



Microbial Assessment of Fried Cowpea Paste (Akara) And Associated Packaging Materials From Various Locations in Benin City, Edo State, Nigeria


Abstract 

The commercial street food sector is integral to urban culinary culture, offering diverse and convenient food options. The study aims to review microbial Assessment of fried Cowpea Paste (Akara) and associated packaging materials from various locations in Benin City, Edo State, Nigeria. However, consumer safety through microbial quality assessment remains a critical concern. In Nigeria, "Akara," a fried cowpea (Vigna unguiculata) paste, is a popular street food sold openly. This study assessed the microbiological quality of "Akara" fried in palm oil and vegetable oil, along with associated packaging materials, from eight locations in Benin City, Edo State. Bacterial and fungal cultures were performed on Nutrient Agar and Potato Dextrose Agar, respectively, with incubation periods of 48 to 96 hours. Mean values and standard deviations were calculated for each sampling location. Analysis of variance (ANOVA) was used to determine significant differences (p < 0.05) between the microbial loads of Akara samples from different locations and between different types of packaging materials. Five bacterial species (Staphylococcus spp., Streptococcus spp., Escherichia coli, Proteus spp., and Bacillus spp.) and three fungal species (Penicillium spp., Aspergillus spp., and Mucor spp.) were identified. The highest bacterial loads were observed in packaging materials from Ugbowo, Sapele Road, and New Benin, ranging from 49 × 10² to 56 × 10² CFU/cm², and in fried "Akara," ranging from 11 × 10² to 51 × 10² CFU/g. Similarly, fungal loads were highest in the same locations, with values up to 56 × 10² CFU/cm² in packaging and 51 × 10² CFU/g in fried "Akara." The findings highlight significant microbial contamination in both vegetable and palm oil-fried "Akara" and associated packaging materials, posing health risks. This underscores the need for public awareness campaigns on the safe handling of cowpea paste and packaging materials to enhance food safety and consumer protection.
Keywords: Food Safety, Akara (Fried Cowpea Paste), Staphylococcus spp., Escherichia coli., Microbial Contamination.







INTRODUCTION
Cowpea (Vigna unguiculata (L.) Walpers), also known as black-eyed pea, is a herbaceous annual and nutrient-rich leguminous crop that holds significant agricultural and nutritional importance, particularly in the dry agro-ecologies of the tropics, including Latin America, Africa, and South Asia. The plant is an annual herbaceous species well recognized for its remarkable drought tolerance and adaptability to harsh environments. This resilience is largely attributed to its deep and extensive taproot system, which enables it to access water and nutrients from deeper soil layers even under limited moisture conditions (Araujo et al., 2023). The plant’s morphology is further characterized by alternate trifoliate leaves with ovate leaflets, which do not only aid in efficient photosynthesis but also reduce water loss through transpiration (Chauhan et al., 2023).
Beyond its structural adaptations, the species demonstrates a highly valuable ecological trait: its ability to fix atmospheric nitrogen through symbiotic relationships with rhizobia in its root nodules. This natural nitrogen fixation enriches soil fertility and reduces the dependence on synthetic fertilizers, thereby promoting sustainable and low-input agricultural systems (Sharma et al., 2024). Altogether, the plant stands out as an important resource in regions facing soil degradation and climate variability, contributing both to soil restoration and agricultural resilience.
 This leguminous crop belongs to the family Fabaceae, tribe Phaseoleae, and genus Vigna, and it has been an integral part of traditional diets and agricultural systems in these regions for centuries (Maréchal et al., 1978).
In West Africa, cowpea is more than just a crop; it is a dietary staple and a vital source of protein for millions of people. With a protein content of approximately 25%, cowpea plays a crucial role in the diets of populations who often cannot afford more expensive protein sources such as meat and fish (Appiah et al., 2011; Oumarou et al., 2017). Beyond its nutritional benefits, cowpea is adaptable to various climatic conditions, making it a resilient crop that can thrive in harsh environments where other crops might fail. This adaptability has made cowpea cultivation a reliable option for subsistence farmers and a key player in food security across West Africa and other tropical regions (Boukar et al., 2019).
Cowpea can be processed into various forms, each with its unique culinary applications and cultural significance. These include flour, paste, deep-fried cakes (Akara), steamed bean pudding (Moi Moi), and bean soup, among others. Each of these preparations highlights the versatility of cowpea and its ability to be transformed into nutritious and delicious foods that cater to diverse taste preferences (Eke-Ejiofor and Kporna, 2019).
Among these preparations, fried cowpea pastes, locally known as “akara”, stand out as a beloved snack in Nigeria and other West African countries. Akara is a savory, deep-fried nugget made from ground cowpea paste mixed with seasonings. This popular street food is typically prepared by whipping cowpea paste and seasoning it with chopped fresh peppers (hot or mild), onions, and salt before frying it at high temperatures in vegetable or palm oil (Hung et al., 1995). The result is a crispy, golden-brown delicacy that is enjoyed by people of all ages and socio-economic backgrounds. It is a very popular snack that can be eaten any time of the day (Okoye-Okeke et al., 2021). Akara is not just a snack; it is a cultural icon and a testament to the culinary ingenuity of West African cuisine. Its popularity is evident in the bustling street food markets where vendors expertly prepare and sell akara to eager customers. This snack is often consumed as breakfast, a midday meal, or an evening snack, and it holds a special place in social gatherings and festive occasions.
However, the widespread consumption of akara and other street foods comes with significant challenges, particularly concerning food safety and hygiene. Street food vendors, who play a critical role in the distribution of Akara, often operate under suboptimal sanitary conditions. The lack of proper food handling practices, inadequate preparation methods, and insufficient personal hygiene among vendors can lead to severe microbial contamination of the food, posing serious health risks to consumers (Oluwalana, 2014).
Microbial contamination in street foods like akara is a major public health concern. Contaminated food can serve as a vehicle for various pathogenic microorganisms, leading to foodborne illnesses. Common bacterial contaminants in street foods include Staphylococcus spp., Escherichia coli, Bacillus spp., and Salmonella spp., while fungi such as Aspergillus spp. and Penicillium spp. might also be present, potentially producing harmful mycotoxins. These contaminants can cause a range of illnesses, from mild gastroenteritis to severe, life-threatening infections (Shuaib, 2021).
The risk of microbial contamination is further exacerbated by the materials used for packaging street foods. In many cases, vendors use newspapers, old magazines, and other unsanitary materials to package Akara, introducing additional sources of contamination. These materials can harbor pathogens and transfer them to the food, increasing the likelihood of foodborne illnesses.
Given these concerns, it is imperative to assess the microbiological quality of akara and the packaging materials used by vendors. Understanding the extent and nature of microbial contamination can inform strategies to improve food safety and protect public health. This study aims to evaluate the microbiological quality of cowpea paste (Akara) fried with palm oil and vegetable oil, as well as the packaging materials, from eight different locations in Benin City, Edo State. By identifying the specific microorganisms present and their levels of contamination, the study seeks to highlight the critical areas for intervention and contribute to the body of knowledge on food safety by providing comprehensive data on the microbial quality of Akara and its packaging materials, thereby supporting efforts to ensure the safe consumption of this cherished snack.


MATERIALS AND METHODS
Study Area and Sample Collection
This study was conducted in Benin City, Edo State, Nigeria. Fried cowpea paste (akara) samples were collected from eight different locations: New Benin, Ugbowo, Ring Road, Oluku, Airport road, Sapele road, Aduwawa Market, and Ekenwan road. Samples were collected between 7am and 10:00 am to capture the peak sales period. This approach aligns with methodologies used in similar studies on the microbiological quality of street-vended foods (Adesokan et al., 2010). The samples were labelled as POP: Fried palm oil akara packaging material; POC: Fried palm oil akara paste; VOP: Fried vegetable oil akara packaging material; VOC: Fried Vegetable oil akara paste
Sample Preparation
The samples were placed in sterile containers and transported within an hour of collection, ensuring aseptic conditions. Sample preparation was performed according to the guidelines provided by Onwuka (2018).
Microbiological Analysis
Preparation of Serial Dilutions
In the laboratory, 1 gram of each akara and their packaging paper (which included used school papers and newspapers) samples were homogenised in 9 mL of sterile peptone water (0.1%) each. Serial dilutions were prepared by transferring 1 mL of the homogenate into 9 mL of sterile peptone water to achieve dilutions of 10-2. 1ml of each dilution was inoculated onto Nutrient Agar and Potato Dextrose Agar plates and incubated at 37°C for 24-48 hours for bacterial isolation and at room temperature for 5-7 days for fungal isolation, following the methods described by Harrigan (1998). Colonies were counted, and the isolates were identified and described by texts from the commonwealth mycological institute (CMI).
Total Viable Count (TVC)
Total viable count was determined using the pour plate method. One milliliter of each dilution was transferred to sterile Petri dishes, followed by the addition of molten Plate Count Agar (PCA) at 45°C. The plates were gently swirled to mix the sample with the agar and allowed to solidify. The plates were then incubated at 37°C for 24-48 hours. Colonies were counted using a colony counter, and the results were expressed as colony-forming units per millilitre (CFU/ml).
Isolation and Identification of Bacterial Isolates
Distinct colonies from the PCA plates were sub–cultured on Nutrient Agar (NA) and incubated at 37°C for 24 hours to obtain pure cultures. Bacterial isolates were identified based on morphological characteristics, Gram staining, and biochemical tests, including catalase, coagulase, oxidase, indole, and sugar fermentation tests, following standard microbiological methods (Cheesbrough, 2006).
Isolation and Identification of Fungal Isolates
Fungal isolates were obtained by plating the homogenates onto Potato Dextrose Agar (PDA) supplemented with chloramphenicol to inhibit bacterial growth. The plates were incubated at room temperature (25-28°C) for 5-7 days. Fungal colonies were identified based on macroscopic characteristics, microscopic examination using lactophenol cotton blue staining and comparing the results to those listed in the commonwealth mycological institute text, a compendium for fungi.
Statistical Analysis
Data obtained from microbial counts were subjected to statistical analysis using Microsoft Excel (version 2016). Mean values and standard deviations were calculated for each sampling location. Analysis of variance (ANOVA) was used to determine significant differences (p < 0.05) between the microbial loads of Akara samples from different locations and between different types of packaging materials.






RESULTS
Microbial Load of Fried Cowpea Paste (Akara)
The microbiological analysis of the Akara samples collected from eight different locations in Benin City revealed significant variations in microbial load. The total viable counts (TVC) for the samples ranged from (0x102) to (56x102) CFU/ml. The mean TVC for each location is summarised in Table 1.
Table 1 : Total Viable Counts (CFU/ml) of Akara Samples from Different Locations in Benin City
Dilution factor plated: 102
	Location
	Bacteria TVC (POP)
	Bacteria TVC (POC)
	Bacteria TVC (VOP)
	Bacteria TVC (VOC)
	Fungi TVC (POP)
	Fungi TVC (POC)
	Fungi TVC (VOP)
	Fungi TVC (VOC)

	Oluku
	4
	4
	1
	4
	0
	0
	1
	1

	Aduwawa
	5
	4
	10
	3
	1
	0
	1
	1

	New Benin
	9
	12
	16
	11
	48
	41
	49
	25

	Ugbowo
	49
	28
	54
	47
	1
	0
	4
	2

	Sapele Rd
	51
	17
	6
	2
	2
	0
	0
	0

	Airport Rd
	-
	-
	10
	2
	-
	-
	2
	1

	Ekehuan Rd
	17
	15
	10
	7
	39
	51
	56
	29

	Ring Rd
	1
	1
	3
	1
	1
	1
	1
	0


Note: "POP": Fried palm oil cowpea packaging material; "POC": Fried palm oil cowpea paste, "VOP"; Fried vegetable oil cowpea packaging material, and "VOC": Fried Vegetable oil cowpea paste.




Bacterial Isolates
The bacterial isolates identified from the Akara samples are all presented below. The prevalence of each bacterial species varied among the different locations, and the distribution of bacterial isolates is presented in Table 2.
Table 2: Bacteria isolated from fried cowpea paste and their packaging papers from different locations in Benin.
	Location
	Packaging Type
	Bacteria Isolated

	Oluku
	POP
	Escherichia coli, Proteus sp., Staphylococcus sp.

	
	POC
	Proteus sp., Staphylococcus sp.

	
	VOP
	Staphylococcus sp.

	
	VOC
	Staphylococcus sp.

	Aduwawa
	POP
	Staphylococcus sp.

	
	POC
	Proteus sp., Staphylococcus sp.

	
	VOP
	Proteus sp., Staphylococcus sp.

	
	VOC
	Staphylococcus sp.

	New Benin
	POP
	Staphylococcus sp., Bacillus sp.

	
	POC
	Staphylococcus sp., Bacillus sp.

	
	VOP
	Staphylococcus sp., Proteus sp.

	
	VOC
	Staphylococcus sp., Proteus sp.

	Ugbowo
	POP
	Staphylococcus sp., Streptococcus sp., Proteus sp.

	
	POC
	Staphylococcus sp., Streptococcus sp., Proteus sp.

	
	VOP
	Staphylococcus sp., Streptococcus sp., Proteus sp.

	
	VOC
	Staphylococcus sp., Streptococcus sp., Proteus sp.

	Sapele Rd
	POP
	Staphylococcus sp., Streptococcus sp., Escherichia coli

	
	POC
	Staphylococcus sp., Streptococcus sp., Escherichia coli

	
	VOP
	Proteus sp.

	
	VOC
	Proteus sp.

	Airport Rd
	VOP
	Proteus sp., Staphylococcus sp.

	
	VOC
	Proteus sp., Staphylococcus sp.

	Ekehuan Rd
	POP
	Proteus sp., Staphylococcus sp.

	
	POC
	Proteus sp., Staphylococcus sp.

	
	VOP
	Proteus sp., Staphylococcus sp.

	
	VOC
	Proteus sp., Staphylococcus sp.

	Ring Rd
	POP
	Staphylococcus sp., Streptococcus sp.

	
	POC
	Staphylococcus sp., Streptococcus sp.

	
	VOP
	Proteus sp., Staphylococcus sp.

	
	VOC
	Staphylococcus sp.


Note: POP: Fried palm oil akara packaging material; POC: Fried palm oil akara paste; VOP: Fried vegetable oil akara packaging material; VOC: Fried Vegetable oil akara paste




Figure 1: Bacterial Mean total viable counts (cfu/ml) ± standard deviation of akara samples and their packaging materials from different locations in Benin city




Fungal Isolates
Fungal contamination was also observed in the Akara samples. The identified fungal species included Aspergillus spp. and Penicillium spp. The distribution of fungal isolates across the sampling locations is shown in Table 3
Table 3: Fungi Isolated from Fried Cowpea Paste and Packaging Papers in Different Locations in Benin City
	Location
	Packaging Type
	Fungi Isolated

	Oluku
	POP
	No growth

	
	POC
	No growth

	
	VOP
	Aspergillus sp.

	
	VOC
	Aspergillus sp.

	Aduwawa
	POP
	No growth

	
	POC
	Penicillium sp.

	
	VOP
	Penicillium sp.

	
	VOC
	Penicillium sp.

	New Benin
	POP
	Penicillium sp., Aspergillus sp., Mucor sp.

	
	POC
	Penicillium sp., Aspergillus sp.

	
	VOP
	Penicillium sp., Aspergillus sp., Mucor sp.

	
	VOC
	Penicillium sp., Aspergillus sp.

	Ugbowo
	POP
	Aspergillus sp.

	
	POC
	No growth

	
	VOP
	Penicillium sp.

	
	VOC
	Penicillium sp.

	Sapele Rd
	POP
	Penicillium sp.

	
	POC
	No growth

	
	VOP
	No growth

	
	VOC
	No growth

	Airport Rd
	POP
	Penicillium sp.

	
	POC
	Penicillium sp.

	Ekehuan Rd
	POP
	Penicillium sp., Aspergillus sp., Mucor sp.

	
	POC
	Penicillium sp., Aspergillus sp., Mucor sp.

	
	VOP
	Penicillium sp., Aspergillus sp.

	
	VOC
	Penicillium sp., Aspergillus sp.

	Ring Rd
	POP
	Penicillium sp.

	
	POC
	Penicillium sp.

	
	VOP
	Aspergillus sp.

	
	VOC
	No growth



Note: "POP":  POP: Fried palm oil akara packaging material; POC: Fried palm oil akara paste; VOP: Fried vegetable oil akara packaging material; VOC: Fried Vegetable oil akara paste



Figure 2: Fungal Mean total viable counts (cfu/ml) ± standard deviation of akara samples and their packaging materials from different locations in Benin City

STATISTICAL ANALYSIS
The mean TVC values obtained from the microbiological analysis of akara samples and their packaging materials were analysed using one-way analysis of variance (ANOVA) if there was a significant difference. The analysis was conducted using Microsoft Excel (version 2016) with the Data Analysis Toolpak.
ANOVA 1: The ANOVA was conducted to compare the mean fungal TVC among the eight different locations (Oluku, Aduwawa, New Benin, Ugbowo, Sapele rd, Airport Rd, Ekehuan rd and Ring rd). The results of the ANOVA are summarised in Table 4.



Table 4: ANOVA summary for fungal mean TVC
[bookmark: _heading=h.xtodoa1o8iwg]
The ANOVA revealed that there was a statistically significant difference in mean TVC between the different locations, F(7, 22) = 38.22, P = 7.07 x 10-11. This indicates that the differences in mean TVC between the locations are highly unlikely to have occurred by chance, suggesting that the locations significantly differ in their fungal mean TVC.


ANOVA 2: The ANOVA was conducted to compare the mean bacterial TVC among the eight different locations (Oluku, Aduwawa, New Benin, Ugbowo, Sapele rd, Airport rd, Ekehuan rd and Ring rd). The results of the ANOVA are summarised in Table 5

Table 5: ANOVA summary for bacterial mean TVC

The ANOVA revealed that there was a statistically significant difference in mean TVC between the different locations, F(7, 22) = 8.57, P = 5.89 x 10-5. This indicates that the differences in mean TVC between the locations are highly unlikely to have occurred by chance, suggesting that the locations significantly differ in their bacterial mean TVC.






DISCUSSION
The results of this study indicate substantial microbial contamination in Akara samples and their packaging materials, corroborating findings from similar studies on street foods across sub-Saharan Africa. Research has consistently highlighted the role of inadequate food handling and poor hygiene practices in the microbial contamination of street foods (Mensah et al., 2002; Tambekar et al., 2008). This discussion compares the current findings with those of other researchers, emphasizing the significance of microbial contamination patterns observed in Akara and related street foods. Bacterial Contamination and Health Implications: The bacterial isolates identified in this study, including Staphylococcus spp., Escherichia coli, Bacillus spp., Proteus spp., and Streptococcus spp., are commonly associated with foodborne illnesses, as documented by various studies across African countries. Staphylococcus spp., for instance, is often linked to foodborne illnesses due to its toxin production, which causes symptoms ranging from mild gastroenteritis to severe poisoning (Cheesbrough, 2006). In a study conducted in southwestern Nigeria, Staphylococcus spp. was one of the dominant bacterial contaminants in street-vended foods, with contamination largely attributed to poor vendor hygiene and inadequate cooking conditions (Adesokan et al., 2010). Similarly, in Ghana, Staphylococcus spp. was frequently isolated in street foods, with researchers noting that it was often due to contamination by vendors' skin and hands, aligning with our findings in Ugbowo and New Benin locations (Mensah et al., 2002).
Escherichia coli, indicative of fecal contamination, was another significant contaminant in this study, particularly in samples from Sapele Road and Ugbowo. Similar studies in West African countries have reported E. coli in street-vended foods, underscoring the risk of fecal contamination through improper sanitation practices and unclean water sources used during food preparation (Mensah et al., 2002; Umoh and Odoba, 1999). For instance, in Accra, Ghana, E. coli was frequently detected in various street foods, with poor personal hygiene and contaminated water cited as key contributors to its prevalence (Mensah et al., 2002). Tambekar et al. (2008) found comparable results in Nigeria, reporting E. coli in street-vended foods across various regions, with contamination exacerbated by the lack of handwashing facilities and inadequate sanitation infrastructure. This similarity across studies highlights the widespread nature of fecal contamination in African street foods and the need for clean water access and hygiene training for food vendors. Fungal Contamination and Mycotoxin Risks: Fungal contamination, particularly from Aspergillus spp., Penicillium spp., and Mucor spp., was also observed in this study. These fungal species have been frequently identified in studies of street foods, raising concerns over the potential for mycotoxin production. Adebayo-Tayo et al. (2006) reported similar findings in street-vended foods in Nigeria, where Aspergillus and Penicillium species were common contaminants, especially in foods stored or packaged in warm, humid conditions conducive to fungal growth. The presence of Aspergillus spp. in the samples from New Benin and Ekenwan Road is particularly concerning due to its aflatoxin-producing capability, which poses serious health risks, including liver cancer and aflatoxicosis (Bhat and Vasanthi, 2003).
Research in other African cities has similarly reported Aspergillus spp. and Penicillium spp. as common contaminants in foods packaged under non-sterile conditions. In a study on market foods in Ghana, Akonor et al. (2015) noted that these fungi were prevalent on foods packaged in non-food-grade materials, often leading to higher fungal loads. This finding aligns with the current study’s observation of fungal contamination in Akara samples packaged in newspapers, further corroborating that unsanitary packaging materials may facilitate fungal growth and mycotoxin production. This risk is compounded in warm, humid climates, as shown in studies conducted in other parts of Nigeria and Ghana, where fungi thrive on poorly handled or stored foods (Adekunle and  Akinyele, 2004). Packaging materials also play a role in contamination, and this is of critical concern across studies on street foods in West Africa. This study’s findings, which show higher microbial loads in samples packaged with newspapers and reused papers, are consistent with those of Adesokan et al. (2010), who noted significant bacterial contamination in foods packaged in non-food-grade materials. In Accra, Mensah et al. (2002) found that street foods packaged in reused paper materials often carried higher microbial loads due to direct contact with surfaces that may have been contaminated with soil, dust, or human handling. Adekunle and Akinyele (2004) highlighted the risks posed by such materials, indicating that food-grade packaging could greatly reduce microbial transfer. Their research supports the need for food safety policies that prohibit the use of newspapers and non-sterile materials for packaging foods intended for immediate consumption. These observations align with our study's results, where packaging materials were a primary source of contamination in Akara samples across different locations, particularly in Ugbowo, New Benin, and Ekenwan Road.
The findings underscore an urgent need for improved hygiene and food safety practices among street food vendors. Given the popularity of Akara, high contamination levels present a risk of widespread foodborne illness. Studies in other regions have shown that targeted interventions—such as hygiene training for vendors and the enforcement of safe packaging practices—can reduce contamination levels in street foods (Tambekar et al., 2008; Ogbo and Agu, 2014). For example, Adesokan et al. (2010) found that vendor education on hygiene practices, including the use of gloves and handwashing, significantly reduced bacterial contamination in foods sold in southwestern Nigeria. Regulating packaging materials and ensuring that food-grade materials are used could further mitigate contamination risks, as observed in studies from Ghana and Nigeria (Adebayo-Tayo et al., 2006; Mensah et al., 2002). Regular monitoring of street food vendors and routine sampling to assess compliance with safety standards have proven effective in controlling contamination levels, as demonstrated in studies by Ogbo and Agu (2014) and Mensah et al. (2002), who observed that periodic inspections improved vendors' adherence to food safety practices. Additionally, consumer education on the potential risks associated with improperly handled foods could promote safer purchasing decisions, as suggested by Adebayo-Tayo et al. (2006).
CONCLUSION
The findings of this study highlight substantial microbial contamination in Akara and its packaging materials, suggesting serious health risks to consumers. Targeted interventions to improve food safety practices, especially regarding hygiene and packaging materials, are essential. Implementing training programs, stricter regulations on packaging, and routine monitoring could enhance the safety of Akara and similar street foods, thereby protecting public health.

Study Limitations and Future Research
This study is limited to Benin City and may not fully represent microbial contamination levels in other Nigerian cities. Future research could expand to other cities in Nigeria and explore potential seasonal variations in contamination to provide a broader understanding of contamination dynamics and inform optimal timing for food safety interventions (Adebayo-Tayo et al., 2006).
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