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Lactuca sativa is widespread consumption without adequate heat treatment makes it a potential vehicle 

for the transmission of pathogenic microorganisms, to the uses. The aim of this study was to assess 

bacterial contamination and multidrug-resistant bacteria in lettuce leaves sold in Abakaliki metropolis 

Nigeria. A total of 20 leafy lettuce samples were purchased in Hausa Quarter Market of Abakaliki, and 

were analyzed using standard microbiology procedures. The bacterial isolates were subjected to antibiotic 

susceptibility testing using the Kirby-Bauer method. The results revealed that the total aerobic plate 

counts were within the range of 2.2 × 106 to 8.4 × 106cfu/g, with the average mean of 3.8 x106cfu/g. Six 

different bacteria species were identified there included Escherichia coli, Pseudomonas species, 

Salmonella species, Shigella species, Staphylococcus aureus And Proteus species. The Percentage 

occurrence of isolates highlights that Escherichia coli 7(28%) had the highest occurrence Staphylococcus 

aureus 5(20%) Pseudomonas species and Shigella species 4(16%) each. Salmonella species and Proteus 

species recorded 3 (12%) and 2(8%) respectively. The result obtained from antibiotic susceptibility of 

bacterial isolates revealed that E. coli showed 100% resistant to CIP, CTX, AMC, CAZ, W, AMP, CRO 

and SXT. Salmonella spp, Pseudomonas spp., Shigella spp and S. aureus equally showed 100% resistant 

to CTX, AMC, CAZ, W and AMP.  S. aureus showed 100% resistant to IPM and CRO. Proteus spp. 

showed 100% resistant to CIP, CTX, AMC, CAZ, W and AMP. The six bacterial isolates had an average 

MARI value of 0.57. Presence of pathogenic organisms, and significant antibiotic resistance patterns 

observed in this study indicate poor hygienic practices and a high risk of public health hazards associated 

with the consumption of lettuce sold in Hausa Quarter markets.  
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1.0 INTRODUCTION 

Lettuce (Lactuca sativa) is a widely consumed leafy vegetable valued for 

its rich nutritional composition, including vitamins, minerals, dietary fiber, 

and antioxidants that contribute to human health (Okafor-Elenwo& Imade, 

2020). It is commonly eaten raw as part of salads and other ready-to-eat 

(RTE) meals, which makes it particularly susceptible to microbial 

contamination since it does not undergo heat treatment before consumption 

(Ibrahim et al., 2019). The increasing consumption of fresh vegetables in 

urban areas has been associated with rising concerns about food safety, 

especially in developing countries such as Nigeria where sanitary practices 

may be inadequate (Bala  et al., 2018; Amoah et al., 2020). Post-harvest 

contamination occur through improper handling, unhygienic storage 

conditions, and exposure to contaminated surfaces and environments 

(Paul-Igwe et al., 2025). In many Nigerian markets, lettuce is often 

displayed in open environments where it is exposed to dust particles, flies, 

and frequent human contact, thereby increasing the risk of contamination 

with pathogenic microorganisms (Onifade et al., 2025).Several studies 

have reported the presence of pathogenic bacteria in ready-to-eat 

vegetables with common bacterial contaminants include E.coli, Salmonella 

spp., Shigella spp., S. aureus, and Klebsiella spp., which are known to 

cause foodborne illnesses ranging from mild gastrointestinal infections to 

severe systemic diseases (Ibrahim et al., 2019). E.coli for example, is 

widely recognized as an indicator of faecal contamination and poor 

hygienic practices, while Staphylococcus aureus is commonly associated 

with contamination from human handling (Okeh et al., 2022). The presence 

of these pathogens in ready-to-eat lettuce poses a serious public health risk, 

particularly in areas where regulatory oversight of food safety is limited 

(Gbolabo et al., 2025).A more critical concern in recent years is the 

emergence of multidrug-resistant (MDR) bacteria in food including fresh 

vegetables. Multidrug resistance refers to the ability of bacteria species to 

resist the action of multiple classes of antibiotics, making infections 

difficult to treat and increasing the risk of treatment infection(Igbinosa et 

al., 2023). However, the presence of MDR bacteria in ready-to-eat lettuce 

is alarming because these organisms can transfer resistance genes to other 

bacteria within the human gastrointestinal tract, thereby contributing to the 

global burden of antimicrobial resistance (AMR) (Allende et al., 2017). 

Studies have demonstrated high prevalence rates of MDR bacteria in 

ready-to-eat vegetables, with many isolates showing resistance to 

commonly used antibiotics such as ampicillin, tetracycline, and gentamicin 

(Onifade et al., 2025).The development and spread of multidrug-resistant 
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bacteria are largely attributed to the indiscriminate use and misuse of 

antibiotics in human medicine, agriculture, and animal husbandry 

(Ashefo& Oboh, 2025). In many developing countries, antibiotics are often 

used without proper prescription, leading to the selection of resistant 

bacterial strains in the environment. These resistant organisms can 

contaminate water sources, soil, and agricultural produce, thereby entering 

the food chain (Ochei et al., 2025). Once present on vegetables such as 

lettuce, these bacteria can persist and proliferate under favorable 

environmental conditions, posing a continuous risk to consumers (Ibrahim 

et al., 2019). 

In Nigeria, several studies have highlighted the increasing prevalence of 

multidrug-resistant bacteria in fresh produce sold in local markets. For 

example, Onifade et al. (2025) reported a high level of contamination and 

multidrug resistance among bacterial isolates from ready-to-eat fruits in 

Kano metropolis. Similarly, Igwe et al. (2024) observed significant 

antibiotic resistance patterns among Escherichia coli and Staphylococcus 

aureus isolated from leafy vegetables and water in Abakaliki. These 

findings suggest that fresh vegetables, particularly those consumed raw, 

may serve as reservoirs and transmission routes for multidrug-resistant 

bacteria. Hausa Quarter in Abakaliki metropolis represents a densely 

populated urban area characterized by active street vending and informal 

food distribution systems. The hygienic conditions under which ready-to-

eat lettuce is handled and sold in this area may not meet standard food 

safety requirements, thereby increasing the likelihood of contamination. 

Despite the widespread consumption of lettuce in this locality, there is 

limited information on the microbiological quality and antibiotic resistance 

patterns of bacteria associated with these products. This lack of data creates 

a gap in understanding the potential public health risks associated with the 

consumption of contaminated lettuce in the area. Therefore, this study is 

aimed at evaluating the level of bacterial contamination and multidrug-

resistant bacteria in ready-to-eat lettuce leaves sold in Hausa Quarter, 

Abakaliki metropolis, Ebonyi State, Nigeria. The findings of this study will 

provide valuable insights into the microbial safety of lettuce consumed in 

the area and contribute to efforts aimed at improving food hygiene 

practices and controlling the spread of antimicrobial resistance. 

Furthermore, the study will serve as a baseline for future research and 

public health interventions targeted at ensuring the safety of ready-to-eat 

vegetables. 

2.0 MATERIALS AND METHODS  

Study area and description: The study was carried out in Abakaliki Local 

Government Area of Ebonyi State, Nigeria. Ebonyi State is located in the 

southern part of Nigeria, approximately between longitudes 7°301 and 7°E 

and, latitude 5°401 and 6°45! N. Ebonyi State is bounded to the east by 

Enugu State to the west by Cross River State and to the north by Benue 

State, and south by Abia State respectively as shown in Figure1.

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1: Map of Abakaliki Local Government Area 

 

2.1 Collection of samples 

A total of 20 leafy lettuce samples were purchased in Hausa Quarter 

Market of Abakaliki capital city. The lettuce samples were taken to 

Applied Microbiology Laboratory Unit in polythene bags for 

bacteriological analysis within 5 h of purchase. 

2.2 Bacteriological analyses  

The samples were processed by weighed 25g and then placed it in a sterile 

electric blender with 100mL of 0.1% peptone water for homogenization. 

The resulting wash was serially diluted to 10-5 in peptone water and 0.5 mL 

of 5th dilution was placed on Plate count agar and Nutrient agar. The plates 

were packed and incubated at 370C for 24 h. The plates were removed and 

discrete colonies counted and multiplied by the dilution factor (CLSI, 

2020). Distinct colonies were severally sub-cultured on fresh nutrient agar 

plates to obtain pure cultures. 

2.3 Identification and characterization of bacterial isolates 

The bacterial isolates were identified on the basis of colonial morphology 

followed by microscopic examination after gram-staining. Biochemical 

tests including catalase, oxidase, motility, indole test, coagulase test and 

methyl red test were carried out to characterize the isolates as described by 

(Cheesbrough, 2006). 
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2.4 Standardization of test bacteria 

All the test bacteria isolated were standardized before use by inoculating 

5mL normal saline in sterile test tubes with loopful of a 24h culture of the 

test bacteria from a nutrient agar slant. The dilutions using loopful of the 

test bacteria and sterile water was carried out in order to obtain microbial 

population of 105colony forming unit per mL (cfu/mL) by comparing it 

with 0.5 Mcfarland turbidity standard (CLSI, 2020). 

2.5 Antimicrobial susceptibility testing 

Antibiotic susceptibility of the isolates was done using the disc diffusion 

method and interpreted according to the guidelines of Clinical Laboratory 

Standards Institute (CLSI, 2020). Mueller-Hinton agar was prepared 

following the manufacturer's instructions. The medium was cooled to 50°C 

and poured into plates. The inoculum was aseptically inoculated on the 

surface of Mueller-Hinton (MH) agar plate(s) using sterile swab sticks. 

After this, the inoculated Mueller-Hinton agar plate was dried for a 5 min 

at 25 ± 20C. After the agar surface has dried for few min, antibiotic 

impregnated discs (Oxoid, UK) of known concentrations, was aseptically 

impregnated on the inoculated Mueller-Hinton agar plates using sterile 

forceps. The plates was incubated at 37°C for 24 h. After incubation, the 

inhibition zone diameters (IZDs) produced by the antibiotic disks was 

measured with a ruler to the nearest millimeter and recorded. CLSI 

breakpoints were used to interpret the results and recorded as resistant, 

intermediate and susceptible (CLSI, 2020) 

2.6 Determination of multiple antibiotic resistant index (MARI) 

Multiple antibiotic resistant index (MARI) was determined to know the 

resistant level of the isolates according to the method described by (CLSI, 

2020).  

𝑀𝐴𝑅𝐼 =
𝑎

𝑏
                 (1) 

Where; 

a: Number of antibiotics to which the test isolate showed resistance. 

b:Total number of antibiotics to which the test isolate has been evaluated 

for sensitivity. 

 

2.7 Statistical analysis  

The raw data obtained in the course of the study was presented as mean in 

tables and bar charts while relevant data was interpreted using simple 

descriptive statistics such as minimum, maximum, and one way analysis 

of variance (ANOVA) with the aid of IBM Statistical Package for Social 

Sciences (SPSS) version22 and Microsoft Excel 2013 software. 

3.0 RESULTS 

3.1 Morphological and biochemical characteristics of isolated bacteria 

The results revealed that the total aerobic plate counts were within the 

range of 2.2 × 10-6 to 8.4 × 10-6cfu/g, with the average mean of 3.8 x10-

6cfu/g Table 1. The morphological and biochemical characteristics of the 

probable organisms isolated from samples retailed for human consumption 

Hausa Quarter Markets within Abakaliki. It revealed that a total of six 

bacteria were identified. The bacteria include E. coli, Salmonella Spp, 

Shigella Spp, Pseudomonas Spp, Proteus Spp and S. aureus. Out of the six 

bacteria, five are gram negative except Staphylococcus aureus. also, five 

of the bacteria are oxidase negative, while four are indole negative (Table 

2).  

Table 1. Bacterial load of lettuce leaf samples 

S/N Total aerobic plate count (cfu/g) 

1  2.2 x 106 

2 3.8 x 106 

3 4.1 x 106 

4  3.8 x 106 

5 3.6 x 106 

6 2.2 x 106 

7 5.0 x 106 

8 5.4 x 10-6 

9 2.2 x 106 

10 2.2 x 106 

11 8.4 x 106 

12 5.1 x 106 

13 2.4 x 106 

14 5.8 x 106 

15 3.8 x 106 

16 3.9 x 106 

17 3.0 x 106 

18 3.1 x 106 

19 3.2 x 106 

20 3.3 x 106 

Sample Source: Hausa Quarter. 

Table 2: Morphological and biochemical characteristics of isolated bacteria 

SN Source 

Biochemical 

IND M
o

ti
li

ty
 

MR 

Gram 

RXN Shape Arrangement Morphological CHX 

Probable 

organism CA CO OX 

1 Hausa 

quarters 

- - - + + + - Rod Single Pink Escherichia coli 

  + - - - + - - Rod  Single  Pale white with black edges Salmonella spp. 

  - - - - - - - Rod  Single  Pale white Shigella spp. 

  + - + - + - - Rod Single  Yellow-green Pseudomonas 

spp. 

  + + - + - + + Cocci  Group  Yellow  Staphylococcus 

aureus  

    - - +  - Rod   Large, circular, gray smooth 

colonies  

Proteusspp 

Key: CA = Catalase test, OX = Oxidase test, IND = Indole test, -= Negative, += Positive, MR=methyl red 

 

3.2 Percentage occurrence of pathogenic bacteria 

Tables 3 show percentage occurrence of pathogenic Bacteria Isolated from 

lettuce samples retailed from Hausa Quarters. The result revealed that 

Escherichia coli 7(28%) had highest occurrence isolates among others. 

Staphylococcus aureus 5(20%) Pseudomonas species and Shigella species 

4(16%) each. While Salmonella species  and Proteus species recorded 3 

(12%) and 2(8%) respectively. Table 4 presents the results of multiple 

antibiotic resistance index (MARI) of pathogenic bacteria isolated from 

lettuce samples purchased from Hausa Quarters, revealed an average 

MARI value of 0.57. 

 

 

 

 

Table 3. Percentage occurrence of pathogenic bacteria isolated from lettuce 

samples purchased from Hausa Quarters 

S/N Isolates Isolates (n) Prevalence (%) 

1 Escherichia coli 7 28 

2 Pseudomonasspp 4 16 

3 Salmonellaspp 3 12 

4 Shigellaspp 4 16 

5 Staphylococcusspp 5 20 

6 Proteus spp 2 8 

Antibiotics percentage resistance of bacteria isolated from lettuce samples 

purchased from Hausa Quarters. It revealed that Escherichia coli showed 

100% resistant to CIP, CTX, AMC, CAZ, W, AMP, CRO and SXT. 

Salmonellaspp, Pseudomonas spp., Shigellaspp and Staphylococcus 
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aureus equally showed 100% resistant to CTX, AMC, CAZ, W and AMP. 

Also, Staphylococcus aureus showed 100% resistant to IPM and CRO. 

Proteus spp. showed 100% resistant to CIP, CTX, AMC, CAZ, W and 

AMP (Figure 1). 

Table 4: Multiple antibiotics resistance index (MARI) of bacteria isolated 

from lettuce sample purchased from Hausa Quarters Market 

S/N  Organism MARI value 

1 Escherichia coli 0.4 

2 Escherichia coli 0.6 

3 Escherichia coli 0.7 

4 Escherichia coli 0.5 

5 Escherichia coli 0.5 

6 Escherichia coli 0.5        

7 Escherichia coli 0.4 

8 Salmonella species 0.6 

9 Salmonella species 0.7 

10 Salmonella species 0.7 

11 Pseudomonas species 0.5 

12 Pseudomonas species 0.6 

13 Pseudomonas species 0.7 

14 Pseudomonas species 0.6 

15 Shigella species 0.5 

16 Shigella species 0.6         

17 Shigella species 0.6 

18 Shigella species 0.5 

19 Staphylococcus aureus 0.6 

20 Staphylococcus aureus 0.7 

21 Staphylococcus aureus 0.5 

22 Staphylococcus aureus 0.6 

23 Staphylococcus aureus 0.6 

24 Proteus species        0.5 

25 Proteus species        0.6 

 Total  14.3Average=  0.572 

 

 

Figure 1. Antibiotics percentage resistance of organisms isolated from Lettuce purchased from Hausa Quarters market in Abakaliki. Ps = Pseudomonas 

aeruginosa, Sal = Salmonella spp, SHIG = Shigella spp, STAPH = Staphylococcus spp, Proteus  =Proteus spp, CIP = ciprofloxacin, AMC = 

Amoxicillin/clavulanic Acid, W =  Trimethoprim,  AMP = Ampicillin, IPM = Imipenem, CTX = Cefotaxime , CRO = Ceftriaxone ,   SXT = Sulfamethoxazole 

/Trimethoprim, CN = Gentamicin, CAZ=cefltazidime. 

4.0 DISCUSSION 

The increasing prevalence of food borne pathogens on green leafy 

vegetables has been attributed to the bacteria ability to be internalized from 

contaminated manure or water into the leafy plant tissue. These food borne 

infections often cause gastrointestinal illnesses especially people leaving 

in rural region like Ebonyi state in south-east Nigeria Igwe at al. 

(2026).The results revealed that the total aerobic plate counts were within 

the range of 2.2 × 106 to 8.4 × 106cfu/g, with the average mean of 3.8 

x106cfu/g Table 1. These values are considerably higher than the 

acceptable microbiological limits for fresh vegetables, which are generally 

recommended to be ≤10⁵ cfu/g for ready-to-eat produce (ICMSF, 2018). 

The high bacterial load observed suggests poor hygienic handling, 

contamination from irrigation water, soil, manure, transportation, and 

market display conditions. Similar high microbial loads in leafy vegetables 

have been reported by studies conducted in different parts of Nigeria and 

other developing regions, where vegetables are often irrigated with 

untreated wastewater and handled under unhygienic conditions Allende et 

al. (2017) and Oluwapelumi et al. (2019). The high counts recorded in this 

study are consistent with the findings of Nwuzo et al. (2024) reported 

bacterial loads ranging from 10⁵ to 10⁷ cfu/g in vegetables sold in open 

markets, indicating widespread contamination. The isolation of pathogenic 

bacteria such as Escherichia coli, Salmonella spp., Shigella spp., 

Pseudomonas spp., Proteus spp., and Staphylococcus aureus further 

highlights the microbiological risks associated with the consumption of 

raw lettuce Table 2 and 3. The predominance of Escherichia coli (28%) in 

this study is particularly concerning, as it is widely recognized as an 

indicator of fecal contamination and poor sanitary conditions during 

production and handling (WHO, 2022). Similar findings have been 

reported by (Dineo et al., 2025), where E. coli was the most prevalent 

isolate in fresh vegetables sold in Nigerian markets. The presence of 

Salmonella and Shigella species is also of serious public health concern, as 

these organisms are well-known etiological agents of foodborne 

gastroenteritis and dysentery (CDC, 2023).The occurrence of 

Staphylococcus aureus (20%) in this study suggests contamination from 

human handling, as this organism is commonly found on the skin, nose, 

and hands of food handlers. This observation aligns with previous studies 

which identified poor personal hygiene among vendors as a major source 

of contamination in ready-to-eat foods (Tsado et al., 2013).  Additionally, 

the isolation of Pseudomonas and Proteus species indicates environmental 

contamination, as these organisms are commonly associated with soil and 

water (Okeh et al., 2022).The study also in agreement with the report of 

Ivie et al. (2022) in  Benin city Edo State, Nigeria. The antibiotic 

resistance patterns observed in this study (Figure1) are alarming. The 

100% resistance of E. coli to commonly used antibiotics such as 

ciprofloxacin, ampicillin, cefotaxime, ceftriaxone, and 

sulfamethoxazole/trimethoprim suggests widespread misuse and overuse 

of antibiotics in both human medicine and agriculture. Similar high 

resistance patterns have been reported globally, particularly in low- and 
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middle-income countries, where antibiotic regulation is often inadequate 

(O’Neill, 2020). The resistance of Salmonella, Shigella, Pseudomonas, and 

Staphylococcus aureus to multiple antibiotics further confirms the 

emergence of multidrug-resistant strains in the food chain.The result is in 

agreement with the study of (Okeh et al., 2022). Also in line with the study 

of (Igwe et al., 2026). showed in their study that the Gram-negative 

bacteria isolated from several fresh farm produce from various groceries in 

Ebonyi state were multidrug in nature and were resistant to more than 50 

% of the antibiotics tested. In the same study, Nwinyi & Nduchukwuka 

(2016) also reported that E. coli isolated from vegetables was resistant to 

all the tested antibiotics with exception to amoxicillin. Nwinyi & 

Nduchukwuka (2016) also reported that Salmonella species isolated from 

vegetables showed intermediate reaction to gentamicin, but susceptible to 

tetracycline and resistant to clotrimazole, cloxacillin, erythromycin, 

augmentin, streptomycin and chloramphenicol.Notably, the resistance of 

Staphylococcus aureus to imipenem and ceftriaxone is particularly 

concerning, as these are considered critical antibiotics for treating severe 

infections. The Multiple Antibiotic Resistance Index (MARI) values 

obtained in this study ranged from 0.4 to 0.7, with an average of 0.57 Table 

4. A MARI value greater than 0.2 is indicative of high-risk contamination 

sources where antibiotics are frequently used. Therefore, the high MARI 

values recorded in this study suggest that the bacterial isolates originated 

from environments with intense antibiotic exposure, such as hospitals, 

livestock farms, or areas contaminated with pharmaceutical waste. These 

findings are consistent with reports by (Dineo et al., 2025), who 

documented high MARI values among bacterial isolates from vegetables 

in Nigerian markets. In line with the result of our study,Igwe et al. (2026) 

also reported in their respective studies carried out in Ebonyi state Nigeria 

that enteric and non-enteric bacteria isolated from vegetables are multidrug 

resistant in nature especially to antibiotics in the beta-lactam group, 

aminoglycosides and fluoroquinolones. The results of our study have 

shown that some vegetables are heavily contaminated with potent bacterial 

pathogens that cause infections in humans. Also, the isolated enteric and 

non-enteric bacteria isolated from the lettuce (Lactuca sativa) samples 

were found to be highly resistant to majority of the antibiotics used 

especially to those in the beta-lactam family, aminoglycosides and 

fluoroquinolones.In comparison with other studies, the results obtained in 

this research are in agreement with findings from similar studies conducted 

in Africa and beyond. For instance, a study byNwuzo et al. (2024) reported 

the presence of MDR E. coli and Salmonella in leafy vegetables sold in 

open markets, while another study by Krumperman (1983) highlighted 

high levels of antibiotic resistance among bacteria isolated from fresh 

produce in Asia. These similarities suggest that the issue of contaminated 

vegetables and antimicrobial resistance is a global problem requiring 

coordinated intervention. The public health implications of these findings 

are significant. The consumption of contaminated lettuce without proper 

washing or disinfection may lead to foodborne infections, particularly 

among vulnerable populations such as children, the elderly, and 

immunocompromised individuals. Moreover, the presence of multidrug-

resistant bacteria in food increases the risk of treatment failure, prolonged 

illness, and increased healthcare costs. The findings of this study support 

the growing global concern that fresh produce can serve as a reservoir and 

transmission route for antimicrobial-resistant bacteria. 

Conclusion  

In conclusion, the high bacterial loads, detection of pathogenic organisms, 

and significant patterns of antibiotic resistance observed in this study 

indicate inadequate hygienic practices and pose a considerable public 

health risk associated with the consumption of lettuce sold in markets 

within Hausa Quarter. The findings underscore the urgent need for 

improved food safety practices throughout the production, transportation, 

marketing, and handling of lettuce. Proper washing and hygienic 

preparation of vegetables, continuous public health education for food 

vendors and consumers, routine microbiological monitoring, and stricter 

regulation of antibiotic use are essential to mitigate the risks identified in 

this study. These measures will contribute significantly to reducing 

bacterial contamination, limiting the spread of antimicrobial-resistant 

organisms, and protecting consumers from foodborne infections. 

 

Acknowledgements  

I wish to acknowledge the market women whose samples were used for the 

study and the laboratory technologists of the Department of Applied 

Microbiology, Ebonyi State University of  Abakaliki who helped during 

the analysis.  

Funding 
The author received no specific grant from any funding agency in the public, 
commercial, or not-for-profit sectors for this study. The study was self-

funded. 

Competing Interests  

Author has declared that no competing interests exist. 

Authors’ Contributions 
All the authors conceived and designed the study, carried out the sample 

collection and laboratory investigations, analyzed and interpreted the data, and 
prepared and approved the final manuscript. 

REFERENCES 

Allende, A., Selma, M.V., López-Gálvez, F., Villaescusa, R., and Gil, 

M.I. (2017). Impact of wash water  quality on sensory 

and microbial quality, including Escherichia coli cross-

contamination, of fresh-cut escarole. Journal of Food 

Protection, 71(12), 2514-2518. https://doi.org/10.4315/0362-

028X-71.12.2514 
Amoah, P., Drechsel, P., Abaidoo, R. C., and Ntow, W. J. (2020). 

Pesticide and pathogen contamination of vegetables in 

urban markets. Food Control, 113, 107161.DOI: 

10.1007/s00244-004-0054-8  
Ashefo, D., and Oboh, E. (2025). Antibiotic resistance and prevalence of 

Salmonella spp. in vegetable wash water from the tomato 

market, Lafia, Nasarawa State,  Nigeria. Food and Health, 

11(3), 240–246. 

https://dergipark.org.tr/en/pub/jfhs/article/1608217. 

doi:10.3153/FH25020.  

Bala, J.D., Ishaleku, D., and Bello, M. (2018). Microbiological quality 

assessment of raw salad vegetables in Minna, Nigeria. Journal 

of Bio-Science, 25, 1–

7.https://doi.org/10.3329/jbs.v25i0.37491 
Centers for Disease Control and Prevention. (2023). Foodborne 

pathogens and 

 diseases. U.S. Department of Health and Human Ser

vices. https://www.cdc.gov/ifsac/php/data-research/annual-

report-2023.htmL 
Cheesbrough, M (2006). District Laboratory Practice in Tropical Countries: 

Part 2. 2nd ed. Cambridge University press, New York. pp. 62 – 137. 

Clinical and Laboratory Standards Institute. (2009). Performance 

standards for antimicrobial susceptibility testing: 19th 

informational supplement (CLSI Document M100–

S19).https://clsi.org/shop/standards/m100/ 
Dineo A. M., Tsepo,  R., Oriel, T., Zenzile,  P. K. and Jane,  N.(2025). 

Antimicrobial Resistance Profiles of Bacteria Isolated from 

Fresh Vegetables in Free State Province, South 

Africa. MDPIAG in Foods. Vol. 14  (12) 

https://doi.org/10.3390/foods14122139 
Food and Agriculture Organization of the United Nations & World 

Health Organization. (2021). Food safety and antimicrobial 

resistance.FAO/WHO.https://doi.org/10.4060/cb5545en 
Gbolabo, O., Motunrayo, Y.J., Nosakhare, O., and Titilope, E (2025). 

Multidrug resistant bacteria associated with fresh fruits and 

vegetables sold in Lokoja market, Kogi State, Nigeria. 

Microbes and Infectious Diseases Journal ;6 (3) 3041-3050. 

Ibrahim, A., Musa, B., & Lawal, M. (2019). Contamination of street-

vended ready-to-eat vegetable salad with multidrug-resistant 

bacteria. Journal of Enam Medical College, 9(1), 23–

30.https://doi.org/10.3329/jemc.v11i3.66882 
Igbinosa, E. O., Beshiru, A., Igbinosa, I. H., Cho, G. S., & Franz, C. M. 

A. P. (2023). Multidrug-resistant ESBL-producing Escherichia 

coli from farm produce and agricultural environments in 

Nigeria. PLOS ONE, 18(3), e0282835. 

https://doi.org/10.1371/journal.pone.0282835 
Igwe, P.C.,Emeruwa, A.P.,Nwuzo, A.C., Paul-Igwe, F.O., Ikeria, O.C., 

Alo, CA., Nweke,  C.O.,Ugadu, I., Onwe, J.F.,Uwalaka, 

B.N., Amoke, V.C. (2026). Impact Of  Climate Change On 

Catfish (Siluriformes) Associated With Vibrio Cholera In 

Ishielu Ebonyi State South Eastern Nigeria. Journal Applied 

https://doi.org/10.4315/0362-028X-71.12.2514
https://doi.org/10.4315/0362-028X-71.12.2514
https://doi.org/10.1007/s00244-004-0054-8
https://dergipark.org.tr/en/pub/jfhs/article/1608217
https://doi.org/10.3329/jbs.v25i0.37491
https://www.cdc.gov/ifsac/php/data-research/annual-report-2023.htmL
https://www.cdc.gov/ifsac/php/data-research/annual-report-2023.htmL
https://clsi.org/shop/standards/m100/
file:///C:/Users/USER/Desktop/PRIVATE%20REVIEW/REVIEWED%20MANUSCRIPTS/ISSUE%202-24-2026/GALLEY%20PROOFS%202026/ARTICLE%2025/MDPIAG
https://www.scilit.com/sources/1098
https://doi.org/10.3390/foods14122139
https://doi.org/10.4060/cb5545en
https://doi.org/10.3329/jemc.v11i3.66882
https://doi.org/10.1371/journal.pone.0282835


J Bio Res Biotech. August 2026. 24(2): 703-708 
Paul-Igwe et al…  BIORESEARCH 

708 

science and Environmental Management. Vol. 30 (1) 217-

225.DOI:10.4314/jasem.v30i1.24 
Igwe, P.C., Onuoha, S.C.,Nwuzo, A.C., Paul-Igwe, F.O., Oladele, 

V.O.,Nwele, D.E., Nwokporo, N.R., Ede, J.U. (2024). 

Determination Of Heavy Metals And Bacterial Contaminations 

From Different Water Sources In Ikwo, Ebonyi State, Nigeria. 

Journal Applied science and Environmental Management. Vol. 

28 (7) 2133-2140 DOI: 

https://dx.doi.org/10.4314/jasem.v28i7.26 

International Commission on Microbiological Specifications for Foods. 

(2018).  Microorganisms in Foods 7: Microbiological 

Testing in Food Safety Management. 

Springer.https://link.springer.com/book/10.1007/978-3-319-

68460-4 
Ivie, E. I., Blessing, I. I., Emmanuel , I. E. And Osaro, E. F. (2022). 

Assessment of bacterial isolates associated with mobile phones 

of meat sellers in selected markets in Benin city, Edo State, 

Nigeria. Journal of Biological Research and Biotechnology, 

20(1), 1473-1483.  https://doi.org/10.4314/br.v20i1.8 

Krumperman, P. H. (1983). Multiple antibiotic resistance indexing of 

Escherichia coli. Applied and Environmental Microbiology, 

46(1), 165–170.DOI: 10.1128/aem.46.1.165-170.1983  

Nwinyi C.O and Nduchukwuka D (2016). Antibiogram of Bacteria 

Species Isolated  FromVegetables in Ado-Odo Ota, 

Nigeria. Journal of Biological Sciences,  16(5):188-

196.DOI:10.3923/jbs.2016.188.196 

Nwuzo, A.C., Igwe, P.C., Okpokwu, U.A., Aniokete, U.C.,  Nomeh, 

O.L., Nwojiji, E. C., Chukwuemeka–Odi, l. O., Ugwu, J., 

Nwadum, E. F., Agbom, J.N., Nwokporo, N. R. (2024).  

Assessment of bacterial contamination of fish from  

aquaculture sources and its public health implication in 

Abakaliki, Ebonyi  State, Nigeria. Journal of Applied 

Sciences and Environmental Management, 28(12), 4153–4160 

DOI: https://dx.doi.org/10.4314/jasem.v28i12.26 
O’Neill, Jim. (2016). Tackling drug-resistant infections globally: Final 

report and recommendations. Review on Antimicrobial 

Resistance.https://amr-

review.org/sites/default/files/160518_Final%20paper_with%20

cover 
Ochei, J., Okafor, C., and Danladi, S. (2025). Multidrug-resistant bacteria 

associated with fresh fruits and vegetables sold in Lokoja 

market, Nigeria. Microbes and Infectious Diseases, 6(2), 150–

160.10.21608/mid.2023.198302.1486 

Okafor-Elenwo, E.J and Imade, O.S. (2020). Ready-to-eat vegetable 

salads served in Nigerian restaurants:a potential source of 

multidrug-resistant bacteria. Journal of Applied Microbiology. 

129(5):1402-1409. DOI:10.1111/jam.14693  
Okeh, C. O., Igwe, P. C., Uzoh, C. V., Chukwu, O. S., Owolabi, J. O., 

Ugwu, B., Aroh, K.E., and Yusuf, I.(2022). Preliminary 

investigation on the prevalence and antibiotic 

susceptibilitypattern of bacteria associated with thespoilage of 

avocado pear (Perseaamericana) soldwithin Abakaliki, Ebonyi 

State, Nigeria. Journal ofPharmaceutical 

ResearchInternational, 34(7A), 1–9.DOI: 

10.9734/jpri/2022/v34i7A35438  

Oluwapelumi B.O., Oluwabunmi, G. O., Funmilayo, J. A., Yomi, R., 

Adeola, O. O.  and Funmilayo, A.A. (2019).Bacterial 

contamination of some vegetables sold in majormarkets in 

adoekiti, nigeria. International Journal of Advanced Research 

7(8):638-645. DOI: 10.21474/IJAR01/9545  

Onifade, I. A., Opasola, O. A., & Muazu, A. (2025). Evaluation of multi-

drug resistant bacteria and contamination in ready-to-eat fruits 

in Kano metropolis. Asian Journal of Medicine and Health, 

23(4), 54–64.  10.9734/ajmah/2025/v23i41204 

Paul-Igwe, F.O., Udu-Ibiam, E.O., Igwe, P.C., Nomeh, L.O., Mba, A.N., 

 Ogba R.C.,Kelechi-Mathew, O.O., Oteh. O.C., 

Ogene, L.N., Ani, P.N., Ugadu, I., Ikeria, O.C., Eleom, F.I., 

Amoke, V.C., Nwuzo, A.C., and Orji, J.O.(2025).Impact of 

Seasonal Weather Variation on Three Gastrointestinal 

Pathogens Isolated in Catfish(Siluriformes) in Ebonyi State 

Capital City Nigeria  Africa 

Journal of Biological Science.7.10:37238. 

https://doi.org/10.48047/AFJBS.7.10.2025.372-389 

Tsado E.K., Adesina O.A and Oyeleke S.B (2013). A Survey on the Bact

erial Load of Selected Fruits and Leafy Vegetables in Minna M

etropolis of  

Niger State, Nigeria. J.Anim. Prod. Adv,3(1):6-

11.http://repository.futminna.edu.ng:8080/jspui/handle/123456

789/6499 

Washa, W. B. (2022). Ethnobotanical and nutrient survey of indigenous 

edible fruits, vegetables andmushrooms of Iringa District, 

Tanzania. Journal of Biological Research and Biotechnology, 

20(1),1497-1505. https://doi.org/10.4314/br.v20i1.10 
World Health Organization. (2022). Food safety and foodborne diseases. 

WHO Press.https://www.who.int/publications/i/item/9789240057685

 
 

https://doi.org/10.4314/jasem.v30i1.24
https://dx.doi.org/10.4314/jasem.v28i7.26
https://link.springer.com/book/10.1007/978-3-319-68460-4
https://link.springer.com/book/10.1007/978-3-319-68460-4
https://doi.org/10.4314/br.v20i1.8
https://doi.org/10.1128/aem.46.1.165-170.1983
https://doi.org/10.3923/jbs.2016.188.196
https://dx.doi.org/10.4314/jasem.v28i12.26
https://amr-review.org/sites/default/files/160518_Final%20paper_with%20cover
https://amr-review.org/sites/default/files/160518_Final%20paper_with%20cover
https://amr-review.org/sites/default/files/160518_Final%20paper_with%20cover
https://doi.org/10.21608/mid.2023.198302.1486
https://doi.org/10.1111/jam.14693
https://www.researchgate.net/journal/International-Journal-of-Advanced-Research-2320-5407
https://doi.org/10.48047/AFJBS.7.10.2025.372-389
http://repository.futminna.edu.ng:8080/jspui/handle/123456789/6499
http://repository.futminna.edu.ng:8080/jspui/handle/123456789/6499
https://doi.org/10.4314/br.v20i1.10
https://www.who.int/publications/i/item/9789240057685


  M A R I =   a  b

