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ABSTRACT
Foodborne microbial contamination remains a major public health challenge in low- and middle-income countries, where both factory-processed and locally prepared foods contribute significantly to daily dietary intake. This study evaluated the microbial population, diversity, and public health risks associated with selected factory-processed and locally prepared foods sold in Port Harcourt, Nigeria. A total of forty (40) food samples comprising Hollandia yoghurt drink (n = 10), Gino curry powder (n = 10), industrial yeast (n = 10), and home-prepared Hibiscus sabdariffa beverage (zobo) (n = 10) were analyzed using standard microbiological methods. Total heterotrophic bacterial (THB) and total heterotrophic fungal (THF) counts were determined using nutrient agar and Sabouraud dextrose agar, respectively. Representative isolates were identified using cultural, morphological, biochemical, and microscopic methods. Total heterotrophic bacterial counts ranged from 1.0 × 10⁴ to 3.1 × 10⁴ CFU/g or mL. Gino curry powder recorded the highest bacterial load (3.1 × 10⁴ CFU/g), while yoghurt drink recorded the lowest (1.0 × 10⁴ CFU/mL). Total fungal counts ranged from 1.0 × 10² to 5.3 × 10² CFU/g or mL, with industrial yeast showing the highest fungal burden. Seven bacterial genera were identified: Lactobacillus, Bacillus, Staphylococcus, Micrococcus, Pediococcus, Enterococcus, and Proteus. Fungal isolates included Mucor, Rhizopus, Fusarium, Penicillium, and Saccharomyces cerevisiae. The predominance of Staphylococcus species suggests post-processing contamination through handling. The detection of Fusarium and Penicillium species raises concerns regarding potential mycotoxin production. Although microbial counts were within moderate ranges, the presence of opportunistic pathogens highlights potential public health risks, particularly under improper storage conditions. This study underscores the need for improved hygiene practices, routine microbiological surveillance, and regulatory oversight to safeguard consumer health.
Keywords: food safety, microbial diversity, fungal contamination, foodborne pathogens, Nigeria, public health microbiology

INTRODUCTION 
Microorganisms play a central role in food systems, influencing food quality, safety, shelf life, and nutritional value. Foods may harbor beneficial microorganisms involved in fermentation, as well as spoilage organisms and potential pathogens introduced during processing, handling, or storage. Understanding the microbial population and diversity of foods is therefore essential for ensuring food safety and protecting public health. Food safety remains a critical global public health concern, with the World Health Organization estimating that unsafe food causes approximately 600 million cases of foodborne illnesses annually, resulting in 420,000 deaths worldwide (WHO, 2023). Microbial contamination is the leading cause of foodborne diseases, particularly in developing countries where food production and distribution systems may lack strict regulatory oversight.
Foods are complex ecological systems that support diverse microbial communities. While some microorganisms are beneficial and contribute to fermentation, preservation, and improved nutritional quality, others are responsible for spoilage and foodborne infections. The microbial quality of food is influenced by multiple factors including raw material quality, processing techniques, environmental exposure, storage conditions, and handling practices (Tamang et al., 2020). Factory-processed foods are generally manufactured under controlled hygienic conditions with standardized heat treatments and packaging systems designed to minimize contamination. However, contamination can still occur during post-processing handling, packaging, transportation, or storage. Spices and powdered products are particularly vulnerable to microbial contamination due to environmental exposure during drying and grinding processes, and several studies have demonstrated that these products may harbor Bacillus, Staphylococcus, and mold species capable of producing mycotoxins (Patel et al., 2020).
Dairy products such as yoghurt are fermented foods containing lactic acid bacteria, primarily species formerly classified under the genus Lactobacillus. Following recent taxonomic revisions, the genus Lactobacillus has been reclassified into multiple new genera (Zheng et al., 2020). In routine laboratory settings and food microbiology studies, however, the traditional nomenclature remains commonly used. While yoghurt is generally considered safe due to acidic pH and competitive microbial activity, post-production contamination may introduce opportunistic pathogens such as Staphylococcus aureus.
Locally prepared beverages such as zobo (Hibiscus sabdariffa drink) are widely consumed across Nigeria due to affordability and cultural acceptance. Preparation typically involves boiling dried calyces followed by sweetening and flavoring. Although boiling reduces microbial load, contamination frequently occurs during cooling, packaging, and vending under informal sanitary conditions. Previous Nigerian studies have reported the presence of Bacillus, Staphylococcus, Enterococcus, and fungal contaminants in zobo drinks, especially during storage (Ogichor & Nwafor, 2004). Factory-processed foods and locally prepared beverages thus differ in microbial profiles due to variations in handling, processing, and environmental exposure.
Fungal contamination of foods is of particular public health importance. Genera such as Fusarium, Penicillium, and Aspergillus are capable of producing mycotoxins, including fumonisins, trichothecenes, aflatoxins, and ochratoxins, which have been associated with carcinogenicity, hepatotoxicity, nephrotoxicity, and immunosuppression (Patel et al., 2020; Zhang et al., 2020). In tropical climates like Nigeria, high temperature and humidity favor fungal growth and toxin production. Recent reviews highlight the widespread occurrence of mycotoxins in Nigerian foods and agricultural commodities, driven by poor handling conditions, inadequate storage, and environmental factors (Bankole & Adebanjo, 2020). Mycotoxin awareness is generally low among food processors and sellers, increasing potential consumer exposure to carcinogenic and immunotoxic fungal metabolites (Chilaka et al., 2023). Studies in Nigerian markets have uncovered aflatoxin contamination in commonly sold spices, emphasizing the public health risks associated with routine dietary exposure (El‑Imam et al., 2023). Broader analyses indicate that mycotoxin contamination adversely affects food safety, economic productivity, and health outcomes, particularly in sub-Saharan Africa, where staple foods and condiments are routinely exposed to toxigenic molds (Akpoghelie, 2025). Globally, microbial and mycotoxin contamination of spices poses diverse hazards, reinforcing the need for regulatory monitoring (Frontiers in Microbiology, 2025).
The presence of environmental and skin commensals such as Staphylococcus and Micrococcus in processed foods often indicates poor hygiene or cross-contamination. While these organisms may not always cause disease, toxigenic strains of Staphylococcus aureus can produce heat-stable enterotoxins responsible for acute food poisoning. Given the increasing urbanization of Port Harcourt and high reliance on ready-to-eat factory products and locally prepared beverages, assessing microbial populations in commonly consumed foods is critical to evaluating potential public health risks.
This study therefore aimed to:
1. Determine total heterotrophic bacterial and fungal loads in selected foods.
2. Isolate and identify bacterial and fungal species present.
3. Compare microbial diversity between factory-processed and locally prepared foods.
4. Assess potential public health implications of identified microorganisms.
By focusing on microbial population and public health risk assessment, this research contributes to food safety surveillance data relevant for regulatory agencies and public health authorities in Rivers State, Nigeria.

MATERIALS AND METHODS
Study Design and Location
This study was designed as a cross-sectional descriptive laboratory-based investigation aimed at evaluating the microbial population, diversity, and public health risks associated with selected factory-processed and locally prepared foods sold in Port Harcourt, Rivers State, Nigeria. Port Harcourt is a major urban center in the Niger Delta region characterized by high population density, tropical climatic conditions (average temperature 25–32°C), and high relative humidity. These environmental factors may influence microbial proliferation in food products, particularly in improperly stored or handled items.
The study was conducted in the Microbiology Laboratory, Rivers State University, under controlled laboratory conditions following standard microbiological procedures.
Sample Size and Sampling Strategy
A total of forty (40) food samples were analyzed, comprising:
· Hollandia yoghurt drink (n = 10)
· Gino curry powder (n = 10)
· Industrial yeast (n = 10)
· Home-prepared Hibiscus sabdariffa beverage (zobo) (n = 10)
Samples were purchased from vendors at Mile 3 Market, Diobu, Port Harcourt. To minimize selection bias, samples were obtained from different vendors and batches where applicable.
Factory-processed products were purchased in sealed original packaging. Home-prepared zobo samples were obtained freshly prepared from vendors operating under typical market conditions.
Sample Collection and Transportation
All samples were aseptically collected and transported to the laboratory in insulated ice coolers maintained at approximately 4°C. Samples were analyzed within 2 hours of collection to prevent microbial overgrowth or die-off. Liquid samples were transported in sterile containers, while powdered and solid samples were kept in their original packaging until analysis.
Culture Media Preparation
The following media were used:
· Nutrient agar (NA) for total heterotrophic bacterial enumeration
· Sabouraud dextrose agar (SDA) supplemented with chloramphenicol (0.05 g/L) to inhibit bacterial growth during fungal isolation
Media were prepared according to manufacturers’ instructions. Sterilization was performed by autoclaving at 121°C for 15 minutes at 15 psi. After sterilization, media were allowed to cool to 45–50°C before pouring approximately 20 mL into sterile Petri dishes under aseptic conditions in a laminar airflow cabinet. Prepared plates were allowed to solidify and stored at 4°C until use.
Sample Preparation and Serial Dilution
For solid and powdered samples:
· 1 g of sample was aseptically weighed using a sterile spatula.
· The sample was homogenized in 9 mL sterile normal saline (0.85% NaCl) to obtain a 10⁻¹ dilution.
For liquid samples:
· 1 mL was aseptically transferred into 9 mL sterile normal saline.
Serial ten-fold dilutions were prepared up to 10⁻⁵ as required.
Enumeration of Total Heterotrophic Bacteria (THB)
From appropriate dilutions, 0.1 mL aliquots were plated in duplicate using the spread plate technique. Plates were incubated at 37°C for 24–48 hours under aerobic conditions.
Plates with colony counts between 30–300 colonies were selected for enumeration. Counts were expressed as:
CFU/g or CFU/mL= number of colonies x dilution factor/Volume plated
Enumeration of Total Heterotrophic Fungi (THF)
Aliquots (0.1 mL) of appropriate dilutions were plated onto Sabouraud dextrose agar. Fungal plates were incubated at 28 ± 2°C for 3–5 days. Distinct fungal colonies were counted and expressed as CFU/g or CFU/mL.
Isolation and Purification of Bacterial Isolates
Distinct bacterial colonies were sub-cultured repeatedly on nutrient agar to obtain pure cultures.
Pure isolates were stored on nutrient agar slants at 4°C for further characterization.

Identification of Bacterial Isolates
Identification was based on:
1. Colonial Morphology
· Shape
· Size
· Color
· Elevation
· Margin
· Surface characteristics
2. Gram Staining
Gram-positive and Gram-negative reactions were determined microscopically.
3. Biochemical Tests
The following standard tests were performed:
· Catalase test
· Oxidase test
· Indole production
· Citrate utilization
· Motility test
· Methyl red test
· Voges–Proskauer test
· Urease test
· Starch hydrolysis
· Sugar fermentation tests (glucose, lactose, maltose, mannitol)
Results were interpreted using standard microbiological identification keys (Prescott et al., 2016) and referenced with the List of Prokaryotic Names with Standing in Nomenclature (Parte et al., 2020).
Microbial names were reported in accordance with current taxonomic standards.

Isolation and Identification of Fungal Isolates
Fungal colonies were examined for:
Macroscopic Characteristics
· Colony texture (cottony, velvety, powdery)
· Pigmentation
· Growth rate
· Reverse coloration
Microscopic Examination
A small portion of fungal mycelium was stained using lactophenol cotton blue and observed under ×10 and ×40 magnification.
Identification was based on:
· Presence or absence of septate hyphae
· Sporangia morphology
· Conidial structure
· Specialized structures such as phialides
Identification keys described by Patel et al. (2020) and Zhang et al. (2020) were used.

Quality Control Measures
To ensure reliability and reproducibility:
· All media were sterility-checked before use.
· Control strains (where available) were used to validate biochemical tests.
· All assays were performed in duplicate.
· Aseptic techniques were strictly maintained.
· Equipment calibration (incubator temperature, autoclave pressure) was verified daily.

Data Analysis
Microbial counts were expressed as mean CFU/g or CFU/mL ± standard deviation.
Descriptive statistics were used to compare microbial loads among food types.
Public Health Risk Assessment Framework
The public health significance of isolates was evaluated based on:
1. Known pathogenic potential
2. Association with foodborne outbreaks
3. Mycotoxin-producing capacity
4. Environmental contamination indicators
Organisms such as Staphylococcus, Proteus, Enterococcus, and toxin-producing molds were interpreted as potential risk indicators.


Ethical Considerations
This study did not involve human subjects or clinical specimens. All procedures were conducted in accordance with institutional laboratory biosafety guidelines.
RESULTS
Microbial Load of Food Samples
All forty (40) samples analyzed showed detectable levels of bacterial growth, while fungal growth was observed in 36 (90%) samples.
Total Heterotrophic Bacterial Counts (THB)
Mean total heterotrophic bacterial counts ranged from:
· 1.0 × 10⁴ CFU/mL (Hollandia yoghurt drink)
· 1.1 × 10⁴ CFU/mL (home-prepared zobo)
· 3.0 × 10⁴ CFU/g (industrial yeast)
· 3.1 × 10⁴ CFU/g (Gino curry powder)
Gino curry powder exhibited the highest bacterial load, suggesting environmental exposure during drying, grinding, or packaging (Table 1, Figure 1).

Table 1: Total Heterotrophic Bacterial Counts (CFU/g or mL) in Selected Foods
	Sample Code
	Food Type
	Total Heterotrophic Bacteria (CFU/g or mL)

	HYD
	Hollandia yoghurt drink
	1.0 × 10⁴

	GCP
	Gino curry powder
	3.1 × 10⁴

	IY
	Industrial yeast
	3.0 × 10⁴

	HPZ
	Home-prepared zobo drink
	1.1 × 10⁴



Key: HYD – Hollandia yoghurt drink; GCP – Gino curry powder; IY – Industrial yeast; HPZ – Home-prepared zobo drink.
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Total Heterotrophic Fungal Counts (THF)
Fungal counts ranged from:
· 1.0 × 10² CFU/mL (home-prepared zobo)
· 3.0 × 10² CFU/g (Gino curry powder)
· 5.0 × 10² CFU/mL (yoghurt drink)
· 5.3 × 10² CFU/g (industrial yeast)
Industrial yeast showed the highest fungal burden, consistent with its biological composition and environmental exposure (Table 2, Figure 2).

Table 2: Total Heterotrophic Fungal Counts (CFU/g or mL) in Selected Foods
	Sample Code
	Food Type
	Total Heterotrophic Fungi (CFU/g or mL)

	HYD
	Hollandia yoghurt drink
	5.0 × 10²

	GCP
	Gino curry powder
	3.0 × 10²

	IY
	Industrial yeast
	5.3 × 10²

	HPZ
	Home-prepared zobo drink
	1.0 × 10²
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Bacterial Diversity
A total of 11 distinct bacterial isolates were recovered, representing seven genera:
1. Lactobacillus spp. (2 isolates; 18.2%)
2. Bacillus spp. (2 isolates; 18.2%)
3. Staphylococcus spp. (3 isolates; 27.3%)
4. Pediococcus spp. (1 isolate; 9.1%)
5. Proteus spp. (1 isolate; 9.1%)
6. Micrococcus spp. (1 isolate; 9.1%)
7. Enterococcus spp. (1 isolate; 9.1%)
Staphylococcus species were the most frequently encountered organisms (3/11; 27.3%), occurring in yoghurt drink, curry powder, and industrial yeast.
Factory-processed products (yoghurt drink, curry powder, industrial yeast) harbored greater bacterial diversity compared to the locally prepared zobo beverage.

Fungal Diversity
Five fungal genera were identified:
· Mucor
· Rhizopus
· Fusarium
· Penicillium
· Saccharomyces cerevisiae
Mucor and Rhizopus were common environmental molds.
Fusarium and Penicillium are notable due to their known mycotoxin-producing potential.
Saccharomyces cerevisiae was isolated from yeast and yoghurt samples, consistent with fermentation-associated flora.

DISCUSSION
The microbial diversity observed in this study reflects the influence of processing methods, handling practices, and environmental exposure. Both factory-processed and locally prepared foods harbored a range of bacterial and fungal species, highlighting the complexity of microbial communities in commonly consumed products. Staphylococcus and Micrococcus species predominated among bacterial isolates, suggesting post-processing contamination, likely from human skin or the surrounding environment. While these organisms are common commensals, toxigenic strains of Staphylococcus aureus can produce heat-stable enterotoxins responsible for acute food poisoning, particularly when hygiene practices are inadequate.
The relatively low microbial load in home-prepared zobo may be attributed to prolonged boiling during preparation, which reduces microbial survival. However, previous studies have reported rapid microbial spoilage of zobo during storage due to contamination by bacteria and fungi such as Bacillus, Staphylococcus, Enterococcus, Aspergillus, and Fusarium species (Ogichor & Nwafor, 2004). Similarly, dairy products such as yoghurt are generally considered safe due to acidic pH and competitive microbial activity; yet, post-production contamination remains a concern, especially with opportunistic pathogens introduced during handling or packaging.
Fungal genera identified in this study, including Fusarium, Mucor, Rhizopus, and Saccharomyces cerevisiae, carry public health significance. Fusarium and Penicillium are capable of producing mycotoxins such as fumonisins, trichothecenes, and ochratoxins, which have been associated with hepatotoxicity, nephrotoxicity, carcinogenicity, and immunosuppression (Patel et al., 2020; Zhang et al., 2020). In Nigeria, the high temperature and humidity favor fungal proliferation and mycotoxin production, increasing the risk of exposure, particularly in inadequately stored spices, powdered products, and locally prepared beverages.
Recent reviews highlight the widespread occurrence of mycotoxins in Nigerian foods and agricultural commodities, driven by poor handling, high humidity, and limited awareness among food processors and sellers (Bankole & Adebanjo, 2020; Chilaka et al., 2023). Studies in Nigerian markets have uncovered aflatoxin contamination in spices, underscoring public health concerns associated with commonly consumed food ingredients (El‑Imam et al., 2023). Broader analyses indicate that mycotoxin contamination adversely affects food safety, economic productivity, and health outcomes, particularly in sub-Saharan Africa, where staple foods and condiments are routinely exposed to toxigenic molds (Akpoghelie, 2025). Globally, microbial and mycotoxin contamination of spices and processed foods presents diverse hazards, reinforcing the importance of stringent monitoring, regulatory oversight, and consumer education (Frontiers in Microbiology, 2025).
The findings of this study also highlight the role of food handling and environmental exposure in shaping microbial profiles. Factory-processed foods, although manufactured under controlled conditions, were not exempt from contamination, likely due to cross-contamination during packaging, transportation, or storage. Spices and powdered products were particularly susceptible to harboring Bacillus, Staphylococcus, and fungal species capable of producing toxins, emphasizing the need for adherence to hygienic practices throughout the food supply chain.
By comparing microbial loads and diversity between factory-processed and locally prepared foods, this study provides evidence of potential public health risks associated with commonly consumed foods in Port Harcourt. The presence of bacterial and fungal species with known pathogenic or toxigenic potential underscores the need for improved hygiene practices, proper storage, and routine monitoring by food safety authorities. Consumer education regarding safe food handling, storage, and preparation methods is equally important to minimize exposure to microbial contaminants and mycotoxins.
Overall, this study confirms that both factory-processed and locally prepared foods harbor diverse microbial populations with potential implications for food safety and public health. Integrating microbial population assessment with awareness of mycotoxin risks provides a comprehensive approach to evaluating food safety in Nigerian markets.


CONCLUSION
This study demonstrates that selected factory-processed and locally prepared foods sold in Port Harcourt harbor diverse microbial populations, including opportunistic bacterial pathogens and potentially toxigenic fungi. While microbial loads were moderate, the presence of Staphylococcus, Proteus, and Fusarium species suggests potential food safety risks.
Strengthening hygienic practices, improving regulatory oversight, and implementing routine microbiological monitoring are necessary to protect consumer health.
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Figure 1: Distribution of Total Heterotrophic Bacterial Counts (CFU/g or mL)
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Figure 2: Distribution of Total Heterotrophic Fungal Counts (CFU/g or mL)
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