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ABSTRACT 
Biofilms are microbial communities of surface-connected cells within an 
extracellular polymeric matrix that increases bacterial resistance to antimicrobials 
and external trauma, thereby enhancing their virulence. Ready-to-eat (RTE) foods 
have become popular and easily accessible; however, they pose serious health risks 
due to contamination at various stages of processing and supply. This study 
characterised bacterial species in meat pie fillings obtained from Osogbo, Nigeria, 
and determined their biofilm-forming and antibiotic-susceptibility patterns. A total of 
40 meat pie samples were analysed using conventional microbiological techniques 
and the ABIS Online Bacterial Identification software. Biofilm production was 
determined using Congo red agar (CRA) and tissue culture plate (TCP) assays, and 
antibiotic sensitivity testing using the Kirby-Bauer disc diffusion technique. 
Approximately 95.0% of the samples yielded bacterial growth, comprising 45 isolates 
of 13 genera and 16 species, predominantly Paenibacillus massiliensis (44.4%). All 
isolates (100.0%) tested positive for biofilm production using the CRA, but only 
46.7% with the TCP assay. The highest resistance rates were against amoxicillin, 
vancomycin, and erythromycin (100%). All isolates were multidrug-resistant with 
Multiple Antibiotic Resistance Index (MARI) values ≥ 0.4. Biofilm-forming, 
multidrug-resistant opportunistic pathogens, purportedly implicated in foodborne 
outbreaks in meat-pie fillings, pose a risk of severe and life-threatening infections in 
consumers. We therefore recommend strict compliance with food safety practices 
during meat pie pre- and post-production, vending and storage to minimize food 
safety hazards. 

1. INTRODUCTION 
Food provides nutrition, energy, and overall well-being, 

making it a basic human need for sustenance. Ready-to-

eat (RTE) foods are intended for consumption at the 

point of purchase. They can be cooked or uncooked, hot 

or cold, and do not require additional heat treatment 

(Obande et al., 2018). Snacks are a category of RTE 

foods, and one of the most commonly consumed snacks 

in Nigeria is the meat pie, also known as Mincemeat 

pie. It is usually baked or sometimes fried, especially in 

Southwest Nigeria. It comprises a pastry crust filled 

with a mixture of spiced meats, diced potatoes, carrots,  

vegetables, stocks, and occasionally other animal 

products, such as boiled eggs (Mclauchlin et al., 

2016). Examples include fruit, cream, custard, meat 

or chicken pies. Meat and other pies are well-liked 

globally due to their convenience for sale and 

consumption (Obande et al., 2018). However, meat 

pie is a food, and the processing surface becomes an 

ideal environment for biofilm formation when 

nutrients for microbial growth and attachment are 

sufficient, limiting its shelf life to 72–96 hours 

(Ezeh et al., 2017).  

 



P a g e  | 242 

 

Osun State University - UJBAS Publication Volume 1 (1) April, 2026 

Despite its importance, there has been an increase in 

foodborne illness outbreaks due to risky food 

preparation and eating habits (Eke & Elechi, 2021). 

As a result of laxity in the enforcement of food safety 

practices by regulatory agencies, the hygiene levels 

and ethics of many food vendors are largely 

unsupervised, thereby compromising food quality, 

leading to the supply of potentially unsafe ready-to-

eat foods to consumers. An estimated 200 disease 

types can be attributed to the consumption of 

contaminated foods (WHO, 2015), some of which 

are implicated in long-term health issues, particularly 

in the elderly and other vulnerable populations like 

toddlers and expectant mothers (Mengistu et al., 

2022). Also, food and waterborne pathogens are the 

major causes of diseases in developing nations.  

Bacterial biofilms are well-organized, complex 

communities of bacterial cells embedded in a self-

synthesized extracellular matrix that adheres to inert 

or biologically derived surfaces (Flemming et al., 

2016; Sharma et al., 2023, Ban-Cucerzan et al., 

2025). Biofilm formation has been recognized as a 

significant factor in bacterial resistance and in the 

development of nosocomial infections (Sharma et al., 

2023). This is because surface-adhered microbial 

groups can be found in diverse environments, 

including food, medical, industrial, and natural 

ecosystems. The presence of a biofilm in a bacterial 

infection indicates that the infection is therapy-

resistant and that the likelihood of relapse is higher 

(Hardy et al., 2017; Sharma et al., 2023). Biofilm 

formation is a dynamic process: attachment, 

microcolony formation, biofilm maturation, and  

dispersion or detachment (Maunders & Welch, 2017; 

Abebe, 2020; Sharma et al., 2023). The biofilm 

matrix comprises extracellular polymeric substances 

(EPS), proteins, exogenous deoxyribonucleic acid 

(DNA), and lipids (Schilcher & Horswill, 2020; 

Rather et al., 2021; Chiba et al., 2022; Zhao et al., 

2023). It also includes other components such as 

polysaccharides, ribonucleic acid (RNA) molecules, 

ions, and water. Biofilms impede host immunity and 

the effectiveness of antimicrobials (Høiby et al., 

2010; Rather et al., 2021). Within bacterial biofilms, 

there is increased resistance to antibiotics, 

phagocytosis and opsonisation by antibodies, leading 

to chronic infections (Aslantaş & Demir, 2016; Guo 

et al., 2018; Hu et al., 2018; Ju et al., 2018). 

The multiple antibiotic resistance index (MARI) is an 

endorsed, cost-effective, rapid, and user-friendly 

technique for tracking bacterial sources and prior 

antibiotic exposure (Krumperman, 1983; Mir, 2022). 

It is used to detect, characterise, and index isolates 

from high-risk environments and antibiotic pressure, 

with values ≥ 0.2 indicating high antibiotic-pressure 

sources. Prior reports have confirmed that biofilms 

are resistant to antibiotics and a myriad of 

disinfectants, highlighting the need to characterise 

and MAR index associated bacterial isolates as a 

crucial component of infection control (Høiby et al., 

2010). Data on biofilm production by a bacterial 

isolate would assist clinicians in understanding its 

virulence and in formulating appropriate therapeutic 

options in the event of an infection or foodborne 

disease. Previous reports indicate that the Minimum 

Inhibitory Concentration (MIC) of antibiotics against  
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biofilms can be up to a thousand times greater than 

that for free forms of the same organism (Høiby et 

al., 2010). In addition, the impact of biofilm 

production in various areas of food production has 

been reported, leading to food spoilage, equipment 

damage, waste, disease outbreaks, and even fatalities 

(Giaouris & Simoes, 2018; Ban-Cucerzan et al., 

2025). Pathogens can adhere to food-processing 

equipment, grow, and form biofilms, thereby 

increasing the risk to food safety (Hoveida et al., 

2019). Hence, biofilm production is a marker of 

virulence in clinically relevant bacteria. 

Given the growing interest in bacterial biofilm 

production in recent years, numerous studies on 

biofilm production in various bacterial species have 

been conducted. However, these studies primarily 

focus on device-associated biofilms (such as those 

associated with medical implants) and non-device-

associated biofilms (found on tissues within the host, 

including skin, intestinal mucosa, oral cavity, and 

vagina) (Wi & Patel, 2018; Rather et al., 2021; 

Sharma et al., 2023; Zhao et al., 2023). There is a 

need to investigate biofilm production in bacteria 

from many other sources, including RTE foods. The 

objective of the present study was therefore to 

determine the biofilm production and antibiotic 

resistance profile of bacterial isolates recovered from 

RTE meat pies in Osogbo, southwestern Nigeria.  

 

Materials and Methods 

Study location, sample collection and processing 

Forty (40) meat pie samples (19 from selected 

shops/eateries/roadside sellers and 21 from mobile  

vendors) were collected across Osogbo, Osun State, 

Nigeria. The samples were collected in sterile 

Ziplock pouches (250 ml), labelled appropriately, 

stored in cool boxes with ice packs, and then 

transferred to the Microbiology Laboratory of Osun 

State University, Osogbo, Nigeria, within 4 hours 

after collection for immediate microbiological 

analysis. 

One (1) gram of each meat pie filling was aseptically 

measured into 9 ml of sterile Ringer solution in 

labelled test tubes and homogenised by vigorous 

shaking for one minute each using a vortex mixer. 

One (1) ml of this suspension was then inoculated 

into 9 ml of sterile Tryptone Soy broth (TSB) and 

incubated at 37±2 ℃ for 18 - 24 hours. Subsequently, 

the broth cultures were inoculated by streaking onto 

Tryptone Soy Agar (TSA) and MacConkey agar 

plates, and incubated for an additional 24 hours at 

37±2 ℃ to obtain pure isolates. Distinct colonies 

were observed and Gram-stained, then characterised 

by their morphological and cultural characteristics. 

Conventional biochemical analyses (catalase, 

oxidase, coagulase, deoxyribonuclease, haemolysis, 

motility, indole, citrate, methyl red, Voges-Proskauer 

and sugar fermentation [using mannitol, fructose, 

lactose, sucrose and glucose sugars]) and observed 

results were interpreted using the ABIS online 

Microbiology software for bacterial identification to 

identify the recovered isolates (ABIS online - 

bacterial identification software version 12, 

http://www.tgw1916.net).  
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Phenotypic screening for biofilm production 

The biofilm-forming capability of the recovered 

bacterial isolates was determined using two methods: 

Growth on Congo Red Agar (CRA) and Tissue 

Culture Plate Assay. 

Growth on Congo Red Agar (CRA) - This test was 

performed as previously described (Freeman et al., 

1989; de Castro Melo P et al., 2013). The medium 

was composed of brain heart infusion broth (BHIB), 

sucrose (50 g/L), agar No. 1 (10 g/L), and Congo red 

(0.8 g/L). Congo red stain was prepared as a 

concentrated solution and sterilized by autoclaving at 

121 ℃ for 15 minutes at 15 psi, separate from the 

rest of the medium components. It was supplemented 

to the agar upon cooling to 55 °C. Sterile CRA plates 

were inoculated and incubated aerobically for 18-24 

hours at 37 ± 2 ℃. Black colonies with a dry, 

crystalline consistency indicated biofilm production, 

while colonies of non-biofilm-producing bacterial 

strains appeared red.  

Tissue culture plate assay (TCP): The TCP assay 

described by Saber et al. (2022) was used, with slight 

modifications. Isolates from an overnight culture of 

TSA were inoculated into Brain Heart Infusion Broth 

(BHIB), incubated for 18-24 hours at 37±2 ℃, and 

then diluted 1:100 with fresh medium (by adding 0.1 

mL of inoculum into 9.9 mL of sterile BHIB in a test 

tube). Individual wells of sterile, 96-well flat-bottom 

polystyrene tissue culture plates (Sigma-Aldrich, 

USA) were inoculated with 200 µL aliquots of 

freshly diluted cultures and incubated for 18-24 

hours at 37 ± 2 °C. Uninoculated BHIB served as a 

negative control. The contents of each well were  

removed by lightly tapping the plates, upside down, 

onto a tissue pad to absorb excess moisture, and the 

wells were washed manually five times with 200 µL 

of phosphate-buffered saline (PBS) (pH 7.2). 

Biofilms in each well were fixed with methanol, and 

the wells were drained. They were then stained with 

0.1% crystal violet (0.1% w/v) for 20 minutes, 

drained again, and washed off with distilled water. 

Finally, 250 µl of 33% glacial acetic acid was added 

to each well. The optical density (OD) of each well 

was measured (wavelength 570 nm) with an ELISA 

auto reader (Thermo Scientific). The test was done in 

triplicate for all isolates, and the average OD values 

were estimated. The results were interpreted as 

previously described, optical density cut-off value 

(ODc) being equivalent to the sum of the average OD 

of negative control and the 3x standard deviation 

(SD) of negative control (Table 1) (Stepanović et al., 

2007). 

Antibiotic Susceptibility profiling of recovered 

isolates 

Antibiotic susceptibility testing (AST) was performed 

using the Kirby-Bauer disc diffusion method 

(Adeyemi et al., 2022), using 13 commercially 

available antibiotics from 11 different classes vis- 

aminoglycosides [amikacin (30 µg) and gentamicin 

(10 µg)]; β-lactam antibiotic/penicillin [amoxicillin 

(10 µg)]; β -lactam/inhibitor combination 

[amoxicillin clavulanic acid (20/10 µg)]; carbapenem 

[imipenem (10 µg)]; cephalosporin [cefotaxime (5 

µg)]; fluoroquinolone [ciprofloxacin (5 µg)]; folate 

pathway antagonist [trimethoprim-sulfamethoxazole 

(1.25/23.75 µg)]; glycopeptide [vancomycin (5 µg)];  
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macrolides [erythromycin (15 µg)]; monobactam [aztreonam (30 µg)]; tetracycline 

[tetracycline (30 µg) and doxycycline (20 µg)]. The results were interpreted using the 

EUCAST breakpoint table (version 13.0) (EUCAST, 2023), while multidrug resistance 

(MDR) was defined as the resistance of an isolate to at least one drug in a minimum of three 

antibiotic classes. The multiple antibiotic resistance index (MARI) was evaluated using the 

equation below (Krumperman, 1983): 

 

Results 

Altogether, 40 meat pie fillings (observed to comprise a blend of meat, carrot and potato) 

were analysed. A total of 38 of the 40 samples (95.0%) yielded bacterial growth; only two 

samples had no growth. The frequency of recovered bacterial isolates from the 40 samples is 

shown in Figure 1. These include 45 bacterial isolates comprising 36 Gram-positive bacteria 

(80.0%) in 6 genera (3 phyla - Bacillota, Firmicutes and Actinomycetota and five families 

Paenibacillaceae, Bacillaceae, Lachnospiraceae, Listeriaceae and Micrococcaceae) - and 9 

Gram-negative bacteria in 7 genera (a single phylum Pseudomonadota but 3 families -

Erwiniaceae, Enterobacteriaceae and Pseudomonadaceae). Paenibacillus massiliensis was the 

predominant bacterial species at 44.4% (n = 20/45), followed by Paenibacillus sanguinis and 

Bacillus megaterium, each at 8.9% (n = 4/45). All 45 recovered bacterial isolates were 

obtained from the 38 samples – 32 samples (84.2%) had single isolates, whereas 6 samples 

(15.8%) were polymicrobial (five samples had 2 isolates each, while the last sample had three 

isolates, namely Citrobacter rodentium, Pantoea agglomerans and Paenibacillus sanguinis). 

The similarity indices for the identification using ABIS online software were ≥ 97% for all 

isolates. 

 

Table 1. Interpretation of biofilm production 

Average OD value Values Biofilm production 

≤ ODc ≤ 0.254 None (-) 

ODc < ~ ≤ 2x ODc 0.254 < x ≤ 0.507   Weakly positive (+) 

2x ODc < ~ ≤ 4x ODc 0.507 < x ≤ 1.014 Moderately positive (++) 

> 4x ODc > 1.014 Strongly positive (+++) 
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Figure 1. Frequency of bacterial isolates recovered from fillings of meat pie samples  

Phenotypic screening for biofilm production 

All 45 recovered isolates tested positive (i.e., exhibited black colonies with a dry, crystalline 

consistency) for biofilm production on the Congo red agar. The total number of biofilm 

producers which gave a positive result with the tissue culture plate assay was 21 in number 

(46.7%), comprising 16 Gram-positive (10 Paenibacillus massiliensis, 2 Bacillus 

megaterium, and 1 each of Bacillus trypoxylicola, Blautia coccoides, Pseudarthrobacter 

niigatensis, and Zhihengliuella halotolerans) and 5 Gram-negative isolates (2 Citrobacter 

rodentium, and 1 each of Cronobacter sakazakii, Pantoea agglomerans, and Salmonella 

enterica) produced biofilm. Five (23.8%), nine (42.9%) and 7 (33.3%) of the biofilm 

producers were strong, moderate and weak producers, respectively (Table 2). 

The number of non-biofilm-producing isolates with the tissue culture plate assay was 24 

(53.3%), made up of 20 Gram-positive (10 Paenibacillus massiliensis, 4 Paenibacillus 

sanguinis, 2 each of Bacillus megaterium and Blautia coccoides; and 1 each of Listeria 

booriae and Paenibacillus chondroitin); and 4 Gram-negative isolates (Citrobacter 

rodentium, Erwinia rhapontici, Klebsiella terrigena and Pseudomonas graminis).  
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Table 2. Screening for biofilm formation by Congo Red Agar and Tissue Culture Plate 

methods  

 

Antibiotic susceptibility profiling of recovered isolates 

The results of the AST profile revealed that resistance was highest to amoxicillin, 

vancomycin, and erythromycin (100%), followed closely by imipenem and tetracycline at 

89.7% and 88.6%, respectively. Low-level resistance was observed to aztreonam (10.0%) and 

amikacin (21.4%). Among the isolates tested for ciprofloxacin, gentamicin, and cefotaxime, 

no resistance was recorded (0.0%). Details of the antibiotic resistance profile of the recovered 

isolates are shown in Table 3. All isolates were multidrug-resistant, as they were resistant to 

≥4 and ≤8 classes of antibiotics (Table 4). Additionally, all isolates (100.0%) had MARI 

values ≥ 0.4 (Figure 2). 

 

 

BACTERIAL ISOLATE Total 

tested 

Biofilm Production Assay 

CRA Tissue Culture Plates Assay (TCP) 

None Weak Moderate Strong 

Gram-
positive  

Paenibacillus massiliensis  20 20 10 3 4 3 

Paenibacillus sanguinis  4 4 4 0 0 0 

Bacillus megaterium 4 4 2 0 0 2 

Blautia coccoides 3 3 2 0 1 0 

Bacillus trypoxylicola  1 1 0 0 1 0 

Listeria booriae  1 1 1 0 0 0 

Paenibacillus chondroitin 1 1 1 0 0 0 

Pseudarthrobacter niigatensis 1 1 0 1 0 0 

Zhihengliuella halotolerans 1 1 0 0 1 0 

Sub-Total 36 36 20 4 7 5 

Gram-
negative  

Citrobacter rodentium 3 3 1 1 1 0 

Cronobacter sakazakii 1 1 0 1 0 0 

Erwinia rhapontici 1 1 1 0 0 0 

Klebsiella terrigena 1 1 1 0 0 0 

Pantoea agglomerans 1 1 0 0 1 0 

Pseudomonas graminis 1 1 1 0 0 0 

Salmonella enterica 1 1 0 1 0 0 

Sub-Total 9 9 4 3 2 0 

GRAND TOTAL  45 45 24 7 9 5 
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Table 3. The antibiotic Resistance Profile of recovered bacterial isolates from vended 

meat pie samples 

 

Table 4. The Multiple Antibiotic Resistance pattern of bacterial isolates from vended 

meat pie samples 
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Figure 2. The Multiple Antibiotic Resistance Indices of biofilm and non-biofilm-

producing isolates recovered from vended meat pie 

Antibiotic resistance profile of biofilm and non-biofilm producers 

For the biofilm-producing isolates, the highest resistance was exhibited against amoxicillin, 

vancomycin and erythromycin, closely followed by tetracycline. The highest level of 

susceptibility was observed against cefotaxime, ciprofloxacin, and gentamicin. The same 

trend was observed in the non-biofilm producers, with both groups exhibiting similar patterns 

of resistance and sensitivity (Table 5).  

The lowest MARI value for biofilm-producing isolates was 0.4, and for non-producers, 0.5. 

Also, for the biofilm producers, the MARI value with the highest number of isolates was 0.7; 

ditto for the non-biofilm producers (Figure 2).  
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Table 5. Resistance pattern (%) of biofilm-producing and non-biofilm-producing 

bacterial isolates 

 

Discussion 

This study isolated and characterised 45 bacterial 

isolates from 40 meat pie fillings, screened for 

biofilm production and determined the antibiotic 

susceptibility patterns of the recovered isolates. The 

single predominant bacterial species recovered was 

Paenibacillus massiliensis (at the rate of 44.4%). The 

genus Paenibacillus comprises Gram-positive, or 

sometimes Gram-variable, spore-forming rods (Sáez-

Nieto et al., 2017), formerly classified within the 

genus Bacillus (Ash et al., 1993; Patowary & Deka, 

2020). They are especially versatile and resilient with 

characteristic features that enable them to survive in 

a wide range of habitats, diverse environments and 

dissimilar samples (Grady et al., 2016; Tonial et al., 

2020). They have been isolated from various sources, 

including but not limited to human clinical samples 

(Sáez-Nieto et al., 2017; Tonial et al., 2020; Roux & 

Raoult, 2004), the soil, spring water, human faecal 

matter, insect larvae (Xu et al., 2017) and even food 

samples (Berge et al., 2002), including milk, both in  

the pasteurized and unpasteurized form (Beno et al., 

2020). The genus Paenibacillus has been reported to 

cause spoilage of bakery products and pastries 

(Valerio et al., 2012). They are known to produce 

many spoilage enzymes, and as spore producers, they 

are typically resistant to extremes of temperature, 

which may be the case during baking at high 

temperatures (André et al., 2017).  

Paenibacillus spp. are not typically implicated in 

human infections or disease causation and are 

generally not harmful to their hosts. However, they 

are opportunistic pathogens as they have been 

reported to be associated with various infections in 

immunosuppressed individuals (Grady et al., 2016). 

Despite the challenges in differentiating between true 

pathogens and contaminating isolates, a previous 

study reported that approximately 25% of their 

isolates were implicated in actual human infections, 

as the authors established relationships with 

bacteraemia (Sáez-Nieto et al., 2017). Therefore, the 

presence of Paenibacillus spp. in RTE food samples  
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in the present study is concerning and could 

potentially lead to foodborne diseases in consumers. 

Of the Paenibacillus spp., only P. massiliensis 

produced biofilms, with 10 isolates (50.0%) of the 

recovered Paenibacillus massiliensis isolates in this 

study being biofilm producers with the TCP method 

(3 isolates each were weak and strong producers, 

while 4 were moderate biofilm producers). However, 

all isolates were positive biofilm producers with the 

CRA assay. The findings of many previous studies 

contrast with trends in detection rate between the 

CRA and TCP methods (Harika et al., 2020; Singh 

and Chand, 2025) in this study.  

The disparity between the detection rates of the two 

methods in this study is not strongly apparent, but it 

could be due to the constitution of the media, as the 

addition/concentration of sugar plays a significant 

role in biofilm production (Jha et al., 2022; Plotkin et 

al., 2025). In this study, sucrose (50 g/L [5%]) was 

added to the CRA constituted for the assay. False 

positive results have also been reported with the 

CRA method, but not with the TCP method (Harika 

et al., 2020). Singh and Chand (2025) also observed 

that discrepancies observed in the CRA method in 

various studies might be because different studies 

used modifications in the media with varying sugar 

content, and that duration of incubation impacted 

biofilm production by the bacteria.  

Resistance to antibiotics was high in all the 

Paenibacillus strains tested. Absolute resistance to 

the beta-lactams, carbapenems, vancomycin and 

erythromycin was recorded. This was in line with the 

study of Sáez-Nieto et al. (2017), where 95.6% of  

their Paenibacillus isolates were also resistant to 

ampicillin. However, the same authors reported lower 

resistance rates to erythromycin and vancomycin at 

13% and 30%, respectively. Variations in the 

resistance patterns in Paenibacillus strains have been 

established to be strain-dependent (Grady et al., 

2016), and this possibility increases with the ability 

of the different strains to have varying biofilm-

producing capabilities, as shown in the present study.  

For the Gram-negative isolates, Citrobacter 

rodentium was the principal organism recovered. 

Although it is affiliated with rodents, it can cause 

opportunistic infections in humans. Other bacterial 

species were all members of the family 

Enterobacteriaceae except for Pseudomonas 

graminis, with the majority of the members being 

foremost foodborne bacterial pathogens that have 

been found associated with food-related outbreaks. 

Sources of the foods affected range widely from 

traditional foods like beef and dairy to non-

conventional foods like spices, condiments, RTE 

foods, dough, nuts and dried flour (Janda & Abbott, 

2021).  

Cronobacter sakazakii is an emerging opportunistic 

foodborne pathogen previously implicated in human 

infections, including conjunctivitis, pneumonia, 

diarrhoea, urinary tract infections, abscesses, and 

wounds in adults (Yong et al., 2018; Mazi et al., 

2023a). It has been recovered from various food 

types, including RTE foods (Pakbin et al., 2022; 

Pakbin et al., 2023) and was reported to be 

responsible for a gastroenteritis outbreak in students 

and employees of a high school in China  
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(Yong et al., 2018). 

The resistance pattern of Cronobacter sakazakii to 

erythromycin and amoxicillin was consistent with the 

study by Yong et al. (2018). The isolate in the 

present study was also sensitive to cefotaxime, 

gentamicin, ciprofloxacin, and 

trimethoprim/sulfamethoxazole as reported by Yong 

et al. (2018). In another study (Pakbin et al., 2022), 

Cronobacter sakazakii isolates were resistant to 

amoxicillin, amoxicillin-clavulanic acid, and 

erythromycin, and susceptible to gentamicin, which 

is consistent with the single isolate in our study. 

Nevertheless, the resistance patterns to ciprofloxacin 

and tetracycline varied from those in our study.  

The presence of multidrug-resistant opportunistic 

pathogenic bacteria in RTE meat pies, some with 

spore-forming and biofilm-producing abilities as 

recorded in this study and the consumption of RTE 

pastry contaminated with such isolates signal 

possible public health hazards. Within the Osogbo 

township, many such meat pies are purchased from 

eateries, fast-food restaurants, roadside vendors, and 

even mobile vendors. Approximately half of the 

samples (52.5%; 21/40) in this study were obtained 

from mobile vendors. The practice of purchasing fast 

and RTE foods has become rampant due to 

increasingly busy daily schedules in big towns like 

Osogbo, work demands, extensive working hours, 

extended school hours for school-aged children and 

commuting from place to place. Therefore, RTE 

foods are very convenient as they are easily available 

and mostly reasonably priced. This habit, however, 

constitutes a risk, as a recent study evaluating the  

food safety practices of consumers and food vendors 

in Nigeria reported that observed food safety 

practices of food vendors are worse than their safety 

knowledge or self-reported practices (Nordhagen, 

2022). In a review by Mazi et al. (2023b), it was 

surmised that several factors among street food 

vendors in Nigeria capable of contributing to the 

burden of foodborne diseases included unhygienic 

practices and poor handling and preparation, 

improper storage of leftovers, lack of access to clean 

water and a lack of proper food safety training. 

Conclusion 

This study investigated the biofilm-producing 

capabilities and antibiotic resistance patterns of 

bacterial isolates recovered from meat pie samples in 

Osogbo, Southwestern Nigeria. Our studies show that 

the TCP assay was more discriminatory than the 

Congo Red agar method for assessing biofilm 

production, and the recovered isolates were 

opportunistic pathogens capable of causing food 

spoilage or implicated in foodborne infections. The 

predominant organism recovered was Paenibacillus 

massiliensis, while 46.7% of the isolates were biofilm 

producers as determined by the TCP assay. All 

recovered isolates were multidrug-resistant and had 

MARI values ≥ 0.4, indicating that they originated 

from an environment under antibiotic pressure. 

However, a key limitation of this study is the inability 

to characterise our isolates using molecular methods 

and to screen for biofilm and antibiotic-resistance 

genes due to financial constraints.    

 



P a g e  | 253 

 

Osun State University - UJBAS Publication Volume 1 (1) April, 2026 

Acknowledgements: The authors acknowledge the 

assistance of the meat pie sellers and mobile vendors 

from whom samples were collected during the study 

period.  

Declaration of Conflict of Interest: The authors 

declare that no conflict of interest exists. 

Data Availability: All data included: All the data 

supporting the results of this study are included in 

the article itself. 

References 

Abebe, G.M. (2020). The Role of bacterial biofilm in 

antibiotic resistance and food contamination. 

International Journal of Microbiology, 1705814. 

DOI: 10.1155/2020/1705814.  

ABIS online - bacterial identification software 

version 12, http://www.tgw1916.net 

Adeyemi, F.M., Ojo, O.O., Badejo, A.A., Oyedara, 

O.O., Olaitan, J.O., Adetunji, C.O., et al. (2022). 

Integrated poultry-fish farming system encourages 

multidrug-resistant Gram-negative bacteria 

dissemination in pond environment and fishes. 

Aquaculture, 2; 548(1), 737558. 

https://doi.org/10.1016/j.aquaculture.2021.737558. 

André, S., Vallaeys, T., & Planchon, S. (2017). 

Spore-forming bacteria responsible for food spoilage. 

Research in Microbiology, 168(4), 379-387. 

https://doi.org/10.1016/j.resmic.2016.10.003  

Ash, C., Priest, F.G., & Collins, M.D. (1993). 

Molecular identification of rRNA group 3 bacilli 

(Ash, Farrow, Wallbanks and Collins) using a PCR 

probe test. Proposal for the creation of a new genus, 

Paenibacillus. Antonie Van Leeuwenhoek, 64, 253–

260. 

Aslantaş, O., & Demir, C. (2016). Investigation of the 

antibiotic resistance and biofilm-forming ability of 

Staphylococcus aureus from subclinical bovine 

mastitis cases. Journal of Dairy Science, 99, 8607–

8613. https://doi.org/10.3168/jds.2016-11310 

Ban-Cucerzan, A., Imre, K., Morar, A., Marcu, A., 

Hotea, I., Popa, S.A., et al. (2025). Persistent Threats: 

A Comprehensive Review of Biofilm Formation, 

Control, and Economic Implications in Food 

Processing Environments. Microorganisms. 

1;13(8):1805. doi: 

10.3390/microorganisms13081805.  

Beno, S.M., Cheng, R.A., Orsi, R.H., Duncan, D.R., 

Guo, X., Kovac, J., et al. (2020). Marco ML (ed.). 

"Paenibacillus odorifer, the predominant 

Paenibacillus species isolated from milk in the 

United States, demonstrates genetic and phenotypic 

conservation of psychrotolerance but clade-associated 

differences in nitrogen metabolic pathways". 

mSphere, 5(1). DOI:10.1128/mSphere.. 00739-19. 

Berge, O., Guinebretiere, M.H., Achouak, W., 

Normand, P., & Heulin, T. (2002). Paenibacillus 

graminis sp. nov. and Paenibacillus odorifer sp. nov., 

isolated from plant roots, soil and food. International 

Journal of Systematic and Evolutionary 

Microbiology, 52: 607–616. 

Chiba, A., Seki, M., Suzuki, Y., Kinjo, Y., Mizunoe, 

Y., & Sugimoto, S. (2022). Staphylococcus aureus 

utilizes environmental RNA as a building material in 

specific polysaccharide-dependent biofilms. NPJ 

Biofilms and Microbiomes, 8(1), 17. DOI: 

10.1038/s41522-022-00278-z.  

 



P a g e  | 254 

 

Osun State University - UJBAS Publication Volume 1 (1) April, 2026 

de Castro Melo, P., Ferreira, L.M., Filho, A.N., 

Zafalon, L.F., Vicente, H.I., & de Souza, V. (2013). 

Comparison of methods for the detection of biofilm 

formation by Staphylococcus aureus isolated from 

bovine subclinical mastitis. Brazilian Journal of 

Microbiology, 44(1), 119–124. 

https://doi.org/10.1590/S1517-83822013005000031 

Eke, M.O., & Elechi, J.O. (2021). Food safety and 

quality evaluation of street-vended meat pies sold in 

Lafia metropolis, Nasarawa State, Nigeria. 

International Journal of Scientific Research in 

Biological Sciences, 8(1), 88-98. 

Ezeh, E., Okeke, O., Ozuah, A.C., & Agbanelo, D.C. 

(2017).Bacteriological assessment of meat pie sold at 

Ochanja market, Onitsha, Anambra State. 

International Journal of Environment, Agriculture 

and Biotechnology (IJEAB), 2(2), 767–770. 

http://dx.doi.org/10.22161/ijeab/2.2.26 

Flemming, H.C., Wingender, J., Szewzyk, U., 

Steinberg, P., Rice, S.A., & Kjelleberg, S. (2016). 

Biofilms: an emergent form of bacterial life. Nature 

Reviews Microbiology, 14, 563–575. 

https://doi.org/10.1038/nrmicro.2016.94 

Freeman, D.J., Falkiner, F.R., & Keane, C.T. (1989). 

New method for detecting slime production by 

coagulase-negative Staphylococci. Journal of 

Clinical Pathology, 42, 872–874.  

Giaouris, E.E., & Simoes, M.V. (2018). Pathogenic 

biofilm formation in the food industry and alternative 

control strategies. Foodborne Diseases, 309–377. 

https://doi.org/10.1016/B978-0-12-811444-5.00011-

7. 

Grady, E.N., MacDonald, J., Liu, L., Richman, A., &  

Yuan, Z.C. (2016). Current knowledge and 

perspectives of Paenibacillus: a review. Microbial 

Cell Factories, 15(1), 203. 

https://doi.org/10.1186/s12934-016-0603-7 

Guo, X.P., Yang, Y., Lu, D.P., Niu, Z.S., Feng, J.N., 

Chen, Y.R., et al. (2018). Biofilms as a sink for 

antibiotic resistance genes (ARGs) in the Yangtze 

Estuary. Water Research, 129, 277–286. 

https://doi.org/10.1016/j.watres.2017.11.029 

Hardy, L., Cerca, N., Jespers, V., Vaneechoutte, M., 

& Crucitti, T. (2017). Bacterial biofilms in the 

vagina. Research in Microbiology, 168(9-10): 865-

874. DOI: 10.1016/j.resmic.2017.02.001.  

Harika, K., Shenoy, V. P., Narasimhaswamy, N., & 

Chawla, K. (2020). Detection of Biofilm Production 

and Its Impact on Antibiotic Resistance Profile of 

Bacterial Isolates from Chronic Wound Infections. 

Journal of Global Infectious Diseases, 12(3), 129–

134. https://doi.org/10.4103/jgid.jgid_150_19 

Høiby, N., Bjarnsholt, T., Givskov, M., Molin, S., & 

Ciofu, O. (2010). Antibiotic resistance of bacterial 

biofilms. International Journal of Antimicrobial 

Agents, 35, 322–332. https://doi.org/10. 

1016/j.ijantimicag.2009.12.011 

Hoveida, L., Halaji, M., Rostami, S., & 

Mobasherizadeh, S. (2019). The biofilm-producing 

ability of Staphylococcus spp isolated from different 

foodstuff products. Annali di Igiene, 31(2), 140–147. 

Hu, W.S., Kim, H., & Koo, O.K. (2018). Molecular 

genotyping, biofilm formation and antibiotic 

resistance of enterotoxigenic Clostridium perfringens 

isolated from meat supplied to school cafeterias in 

South Korea. Anaerobe, 52, 115–121. 



P a g e  | 255 

 

Osun State University - UJBAS Publication Volume 1 (1) April, 2026 

https://doi.org/10.1016/j.anaerobe.2018.06.011 

Janda, J.M., & Abbott, S.L. (2021). The changing 

face of the family Enterobacteriaceae (Order: 

“Enterobacterales”): new members, taxonomic 

issues, geographic expansion, and new diseases and 

disease syndromes. Clinical Microbiology Reviews, 

34, 10.1128/cmr.. 00174-20. 

https://doi.org/10.1128/cmr.00174-20 

Jha, S., Bhadani, N.K., Kumar, A. & Sengupta, T. K. 

(2022). Glucose-Induced Biofilm Formation 

in Bacillus thuringiensis KPWP1 is Associated with 

Increased Cell Surface Hydrophobicity and Increased 

Production of Exopolymeric Substances. Current 

Microbiology, 79, 24. 

https://doi.org/10.1007/s00284-021-02699-z). 

Ju, X., Li, J., Zhu, M., Lu, Z., Lv, F., Zhu, X., et al. 

(2018). Effect of the luxS gene on biofilm formation 

and antibiotic resistance by Salmonella serovar 

Dublin. Food Research International, 107, 385–393. 

https://doi.org/10.1016/j.foodres.2018.02.039 

Krumperman, P.H. (1983). Multiple antibiotic 

resistance indexing of Escherichia coli to identify 

high-risk sources of faecal contamination of foods. 

Applied and Environmental Microbiology, 46(1), 

165-70. DOI: 10.1128/aem.46.1.165-170.1983 

Maunders, E., & Welch, M. (2017). Matrix 

exopolysaccharides: the sticky side of biofilm 

formation. FEMS Microbiology Letters, 6,364(13), 

fnx120. doi: 10.1093/femsle/fnx120.  

Mazi, I.M., Onyeaka, H., Akegbe, H., Njoagwuani, 

E.I., Ochulor, C.E., Oladunjoye, I.O., et al. (2023b). 

Street-vended foods in Nigeria: An analysis of the 

current state of affairs and the way forward. Cogent 

Food and Agriculture, 9(2). 

https://doi.org/10.1080/23311932.2023.2266194 

Mazi, I.M., Onyeaka, H., Nnaji, & N.D. (2023a). 

Foodborne pathogens in Africa: Understanding 

Cronobacter sakazakii. Public Health Challenges, 2, 

e53. https://doi.org/10.1002/puh2.53 

Mclauchlin, J., Aird, H., Charlett, A., Elviss, H., Fox, 

A., Kaye, M., et al. (2016). Assessment of the 

microbiological quality of meat pies from retail sale 

in England, 2013. Journal of Food Protection, 79(5), 

781–788. DOI:10.4315/0362-028X.JFP-15-535 

Mengistu, D.A., Belami. D.D., Tefera. A.A., 

Alemeshet Asefa Y. (2022). Bacteriological Quality 

and Public Health Risk of Ready-to-Eat Foods in 

Developing Countries: Systematic Review and Meta 

Analysis. Microbiol Insights.  

15:11786361221113916. doi: 

10.1177/11786361221113916.  

Mir, R., Salari, S., Najimi, M., and Rashki, A. (2022). 

Determination of frequency, multiple antibiotic 

resistance index and resistotype of Salmonella spp. in 

chicken meat collected from southeast of Iran. 

Veterinary Medicine and Science. 8(1): 229-236. doi: 

10.1002/vms3.647.  

Nordhagen, S. (2022). Food safety perspectives and 

practices of consumers and vendors in Nigeria: A 

review. Food Control, 134, 108693. 

https://doi.org/10.1016/j.foodcont.2021.108693 

Obande, G.A., Umeh, E.U., Azua, E.T., Chuku, A., & 

Adikwu, P. (2018). Incidence and antibiotic 

susceptibility pattern of Escherichia coli and 

Staphylococcus aureus isolated from meat pie sold in 

a Nigerian North Central town. Janaki Medical  



P a g e  | 256 

 

Osun State University - UJBAS Publication Volume 1 (1) April, 2026 

College Journal of Medical Science, (1): 21–28. 

https://doi.org/10.3126/jmcjms.v6i1.20571 

Pakbin, B., Amani, Z., Rahimi, Z., Najafi, S., 

Familsatarian, B., Khakpoor, A., et al. (2023). 

Prevalence of foodborne bacterial pathogens and 

antibiotic resistance genes in sweets from local 

markets in Iran. Foods (Basel, Switzerland), 12(19): 

3645. https://doi.org/10.3390/foods12193645 

Pakbin, B., Brück, W.M., Allahyari, S., Rossen, 

J.W.A., & Mahmoudi, R. (2022). Antibiotic 

resistance and molecular characterization of 

Cronobacter sakazakii strains isolated from 

powdered infant formula milk. Foods (Basel, 

Switzerland), 11(8): 1093. 

https://doi.org/10.3390/foods11081093 

Patowary, R., & Deka. H. (2020). Paenibacillus. 

Beneficial Microbes in Agro-Ecology, 339–361. 

https://doi.org/10.1016/B978-0-12-823414-3.00017-

4 

Plotkin, B. J., Sigar, I., & Konaklieva, M. (2025). 

Effect of r-Human Insulin (Humulin®) and Sugars 

on Escherichia coli K-12 Biofilm 

Formation. Applied Microbiology, 5(3), 58. 

https://doi.org/10.3390/applmicrobiol5030058 

Rather, M.A., Gupta, K., & Mandal, M. (2021). 

Microbial biofilm: formation, architecture, antibiotic 

resistance, and control strategies. Brazilian Journal 

of Microbiology, 52, 1701–1718. 

https://doi.org/10.1007/s42770-021-00624-x 

Roux, V., & Raoult, D. (2004). Paenibacillus 

massiliensis sp. nov., Paenibacillus sanguinis sp. 

nov. and Paenibacillus timonensis sp. nov., isolated 

from blood cultures. International Journal of  

Systematic and Evolutionary Microbiology, 54(Pt 4), 

1049-1054. doi: 10.1099/ijs.0.02954-0.  

Saber, T., Samir, M., El-Mekkawy, R.M., Ariny, E., 

El-Sayed, S.R., Enan, G., et al. (2022). Methicillin 

and vancomycin-resistant Staphylococcus aureus 

from humans and Ready-To-Eat Meat: 

characterization of antimicrobial resistance and 

biofilm formation ability. Frontiers in Microbiology, 

12, 735494. doi: 10.3389/fmicb.2021.735494 

Sáez-Nieto, J.A., Medina-Pascual, M.J., Carrasco, G., 

Garrido, N., Fernández-Torres, M.A., Villalón, P., et 

al. (2017). Paenibacillus spp. isolated from human 

and environmental samples in Spain: detection of 11 

new species. New Microbes and New Infections, 

19(C), 19–27. 

https://doi.org/10.1016/j.nmni.2017.05.006 

Schilcher, K., & Horswill, A.R. (2020). 

Staphylococcal biofilm development: structure, 

regulation, and treatment strategies. Microbiology 

and Molecular Biology Reviews, 12,84(3), e00026-

19. doi: 10.1128/MMBR.00026-19.  

Sharma, S., Mohler, J., Mahajan, S.D., Schwartz, 

S.A., Bruggemann, L., & Aalinkeel, R. (2023). 

Microbial Biofilm: A review on formation, infection, 

antibiotic resistance, control measures, and 

innovative treatment. Microorganisms. 11(6), 1614. 

https://doi.org/10.3390/microorganisms11061614 

Singh, D., and Chand, A. E. (2025). Comparison of 

Different Screening Methods for Detection of 

Biofilm Production by Various Isolated in Central 

Line Blood Stream Infection in ICU Patients at 

Tertiary Care Hospital. International Journal of 

Current Pharmaceutical Review and Research, 17(3);  

 



P a g e  | 257 

 

Osun State University - UJBAS Publication Volume 1 (1) April, 2026 

1013-1018  

Stepanović, S., Vuković, D., Hola, V., Di 

Bonaventura, G., Djukić, S., Cirković, I., et al. 

(2007). Quantification of biofilm in microtiter plates: 

overview of testing conditions and practical 

recommendations for assessment of biofilm 

production by Staphylococci. APMIS: Acta 

Pathologica, Microbiologica, et Immunologica 

Scandinavica, 115(8), 891-899. DOI:10.1111/j.1600-

0463.2007.apm_630.x.  

The European Committee on Antimicrobial 

Susceptibility Testing. Breakpoint tables for 

interpretation of MICs and zone diameters. Version 

13.0, 2023. http://www.eucast.org. 

Tonial, F., Guella, F., Passaglia, L.M.P., & 

Sant'Anna, F.H. (2020). Genome-based 

reclassification of Paenibacillus panacisoli DSM 

21345T as Paenibacillus massiliensis subsp. 

panacisoli subsp. Nov. and description of 

Paenibacillus massiliensis subsp. massiliensis subsp. 

Nov. International Journal of Systematic and 

Evolutionary Microbiology, 70, 4838-4842. 

https://doi.org/10.1099/ijsem.0.004328 

Valerio, F., De Bellis, P., Di Biase, M., Lonigro, 

S.L., Giussani, B., Visconti, A., et al. (2012).  

Diversity of spore-forming bacteria and 

identification of Bacillus amyloliquefaciens as a 

species frequently associated with the ropy spoilage 

of bread. International Journal of Food 

Microbiology, 156(3), 278-285. 

https://doi.org/10.1016/j.ijfoodmicro.2012.04.005 

WHO. 10 Facts on Food Safety. WHO; 2015. 

Accessed January 21, 2021.   

Wi, Y.M., & Patel, R. (2018). Understanding 

biofilms and novel approaches to the diagnosis, 

prevention, and treatment of medical device-

associated infections. Infectious Disease Clinics of 

North America. 32(4), 915–929. 

DOI:10.1016/j.idc.2018.06.009 

Xu, H., Qin, S., Lan, Y., Liu, M., Cao, X., Qiao, D., 

et al. (2017). Comparative genomic analysis of 

Paenibacillus sp. SSG-1 and its closely related strains 

reveals the effect of glycometabolism on 

environmental adaptation. Scientific Reports, 7, 5720. 

https://doi.org/10.1038/s41598-017-06160-9 

Yong, W., Guo, B., Shi, X., Cheng, T., Chen, M., 

Jiang, X., et al. (2018). An investigation of an acute 

gastroenteritis outbreak: Cronobacter sakazakii, a 

potential cause of food-borne illness. Frontiers in 

Microbiology, 9: 2549. 

Zhao, A., Sun, J., & Liu, Y. (2023). Understanding 

bacterial biofilms: From definition to treatment 

strategies. Frontiers in Cellular and Infection 

Microbiology, 13, 1137947. DOI: 10.3389/fcimb.. 

2023.1137947. 

 

 


