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ABSTRACT 

	Aims: Digitaria exilis or fonio is cereal rich in methionine and cysteine, two essential amino acids for humans. Fonio has become a cereal favored by urban consumers especially for people with diabetes or with gluten intolerance. This study aimed to contribute to the safety of fonio flour sold in markets in Abidjan.
Methodology: Surveys were conducted among 70 traders and consumers. These surveys provided more information on the fonio supply chain and consumption. Physicochemical and microbiological analyses were then performed on 64 flour samples collected in accordance with international standards.
Results: The survey results showed that 64% of the fonio sold in markets was produced in Côte d'Ivoire. It was used to prepare several dishes and was appreciated for its taste. However, its consumption was occasional. The average pH of fonio flour was 7.6 ± 0.6 and the titratable acidity was 2.8%A. Several germs were found in the flour samples analyzed. The isolation frequencies of these germs were 100%, 37.5%, 31.25%, 28.1%, and 15.6% for Aerobic Mesophilic Germs, molds, total coliforms, staphylococci, Sulfite-Reducing Bacteria, and thermotolerant coliforms, respectively. The fungal species identified (Aspergillus sp1, Aspergillus sp2) are potentially pathogenic. 
Conclusion: The presence of these microorganisms in the samples could be harmful to consumer health. Raising awareness among fonio sellers and consumers about better hygiene practices would contribute to food safety.
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1. Introduction
Digitaria exilis, or fonio, belongs to the Poaceae family and the Digitaria genus. It is a small herbaceous plant of African origin. The word fonio comes from the Bambara language spoken in several West African countries. According to the literature, this word first appeared in 1900 in a report 'A Mission to Senegal' by Auguste Chevalier (Cruz and Dramé, 2002).
Compared to other cereals such as rice, wheat, and corn, its cultivation is very underdeveloped (Animasaun et al., 2023). It requires less water than other cereals and can even grow on sandy, acidic, and even arid soils. Therefore, fonio can be an alternative in the fight against famine because of its adaptability and resistance to climatic variations (Jideani, 1999; Burton et al., 2024). 
In West Africa, fonio is mainly grown in Guinea in certain mountainous regions of Fouta Djallon. It is a staple food for the local population (Adoukonou-Sagbadja et al., 2006; Burton et al., 2024). It is also grown in Mali, Burkina Faso, Nigeria, Togo, Senegal, Benin, and Côte d'Ivoire (Adoukonou-Sagbadja et al., 2010; Diop et al., 2018). In this geographical area, Guinea accounts for over 60% of the estimated global production of 483,906 tons in 2022 (average yield of 660 kg/ha) (FAOSTAT, 2022). Only white fonio (Digitaria exilis) is grown and used in food processing (Adoukonou-Sagbadja et al., 2010). In Côte d'Ivoire, fonio is mainly grown in the northwestern regions. It is traditionally consumed in granulated form (like rice), as porridge, and as as fritters, and has highly valued nutritional characteristics (Fanou Fogny et al., 2018; Siene et al., 2024). Unlike Guinea, fonio is a minor crop in Côte d'Ivoire. The national production is estimated at 19,486 tons in 2022 (FAOSTAT, 2022).
Fonio has highly valuable nutritional characteristics (Ballogou et al., 2013). It is rich in minerals and amino acids, particularly methionine and cysteine. These two essential amino acids for humans are found in insufficient quantities in wheat, rice, corn, and sorghum (Chukwu, 2009; Kolawole et al., 2022; Animasaun et al., 2023). Additionally, fonio is an interesting food alternative for individuals with gluten intolerance. It is easily digestible and appreciated for its taste. It is increasingly recommended for diversifying the diets of people with celiac disease, those with high blood sugar, overweight individuals, pregnant women, nursing mothers, children, and the elderly (Adoukonou-Sagbadja et al., 2010 ; Fanou Fogny et al., 2018; Bassey et al., 2023). In light of the above, fonio has become a cereal favored by urban consumers, and its demand is growing in markets (Jideani et Jideani, 2012; Byrne-Mariotti, 2021; Ibrahim Bio et al., 2024).  In addition, fonio has socio-cultural, economic, and therapeutic importance for the populations in cultivation area (Ballogou et al., 2013; Fanou Fogny et al., 2018; Siene et al., 2024). Outside of Africa, fonio is also cultivated in the Dominican Republic under the name of funde (Morales et al., 2002).
However, the small size of fonio grains makes processing the operations lengthy and difficult, especially since these operations are mainly manual. Contamination of fonio grains and flour not be ruled out. Addition, the storage and sales conditions in markets can contribute to its contamination. Evaluating these conditions, along with the microbiological analysis of fonio flour used for food, would constitute a notable contribution to the valorization of this product. This study was framed within this context and aims to contribute to the food safety of fonio in Côte d’Ivoire.
2. Materials and methods
2.1 Study Sites and Sample Collection 
This study was conducted in the city of Abidjan, specifically in the municipalities of Adjamé and Abobo. The population of the municipality of Abobo is estimated at over 1,500,000 inhabitants, making it the most populous municipality in the district of Abidjan. It covers an area of 69.25 km², with a population density of 14.89 inhabitants per km² (MPD, 2021). This municipality was chosen for our study not only because of its population size, but also because the majority of its inhabitants originate from different fonio-growing areas (in the north). The study was conducted in the two main markets in this municipality, namely the station market (CHAKA KONE market) and the Kennedy market. As for the municipality of Adjamé, it is not large enough. Its population is estimated at 350,000, giving a density of 28,173 inhabitants per km² over an area of 1.21 hectares (MPD, 2021). However, Adjamé has two large grain markets (the Forum and Mosque markets), which were the markets chosen in this municipality. 
Sampling was conducted in four markets with four traders (two men and two women) randomly selected from each market. Two samples were collected from each trader, resulting in a total of thirty-two samples. To do this, approximately 100g of fonio flour was collected for each sample and placed in sterile 400 mL jars. The samples were labeled according to the municipality, the market, and the trader, then transported to the laboratory in a cooler. The study focused on white fonio flour. Figure 1 shows a map of the district of Abidjan showing the different municipalities, including Abobo and Adjamé and. the photograph of fonio flour.









Fig 1. Map of Abidjan district showing various municipalities under study and Photograph of fonio flour
2.2 Survey 
A Kobotoolbox digital data collection system enabled the surveys to be conducted at the various sites using mobile phones via the Kobo tool app. The surveys, carried out in the form of interviews, were based on a guide with open-ended questionnaires. This type of guide allows for detailed responses and explanations from traders and consumers. Only willing participants were surveyed. The first survey focused on observation. Its purpose was to evaluate the level of hygiene at fonio marketing sites. Evaluations were made regarding storage conditions, the flooring of shops, the presence or absence of restrooms, handwashing stations, rodents, etc. The second survey was conducted through a series of questions addressed to seventy traders about the origin and type of fonio marketed, pricing, shelf life, the process of obtaining flour, etc. Thirty-five traders were surveyed in Adjamé (20 at the Forum market and 15 at the Grand Mosque market), and 35 traders were also surveyed in Abobo, with 20 at the Chaka Kone market and 15 at the Kennedy market. Finally, a third survey was conducted with seventy fonio consumers. These included customers at the various markets and potential consumers of fonio. The questions centered around the quality of the flour purchased, frequency of consumption, digestibility of fonio-based dishes, and reasons and frequency of consumption. 
2.3 Determination of pH.and Titrable Acidity
The pH of the samples taken (flours) was determined by potentiometer using a pH meter according to the AFNOR method, NFV05-1 01 (1990). To do this, 5 g of each sample was placed in an Erlenmeyer flask, then 25 ml of distilled water was added. The mixture was then stirred using a magnetic stirrer (VELP ARE Scientifica) for a few minutes. The pH was measured directly by immersing the pH meter electrode in the suspension. The pH meter was calibrated beforehand with pH 4.0 and pH 7.0 buffer solutions. Three measurements were taken for each sample, and the average of the three was used as the pH value of the sample.
Titrable acidity was determined according to the EN 12147 standard (1996). The principle of the method is based on an acid-base titration in the presence of phenolphthalein. The free acids present in the solution are quantified by titrating with a 0.1M sodium hydroxide (NaOH) solution. To determine the acidity of the collected flours, 5 grams of each sample were placed in a bottle containing 25 mL of distilled water. The mixture was thoroughly homogenized, and then 2 to 4 drops of phenolphthalein were added. The mixture was titrated with 0.1M NaOH until a persistent pink color was observed for a few seconds. Three titrations were carried out for each sample, and the average titre was retained as the titrable acidity value of the sample. The titrable acidity (%A) of each sample was determined according to the formula: 
                                         %A= VNaOH×CNAOH×0.09×100 / Vech                        (1)
CNAOH: Concentration the NaOH solution ; VNaOH : Volume of NaOH ; 0.09 : milliequivalents per gram of lactic acid ; Vech : Volume of the sample.                   
2.4 Microbiological Analyses. 
All operations were carried out under aseptic conditions near the flame of a Bunsen burner. The preparation of culture media, the master suspension, and decimal dilutions, as well as the inoculation and incubation of the culture media followed by the counts, were performed according to the standards. The targeted microorganisms were total mesophilic aerobic flora, thermotolerant coliforms, sulfite-reducing bacteria, Staphylococcus aureus, and molds. The obtained counts were compared to the thresholds set by microbiological standards for each microorganism, and a judgment was made on the sample.
2.4.1 Preparation of the Mother Suspension and Decimal Solutions. 
Ten grams of each flour sample were taken, to which 90 mL of buffered peptone water (BPW) was added and the whole mixture was homogenized to form the stock suspension. Using a pipette, one (1) mL of the stock suspension was added to a tube containing 9 mL of diluent (buffered peptone water) to obtain a 10-2 dilution. The mixture was stirred using a vortex mixer for 5 to 10 seconds. The same operations are repeated to obtain the following decimal dilutions, using a new sterile pipette (NF ISO 4833) for each dilution.
2.4.2 Enumeration of germ  
The Aerobic Mesophilic Germs (AMG) count was performed in accordance with ISO 4833-2:2013. The medium used was standard agar (PCA). All operations were performed near the Bunsen burner flame. Using a pipette, one (1) ml of the stock suspension was taken and transferred to a sterile Petri dish. The same operation was repeated with the decimal dilutions, using new pipettes each time. Dilutions 10-1 and the stock solution were selected for inoculation. Fifteen (15) ml of PCA agar, previously stored at 47°C, was poured into each dish. Homogenization was achieved by rotating the dishes. After this first layer had solidified, a second layer of PCA agar was poured under the same conditions as the previous one to prevent exogenous contamination of the culture surface. The plates were incubated in an oven at 30°C for 72 hours immediately after the second layer of agar had solidified. The reading was made by counting the colonies that had grown. The count was performed on successive dilutions that produced the most legible colonies, the number of which was between 30 and 300.
Sulfite-reducing bacteria (SRB) counting is performed in accordance with ISO 15213:2003. One (1) ml of the stock suspension or 10-1 dilution was transferred to two separate tubes containing TSN agar that had not yet solidified. After homogenization without creating bubbles and solidification, the hermetically sealed tubes were incubated at 46°C for 24 hours. The black colonies characteristic of SRB were counted.
Staphylococcus aureus counts were performed in accordance with ISO – 6888-1:1999. A volume of 0.1 ml of each dilution (10-3, 10-4) was placed in Petri dishes containing previously solidified Baird Parker enriched with egg yolk medium. The inoculum was then spread over the entire surface of the medium using a sterile spreader. The seeded dishes were placed in an incubator at 37°C for 24 hours. After incubation, the black colonies with a clear zone around them characteristic of staphylococcus were counted. For the count, the number of colonies per dish must be between 15 and 150 characteristic colonies.
The coliform count was performed in accordance with ISO – 4832-1: 2006 on VRBL agar. One (1) ml of the stock suspension and various dilutions were deposited aseptically in Petri dishes, then 10 to 15 ml of VRBL agar melted and cooled to 45°C were poured into each dish. The inoculum-medium mixture was thoroughly mixed. After the agar had solidified, approximately 4 ml of VRBL medium was poured onto the surface of the seeded medium. After the second layer had solidified, the dishes were incubated at 37°C (for total coliforms) and 44°C (for thermotolerant coliforms) for 24 hours. Petri dishes with between 15 and 150 characteristic colonies (red in color) were counted.
The search for mold was conducted according to the NF ISO 6611:1996 standard. The medium used was Sabouraud agar with chloramphenicol (Biokar, France). Chloramphenicol is an antibiotic added to inhibit bacterial proliferation. Inoculation was performed by spreading 0.1 mL of the mother suspension and/or decimal dilutions on the surface of the previously poured and cooled agar in a petri dish. The inoculated dishes were incubated at 30°C for 48 to 72 hours. The mold colonies appeared fluffy, while yeast colonies were thick and whitish.  
2.5 Calculation of the Microbiological Load. 
The microbial load corresponding to the number of colony-forming units per gram of flour (N) was determined according to the ISO 7218 standard using the following formula:
    N=∑C/V x d(n1+0,1n2) 
ΣC : The sum of colonies on all plates from the two successive dilutions. ; V : Volume of the inoculum applied to each plate, in milliliters ; n1 and n2 : respective number of boxes for the first and second dilution retained ; d : dilution rate of the first dish having produced countable colonies (weak dilution).  
2.6 Morphological Identification of Isolated Molds.  
Morphological identification of isolated molds. A well-isolated strain was collected and inoculated into a freshly prepared Petri dish. Incubation was carried out at 30°C for 48 to 72 hours. During this period, the growth rate (fast, medium, slow), colony texture (fluffy, cottony, powdery, granular, etc.), and color of the surface and underside of the culture were noted. Microscopic observation was performed at different magnifications (×10, ×40). To do this, a small fragment of mycelium was collected using a sterile platinum loop. It was then placed on a microscope slide after adding a drop of methylene blue. The preparation was then covered with a coverslip. Microscopic study of the mycelium is based on the presence or absence of septa, the color of the mycelial filaments, the branching pattern of the septa, and the differentiation of thallospores. The cultural and microscopic characteristics observed were used to identify the molds, based on the identification keys proposed by (Nguyen, 2007).
2.7 Data Processing. 
The data obtained was processed using Excel 2016; this was used for calculating averages and creating graphs. The analysis of the data collected during the surveys and microbiological analyses was conducted using IBM SPSS Statistics 20. This software was used for the determination of averages and standard deviations, as well as for assessing whether the differences observed in the average loads of the different germs are significant at the 5% level. 
 3. Results 
3.1 Surveys. 
Fonio traders were 51.4% women and 48.6% men. Regarding age groups, 61.4% of respondents were between 18 and 25 years old; 1.4% were between 25 and 40 years old, and 37.1% were over 40 years old. The survey of fonio marketing sites provided an opportunity to assess the storage and hygiene conditions. The cleanliness of fonio storage facilities was generally satisfactory (87%). However, more than two-thirds of the sales sites visited (67.1%) did not have available and functional toilets. The sacks of fonio were generally stored on palets (37.7%) and tables (30%) Only white fonio was available in all markets, and the price per kilogram ranged between 1,500 to 2,300 CFA francs depending on availability (Table 1).
Table 1.  Data from the survey of fonio sellers

	
	Sociodemographic Characteristics

	
	
	Frequency N (%)

	Sex
	Male
	36 (51.4)

	
	Female
	34 (48.6)

	Age group (years) 
	18-25
	43 (61.4)

	
	25-40
	1 (1.4)

	
	40 and above
	26 (37.1)

	
	Hygiene conditions for the storage and sale of fonio

	Hygiene of the premises
	Good
	24 (34.3)

	
	Acceptable
	37 (52.9)

	
	Not good
	9 (12.9)

	Storage condition
	Table
	21 (30.0)

	
	Palet
	25 (37.7)

	
	Board
	21 (30.0)

	
	Tarp
	3 (2.3)

	Availability of toilet 

	Yes
	47 (67.1)

	
	No
	23 (32.9)

	
	Price of fonio per kilogramme in the markets

	
	1500-1700
	10 (14)

	
	1800-2000
	56 (80)

	
	2100-2500
	4 (6)



The fonio sold in the various surveyed markets came mainly from northern Côte d'Ivoire (64%). Kabadougou (Odienné) was the main Ivorian region supplying fonio, accounting for 42%. Supplies from neighboring countries Burkina Faso, Mali, and Guinea accounted for 36%. (Figure 2).  


Fig 2. Sources of fonio sold in the markets of Adjamé and Abobo

More than 74.3% of the surveyed consumers were men and more than 57% were aged between 25 and 40. The main reason for consuming fonio was taste and digestibility (55.7%). In addition, 21.4% those surveyed stated that consumed fonio out of curiosity and 17.1% on the recommendation of friends or relatives. Price and availability of fonio accounted for 1.5% and 4.3% of reasons for consumption, respectively. Regarding frequency of consumption, more than 81.4% of surveyed said they consumed fonio only occasionally; 10% consumed it at least once a month and 7.1% once a week. Barely 1% of consumers said they reported consuming it daily. The main dishes made from fonio were porridge (82.9%), tôh (14.3%), and fritters (2.8%) (Table 2).
Table 2. Data from the survey of fonio consumers

	
	Sociodemographic Characteristics

	
	
	Frequency N (%)

	Sex
	Male
	52 (74.3)

	
	Female
	18 (25.7)

	Age group (years) 
	18-25
	9 (12.9)

	
	25-40
	40 (57.1)

	
	40 and above
	21 (30.0)

	
	Reasons and frequency of fonio consumption

	Reasons for consumption
	Price
	1 (1.5)

	
	Availability 
	3 (4.3)

	
	On recommendation
	12 (17.1)

	
	Out of curiosity
	15 (21.4)

	
	Taste and digestibility
	39 (55.7)

	Regularity
	Occasional
	57 (81.4)

	
	Daily
	1 (1.5)

	
	Weekly
	5 (7.1)

	
	Monthly 
	7 (10.0)





3.2 Physicochemical Characteristics of Sampled Fonio Flour. 
The average pH of fonio flours sampled in Adjamé were 7.7 ± 0.2 and 7.5 ± 0.4. For the samples taken in Abobo, the values were 7.6 ± 0.6 and 7.8 ± 0.2. The average titratable acidity (A%) of these flours ranged from 2.7 ± 0.5 to 2.8 ± 0.2 and from 2.5 ± 0.8 to 2.9 ± 0.1, respectively, for the samples from Adjamé and Abobo. No significant difference was observed between the determined parameters (Table 3).  
[bookmark: _Toc164190864][bookmark: _Toc164199690]Table 3. pH and titratable acidity of the analyzed fonio flours 

	
	Sampling site
	pH
	A%

	Adjame
	Forum market
	7.7± 0.2a
	2,7± 05a

	
	Mosque market 
	7.5± 0.4a
	2,8± 02a

	Abobo
	Chaka Koné market
	7.6± 0.6a
	2,5± 0.8a

	
	Kennedy market
	7.8± 0.2a
	2,9± 0.1a



3.3 Microbial loads of fonio flour samples. 
Table 4 shows the average loads of isolated germs. The AMG load was 1.7±0.8×10² CFU/g for samples from Adjamé and 1.6±0.3×10² CFU/g for samples from Abobo. The average loads for Staphylococcus aureus were respectively, 1.6±0.1x10² CFU/g; 5,1±4,3x102 CFU/g for the flour samples from Adjamé and Abobo. As for the total and thermo-tolerant coliform loads, they were respectively, 2.9±2.3x10² CFU/g and 8.4±4.9x10¹ CFU/g for the Adjamé area, 2.2± 0.9 x10² CFU/g and 7.7±4.9x10¹ CFU/g for Abobo. SRA had a load of 0.3±0.1x10¹ CFU/g and 0.2±0.3x10¹ CFU/g, respectively for samples from Adjamé and Abobo. Sulfite-reducing anaerobes had a load of 0.3±0.1×101 CFU/g and 0.3±0.1×101 CFU/g for samples from Adjamé and Abobo, respectively. The average mold load was 1.5±0.2×101 CFU/g in the Adjamé area and 1.4±0.8×102 CFU/g in Abobo. The results of the statistical analyses showed that the p levels were below the error risk threshold α of 5% (p < 0.05). Thus, there was no significant difference in the microbial loads of fonio flour from the two studied municipalities. AMG were present in all samples analyzed (100%). In descending order of isolation frequencies, there were molds (37.5%), total coliforms (31.25%), staphylococci (28.1%), SRA (15.6%), and thermotolerant coliforms (6.25%) (Table 5).
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	Identified germs

	SITE
	AMG
	STAPH
	CT
	CTh
	SRB
	M

	ADJAME
	1.7 ± 0.8x102 a
	1.6 ± 0.1x102 a
	2.9 ± 2.3x102 a
	8.4 ± 4.9x101 a
	0.3 ± 0.1x101 a
	1.5 ± 0.2x101 a

	ABOBO
	1.6 ± 0.3x102a
	5.1 ± 4.3x102 a
	2.2 ± 0.9x102 a
	7.7 ± 4.9x101 a
	0.2 ± 0.3x101 a
	1.4 ± 08 x102 a

	NORME
	ISO 48-33-1
	ART N° 8106
	ISO 4831
	ISO 4832
	NFV 08-061
	ISO 21527-1



AMG: Aerobic Mesophilic Germs, STAPH: Staphylococcus, CT: total coliforms, CTh: thermo-tolerant coliforms, SRB: Sulfite-Reducing Bacteria, M: Molds, For the same column, loads followed by the same alphabetic letter do not show a significant difference at the 5% threshold.  

Table 5: Frequency of germ isolation
	
	Adjame (n= 16)
	Abobo (n= 16)
	Total (n= 32)

	Germes
	Frequency (%)
	Frequency (%)
	

	AMG
	16 (100)
	16 (100)
	32 (100)

	STAP
	5 (31.25)
	4 (25)
	9 (28.1)

	CT
	4 (25)
	6 (37.5)
	10 (31.25)

	Cth
	00
	2 (12.5)
	2 (6.25)

	SRB
	3 (18.75)
	2 (12.5)
	5 (15.6)

	M
	6 (37.5)
	6 (37.5)
	12 (37.5)



3.4 Morphological Identification of Isolated Molds
Two (2) species of molds belonging to the genus Aspergillus were found in the flours analyzed (Figure 3).
Aspergillus sp1
Aspergillus sp2









Fig 3. Photographs of macroscopic double-sided and microscopic observations
4. DISCUSSION 
The results of the survey conducted among traders showed that fonio mainly (64.3%) came from the localities of Odienné, Tingrela, Korhogo, Tienigbé, Touba, Boundiali, and Niakara all located in northern of Côte d'Ivoire. In general, the climate and soil structure of northern Côte d'Ivoire are favorable for cereal cultivation. These results confirm the work of Siene et al., (2024) on diagnosis of fonio cultivation in northern Côte d'Ivoire. These authors had already mentioned that the regions of Touba, Odienné, and Tingrela were the main areas for fonio cultivation in Côte d'Ivoire (Siene et al., 2024). Fonio can be grown in harsh climate conditions and on poor soils (Adoukonou-Sagbadja et al., 2007; Abdul et Jideani, 2019). The survey results also showed that 36% of the fonio sold came from neighboring countries (Mali, Burkina Faso, and Guinea). Each of these countries has a higher fonio production than Côte d'Ivoire (FAOSTAT, 2022).
In Côte d'Ivoire, fonio often serves as a bridging crop, while in Mali, Guinea, and Benin, it is both a cash crop and a food crop. As a result, the fonio sector in these countries is more developed than in Côte d'Ivoire (Diallo, 2019). In the markets surveyed, only white fonio was available, with prices per kilogram ranging between 1,500 to 2,300 CFA francs. These high prices compared to those of other cereals could be explained by the low national production, estimated at only 19,486 tons per year (FAOSTAT, 2022). Also, according to to Byrne (2021), fonio is not only a regional crop but is also cultivated in isolated areas that are often far from major markets. In the markets, fonio is sold by both men (51%) and women (49%). This result differs from the data obtained by Diallo in 2019 in his study on the empowerment of women in the fonio sector. In that study, women were very dominant (94%) in the processing and marketing of fonio (Diallo, 2007).
The results of the survey conducted among fonio consumers showed that they primarily consumed it occasionally (82%). This could be explained by the fact that fonio is not well known among a large part of the Ivorian population, particularly in the center and south of the country. In addition to being grown in the north of the country, fonio is culturally consumed by the populations native to this area. This result is consistent with data from studies by Konkobo et al. (2004) and Cruz and Beagovi (2011), which stated that the vast majority of fonio consumers only consumed it occasionally. Fonio is the cereal of choice for wedding ceremonies, baptisms, initiations rites, and ritual ceremonies among the Bambara people of Mali, the Coniagui and Fulani people of Guinea, the Bassari people of Senegal, and the Bobo and Senufo people of Burkina Faso and Côte d'Ivoire (Blench, 2012; Burton et al., 2024). However, fonio is attracting increasing interest in cities because of its culinary and nutritional qualities and its dietary values (Animasaun et al.,2023).
The fonio flour samples analyzed had a pH ranging from 7.5 to 7.8 and a titratable acidity level of 2.5 to 2.9%. The analyzed samples of fonio flour had pH values that ranged from 7.5 to 7.8 and titratable acidity of 2.5 to 2.9%.  Our pH values were lower than those reported by Dembele (2016), who reported pH values ranging from 9.35 to 9.64. This difference in pH could be explained by the addition of potash to the fonio flour in Dembele's study. 
The contamination of flours by AMG, staphylococci, SRA, total coliforms, and thermotolerant coliforms can be attributed by poor fonio storage conditions, failure to comply with hygiene standards during the processing of fonio, and exposure of flours without adequate protection during sale. Indeed, obtaining fonio flour is delicate and involves several steps, each requiring great attention, mainly due to the small size of fonio grains. The presence of GAM, yeasts, and molds provide an indication of the overall quality, technological processing efficiency, and shelf life of a food product, coliforms, Staphylococcus aureus, and ASR attest to poor hygiene during processing and storage (Kusumaningrum, 2003; Fonou et al., 2017). The presence of coliforms, staphylococci, and SRB in the analyzed flours can be explained by poor hygiene and poor storage conditions for fonio. Coliform bacteria are indicator organisms of fecal contamination. Staphylococci are organisms whose main reservoirs are the nose, throat, and skin, and which pose a potential danger to consumers (Kosecka-Strojek et al., 2018).
Phenotypic identification of mold strains isolated from the flours showed two species of Aspergillus present in the samples. Fungal contamination of cereals generally occurs during the post-harvest period (Nishimwe et al., 2020). Aspergillus is known to be responsible for food spoilage, and some species are also potentially pathogenic (Kazan and Gardiner, 2018; Dossa et al., 2019). Aspergillus has the ability to grow on decomposing organic matter, soil, etc. Some Aspergillus species (e.g., A. ochraceus, A. carbonarius, A. niger) are mycotoxin producers, including ochratoxin A, which is feared due to its nephrotoxicity, teratogenicity, immunotoxicity and carcinogenic effects. Aflatoxin B1, which is highly hepatotoxic, is secreted by certain species in the genus Aspergillus, particularly A. flavus (Klich, 2007). Consumption of fonio-based foods contaminated with molds capable of secreting toxins could pose a health risk to consumers.
5. Conclusions
Surveys show that 64% of the fonio sold in markets came from northern Côte d'Ivoire. Fonio was used to prepare several dishes. It was consumed occasionally by more than 82% of those surveyed. The flour samples analyzed were slightly alkalin basic, with an average pH of 7.7. Microbiological analysis revealed contamination of the fonio flour samples by yeasts and molds AMG, staphylococci, coliforms, and SRB. Two (2) species of mold (Aspergillus sp1, Aspergillus sp2) were isolated. The presence of these germs with significant isolation frequencies could compromise the microbiological quality of the flour and therefore poses a risk to consumer health.
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