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ABSTRACT
Food safety remains a major public health concern in many developing countries, particularly in urban markets where imported frozen meat products are widely consumed. This study assessed the level of microbial contamination in imported frozen chicken, pork, and spare ribs sold at the Dry Rice Market along Barnersville Road, Gardnersville Township, Montserrado County, Liberia. A cross-sectional descriptive study design was employed, involving laboratory analysis of meat samples and observation of vendor hygiene and storage practices.
A total of sixty (60) imported frozen meat samples comprising chicken (n = 20), pork (n = 20), and spare ribs (n = 20) were aseptically collected from different vendors and analyzed for microbial contamination. Laboratory examinations focused on total aerobic bacterial count, coliform presence, and the isolation of selected pathogenic bacteria including Escherichia coli, Salmonella spp., and Staphylococcus aureus. In addition, vendor hygiene practices and storage conditions were assessed using an observation checklist.
The findings revealed that 75% of the meat samples were contaminated with one or more microorganisms. Escherichia coli was the most frequently isolated organism (30%), followed by Salmonella spp. (20%) and Staphylococcus aureus (16.7%). Frozen chicken recorded the highest level of contamination compared to pork and spare ribs. Observational findings indicated poor hygiene practices, inconsistent freezing due to power interruptions, and frequent thawing and refreezing of meat products, which likely contributed to microbial contamination.
The study concludes that imported frozen meats sold in the Dry Rice Market pose potential public health risks to consumers. It recommends improved hygiene practices among vendors, regular market inspections, strengthened food safety regulation, and public awareness on safe meat handling and consumption to reduce foodborne disease risks in urban markets of Liberia.
Keywords: Microbial contamination, Imported frozen meat, Food safety, Urban markets, Liberia


















ACRONYMS
	Acronym
	Meaning

	CFU
	Colony Forming Unit

	HACCP
	Hazard Analysis and Critical Control Points

	MOH
	Ministry of Health

	TAPC
	Total Aerobic Plate Count

	WHO
	World Health Organization

	UL
	University of Liberia

	SPSS
	Statistical Package for the Social Sciences
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CHAPTER ONE: INTRODUCTION
1.1 Background of the Study
Foodborne illnesses remain a significant public health challenge worldwide, particularly in urban markets of low- and middle-income countries where food safety systems are often inadequate. Meat products such as chicken, pork, and ribs are staple protein sources but are vulnerable to microbial contamination at multiple points along the supply chain—from slaughter and processing to distribution and retail display . Imported frozen meats are commonly sold in urban markets across Africa, including Liberia, where infrastructure limitations, informal retail settings, and hygiene challenges may heighten contamination risks. Studies in Cameroon, South Africa, and Kenya have documented high prevalence of pathogenic bacteria (e.g., Escherichia coli, Salmonella, Listeria) in meat sold in local markets, signaling potential public health threats when meats are improperly handled, stored, or thawed during retail display .
In Liberia, urban markets such as the Dry Rice Market in Gardnersville Township serve thousands of consumers daily. While imported frozen meats are a major source of affordable protein, the microbial hazards associated with these products have not been systematically assessed. This study investigates the prevalence and levels of microbial contamination in imported frozen chicken, pork, and spare ribs sold at this market, examining how handling practices, storage conditions, and retailer hygiene contribute to contamination risk.



1.2 Statement of the Problem
Despite widespread consumption of imported frozen meats in Liberian markets, there is limited empirical data on microbial contamination levels in these products. Without such evidence, consumers remain at risk of foodborne infections and related diseases. Reports from other African contexts reveal microbial contamination in informal market meats that often exceed safety thresholds, linked to poor hygiene practices and inadequate refrigeration . In Liberia, these issues may be exacerbated by inconsistent regulatory enforcement and limited infrastructure for food safety monitoring. The absence of localized research impedes effective policy formulation and targeted interventions to protect public health.













1.3 Research Objectives
1.3.1 General Objective
To assess the microbial contamination status of imported frozen chicken, pork, and spare ribs sold in the Dry Rice Market of Gardnersville Township, Montserrado County, Liberia.
1.3.2 Specific Objectives
1. To determine the prevalence of common microbial indicators and pathogens in imported frozen chicken, pork, and spare ribs.
2. To assess hygiene and handling practices of vendors dealing in imported frozen meats.
3. To analyze associations between market conditions and levels of microbial contamination.
4. To provide recommendations for improving meat safety and consumer protection in urban markets.
1.4 Research Questions
1. What is the prevalence of microbial contamination in imported frozen chicken, pork, and spare ribs sold at the Dry Rice Market?
2. Which bacterial species are most frequently detected in these meat products?
3. How do handling and storage practices affect microbial contamination levels?
4. What practical measures can help mitigate microbial risks in market meat sales?
1.5 Significance of the Study
This study contributes empirical evidence on microbial contamination of imported meats in Liberia, offering baseline data critical for public health agencies, food safety inspectors, and policymakers. By identifying contamination patterns and influencing factors at the retail level, the research supports interventions to reduce foodborne disease and improve consumer confidence in urban meat markets.
1.6 Scope of the Study
The study focuses on imported frozen chicken, pork, and spare ribs sold at the Dry Rice Market on Barnersville Road, Gardnersville Township. It covers microbial analysis of meat samples and assessment of vendor practices during a defined study period.
1.7 Operational Definitions
· Microbial contamination: Presence of bacteria, including pathogens and indicator organisms, in food products.
· Imported frozen meats: Chickens, pork, and spare ribs sourced from outside Liberia and sold in frozen condition.
· Urban market: A high-population retail environment where foods are sold to the public.












CHAPTER TWO: LITERATURE REVIEW
2.1 Global Context of Meat Contamination
Meat products worldwide are susceptible to contamination by pathogenic bacteria which can cause foodborne diseases. For example, research indicates that imported frozen chicken may be more likely to contain Salmonella and E. coli compared to domestic counterparts (Smith, J., et al., 2023). Pathogens such as Listeria monocytogenes, Campylobacter, and Staphylococcus aureus have been linked to contaminated meats, emphasizing the need for monitoring from slaughter through retail .
2.2 Microbial Risks in Frozen Meats
Frozen meats are not free from microbial threats; contamination can occur before freezing, during transportation, or at retail when products thaw. In one study, imported frozen chicken and ice surfaces showed high coliform contamination, indicating a risk of cross-contamination during retail display (Yang, Q., et al. , 2024). Similarly, analyses of meats in Kenyan supermarkets found widespread contamination with bacteria, with significant proportions of multi-drug resistant strains detected (Food Business Middle East & Africa., 2023).
2.3 African Market Studies
Studies in Cameroon found that up to 90% of imported frozen chickens contained multiple pathogens including Campylobacter and Salmonella, while pork sold in informal markets displayed high levels of pathogenic bacteria (Nzouankeu, A., Tchatchouang, S., & Fonkoua, M. , 2017). South African research highlighted higher microbial counts in pork from informal urban markets compared to formal retail, underscoring how hygiene infrastructure impacts meat safety (Alfred, T., et al., 2023).

2.4 Handling Practices and Contamination
Poor handling practices—including inadequate refrigeration, open display, and insufficient hygiene among vendors—increase the risk of contamination. Studies in Ghana and Ethiopia reported that meat contact surfaces and handling conditions significantly influence bacterial load, suggesting that interventions at the retail level can reduce contamination .
2.5 Theoretical Framework
The farm-to-fork framework situates microbial contamination as occurring at multiple checkpoints—production, processing, storage, and retail. This study uses the Hazard Analysis and Critical Control Points (HACCP) model to guide analysis of contamination risks and mitigation opportunities.














CHAPTER THREE: RESEARCH METHODOLOGY
3.1 Study Area
This study was conducted at the Dry Rice Market, located along Barnersville Road in Gardnersville Township, Montserrado County, Liberia. The market is one of the largest urban trading centers in the township and serves a dense population. Imported frozen chicken, pork, and spare ribs are widely sold in this market, often under varying storage and hygiene conditions, making it a suitable site for assessing microbial contamination in frozen meat products.
3.2 Research Design
A cross-sectional descriptive study design was employed. This design was appropriate because it allowed the assessment of microbial contamination levels in imported frozen meats at a single point in time, alongside observations of handling and storage practices among vendors.
3.3 Study Population
The study population consisted of:
· Vendors selling imported frozen chicken, pork, and spare ribs at the Dry Rice Market.
· Imported frozen meat products available for sale during the study period.
3.4 Sample Size and Sampling Technique
A purposive sampling technique was used to select vendors who consistently sold imported frozen meat products. A total of 60 meat samples were collected as follows:
· 20 frozen chicken samples
· 20 frozen pork samples
· 20 frozen spare ribs samples
Samples were collected from different vendors to ensure representation across the market.
3.5 Sample Collection Procedure
Frozen meat samples were aseptically collected using sterile gloves and sterile sampling bags. Each sample was properly labeled and transported in an ice-packed cooler to the laboratory within 4 hours of collection to prevent additional microbial growth.
3.6 Laboratory Analysis
Microbiological analysis was conducted using standard laboratory procedures:
· Total Aerobic Plate Count (TAPC) to assess overall microbial load
· Total Coliform Count as an indicator of hygiene
· Isolation and identification of Escherichia coli, Salmonella spp., and Staphylococcus aureus
Culture, incubation, and biochemical identification methods were used in accordance with standard food microbiology protocols.
3.7 Data Collection Instrument
A structured observation checklist was used to assess vendor hygiene and handling practices, including:
· Use of gloves
· Type of storage equipment
· Frequency of power interruption
· Exposure of meat during sale
3.8 Data Analysis
Data were analyzed using descriptive statistics. Results were presented using frequency tables and percentages to describe microbial contamination levels and hygiene practices.

3.9 Ethical Considerations
Permission was obtained from market authorities and vendors before sample collection. Vendor identities were kept confidential, and samples were used strictly for academic research purposes.





















CHAPTER FOUR: RESULTS AND DATA ANALYSIS**
4.1 Distribution of Meat Samples Collected
Table 4.1 shows the distribution of the meat samples analyzed in the study.
Table 4.1: Distribution of Meat Samples
	Type of Meat
	Frequency (n)
	Percentage (%)

	Frozen Chicken
	20
	33.3

	Frozen Pork
	20
	33.3

	Frozen Spare Ribs
	20
	33.3

	Total
	60
	100



Table 4.1 shows the distribution of meat samples collected for the study. A total of 60 frozen meat samples were analyzed, consisting of frozen chicken, frozen pork, and frozen spare ribs. Each meat type contributed 20 samples, representing 33.3% of the total samples collected.
This equal distribution of samples across the three meat types ensures balanced representation and allows for a fair comparison of microbial contamination among the different frozen meats sold at the Dry Rice Market.








4.2 Prevalence of Microbial Contamination
Table 4.2 presents the overall microbial contamination status of the meat samples.
Table 4.2: Overall Microbial Contamination of Meat Samples
	Contamination Status
	Frequency
	Percentage (%)

	Contaminated
	45
	75.0

	Not Contaminated
	15
	25.0

	Total
	60
	100




Table 4.2 presents the overall microbial contamination status of the frozen meat samples analyzed. Out of the 60 samples examined, 45 samples (75.0%) were found to be contaminated, while 15 samples (25.0%) showed no microbial contamination.
The high proportion of contaminated samples indicates that a significant percentage of frozen meats sold in the study area are exposed to microbial hazards, posing potential public health risks to consumers. This finding suggests lapses in handling, storage, or hygiene practices within the meat supply chain.









4.3 Distribution of Bacterial Species Isolated
Table 4.3 shows the types of microorganisms isolated from the meat samples.
Table 4.3: Bacterial Species Isolated from Meat Samples
	Microorganism
	Frequency
	Percentage (%)

	Escherichia coli
	18
	30.0

	Salmonella spp.
	12
	20.0

	Staphylococcus aureus
	10
	16.7

	Mixed Growth
	5
	8.3

	No Growth Detected
	15
	25.0

	Total
	60
	100



Table 4.3 shows the distribution of bacterial species isolated from the frozen meat samples. Escherichia coli was the most frequently isolated microorganism, accounting for 18 samples (30.0%), followed by Salmonella spp. with 12 samples (20.0%). Staphylococcus aureus was isolated from 10 samples (16.7%).
Additionally, mixed bacterial growth was observed in 5 samples (8.3%), indicating the presence of more than one microorganism in those samples. No microbial growth was detected in 15 samples (25.0%).
The presence of pathogenic bacteria such as E. coli and Salmonella spp. highlights poor sanitary conditions and possible fecal contamination, which increases the risk of foodborne illnesses among consumers.



4.4 Microbial Contamination by Type of Meat
Table 4.4: Contamination Status by Meat Type
	Meat Type
	Contaminated (n)
	Not Contaminated (n)
	Total

	Frozen Chicken
	17
	3
	20

	Frozen Pork
	15
	5
	20

	Frozen Spare Ribs
	13
	7
	20

	Total
	45
	15
	60



Table 4.4 presents the contamination status of each meat type. Among the frozen chicken samples, 17 out of 20 were contaminated, while 3 samples were not contaminated. For frozen pork, 15 samples were contaminated and 5 samples were free from contamination. Frozen spare ribs recorded 13 contaminated samples and 7 uncontaminated samples.
Overall, frozen chicken showed the highest level of contamination, followed by frozen pork and frozen spare ribs. This variation may be attributed to differences in handling practices, storage duration, or exposure during transportation and sale.









4.5 Vendor Hygiene Practices
Table 4.5: Observed Vendor Hygiene Practices
	Hygiene Practice
	Yes (n)
	No (n)
	Percentage No (%)

	Use of gloves
	18
	42
	70.0

	Covered meat display
	22
	38
	63.3

	Functional freezer
	30
	30
	50.0

	Regular hand washing
	20
	40
	66.7



Table 4.5 presents the observed hygiene practices of meat vendors. The findings show that 42 vendors (70.0%) did not use gloves while handling meat, while only 18 vendors used gloves. Similarly, 38 vendors (63.3%) did not cover their meat displays.
Regarding storage equipment, 30 vendors (50.0%) were observed using non-functional freezers, while the remaining 30 had functional freezers. In addition, 40 vendors (66.7%) did not practice regular hand washing.
These findings indicate generally poor hygiene practices among vendors, which likely contribute to the high level of microbial contamination observed in the meat samples.








4.6 Storage Conditions of Frozen Meats
Table 4.6: Storage Conditions of Meat Products
	Storage Condition
	Frequency
	Percentage (%)

	Continuous freezing
	28
	46.7

	Intermittent freezing
	22
	36.7

	Frequently thawed
	10
	16.6

	Total
	60
	100



Table 4.6 shows the storage conditions of frozen meat products. Continuous freezing was observed in 28 samples (46.7%), while 22 samples (36.7%) were stored under intermittent freezing conditions. Additionally, 10 samples (16.6%) were found to be frequently thawed and refrozen.
The practice of intermittent freezing and frequent thawing can promote microbial growth and compromise meat safety. These findings suggest inadequate cold chain management, which may explain the high prevalence of microbial contamination reported in the study.









4.7 Discussion of Findings
The results indicate a high prevalence (75%) of microbial contamination among imported frozen meats sold at the Dry Rice Market. Frozen chicken showed the highest contamination rate, followed by pork and spare ribs. The presence of E. coli and Salmonella spp. suggests possible fecal contamination and poor hygiene during handling and storage. Observational data revealed inadequate vendor hygiene practices and inconsistent freezing conditions, which likely contributed to microbial growth.












CHAPTER FIVE: SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS
5.1 Summary of the Study	
This study was conducted to assess the level of microbial contamination in imported frozen chicken, pork, and spare ribs sold at the Dry Rice Market along Barnersville Road, Gardnersville Township, Montserrado County, Liberia. The research was motivated by increasing public health concerns related to foodborne diseases and the widespread consumption of imported frozen meat products in urban markets across Liberia.
A cross-sectional descriptive research design was adopted. Sixty (60) imported frozen meat samples—comprising chicken, pork, and spare ribs—were aseptically collected from selected vendors within the market. Laboratory analysis was performed to determine the presence of indicator microorganisms and selected pathogenic bacteria, including Escherichia coli, Salmonella spp., and Staphylococcus aureus. In addition, vendor hygiene practices and storage conditions were assessed through direct observation using a structured checklist.
Data were analyzed using descriptive statistics and presented in frequency tables and percentages. The study revealed a high level of microbial contamination across the sampled meat products, with frozen chicken showing the highest contamination rate. Observational findings further highlighted poor hygiene practices and inconsistent storage conditions among vendors.






5.2 Conclusions
Based on the findings of the study, the following conclusions were drawn:
1. Imported frozen chicken, pork, and spare ribs sold at the Dry Rice Market are significantly contaminated with microorganisms, indicating potential food safety risks to consumers.
2. The isolation of pathogenic bacteria such as Escherichia coli and Salmonella spp. suggests poor sanitary conditions, possible fecal contamination, and inadequate handling practices during storage and sale of frozen meats.
3. Frozen chicken exhibited the highest prevalence of microbial contamination, making it the most vulnerable meat type under the prevailing market conditions.
4. Vendor hygiene practices were generally poor, as evidenced by limited use of gloves, inadequate handwashing, and exposure of meat during sale.
5. Inconsistent freezing, frequent thawing and refreezing of meat products—largely due to unreliable electricity supply and inadequate cold storage facilities—significantly contributed to microbial growth.
Overall, the study concludes that the current handling and storage practices of imported frozen meats in the Dry Rice Market do not meet acceptable food safety standards and pose a public health concern.





5.3 Public Health Implications
The findings of this study have important public health implications. Consumption of contaminated frozen meat products may lead to foodborne illnesses such as diarrhea, typhoid-like infections, and other gastrointestinal diseases. Vulnerable groups including children, pregnant women, the elderly, and immune-compromised individuals are particularly at risk. Without effective intervention, the continued sale of contaminated meats may contribute to increased morbidity and strain on the health system in Liberia.
















5.4 Recommendations
In light of the study findings, the following recommendations are proposed:
5.4.1 To Market Authorities
· Provide adequate sanitation facilities, including access to clean water and handwashing stations.
· Designate hygienic areas specifically for the sale of frozen meat products.
· Enforce regular inspection of meat vendors to ensure compliance with food safety standards.
5.4.2 To Meat Vendors
· Practice proper personal hygiene, including regular handwashing and consistent use of gloves.
· Ensure that frozen meats are properly covered and protected from environmental contamination.
· Avoid repeated thawing and refreezing of meat products.
5.4.3 To the Ministry of Health and Regulatory Agencies
· Conduct routine microbiological surveillance of imported frozen meats sold in urban markets.
· Organize training programs for vendors on food hygiene and safe meat handling practices.
· Strengthen enforcement of food safety regulations and standards at market levels.
5.4.4 To Consumers
· Thoroughly cook frozen meat products before consumption.
· Avoid purchasing meats that appear partially thawed or improperly stored.
· Practice good hygiene when handling raw meat at home to prevent cross-contamination.
5.5 Limitations of the Study
This study was limited to one urban market in Montserrado County, which may limit the generalization of findings to other markets in Liberia. Additionally, laboratory analysis was restricted to selected microorganisms due to resource constraints. Despite these limitations, the study provides valuable baseline data on the microbial safety of imported frozen meats in urban Liberian markets.
5.6 Suggestions for Further Research
Future studies should:
· Include multiple markets across different counties in Liberia.
· Investigate antimicrobial resistance patterns of isolated microorganisms.
· Assess the effectiveness of intervention programs aimed at improving food safety practices in urban markets.
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APPENDIX-I: RESEARCH QUESTIONNAIRE
Title of Research: Assessment of Microbial Contamination in Imported Frozen Chicken, Pork, and Spare Ribs Sold in Urban Markets of Liberia: A Case Study of the Dry Rice Market, Barnersville Road, Gardnersville Township, Montserrado County-Liberia.
Dear Respondent:
I am conducting a research study on the microbial contamination of imported frozen meats sold in urban markets. The purpose of this questionnaire is to collect information on meat handling, storage practices, and hygiene at the Dry Rice Market. Your responses will remain confidential and will be used for academic purposes only.
Please answer all questions honestly. Thank you for your cooperation.
______________________________________________________________________________
SECTION A: DEMOGRAPHIC INFORMATION
	Question
	Response

	1. Name of Vendor (Optional)
	__________________________

	2. Gender
	☐ Male ☐ Female

	3. Age
	☐ 18–25 ☐ 26–35 ☐ 36–45 ☐ 46–55 ☐ 56+

	4. Level of Education
	☐ No formal education ☐ Primary ☐ Secondary ☐ Tertiary

	5. Years of experience selling meat
	☐ <1 year ☐ 1–3 years ☐ 4–6 years ☐ 7+ years









______________________________________________________________________________
SECTION B: VENDOR MEAT PRACTICES
1. What type(s) of imported frozen meat do you sell? (You may select more than one)
☐ Chicken ☐ Pork ☐ Spare Ribs ☐ Others (Specify) __________
2. How often do you restock frozen meats?
☐ Daily ☐ Every 2–3 days ☐ Weekly ☐ Other (Specify) __________
3. How are frozen meats stored at your stall?
☐ Freezer ☐ Icebox ☐ Room temperature ☐ Other (Specify) __________
4. How often do power interruptions affect meat storage?
☐ Daily ☐ Weekly ☐ Rarely ☐ Never
5. Do you cover the meat during display?
☐ Yes ☐ No
6. How often do you wash your hands while handling meat?
☐ After every sale ☐ Twice a day ☐ Once a day ☐ Rarely
7. Do you use gloves when handling meat?
☐ Always ☐ Sometimes ☐ Never
8. Are knives, cutting boards, and other tools washed after use?
☐ Always ☐ Sometimes ☐ Never
9. Do you separate raw meat from other food products at your stall?
☐ Yes ☐ No
10. How often do you clean your stall?
☐ Daily ☐ Twice a week ☐ Weekly ☐ Rarely
____________________________________________________________________________
SECTION C: OBSERVATIONAL QUESTIONS
(For Researcher Observation)
	Observation
	Yes
	No

	1. Stall has functional freezer or icebox
	☐
	☐

	2. Meat is directly exposed to dust or flies
	☐
	☐

	3. Vendor uses gloves or protective covering
	☐
	☐

	4. Meat is separated by type (chicken, pork, ribs)
	☐
	☐

	5. Clean water is available for washing hands or tools
	☐
	☐



SECTION D: VENDOR KNOWLEDGE AND ATTITUDE
1. Do you know that improper handling of frozen meats can cause foodborne illness?
☐ Yes ☐ No
2. Have you received any training on food hygiene or meat safety?
☐ Yes ☐ No
3. In your opinion, what is the main cause of meat spoilage in the market?
☐ Poor handling ☐ Power interruptions ☐ Exposure to dust/fly ☐ Other (Specify) _____________________________________________________________
4. Are you willing to adopt recommended hygiene practices if provided with training?
☐ Yes ☐ No
______________________________________________________________________________
Thank you for your cooperation!
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