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Introduction:-

Ready-to-eat foods are defined as food and drink products intended for instant consumption or for later consumption
at a later date, without the need for additional processing or treatment that could significantly reduce the microbial
load (YYah Clarence et al., 2009). Such products may be fruit and fruit-based, meat-, fish-, milk-, or similar (Bayili et
al., 2019; Bedekelabou et al., 2021). These foods constitute an important source of nutritionally balanced meals that
are readily available and adapted to the lifestyles of most consumers (Mengistu et al., 2022). In addition to
delivering convenient and culturally suitable meals, ready-to-eat foods offer opportunities for social interaction and
community-building (Salem et al., 2019). Suppliers of these foods also contribute to the sociocultural identity of the
urban environments in which they operate (Tsang, 2002).

However, there are situations in which these food outlets do not adhere to the necessary hygiene and safety
requirements, resulting in an elevated risk of foodborne illnesses. As estimated by the World Health Organization
(WHO), ingestion of food contaminated with pathogens has the potential to cause or facilitate the transmission of
numerous illnesses. These can manifest as either short- or long-term health complications, including diarrhea and
cancer. Notably, these consequences are particularly prevalent among vulnerable populations, including the elderly,
pregnant women, and infants (Ahéhéhinnou et al., 2024). In developing countries, food- and water-borne microbial
pathogens are the primary causes of illness. Various microorganisms have been identified in ready-to-eat foods,
including Staphylococcus aureus, Bacillus spp., Salmonella spp., Escherichia coli, and Aspergillusspp (Mutungi et
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al., 2019; Scallan et al., 2011). These pathogens pose a significant threat to public health and socioeconomic
development, necessitating an urgent and comprehensive response. Furthermore, research has demonstrated that the
incidence of antimicrobial resistance among food-borne pathogens has increased in recent decades (Eromo et al.,
2016; Oladipo and Adejumobi, 2010). Therefore, it is essential to ascertain the microbial status of ready-to-eat foods
to prevent foodborne illnesses and to promote health and well-being. The purpose of this study was to examine the
microbiological quality of ready-to-eat foods and to show their involvement in multidrug-resistant bacteria
expansion and the public health hazards associated with them in Benin.

Material and Methods:-

This study took the form of a review of the available literature on the microbiological quality of ready-to-eat foods
in Benin. A search in the African Journals Online (AJOL) database, as well as in Google Scholar and Scopus, was
conducted using the terms, “microbiology, “bacteria OR fungi’’, “Cotonou OR Abomey-calavi OR Porto-novo”’,
“northern OR southern Benin’’ and “west Africa’” as keyword strings. This study was performed to collect
additional publications between January 2009 and June 2024.

Publications mentioning Benin City (a Nigerian town), agricultural products, or food packaging were excluded from
this review. Further articles were identified by manually searching the reference lists of the pertinent reports. The
full text of the selected papers (open access) was retrieved from relevant sources, and data were organized into
tables under various sections, such as food commodities, sampling points, isolated organisms, acceptability
according to microbiological standards (Table 1), and resistance phenotypes.

Results:-

Ready-to-eat foods examined

The subjects of this review comprised of thirty-two different ready-to-eat foods, which were the focus of
numerousstudies, with a total of 35 included in this study (Figure 1). The food items included in this category were
fermented cereal porridges (Aklui, Akpan, Bita, Bobos, Fourra, Gbangba, Koko, Segagnega), dairy products
(yoghurt, Dégué millet, Dégué couscous, Degues maize, Dégué sorghum), spontaneouslyfermentedmilk (wagashi),
and meat. The remaining products included fish-based items, such as dried fermented fish, smoked dried fish,
smoked fish, and fried fish, as well as beverages, such as pineapple juice, hibiscus juice, traditional fermented beer
(Tchakpalo, Tchoukoutou), and herbal tea. Additionally, there were snacks such as Amon soja (soy cheese), Gbéli
(chips derived from cassava), Roots of Borassus (boiled hypocotyls), and spices. The most extensively researched
category is milk-based products, including yoghurt, Degue, and Wagashi. The products made from meat and fish,
spices, and crisps are listed (Table 2).

Micro-organisms or toxins sought in ready-to-eat foods

The most common groups of microorganisms systematically sought in ready-to-eat foods are aerobic mesophilic
flora (a factor indicating hygienic conditions), coliforms (a factor indicating fecal contamination), and anaerobic
sulphite-reducing bacteria. In addition, the genus and nature of the contaminating species were specified in these
studies. The most common bacterial species are Escherichia coli, Staphylococcus aureus, andSalmonella spp..

Escherichia coli at levels exceeding microbiological standards have been detected in a number of food products,
including dairy, meat, pineapple juice, salad, rice, and traditional beverages. Salmonella spp.have been identified in
a variety of samples, including grilled meat, spices, and beverages (pineapple juice and herbal tea). S. aureus has
been identified in dairy products, grilled meat, rice, fermented cereal porridges, and beverages (specifically,
Tchakpalo and herbal tea). Other bacteria, including Bacillus cereus, Clostridium perfringens,
Listeriamonocytogenes, and Streptococcusinfantarius, were also investigated (Table 2). The resistance profile of
bacteria has also been evaluated in several studies, and the results are summarized in Table 3. The table lists the
resistance phenotypes observed in the various studies that have been carried out, including Penicillin G,
Ciprofloxacin, Amoxicillin/clavulanic acid and other antibiotics. In addition to bacteria, filamentous fungi,
particularly Aspergillus section Flavi and aflatoxins, have also been investigated in the studies included in this
review.

Discussion and Recommendations:-
Recently, there has been a notable shift in the status of ready-to-eat foods in developing countries. They have
evolved from a cultural identity in various regions of Benin to becoming a crucial element in the nutritional arsenal
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required to cope with the rising demands of the modern working environment. In addition to their nutritional
qualities and social and convivial powers, ready-to-eat foods, owing to their intrinsic characteristics, present a
potential short- or long-term health hazard for consumers.

Globally, bacteria responsible of gastroenteric diseases, Staphylococcus spp., and particularly Staphylococcus
aureus, have persisted as biological contaminants of food throughout the years until the present day (Bintsis, 2017).
The findings of this study reveal that the most sought-after microorganisms are Escherichia coli, Salmonella spp., S.
aureus, anaerobic sulphite-reducing flora, and yeasts or fungi. Bacillus cereus, Clostridium perfringens, and
Listeriamonocytogenes havebeen identified in only a few studies. The elevated levels of these pathogens in ready-to-
eat foods suggest a deficiency in the critical control points during handling. Several studies have indicated that
pathogens found in food may be endogenous or exogenous contaminants introduced during food handling,
processing, or preparation (Rane, 2011). Therefore, poor hygiene, sanitary state of raw materials, quality of water
used during cleaning or cooking, methods of food preparation, subsequent preservation, and human intervention
may contribute to the prevalence of pathogens in ready-to-eat foods (Akinyemi et al., 2021). The studies included in
this review indicated that all ready-to-eat foods were sampled from roadside vendors, local caterers, and makeshift
workshops. It is also important to note that most vendors of ready-to-eat foods in Africa (and not only at the
sampling sites) operate in unhygienic conditions, often on the roadside with rubbish or waste nearby (Adeyeye,
2017). It can be hypothesized that these conditions may be the underlying cause of the observed contamination rates.
Such contamination may be further exacerbated by cross-handling of money in the street food trade (Muyanja et al.,
2011). Bacteria such as Staphylococcus aureus, Escherichia coli, and Salmonella spp. were the most frequently
detected in Benin as biological contaminants in ready-to-eat foods. Paudyal et al. (2017) also observed similar
findings regarding ready-to-eat foods, specifically meat products, from various regions of Africa. The presence of E.
coli and Salmonella spp in ready-to-eat foods predisposes consumers to diarrheal diseases. Bacterial diarrheal
diseases are often trivialized, but they cause significant sequelae, including loss of absorptive surface, intestinal
perforation, hemolytic uremic syndrome, and bacteremia. These diseases are particularly prevalent in children under
five years of age, immunocompromised individuals, and the elderly (Ahéhéhinnou et al., 2024; Reiner et al., 2018;
Troeger et al., 2018). Staphylococcus aureus is a gram-positive bacterium that causes a range of infections in
humans. These include minor skin infections, such as boils and cellulitis, and more serious infections, such as
pneumonia, meningitis, and abscesses in various parts of the body. It can produce enterotoxins in food that are
difficult to detect and can cause gastrointestinal disorders (Le Loir et al., 2003). Similarly, Clostridium perfringens,
an anaerobic sulfate-reducing bacterium, and Bacillus cereus also cause gastrointestinal disorders through the
secretion of toxins (Bacon and Sofos, 2003). C. perfringens is primarily associated with unhygienic food handling
and cross-contamination during processing. Owing to its capacity to form spores, this microorganism can survive
unfavorable conditions, including aerobiosis and food processing procedures (Grenda et al., 2023). The ability ofB.
cereus to persist in food products is due to its capacity to form hydrophobic spores that can adhere to a wide range
of surfaces and resisting elimination during cleaning or sanitation procedures (Dietrich et al., 2021). Owing to their
distinctive characteristics, these microorganisms present a significant challenge to vendors and consumers of ready-
to-eat food. Listeria monocytogenes, a recently introduced food-borne pathogen found in ready-to-eat foods
marketed in Benin, also forms part of this cluster of microorganisms that evade preventive measures. Listeria
monocytogenescan grow at refrigerated temperatures and often tolerates freezing temperatures, high salt content and
low pH (Raheem, 2016). While pasteurization and cooking can eliminate L. monocytogenes, its presence in ready-
to-eat foods is problematic, given that these foods are consumed without any further processing. Pregnant women
with this infection are at risk of adverse fetal outcomes, including miscarriage, stillbirth and congenital
malformations (Buchanan et al., 2017).

In addition to their pathogenic nature, food-borne pathogenic bacteria pose a significant risk owing to their
resistance to antibiotics. This review reports the phenomenon of antibacterial resistance in strains of Escherichia coli
(from grilled meat, Dégué, and salad) and Staphylococcus aureus (from grilled meat, Dégué, and fermented drink)
to some of the essential antibiotics of the World Health Organization, namely amoxicillin/clavulanic acid,
Ceftriaxone and Ciprofloxacin (Table 3). A recent review on traditional African dishes showed the same conclusion
regarding these antibiotics (Anyogu et al., 2021). Vancomycin, a vital antibiotic commonly used as a last resort
treatment, has been shown to be resistant. This has been the case for S. aureus vancomycin-resistant isolates from
from fermented beverages (N’Tcha et al., 2023). Similarly, Awopetu et al. (2016) describe a comparable scenario in
Staphylococcus aureus isolates from fermented milk. The presence of these resistant bacteria in food may be
attributed to the excessive use of antimicrobial drugs for prophylaxis and as growth promoters in veterinary
medicine (Nhung et al., 2017; Van Boeckel et al., 2014). It is possible for food vendors to harbor bacteria that are
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resistant to antibiotics and contaminate foodstuffs through poor handling techniques. Another cause of
contamination of food processing or preparation environments by antimicrobial-resistant bacteria is the presence of
bacteria in the environment (Dougnon et al., 2021). A significant concern associated with the presence of resistant
bacteria is their capacity to transfer resistance traits via mobile genetic elements to other bacteria or the consumer's
intestinal microbiota (Zhao et al., 2009). Consequently, in the absence of intervention, human medicine will enter a
post-antibiotic era, with simple infections becoming life-threatening (Meek et al., 2015). Collectively, these
scenarios illustrate the substantial contribution of the food chain to global bacterial resistance burden.

In addition to bacteria, filamentous fungi can contaminate ready-to-eat food. In this review, studies that reported the
presence of filamentous fungi and/or mycotoxins in foods included those that investigated spices, dried fish,
yoghurt, Wagashi, pineapple juice, herbal teas, and kluiklui (peanut cake). Filamentous fungi may be associated
with extrinsic natural contamination by dust particles containing spores (Aasa et al., 2023). Such ready-to-eat foods
are frequently preserved and are subsequently resold. The lengthy storage period, conditions within the storage
room, and intrinsic nature of each of these foods could all contribute to the observed fungal contamination (Koci¢-
Tanackov et al., 2007). Filamentous fungi pose the greatest risks to food quality and safety (Adetunji et al., 2021).
This is because many filamentous fungi produce mycotoxins that reduce the marketability of food and pose a health
risk to consumers due to their toxicity (Alshannag & Yu, 2017). Aflatoxins are a group of mycotoxins secreted by
filamentous fungi, particularly those of the genus Aspergillus, section Flavi (Fossou et al., 2024). Aflatoxin B1 is
recognised for its genotoxicity and carcinogenic properties. Exposure to this toxin has been linked to an increased
risk of liver cancer (Adjovi et al., 2023; Negash, 2018). The risk of cancer development as a result of exposure to
various forms of aflatoxin is well documented (Williams et al., 2004). This risk is based on the cumulative dose over
the lifetime. Conversely, individuals with pre-existing liver disease, such as hepatitis B, are at an elevated risk owing
to the inherent compromise in the liver's detoxification capacity resulting from the hepatitis B virus. This leaves
aflatoxins free of act (Allen et al., 1992).

Several scientific societies have issued recommendations in response to these scenarios. One such concern pertains
to hygiene. The most straightforward method for preventing the transmission of pathogenic microorganisms is
cleanliness (Saliba et al., 2023). Although hygiene is an effective method for preventing pathogen transmission, it is
not a comprehensive solution. Other measures recommended by the World Health Organization include controlling
storage conditions (separating raw food from cooked food), cooking food properly, and most importantly, using safe
water and products. Furthermore, enhanced processing, packaging, storage, and handling methodologies must be
devised and tailored for the African context. It is also essential to ensure that all those involved in the production
chain are aware of potential options to improve product quality and reduce contamination by microorganisms and
their toxins. In the context of multi-drug resistance, the control of antibiotic supply, for instance through the
implementation of a prescription requirement prior to purchase, has the potential to mitigate the emergence of multi-
drug-resistant strains (Alajel et al., 2024). This approach can also curtail adverse consequences associated with self-
medication. It is also imperative to implement active surveillance of multi-resistant strains in healthcare centers. As
part of the standard analysis of clinical samples, microbiological analysis laboratories must conduct antimicrobial
susceptibility tests to monitor multi-drug-resistant strains. In the event of the emergence of new multiresistant
strains, the strain repertoire should be updated (Aschbacher et al., 2020).multiresistant strains, it is recommended to
update the strain repertoire (Aschbacher et al., 2020).

Conclusion

In conclusion, ready-to-eat foodis an essential component of the diet of the Beninese population. As the demand for
ready-to-eat foods continues to grow, it is becoming increasingly evident that current food safety standards do not
meet the required level of acceptability. The principal agents detected in these foods areStaphylococcus aureus,
filamentous fungi, and mycotoxins. Furthermore, multi-drug resistance observed in these pathogens represents a
significant public health concern. To prevent the adverse effects of these pathogens and protect public health, it is
essential to implement regular monitoring and effective surveillance, define and implement regulations, raise
awareness, and foster collaboration among relevant parties.
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Table 1:Standards for microbiological quality of ready-to-eat foods.

Ready to eat food? Drinking water”

Total mesophilic aerobic flora <10° cfu/g 50 cfu/mL
Total coliforms <10* cfulg 0 cfu/100 mL
Fecal coliforms <10° cfulg 0 cfu/100 mL
Escherichia coli <107 cfulg 0 cfu/100 mL
Coagulase positive staphylococcus <10° cfulg 0 cfu/mL

Anaerobic sulphite reducer
Salmonella

Absent in 25g
Absent in 25g

Absent in 25 mL
Absent in 25 mL

Bacillus cereus <10 cfulg NA
Clostridium perfringens <10° cfulg NA
Fungi <10* cfulg 0 cfu/mL
Aflatoxine B1 5ug/Kg NA

Note: % Standard for ready-to-eat foods by the New South Wales Food Authority (New South Wales Food
Authority, 2009), ®: Decree No. 2001-094 of February 20, 2001, setting standard for drinking water quality in Benin

Republic (Adounkpe et al., 2017).

Table 2:- Microbiological contamination of ready-to-eat foods.

Foods Location

Microorganisms/Aflatoxins

Acceptability Reference
load
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Raw milk Allada Escherichia coli, Yeast/Fungi
Staphylococcus spp, Salmonella spp
Ouidah Staphylococcus  spp, Escherichia
coli, Yeast/Fungi
Salmonella spp
Zongo Staphylococcus spp, Yeast/Fungi
Escherichia coli, Salmonella spp
Dassa-Zoume, Faecal Coliforme
Gogounou
Escherichia coli, Staphylococcus
aureus, Fungi
Wagashi Some Benin Escherichia coli,
townships Streptococcusinfantarius

South Benin markets

North Benin Peulh

sites

Escherichia coli, Yeast/Fungi
Staphylococcus aureus, Salmonella

spp
Escherichia coli, Yeast/Fungi

Staphylococcus aureus, Salmonella
Spp,

- (Djobo et al.,
2021)

+

+

+

- (Farougou et alet
al., 2012)

+

NA (Sessou et al.,

NA 2023)

- (Avssi et al., 2009)

+

+

Note: + the load complies with the standards (acceptable), - : the load is below the standards (not acceptable), NA :

Not Attributed,

Table 2 (continued):- Microbiological contamination of ready-to-eat foods.

Foods Location Microorganisms/Aflatoxins Acceptability Reference
load
Yogurt Cotonou/Abomey- Thermotolerant Gram Negative Bacteria, - (Tohoyessou,
(fermented Calavi Staphylococcus spp - Mousse, Sina,
milk) Bade, et al., 2020)
Staphylococcus aureus NA
Deéegue millet Cotonou/Abomey- Thermotolerant Gram Negative Bacteria, -
and couscous  Calavi Staphylococcusspp -
Staphylococcus aureus NA
Dégue Campus Abomey- Escherichia coli - (Komagbe et al.,
calavi 2019)
Salmonellaspp, Staphylococcusspp, +
Fungi
Degue Abomey-calavi Fungi - (Tchekessi et al.,
maize/millet 2014)
Staphylococcus aureus, Salmonellaspp +
Ccereal North Benin Staphylococcus aureus, Salmonellaspp ~ NA (Karimou et al.,
porridge 2024)
Campus Abomey- Coagulase Positive Stapthyloccucus - (Komagbe et al.,
Calavi 2019)
Escherichia coliEscherichia coli, +

Salmonella spp, Fungi

Note: + the load complies with the standards (acceptable), - : the load is below the standards (not acceptable), NA :

Not Attributed,

Table 2 (continued):- Microbiological contamination of ready-to-eat foods.

Foods Location

Microorganisms/Aflatoxins

Acceptability  Reference
load

Smoked dried South
fish Benin

Escherichia coli, Bacillus cereus, Clostridium +
perfringens, Staphylococcus aureus, Salmonella

spp, Fungi

(Anihouvi et al.,
2019)
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Smoked fish South
Benin

Smoked, dried Cotonou

and fermented

fish

Fried fish Calavi
kpota

Smoked fish Calavi
kpota

South
Benin

Fermented Avlekete
dried fish
Meko

Cotonou

Escherichia coli,

Bacillus  cereus, Clostridium perfringens,
Staphylococcus aureus, Salmonella spp, Fungi
Aspergillus  Section Flavi, Aspergillusniger,
Mucor spp

Faecal Coliform

Staphylococcus aureus
Faecal coliform

Staphylococcus aureus
Thermotolerant Coliform

Staphylococcus aureus, Salmonella spp
Staphylococcus aureus, Salmonella spp

Total coliform

Staphylococcus aureus, Salmonella spp

Faecal coliform

Staphylococcus aureus, Salmonella
sppSalmonella spp

+

NA (Adjovi et al,
2019)

- (Assogba et al.,
2018)

+

+

- (Kpodékon et al.,
2014)

+

+ (Dégnon et al.,
2014)

+

+

Note: + the load complies with the standards (acceptable), - : the load is below the standards (not acceptable), NA :

Not Attributed

Table 2 (continued):- Microbiological contamination of ready-to-eat foods.

Foods Location Microorganisms/Aflatoxins Acceptability Reference
load
Grilled Abomey- Thermotolerant coliform, Escherichia coli - (Edikou et al.,
chicken meat Calavi/Cotonou 2023)
Staphylococcus aureus, Salmonella spp +
Tchatchanga  Cotonou Escherichia coli, Staphylococcus spp - (Assim et al,
2019)
Cotonou Escherichia coli, Staphylococcus spp - (Sina et al., 2019)
Bohicon Escherichia coli, Staphylococcus aureus - (Boko et al., 2017)
Salmonella spp +
Hillacondji Escherichia coli, Staphylococcus aureus -
Salmonella spp +
Cotonou Staphylococcus spp, Salmonella spp - (Anihouvi et al.,
2013)
Faecal coliform, Staphylococcus aureus +
Grilled pork South Benin Enterobacteriaceae - (Anihouvi et al.,
meat 2020)
Escherichia coli, Staphylococcus  +
aureusBacillus cereus, Clostridium
perfringens, Listeriamonocytogenes,
Salmonella spp
Spice Abomey- Faecal coliform, Thermotolerant coliform - (Edikou et al.,
Calavi/Cotonou 2023)
Escherichia coli, Staphylococcus aureus, +

Salmonella sppSalmonella spp,

Note: + the load complies with the standards (acceptable), - : the load is below the standards (not acceptable), NA :

Not Attributed

Table 2 (continued):- Microbiological contamination of ready-to-eat foods.
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Foods Location Microorganisms/Aflatoxins Acceptability Reference
load
Spice Some Benin Fungi - (Akpo-Djénontin
townships et al., 2018)
Aflatoxin B1 -
Cotonou Staphylococcus spp, Salmonellaspp - (Anihouvi et al.,
2013)
South Benin Aspegillus section Flavi, Pencillium NA (Gnonlonfin et al.,
spp 2013)
Aflatoxins -
Salad Cotonou Escherichia coli, Anaerobic Sulfito- - (Dégnon et al.,
Reducer bacteria 2018)
Staphylococcus spp, Salmonellaspp  +
Abomey-Calavi/ Escherichia coli - (Moussé et al.,
Cotonou 2016)
Rice and Abomey-Calavi/ Escherichia coli - (Moussé et al.,
soup Cotonou 2016)
Pineapple Cotonou/Abomey- Thermotolerant coliform, - (Noumavo et al.,
juice Calavi Staphylococcus aureus 2023)
Campus of Abomey- Salmonella spp, Staphylococcus spp - (Komagbe et al.,
Calavi 2019)
Escherichia coli, Anaerobic Sulfito- +

Reducer bacteria

Note: + the load complies with the standards (acceptable), - : the load is below the standards (not acceptable), NA :

Not Attributed

Table 2 (continued):- Microbiological contamination of ready-to-eat foods.

Foods Location Microorganisms/Aflatoxins Acceptability Reference
load
Hibiscus Campus  Abomey- Faecal coliform - (Komagbe et al.,
juice Calavi 2019)
Escherichia coli, Anaerobic Sulphite +
Reducer bacteria, Staphylococcus spp, +
Salmonella spp, Fungi.
Tchakpalo  South Benin Escherichia  coli,  Staphylococcus - (Baba-Moussa et
aureus, al., 2012)
Salmonella spp, Anaerobic Sulphite +
Reducer bacteria.
Herbal tea  The 157, 2™ 4™ 6"  Aspergillus flavus, Aspergillus niger - (Adounkpe et al.,
8" and 10" District 2017)
of Cotonou
Escherichia  coli,  Staphylococcus +
aureus, Salmonella spp,
Salmonellatyphi.
The 3 11" 12" and Escherichia  coli,  Staphylococcus -
13" Districts of aureus, Salmonella spp, Aspergillus
Cotonou flavus, Aspergillus niger,
Salmonellatyphi. +
The 5" District of Escherichia  coli,  Staphylococcus -
Cotonou aureus, Salmonella spp, Aspergillus
flavus, Aspergillus niger.
The 7" District of Escherichia coli, Salmonella spp, -
Cotonou Aspergillus flavus, Aspergillusniger,
Staphylococcus aureus, +

Salmonellatyphi
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Note: + the load complies with the standards (acceptable), - : the load is below the standards (not acceptable), NA :
Not Attributed

Table 2 (continued):- Microbiological contamination of ready-to-eat foods.

Foods Location Microorganisms/Aflatoxins Acceptability Reference
load
Herbal tea The 9™ District of Staphylococcus aureus, Salmonella spp, - (Adounkpe et al.,
Cotonou Salmonella, typhi, Aspergillus 2017)
flavusAspergillus flavus,
Aspergillusniger
Escherichia coli +
Amon soja Dantokpa Total coliform - (Tchekessi et al.,
2021)
Escherichia coli, Anaerobic Sulfito- +
Reducer  bacteria, Staphylococcus
aureusStaphylococcus aureus,
Salmonella spp
Roots of South Benin Anaerobic  Sulfito-Reducer bacteria, NA (Ohin et al,
Borassus Staphylococcus spp 2018)
(boiled
Hypocotyl)
Kluiklui Adjarra/Ouando Escherichia coli - (Adjou et al,
(peanut cake 2012)
product)
Aflatoxine B1 -
Anaerobic  Sulfito-Reducer  bacteria, +
Staphylococcus  aureusStaphylococcus
aureus, Fungi
Dantokpa/Fidjrosse  Escherichia coli, Anaerobic Sulfito- -
Reducer bacteria
Aflatoxine B1 -
Staphylococcus  aureusStaphylococcus  +

aureus, Fungi

Note: + the load complies with the standards (acceptable), - : the load is below the standards (not acceptable), NA :
Not Attributed

Table 2 (continued):- Microbiological contamination of ready-to-eat foods.

Foods

Location

Microorganisms/Aflatoxins

Acceptability References
load

Kluiklui
(peanut
cake
product)

Gheli

Pahou/Ouidah/Come

Bohicon

Abomey/Cove

Abomey-Calavi

Escherichia coli, Anaerobic Sulfito-

Reducer bacteria

Aflatoxine B1
Staphylococcus
aureus, Fungi
Escherichia coli
Aflatoxine B1
Anaerobic Sulfito-Reducer bacteria,
Staphylococcus aureusStaphylococcus
aureus, Fungi

Escherichia coli

Aflatoxin B1

Anaerobic  Sulphite-Reducer
Staphylococcus aureus, Fungi
Faecal coliform, Staphylococcus

aureusStaphylococcus

bacteria,

- (Adjou et
2012)

al.,

- (Noumavo et al.,
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sppStaphylococcus spp

2022)

Note: + the load complies with the standards (acceptable), - : the load is below the standards (not acceptable), NA :

Not Attributed

Table 3:- Resistance profile of some bacteria isolated from ready-to-eat foods.

Pathogens Total Isolate from  Antibiotic resistance Location References
Staphylococcus 11 Tchatchanga  Cefoxitim (81,81%), Imipenem (72,72%) Cotonou (Assim et
aureus Amoxicillin/clavulanic acid (63,63%) al., 2019)
gentamicin (63,63%)
Escherichia 9 Tchatchanga  Cefoxitim (100%), nalidixic acid (100%) Cotonou (Adjou et
coli Ciprofloxacin (88,88), Gentamicin al., 2012)
Staphylococcus NA  Grilled goat Oxacillin  (50%), Penicillin G (36%), Cotonou (Sina et
spp and chicken Oxytetracyclin (33%), al., 2019)
meat Trimethoprim/sulfométhoxazole (29%)
Gentamicin ~ (5%), Vancomycin  (2%),
Ciprofloxacin (2%).
Escherichia 6 Dégue Sulfonamide  (75%), Tetracyclin  (75%), Campus (Komagbe
coli Cefotaxim (30%), Ampicillin (16%) Cephalotin  of et al.,
(16%), Amoxicillin/Clavulanic acid (16%), Abomey- 2019)
Aztreonam, Cefoxitim, Chloramphenicol, Calavi
Ciprofloxacin, Gentamicin
Staphylococcus 3 Pineapple Ampicillin ~ (100%), Aztreonam (100%), Campus (Komagbe
aureus juice/Degue  Cefoxitim  (100%), Tetracycline (100%), of et al.,
Amoxicillin/clavulanic  acid, Cephalotin, Abomey- 2019)
Cefotaxim, Chloramphenicol, Ciprofloxacin, calavi
Sulfonamide, gentamicin
Gram negative 57 Tchoukoutou, Ampicillin (100%), Chloramphenicol (100%), North (N’Tcha et
Bacilli Tchakpalo Cefoxitim (100%), Ceftriaxon (100%) nalidixic Benin al., 2023)

acid (43,5%), Trimethoprim/sulfométhoxazole
(32,85%), Doxycyclin (32,4%) Gentamicin
(1,85%)

Note: The normal font: phenotypic resistance observed and % (resistant isolates/total isolates) reported by the
authors. Bold font: Resistance tested but not found.

Table 3 (continued): Resistance profile of bacteria isolated from ready-to-eat foods.

Pathogens Total Isolate from Antibiotic resistance Location References
Positive 16 Penicillin ~ (100%), Vancomycin North (N’Tcha et
Coagulase (100%), Cephalotin (100%), Benin al., 2023)
staphylococcus Chloramphenicol (100%), Cefoxitim

(100%), Cefoxitim (100%),

Ceftriaxon  (100),  Erythromycin

(100%),

Trimethroprim/Sulfomethoxazole

(100%), Streptomycin (57%),

nalidixic acid (40%), Gentamicin

(40%)
Negative 26 Tchoukoutou/Tchakpalo  Penicillin -~ (100%), Vancomycin North (N’Tcha et
Coagulase (100%), Cephalotin (100%), Benin al., 2023)
staphylococcus Chloramphenicol 100%), Cefoxitim

(100%), Chloramphenicol (100%),
Cefoxitim (100%), Ceftriaxon (100),
Erythromycin (100%),
Trimethroprim/Sulfomethoxazole
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Escherichia 62
coli

Negative 63
Gram Bacilli

Street foods

rice, Vegetable Soup)

Kitchen

and food products

Ciprofloxacin (7,93%)

(100%), Streptomycin (55%),
nalidisic acid (37%), Gentamicin
(20%)

(Salad, Amoxicillin (100%), Cotonou/
Amoxicillin/clavulanic acid (100%), Abomey-
Penicillin G (100%), Calavi
Chloramphenicol (98%) Gentamicin
(94%) nalidixic (88%) Cefotaxim
(65%), Ciprofloxacin (63%)
Tobramycin ~ (52%)  Ceftriaxon
(48%), oflaxocin (45%) Imipenem
(4%)

environment Amoxicillin  (93,65%), Cefotaxim South
(85,7%),  Ertapenem  (61,90%), Benin
Amoxicillin/clavulanic acid
(57,14%), Ceftriaxon  (52,38%),
Aztreonam  (44,44%)  Imipenem
(25,39%), Gentamicin  (14,28%)

(Moussé et
al., 2016)

(Dougnon
et al.,
2021)

Note: Normal font: phenotypic resistance observed and % (resistant isolates/total isolates) reported by the authors.
Bold font: Resistance tested but not found.

Table 3 (continued):- Resistance profile of some bacteria isolated from ready-to-eat foods.

Pathogens Total Isolate Antibiotic resistance Location References
from
Negative 49 Fermented Penicillin (100%), Cefotaxim (95%), Cotonou/ (Tohoyessou,
Coagulase milk Lincomycin  (95%),  Amoxicillin  Abomey-Calavi et al., 2020)
Staphylococcus (Yoghurt, (75%), Fusidic acid (70%), Amikacin
Degue (70%), Cefoxitm (70%)
couscous  Amoxicillin/clavulanic acid (70%),
et millet)  Fosfomycin (60%), Gentamicin (65%),
Ofoxacin (50%),
Trimethroprim/Sulfomethoxazole
(40%), Tetracyclyne (37%),
Erythromycin  (25%) Ciprofloxacin
(20%)
Positive 28 Fermented Penicillin G (100%), Lincomycin Cotonou/Abomey- (Tohoyessou,
Coagulase milk (90%), Fusidic acid (82%), Calavi et al., 2020)
Staphylococcus product Amoxicillin (85%), Cefotaxim (85%),

Amoxicillin/Clavulanic acid (79%)
Cefoxitim  (70%),  Ciprofloxacin
(70%), Amikacin (70%) Tetracycline
(70%),
Trimethroprim/Sulfomethoxazole
(65%), Fosfomycin (60%), Ofloxacin
(50%), Gentamicin (50%)
Erythromycin (45%)

Note: Normal font: Phenotypic resistance observed and % (resistant isolates/total isolates) reported by the authors.
Bold font: Resistance tested but not found.

References:-

1. Aasa AO, Fru FF, Adelusi OA, Oyeyinka SA, Njobeh PB. 2023. A review of toxigenic fungi and mycotoxins in

feeds and

food

commodities in

West Africa.

https://doi.org/10.3920/WMJ2021.2766

World Mycotoxin J.,

16(1):33-47.

528


https://doi.org/10.3920/WMJ2021.2766

ISSN: 2320-5407 Int. J. Adv. Res. 12(11), 518-533

10.

11.

12.

13.

14,

15.

16.

17.

18.

19.

20.

Adetunji MC, Ezeokoli OT, Ngoma L, Mwanza M. 2021. Phylogenetic diversity and prevalence of mycoflora
in ready-to-eat supermarket and roadside-vended peanuts. Mycologia., 113(1):1-11.
https://doi.org/10.1080/00275514.2020.1804235

Adeyeye SAO. 2017. Safety Issues in Traditional West African Foods: A Critical Review. J.
Culin.Sci.Technol., 15(2):101-125. https://doi.org/10.1080/15428052.2016.1225533

Adjou ES, Yehouenou B, Sossou CM, Soumanou MM, de Souza CA. 2012. Occurrence of mycotoxins and
associated mycoflora in peanut cake product (kulikuli) marketed in Benin. Afr.J.Biotechnol., 11(78):14354-
14360. https://doi.org/10.5897/ajb12.324

Adjovi YCS, Fossou JPM, Ahehehinnou HU. 2023. Geographic Distribution of Aspergillus Section Flavi
Subspecies Isolated from Crops, Foods, and Feedstuffs in Benin. Adv.Microbiol.,, 13, 361-372.
https://doi.org/10.4236/aim.2023.138023

Adjovi YCS, Tiko GH, Gnonlonfin BG, Sanni A. 2019. Morphologic and Molecular Characterization of
Aspergillus flavus Isolated from Smoked, Fermented and Dried Fishes Sold in Main Markets of Cotonou
(Benin). J. Food Ind. Microbiol., 5(1):1-6. https://www.researchgate.net/publication/336149855

Adounkpe FM, Allabi AC, Baba-Moussa F, Gbegbe M, Keke M, Moutairou K. 2017. Microbiological quality
assessment of aqueous herbal teas sold in Cotonou, Benin. Int. J. Herb. Med., 5(3):121-126.

Ahéhéhinnou UH, Adjovi YCS, Fossou JPM. 2024. Diarrheal Diseases: A Review on Gastroenteritis Bacteria
Global Burden and Alternative Control of Multidrug-Resistant Strains. Adv. Microbiol., 14(10):493-512.
https://doi.org/10.4236/aim.2024.1410034

Aissi VM, Soumanou MM, Bankolé H, Toukourou F, De Souza CA. 2009. Evaluation of Hygienic and
Mycological Quality of Local Cheese Marketed in Benin. Aust. J. Basic. App. Sci., 3(3):2397-2404.

Akinyemi MO, Ayeni KI, Ogunremi OR, Adeleke RA, Oguntoyinbo FA, Warth B, Ezekiel CN. 2021. A review
of microbes and chemical contaminants in  dairy products in  sub-Saharan  Africa.
Compr.Rev. Food Sci. Food Saf. 20(2):1188-1220. https://doi.org/10.1111/1541-4337.12712

Akpo-Djénontin DO, Gbaguidi F, Soumanou MM, Anihouvi VB. 2018. Mold infestation and aflatoxins
production in traditionally processed spices and aromatic herbs powder mostly used in West Africa. Food Sci.
Nutr., 6(3):541-548. https://doi.org/10.1002/fsn3.579

Alajel SM, Alzahrani KO, Almohisen AA, Alrasheed MM, Almomen SM. 2024. Antimicrobial Sales
Comparison before and after the Implementation of Nationwide Restriction Policy in Saudi Arabia. Antibiotics,
13(15). https://doi.org/10.3390/antibiotics13010015

Allen SJ, Wild CP, Wheeler JG, Riley EM, Montesano R, Bennett S, Whittle HC, Hall AJ, Greenwood BM.
1992. Aflatoxin exposure, malaria and hepatitis B infection in rural Gambian children. Trans.R. Soc. Trop.
Med. Hyg., 86(4):426-430. https://doi.org/10.1016/0035-9203(92)90253-9

Alshannag A, Yu JH. 2017. Occurrence, toxicity, and analysis of major mycotoxins in food. Int. J.Environ. Res.
Public Health, 14(6):632. https://doi.org/10.3390/ijerph14060632

Anihouvi DGH, Kayodé APP, Anihouvi VB, Azokpota P, Kotchoni SO, Hounhouigan DJ. 2013. African
Journal of Biotechnology Microbial contamination associated with the processing of tchachanga, a roasted meat
product. Afr. J.Biotechnol., 12(18):2449-2455. https://doi.org/10.5897/AJB12.2917

Anihouvi DGH, Kpoclou YE, Abdel Massih M, ko Afé OH, Assogba MF, Covo M, Scippo ML, Hounhouigan
DJ, Anihouvi V, Mahillon J. 2019. Microbiological characteristics of smoked and smoked—dried fish processed
in Benin. Food Sci. Nutr., 7(5):1821-1827. https://doi.org/10.1002/fsn3.1030

Anihouvi DGH, Kpoclou YE, Assogba MF, Iko Afé OH, Légba G, Scippo ML, Hounhouigan DJ, Anihouvi
VB, Mahillon J. 2020. Microbial contamination associated with the processing of grilled pork, a ready-to-eat
street food in Benin. J. Food Safety, 40:e12731. https://doi.org/10.1111/jfs.12731

Anyogu A, Olukorede A, Anumudu C, Onyeaka H, Areo E, Adewale O, Odimba JN, Nwaiwu O. 2021.
Microorganisms and food safety risks associated with indigenous fermented foods from Africa. In FoodControl,
129:e108227. https://doi.org/10.1016/j.foodcont.2021.108227

Aschbacher R, Pagani L, Migliavacca R, Pagani L, Confalonieri M, Farina C, Fazii P, Luzzaro F, Rigoli R,
Spalla M. 2020. Recommendations for the surveillance of multidrug-resistant bacteria in Italian long-term care
facilities by the GLISTer working group of the Italian Association of Clinical Microbiologists (AMCLI).
Antimicrob. Resist. Infect. Control., 9(1):106. https://doi.org/10.1186/s13756-020-00771-0

Assim O, Dougnon VT, Chabi NW, Agbankpe JA, Aniambossou AV, Fabiyi KA, Baba-Moussa L. 2019.
Microbiological Characterization of Grilled Meat “Tchatchanga” in Cotonou (Southern Benin): Enumeration,
Isolation and Resistance Profile of Staphylococcus aureus and Escherichia coli. Not. Sci. Biol., 11(1):39-44.
https://doi.org/10.15835/NSB11110274

529


https://doi.org/10.1080/00275514.2020.1804235
https://doi.org/10.1080/15428052.2016.1225533
https://doi.org/10.5897/ajb12.324
https://doi.org/10.4236/aim.2023.138023
https://www.researchgate.net/publication/336149855
https://doi.org/10.4236/aim.2024.1410034
https://doi.org/10.1111/1541-4337.12712
https://doi.org/10.1002/fsn3.579
https://doi.org/10.3390/antibiotics13010015
https://doi.org/10.1016/0035-9203(92)90253-9
https://doi.org/10.3390/ijerph14060632
https://doi.org/10.5897/AJB12.2917
https://doi.org/10.1002/fsn3.1030
https://doi.org/10.1111/jfs.12731
https://doi.org/10.1016/j.foodcont.2021.108227
https://doi.org/10.1186/s13756-020-00771-0
https://doi.org/10.15835/NSB11110274

ISSN: 2320-5407 Int. J. Adv. Res. 12(11), 518-533

21.

22.

23.

24,

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

Assogba MHM, Salifou CFA, Houemenou G, Agossa R, Dahouda M, Chikou A, Farougou S, Karim IYA.
2018. Effect of processing and preservation processes on microbiological quality of Coptodon guineensis and
Sarotherodon melanotheron in South Benin. Int. J. Microbiol. Mycol.,7(4):25-34.
http://dx.doi.org/10.12692/ijb/13.3.75-93

Awopetu SA, Adelowo OO, Asaolu O, Ogunlade BO, Afolabi OB. (2016). Antimicrobial susceptibility testing
on isolated gram positive and gram negative bacteria from local unpasteurized milk (Fura de nunu). Int. J. Med.
Res., 1(1):31-34.

Baba-Moussa F, Bankole HS, Kifouli A, Ahouandjinou H, Gbenou JDG, Fatiou T, Sezan A, Kotchoni SO.
2012. Study of microbiological quality of the fermented drink ‘TCHAKPALO’ consumed in Benin roads. Int.
Res. J. Microbiol., 3(4):147-152. https://www.researchgate.net/publication/260277459

Bacon RT, Sofos JN. 2003. Characteristics of Biological Hazards inFood Safety Handbook, Schmidt RH,
Rodrick GE. John Wiley & Sons Inc: New Jersey 157-196.https://doi.org/10.1002/047172159x.ch10

Bayili GR, Johansen P, Nielsen DS, Sawadogo-Lingani H, Ouedraogo GA, Diawara B, Jespersen L. 2019.
Identification of the predominant microbiota during production of lait caillé, a spontaneously fermented milk
product made in Burkina Faso. World J. Microbiol. Biotechnol., 35:100. https://doi.org/10.1007/s11274-019-
2672-3

Bedekelabou AP, Oyetola WD, Dingam Riguenodji A, Bada Alambedji R. 2021. Antibiotic resistance in food
producing Animals in West Africa French speaking countries: A systematic review. Afr.J.Microbiol.Res.,
15(1):47-61. https://doi.org/10.5897/ajmr2020.9446

Bintsis T. 2017. Foodborne pathogens. AIMS Microbiology, 3(3):529-563.
https://doi.org/10.3934/microbiol.2017.3.529

Boko KC, Gangnito M, Toleba SS, Sessou P, Tougan UP, Aguidissou ON, Kpodekon MT, Farougou S. 2017.
Microbial Quality of “Tchachanga”, a Barbecued Mutton Sold in Benin. Adv. Microbiol., 7:(08), 633-640.
https://doi.org/10.4236/aim.2017.78049

Buchanan RL, Gorris LGM, Hayman MM, Jackson TC, Whiting RC. 2017. A review of
Listeriamonocytogenes: An update on outbreaks, virulence, dose-response, ecology, and risk assessments. Food
Control, 75:1-13. https://doi.org/10.1016/j.foodcont.2016.12.016

Dégnon RG, Adjou ES, Dahouenon-Ahoussi E, Soumanou MM, Fiogbé E. 2014. Evaluation of the
Microbiological and Nutritional Quality of Fermented-Dried Lesser African Threadfin (Galeoides decadactylus)
Used as Food Supplement in  Southern  Benin. J. Water Resour.  Prot.,  06(01):29-34.
https://doi.org/10.4236/jwarp.2014.61005

Dégnon RG, KonfoCTR, Adjou ES, Ganiero G, Dahouenon-Ahoussi E. 2018. Evaluation of the
Microbiological Quality of Salad Dishes Served in Cotonou Restaurants (Benin). Amer. J. Food Sci.Technol.,
6(3), 98-102. https://doi.org/10.12691/ajfst-6-3-2

Dietrich R, Jessberger N, Ehling-Schulz M, Martlbauer E, Granum PE. 2021. The Food Poisoning Toxins of
Bacillus cereus. Toxins, 13(2):98. https://doi.org/10.3390/TOXINS13020098

Djobo O, Sina H, Kombienou PD, Djenontin WM, Ahyi V, Karim I'YA, Adjanohoun A, Rendueles M, Baba-
Moussa L. 2021. Uses and microbiological quality of fresh cow’s milk sold in three markets in South Benin.
Afr. J. Food Sci., 15(10):345-352. https://doi.org/10.5897/ajfs2021.2134

Dougnon V, Houssou VMC, Anago E, Nanoukon C, Mohammed J, Agbankpe J, Koudokpon H, Bouraima B,
Deguenon E, Fabiyi K, Hidjo M, Djegui F, Baba-Moussa L, Aina MP. 2021. Assessment of the Presence of
Resistance Genes Detected from the Environment and Selected Food Products in Benin. J. Environ. Public.
Health., 2021:e8420590https://doi.org/10.1155/2021/8420590

Edikou SKU, Akakpo AD, Atchouke LGD, Ekpo JK, Gandeho JG, Dossou J. 2023. Assessment of physico-
chemical, microbiological and organoleptic quality of grilled chicken meat in southern Benin. J. App. Biosci.,
186:19524-19539. https://doi.org/10.35759/JABs.186.2

Eromo T, Tassew H, Daka D, Kibru G. 2016. Bacteriological Quality of Street Foods and Antimicrobial
Resistance  of  Isolates in  Hawassa, Ethiopia. Ethiop.  J. Health Sci., 26(6):532-542.
https://doi.org/10.4314/ejhs.v26i6.5

Farougou S, Sessou P, Yehouenou B, Dossa F. 2012. Microbiological quality of raw milk processed from cows
raised under extensive system in the Republic of Benin. Res. J. Microbiol.,, 7(7):337-343.
https://doi.org/10.3923/jm.2012.337.343

Fossou JPM, Adjovi YCS, Dedehou SE, Ahehehinnou UH, Tovo F. 2024. Review on novel approaches for
controling aflatoxin B1: Harnessing nature’s defense against food toxins. Afr. J. Food Agric.Nutr. Dev.
24(3):25851-25870. https://doi.org/10.18697/ajfand.128.24315

530


http://dx.doi.org/10.12692/ijb/13.3.75-93
https://www.researchgate.net/publication/260277459
https://doi.org/10.1002/047172159x.ch10
https://doi.org/10.1007/s11274-019-2672-3
https://doi.org/10.1007/s11274-019-2672-3
https://doi.org/10.5897/ajmr2020.9446
https://doi.org/10.3934/microbiol.2017.3.529
https://doi.org/10.4236/aim.2017.78049
https://doi.org/10.1016/j.foodcont.2016.12.016
https://doi.org/10.4236/jwarp.2014.61005
https://doi.org/10.12691/ajfst-6-3-2
https://doi.org/10.3390/TOXINS13020098
https://doi.org/10.5897/ajfs2021.2134
https://doi.org/10.1155/2021/8420590
https://doi.org/10.35759/JABs.186.2
https://doi.org/10.4314/ejhs.v26i6.5
https://doi.org/10.3923/jm.2012.337.343
https://doi.org/10.18697/ajfand.128.24315

ISSN: 2320-5407 Int. J. Adv. Res. 12(11), 518-533

39.

40.

41,

42,

43.

44,

45,

46.

47.

48.

49,

50.

51.

52.

53.

54.

55.

56.

57.

58.

Gnonlonfin GJB, Adjovi YCS, Tokpo AF, Agbekponou ED, Ameyapoh Y, de Souza C, Brimer L, Sanni A.
2013. Mycobiota and identification of aflatoxin gene cluster in marketed spices in West Africa. Food Control,
34(1):115-120. https://doi.org/10.1016/j.foodcont.2013.04.021

Grenda T, Jarosz A, Sapata M, Grenda A, Patyra E, Kwiatek K. 2023. Clostridium perfringensOpportunistic
Foodborne  Pathogen, Its Diversity and Epidemiological Significance. Pathogens, 12(6):768.
https://doi.org/10.3390/pathogens12060768

Karimou R, Noumavo ADP, Aboudou K, Boya B, Assouma FF, Salami HA, Konmy BBS, Houngbo HY,
Adjanohoun A, Baba-Moussa L, Sina H. 2024. Nutritional and Microbial Qualities of Fermented Cereal-Based
Porridges Produced in Northern Benin. J. Food Qual.,12:7200190. https://doi.org/10.1155/2024/7200190
Koci¢-Tanackov SD, Dimi¢ GR, Karali¢ D. 2007. Contamination of spices with moulds potential producers of
sterigmatocystine. Acta Periodica Technologica, 38:29-35. https://doi.org/10.2298/APT0738029K

Komagbe GS, Sessou P, Dossa F, Sossa-Minou P, Taminiau B, Azokpota P, Korsak N, Daube G, Farougou S.
2019. Assessment of the microbiological quality of beverages sold in collective cafes on the campuses of the
University of  Abomey-Calavi, Benin  Republic. J. Food Safe & Hyg., 5(2):99-111.
http://dx.doi.org/10.18502/jfsh.v5i2.3948

Kpodékon MT, Sessou P, Hounkpe E, Yehounou B, Sohounhloue D, Farougou S. 2014. Microbiological
Quality of Smoked Mackerel (Trachurus trachurus), Sold in Abomey-Calavi Township Markets, Benin. J.
Microbiol. Res., 4(5):175-179. https://doi.org/10.5923/j.microbiology.20140405.01

Le Loir Y, Baron F, Gautier M. 2003. Staphylococcus aureus and food poisoning. Gen Mol Res, 2(1), 63-76
Meek RW, Vyas H, Piddock LJV. 2015. Nonmedical Uses of Antibiotics: Time to Restrict Their Use? PLoS
Biology, 13(10):e1002266. https://doi.org/10.1371/journal.pbio.1002266

Mengistu DA, Belami DD, Tefera AA, Alemeshet Asefa Y. 2022. Bacteriological Quality and Public Health
Risk of Ready-to-Eat Foods in Developing Countries: Systematic Review and Meta Analysis. Microbiol.
Insights, 15:1-11. https://doi.org/10.1177/11786361221113916

Moussé W, Baba-Moussa F, Adjanohoun A, Noumavo PA, Sina H, Assogba S, Baba-Moussa. 2016. Virulence
profiles of pathogenic Escherichia coli strains isolated from street foods in Bénin. Int.J.Biotechnol. Food
Sci;,4(3):52-64.

Mutungi C, Muthoni F, Bekunda M, Gaspar A, Kabula E, Abass A. 2019. Physical quality of maize grain
harvested and stored by smallholder farmers in the Northern highlands of Tanzania: Effects of harvesting and
pre-storage handling practices in two marginally contrasting agro-locations. J. Stored Prod. Res.,
84:1015017https://doi.org/10.1016/j.jspr.2019.101517

Muyanja C, Nayiga L, Brenda N, Nasinyama G. 2011. Practices, knowledge and risk factors of street food
vendors in Uganda. Food Control., 22(10):1551-1558. https://doi.org/10.1016/j.foodcont.2011.01.016

Negash D. 2018. A review of aflatoxin: occurrence, prevention, and gaps in both food and feed safety. J. Nutr.
Health Food Eng., 8(2):190-197. https://doi.org/10.15406/jnhfe.2018.08.00268

New South Wales Food Authority. 2009. Microbiological quality guide for ready-to-eat foods: A guide to
interpreting microbiological results (1% edn). NSW Food Authority: Newington

Nhung NT, ChansiripornchaiN, Carrique-Mas JJ. 2017. Antimicrobial resistance in bacterial poultry pathogens:
A review.Front. Vet. Sci., 4:126. https://doi.org/10.3389/fvets.2017.00126

Noumavo ADP, Glodjinon NM, Ohin MAB, Dognon DY, Salako V, Hossou E, Baba-Moussa L, Baba-Moussa
F. 2023. Diversity and microbiological quality of fruit juices produced in southern Benin. Afr. J. Microbiol.
Res., 17(1):21-28. https://doi.org/10.5897/ajmr2022.9663

Noumavo ADP, Ohin MAB, Fadipe IG, Hadji B, Ahouangansi S, Akin YY, Baba-Moussa L, Baba-Moussa F.
2022. Knowledge, Hygienic Practices, and Toxi-Infectious Risks Associated with Ready-to-Eat Gbeli: A
Particular Chip Derived from Cassava (Manihot esculenta Crantz) Tuber Vended in Streets of Abomey-Calavi
Municipality, Benin. Biomed. Res.Int., 2022:8399831.https://doi.org/10.1155/2022/8399831

N’Tcha C, Sina H, Bourobou DN, Hoteyi SMI, Boya B, Agnimonhan R, Mavoungou JF, Adjanohoun A,
Babalola OO, Baba-Moussa L. 2023. Resistance and Biofilm Production Profile of Potential Isolated from
Kpéte-Kpété  Used to  Produce  Traditional Fermented Beer.  Microorganisms,  11:1939.
https://doi.org/10.3390/microorganisms11081939

Ohin BM, Adéoti K, Kouhoundé SS, Noumavo PA, Ogoua SM, Wabi N, Fainou MC, Baba-Moussa L,
Toukourou F, Baba-Moussa F. 2018. Knowledge, Attitudes, and Hygienic Practices of Boiled Hypocotyls
(Borassus aethiopum Mart) Vended in the Streets of Cotonou City and Its Outskirts, Benin. Biomed.Res. Int.,
2018:4825435https://doi.org/10.1155/2018/4825435

Oladipo IC, Adejumobi OD. 2010. Incidence of antibiotic resistance in some bacterial pathogens from street
vended food in Ogbomoso, Nigeria. Pak J Nutr,9(11):1061-1068. https://doi.org/10.3923/pjn.2010.1061.1068

531


https://doi.org/10.1016/j.foodcont.2013.04.021
https://doi.org/10.3390/pathogens12060768
https://doi.org/10.1155/2024/7200190
https://doi.org/10.2298/APT0738029K
http://dx.doi.org/10.18502/jfsh.v5i2.3948
https://doi.org/10.5923/j.microbiology.20140405.01
https://doi.org/10.1371/journal.pbio.1002266
https://doi.org/10.1177/11786361221113916
https://doi.org/10.1016/j.jspr.2019.101517
https://doi.org/10.1016/j.foodcont.2011.01.016
https://doi.org/10.15406/jnhfe.2018.08.00268
https://doi.org/10.3389/fvets.2017.00126
https://doi.org/10.5897/ajmr2022.9663
https://doi.org/10.1155/2022/8399831
https://doi.org/10.3390/microorganisms11081939
https://doi.org/10.1155/2018/4825435
https://doi.org/10.3923/pjn.2010.1061.1068

ISSN: 2320-5407 Int. J. Adv. Res. 12(11), 518-533

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

Paudyal N, Anihouvi V, Hounhouigan J, Matsheka MI, Sekwati-Monang B, Amoa-Awua W, Atter A, Ackah
NB, Mbugua S, Asagbra A, Abdelgadir W, Nakavuma J, Jakobsen M, Fang W. 2017. Prevalence of foodborne
pathogens in food from selected African countries — A meta-analysis. Int. J. Food Microbiol., 249:35-43.
https://doi.org/10.1016/j.ijfoodmicro.2017.03.002

Raheem D. 2016. Outbreaks of listeriosis associated with deli meats and cheese: an overview.
AlIMSMicrobiology, 2(3):230-250. https://doi.org/10.3934/microbiol.2016.3.230

Rane S. 2011. Street Vended Food in Developing World: Hazard Analyses. Ind. J. Microbiol., 51(1):100-106.
https://doi.org/10.1007/s12088-011-0154-x

Reiner RC, Graetz N. Casey DC, Troeger C, Garcia GM, Mosser JF, Deshpande A, Swartz SJ, Ray SE, Blacker
BF, Rao PC, Osgood-Zimmerman A, Burstein R, Pigott DM, Davis IM, Letourneau ID, Earl L, Ross JM, Khalil
IA, Farag TH, Brady OJ, Kraemer MUG, Smith DL, Bhatt S, Weiss DJ, Gething PW, Kassebaum NJ, Mokdad
AH, Murray CJL, Hay SI.2018. Variation in Childhood Diarrheal Morbidity and Mortality in Africa, 2000—
2015. N. Engl. J. Med., 379(12), 1128-1138. https://doi.org/10.1056/nejmoal 716766

SalemAM, Abo EI-Roos NA, Abd El-Fatah MM. 2019. Assessment of some food poisoning bacteria in ready-
to-eat meals. Benha Vet. Med. J., 37 (1):46-52.

Saliba R, Zahar JR, Dabar G, Riachy M, Karam-Sarkis D, Husni R. 2023. Limiting the Spread of Multidrug-
Resistant Bacteria in Low-to-Middle-Income Countries: One Size Does Not Fit All. Pathogens 12(1):144.
https://doi.org/10.3390/pathogens12010144

Scallan E, Hoekstra RM, Angulo FJ, Tauxe RV, Widdowson MA, Roy SL, Jones JL, Griffin PM. 2011.
Foodborne illness acquired in the United States-Major pathogens. Emerg. Infect. Dis., 17(1):7-15.
https://doi.org/10.3201/eid1701.P11101

Sessou P, Keisam S, Gagara M, Komagbe G, Farougou S, Mahillon J, Jeyaram K. 2023. Comparative analyses
of the bacterial communities present in the spontaneously fermented milk products of Northeast India and West
Africa. Front.Microbiol., 14:1166518https://doi.org/10.3389/fmich.2023.1166518

Sina H, Attien P, Socohou A, Boukary-Chabi A, Wé 1é M, Dougnon VT, Baba-Moussa F, Adjanohoun A,
Baba-Moussa L. 2019. Factors and Microbial Contamination of Grilled Meats Sold in Cotonou, Benin. J. Food
Sec.,7(5):175-182. https://doi.org/10.12691/jfs-7-5-4

Tchekessi CKC, Konfo CTR, Bleoussi RTM, Seho KCM, Djoghe AAM, Sachi PSA, Banon JSB, Assogba KT,
Ahoussi E, Yaou IPB. 2021. Evaluation of the Microbiological Quality of Soy Cheeses Sold at the Dantokpa
Market in the Municipality of Cotonou in Benin. Microbiol. ResJ. Int., 31(5):21-26.
https://doi.org/10.9734/mrji/2021/v31i530317

Tchekessi CKC, Bokossa A, Angbangla C, Azokpota P, Daube G, Scippo ML, Korsak N, Angelo A, Bokossa
Y1. 2014. Production and microbiological evaluation of three types of ‘Dégué’, a local fermented drink made
from milk in Benin. Int. J. Multidiscip. Curr.Res.,.2(1) :714-720. http://dx.doi.org/10.12692/ijb/5.3.36-43
Tohoyessou MG, Mousse W, Sina H, Bade F, Boton CA, Ahouissou OR, Adjanohoun A, Baba-Moussa L.
2020. Microbial quality of artisanal yoghurt and Dégué products collected in schools of Cotonou and Abomey-
Calavi (Benin). Afr. J. Food Sci., 14(5):112-118. https://doi.org/10.5897/ajfs2020.1946

Tohoyessou MG, Mousse W, Sina H, Kona F, Azanghadji T, Guessennd N, Baba-Moussa F, Dadie T,
Adjanohoun A, Baba-Moussa L. 2020. Toxin Production and Resistance of Staphylococcus Species Isolated
from  Fermented  Artisanal Dairy Products in Benin. J Pathogens, 2020 (1):1-12.
https://doi.org/10.1155/2020/7938149

Troeger C, Blacker BF, Khalil IA, Rao PC, Cao S, Zimsen SR, Albertson SB, Stanaway JD, Deshpande A,
Abebe Z, Alvis-Guzman N, Amare AT, Asgedom SW, Anteneh ZA, Antonio CAT, Aremu O, Asfaw ET, Atey
TM, Atique S, Reiner RC. 2018. Estimates of the global, regional, and national morbidity, mortality, and
aetiologies of diarrhoea in 195 countries: a systematic analysis for the Global Burden of Disease Study 2016.
Lancet Infect. Dis., 18(11):1211-1228. https://doi.org/10.1016/S1473-3099(18)30362-1

Tsang, D. 2002. Microbiological guidelines for ready to eat food (1% edn). Food and Environmental Hygiene
Department:Hongkong.

Van Boeckel TP, Gandra S, Ashok A, Caudron Q, Grenfell BT, Levin SA, Laxminarayan R. 2014. Global
antibiotic consumption 2000 to 2010: An analysis of national pharmaceutical sales data. Lancet Infect. Dis.,
14(8):742-750. https://doi.org/10.1016/S1473-3099(14)70780-7

Williams JH, Phillips TD, Jolly PE, Stiles JK, Jolly CM, Aggarwal D. 2004. Human aflatoxicosis in developing
countries: a review of toxicology, exposure, potential health consequences, and interventions. Amer. J. Clin.
Nutr., 80(5):1106-1122. https://doi.org/10.1093/ajcn/80.5.1106

Yah Clarence S, Nwinyi Obinna C, Chinedu Shalom N. 2009. Assessment of bacteriological quality of ready to
eat food (Meat pie) in Benin City metropolis, Nigeria. Afr. J. Microbiol. Res.,3(6);390-395.

532


https://doi.org/10.1016/j.ijfoodmicro.2017.03.002
https://doi.org/10.3934/microbiol.2016.3.230
https://doi.org/10.1007/s12088-011-0154-x
https://doi.org/10.1056/nejmoa1716766
https://doi.org/10.3390/pathogens12010144
https://doi.org/10.3201/eid1701.P11101
https://doi.org/10.3389/fmicb.2023.1166518
https://doi.org/10.12691/jfs-7-5-4
https://doi.org/10.9734/mrji/2021/v31i530317
http://dx.doi.org/10.12692/ijb/5.3.36-43
https://doi.org/10.5897/ajfs2020.1946
https://doi.org/10.1155/2020/7938149
https://doi.org/10.1016/S1473-3099(18)30362-1
https://doi.org/10.1016/S1473-3099(14)70780-7
https://doi.org/10.1093/ajcn/80.5.1106

ISSN: 2320-5407 Int. J. Adv. Res. 12(11), 518-533

77. Zhao L, Chen X, Zhu X, Yang W, Dong L, Xu X, Gao S, Liu X. 2009. Prevalence of Virulence Factors and
Antimicrobial Resistance of Uropathogenic Escherichia coli in Jiangsu Province (China). Urology, 74(3):702-
707. https://doi.org/10.1016/j.urology.2009.01.042.

533


https://doi.org/10.1016/j.urology.2009.01.042

