d 

     Butchery                                 Table scrapings                              0.325±0.020b           
(Apata)                                      Knife/Axe                                 0.120±0.001cd 
___________________________________________________________________
abcd mean values that are in the same column with different superscripts are significantly different @ p<0.05
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Fig 5: Antimicrobial Susceptibility of Salmonella and Shigella Isolates




