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Promoting a traditional cereal, fonio (Digitaria exilis stapf.) from Chad, through awareness of its nutritional value	Comment by SUMEDH JOSHI: Title not reflecting the type of study. Should be reframed.

ABSTRACT 
Background: With the imposition of rice cultivation (Oryza sativa) by the colonial administration in Chad, in 1940-1941, fonio (Digitaria exilis stapf.) cultivation declined in production areas. Rice cultivation has since grown steadily at the expense of land planted with fonio. Fonio began to disappear in the 1980s. Today, for almost five years, fonio, a tasty and highly digestible cereal, has been enjoying a resurgence of interest in urban areas, where it is traditionally recommended for people who are overweight and those with type 2 diabetes. In light of the above, we are undertaking a number of projects to promote fonio in Chad: contributing to a better understanding of the diversity of fonio varieties through their collection, the characterization of cultivation practices and the constraints limiting its production. 
Aims: The aim of our present study is first to determine its nutritional value. 	Comment by SUMEDH JOSHI: This should reflect in the title.

Methods: Analyses of macronutrient and fiber of fonio flour were conducted using standards AOAC and AOCS methods. 	Comment by SUMEDH JOSHI: Abbreviations should be enlisted or full form must be mentioned once in the manuscript.
Results: The results of analyses showed that fonio flour, per 100g, is distinguished by its high dietary fiber content (3.82g) and total sugar content (73.23g). The ash content obtained (13.76g) suggests a high mineral content, which remains to be confirmed. 
Conclusion: Fonio provides a significant amount of dietary fiber, which plays a crucial role in the proper functioning of the digestive system. Fonio is mainly composed of carbohydrates that are digested and absorbed gradually by the body, making it an excellent source of slow-release energy.
Keywords: Fonio, Chad, promotion, nutritional value.	Comment by SUMEDH JOSHI: More specific and scientific key words can be used



1. INTRODUCTION
For centuries, millet has been an important staple food in the tropical and semi-arid regions of Asia and Africa (Goron and Raizada, 2015). It is used in the preparation of various traditional food products that are fermented to varying degrees (Barro et al., 2002a; Lestienne et al., 2005; Dossou et al., 2011; Nguessan et al., 2014; N'goran-Aw et al., 2017; UNESCO, 2021; Dabo et al., 2023): couscous, fritters, breads, alcoholic beverages, etc.
In Chad, particularly in the province of Mayo-Kebbi East, Department of Mayo-Boneye, sub-prefecture of Koyom, in the villages of Kim, fonio (Digitaria exilis stapf.) was the main cereal grown and consumed before the introduction of rice cultivation by colonization, and was the basis of several foods; followed by red sorghum purchased at neighboring markets in Bongor town and Kaourang during crop shortfall periods from June onwards. Compulsory cotton cultivation preceded rice cultivation in Chad. Cotton was introduced in 1934. It was during the Second World War that rice cultivation was imposed. Eleusine (fonio) is a traditional crop in the villages of Kim (Cabot, 1953). Fonio is cultivated in Tandjilé Province, where we obtained our sample. It is also reportedly cultivated in the Lam Mountains, in the Department of Logone Oriental Province. Rice cultivation was introduced to Chad in the 1950s by the colonial administration, more precisely in 1940-1941 (Allarangaye, Dar and Kemtolna, 2002). Since then, rice cultivation (Oryza sativa) has been growing steadily at the expense of areas planted with fonio. The area under rice cultivation has followed a general upward trend over the last decade, increasing from 36,800 ha in 1990-1991 to 90,800 ha in 1999-2000.
Among traditional African cereals, fonio is a tiny-seeded cereal that has long been a staple food for many families in rural West Africa representing a key crop in food supply during crop shortfall periods and is now being rediscovered by urban consumers. It takes 1,000 seeds to produce 0.4g to 0.6g (Belgium, 2019).
Digitaria exilis stapf belongs to the grass family, the Panicoideae series, the Paniceae tribe and the Digitaria genus (Guignard, 1996). Fonio is one of the oldest indigenous cereals in West Africa, which remains important in the area stretching from Cape Verde to Lake Chad (Riley et al., 1993).
Fonio cereal comprises two species (Purseglove, 1972): The first species, called Digitaria exilis Stapf. or white fonio, is the most widespread in the sub-region. This is the species that was the subject of our study. The second species, called Digitaria iburua Stapf. or black fonio, is limited to the Jos Bauchi plateau in Nigeria as well as the northern regions of Togo and Benin.
Fonio grows in tropical climates with a distinct dry season, average temperatures of 25 to 30°C and annual rainfall of 600 to 1,200 mm (Cruz, Béavogui and Dramé, 2012).
Although fonio has been consumed for thousands of years in Africa, where it is considered a ‘bridge cereal’, i.e. one that helps people get through difficult periods before the harvest, usually in August-September, the colonial introduction of rice cultivation has long reduced fonio to the status of a marginal cereal and led to its disappearance in certain regions, such as the Kim terroir, since the 1980s. Today, for almost five years, since 2020, fonio has been experiencing a resurgence of interest in urban areas due to its taste and nutritional qualities, which are recognized by consumers. Fonio is mainly composed of complex carbohydrates that are digested and absorbed gradually by the body (ANSES, 2024).
This characteristic makes it an excellent source of slow-release energy, ideal for maintaining stable energy levels throughout the day and avoiding blood sugar spikes that are harmful to metabolic health. With a low glycemic index estimated at between 50 and 55, fonio causes a moderate rise in blood glucose levels, making it a valuable ally in weight management and the prevention of type 2 diabetes (ANSES, 2024).
In light of the above, the aim of our study is therefore to contribute to the promotion of fonio from Chad, first and foremost by raising awareness of its nutritional value.
[bookmark: _Toc454960226]2. MATERIALS AND METHODS
2.1. MATERIALS
Biological material
The plant material, consisting of fonio grains (Digitaria exilis), was obtained in the village of Manga Dongo, approximately 15 km south of Kélo, in the sub-prefecture of Bologo, Tandjilé West Department, Tandjile Province (photos 1 and 2 below).
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            Photo 1: Fonio at harvest time, field in Baping in the village of Manga Dongo
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                            Photo 2: Fonio grains of our study
                            Sources: Photos by Baping S. MANGA (2025) 

2.2. METHODS
2.2.1. Grinding fonio grains
We took precautions to be the first ones at the mill early in the morning. We asked the owner to wash the mill and grind our fonio grains first to avoid any contamination. It was this flour that constituted our sample sent to the laboratories at N'Djamena for analysis. 
2.2.2. The Physico Chemical Analyzes
The measurements were carried out using standard methods employed in livestock feed analysis laboratories, food and nutrition Department of the Institute for Livestock Research for Development (IRED). The samples were analyzed in duplicate: dry matter, Ash rate, Total Protein Content, fat content and crude fiber. The carbohydrate content was calculated by subtraction. Similarly, the energy content per 100 grams of fonio flour was calculated using the Armsby equation. 	Comment by SUMEDH JOSHI: Reference?
2.2.1. Determining dry matter (DM = MS in french)
 The principle consists of placing the food sample in an oven at a temperature of 105°C for a period of 24 hours. The procedure involves using porcelain crucibles that have been previously weighed after drying at 105°C and cooling in a desiccator, in which a test sample is weighed accurately. The dry matter content of the sample is then calculated as follows:
 * 100
Where M0 is the mass of the empty crucible, in grams;
 M1 is the mass of the crucible containing the dry residue, in grams;
 PE is the mass of the test sample, in grams.
 The difference between the results of two determinations carried out simultaneously by the same analyst must not exceed 0.2% in absolute value.
2.2.2. Determination of Ash Rate (MM) 
The sample (5 g) introduced in metal crucibles was mineralized in a muffle furnace (type VOLCA V50) at 550˚C for five (05) hours, removed using thongs and then cooled in a desiccators for about one (01) hour before being weighed. The difference in weight gives the ash content of the sample (AOAC method). The results are generally expressed as a percentage of dry matter (% DM).

Where:
MM is the ash rate;
 M0 is the mass in grams of the empty crucible;
 M1 is the mass in grams of the crucible containing the ashes;
 PE is the mass of the test sample in grams.
 2.2.3. Determining the Total Protein Content (MAT)
It is measured following the Kjeldahl AOAC method based on the total mineralization of the biological material in an acid environment, followed by distillation of nitrogen in ammonia form. The total mass of vegetable protein is calculated using a conversion factor of 6.25 (FAO). The results are generally expressed as a percentage of dry matter (% DM).
The total protein content is:

Where PE: the mass of the test sample, in grams;
V: the volume of 0.1 N sulphuric acid added during titration;
Express the result to the nearest 0.01%.
 The difference between the results of two determinations carried out simultaneously by the same analyst must not exceed (0.228 + 0.014 x % MAT).
2.2.4. Determination of Fats (MG)
 5 g of each sample was weighed and introduced into an extraction cartridge, covered by cotton. The cartridge was placed in a 150 ml glass Soxhlet, (AOCS method). The solvent container was weighed and 400 ml of n-hexane was added. The soxhlet was then introduced into the container placed on the heating mantle, which was then connected to the cryostat cooling thermostat. Four to six siphoning processes were conducted over 5 hours. The heating mantle was disconnected. The solvent was then evaporated in a Rotavapor. The container with the fat was placed in an oven for 3 hours at 103˚C, and then in a desiccator for 30 min and then weighed. The weight difference gives the fat content of the sample. 
Calculation of the fat content:

Where: 
- MG: the fat content of the sample.
Express the result to the nearest 0.1%. The difference between the results of two determinations carried out simultaneously by the same analyst must not exceed 0.4 in absolute value.
 2.2.5. Calculation of the Energy Value  
The results of the raw energy samples obtained are calculated using Armsby's equation (1903).
 EB (kcal/100g MS) = 5,7 × MAT + 9,4 × MG + 4,1 × NFE 
EB (kcal/Kg MS) = (5,7 × MAT + 9,4 × MG + 4,1 × NFE) x 10 
Where:
MAT = Total Protein Content (% Dry Mater, DM);
MG = Fat content (% DM);
 CB = Crude fiber content (%DM);
MM = Asch rate (%DM);
 NFE = Total Sugars (% DM) = 100 – (MAT+MG+ CB+MM).
 We calculated gross energy using Armsby's estimation equation (1903).
2.2.6. Crude fiber
The principle consists of determining the crude fibers according to the Weende method. The steps include preparing a ground sample, digesting it with sulphuric acid and then potassium hydroxide solutions, recovering and drying the residue, and then calcining it in a furnace to obtain the final weight of the crude fiber. The crude cellulose content is expressed as a percentage of dry matter (% DM).

Or PE: the mass of the test sample, in grams;
 S0: the mass in grams of the empty bag;
S1: the mass in grams of the empty bag containing the residue;
 M0: the mass in grams of the empty crucible;
M1: the mass in grams of the crucible containing the ashes; 
0.004: the correction factor due to the ashes in the bag.
Express the result to the nearest 0.01%.
For technical reasons beyond our control, the laboratories we requested to perform our analyses, namely the IRED laboratories and those of the Food Quality Control Center at N'Djamena, were unable to analyze the mineral and vitamins content. However, the equipment was either being installed or else, there was a breakage of reagents. This will be done in our next publications. 
3. RESULTS
Knowledge of the physical and chemical composition of fonio flour is an important factor in promoting this cereal.
Physicochemical parameters of fonio flour
Following laboratory analysis at IRED, the results obtained for macronutrients are summarized in Table 1.
                     Table 1: Nutritional value per 100g of fonio flour from the town of Kélo
	Nutrients
	Value

	Energy (Kcal)
	359,138

	Moisture (%)
	8,17

	Dry matter (%)
Ashes (g)
	91,83
13,76

	Proteins (g)
	7,43

	Fats (g)
	1,76

	Total sugars (g)
	73,23

	Crude fiber (% MS)

	3,82


Comparing these results for fonio flour with the food composition table (FAO, 2024), food composition per 100 grams for international use, we find that fonio is comparable to other cereals with a few exceptions:
-	Protein (7.43%), slightly lower than the content obtained by the FAO (9.0%) and also lower than that of millet (9.7%) and sorghum (10.1%), but higher than the protein content of rice (6.4%);
- Lipids (1.76%) slightly lower than the value found by the FAO (2.2%), much lower than those of sorghum (3.3%) and millet (3.0%) but higher than those of wheat flour (1.1%) and double that of rice (0.8%).
Fonio flour is rich in carbohydrates (73.23%), which is not too different from maize (75.0%), wheat (75.0%) and sorghum (72.5%), except for and rice (80.0%).
We were unable to determine the mineral and vitamin content of fonio flour for technical reasons at the laboratories we contacted. However, according to data from the Food and Agriculture Organization of the United Nations (FAO, 2024) and the French Agency for Food, Environmental and Occupational Health & Safety (ANSES, 2024), the nutritional value of fonio in terms of minerals and vitamins is given in Table 2 below.
 Table 2: Comparative composition of fonio versus rice and wheat
	Nutrients (per 100g)
	Fonio
	White rice
	Brown rice
	Wheat

	Energy (kcal)
	367
	360
	362
	340

	Proteins (g)
	8-12
	7
	7,5
	10-12

	Total sugars (g)
	75-80
	80
	77
	75

	Crude fiber (g)
	3-4
	1,3
	3,5
	10-12

	Fats (g)
	1-2
	0,6
	2,2
	2

	Iron (mg)
	8,5-10
	0,8
	1,8
	3,5

	Magnesium (mg)
	130-135
	25
	143
	120

	Zinc (mg)
	3-4
	1,3
	2,1
	2,4

	Methionine+Cysteine (% of proteins)
	4,8
	3,4
	3,4
	3,7

	Glycemic index
	50-55
	70-75
	55-60
	70-85

	Gluten-free
	Oui
	Oui
	Oui
	Non


            Sources: FAO, ANSES, CIQUAL nutritional composition tables, 2024 
Table 3 presents the results of two African studies (Bama and Sanou) from Burkina Faso and other authors who analyzed the composition of fonio.
Table 3: Comparative composition of fonio according to various authors
	Nutrient (per 100g)
	Fonio (dry grain)
	 Hulled fonio grain

	
	Bama studya
	Sanou studyb
	Hulse, Laing, et Pearson study (synthesis of eight samples)c

	Proteins (g)
	8,40
	10,90
	8,3 (7,3-9,6)

	Total sugars (g)
	86,60
	
	85,1 (82,2 - 87,3)

	Crude fiber (g)
	
	0,67
	1,8 (0,4 - 2,9)

	Fats (g)
	3,12
	2,83
	2,0 (0,6-3,8)

	Ashes (g)
	1,47
	1,31
	1,8 (0,5 - 4,4)

	Iron (mg)
	
	
	10

	Phosphorus (mg)
	
	
	63

	Calcium (mg)
	
	
	20

	Ca/P
	
	
	0,31

	Vitamin B1 (µg)
	
	
	70


            aBama, 1999 ; bSanou, 1993 ; cHulse et al., 1980. Extreme values from the study, in brackets

4. DISCUSSION 
Analysis of the composition of fonio flour, particularly macronutrients and dietary fiber, yielded the results shown in Table 1 above.
With 3.82%, fonio flour is considered a moderately high-fiber food (2-4 g/100 g of food). A high-fiber diet has many health benefits. It helps regulate blood sugar and cholesterol levels. Fiber promotes a lasting feeling of satiety and can therefore help to control weight and contribute to the fight against type 2 diabetes. According to the German Nutrition Society (DGE), fiber plays a decisive role in maintaining healthy intestinal flora.
They serve as food for beneficial intestinal bacteria, colon bacteria, and gut microbiota, which help strengthen the immune system and improve digestion. They also promote the development of intestinal flora. The DGE recommends consuming approximately 30 grams of fiber per day (Wiesinger, 2023). Our fiber content is three times that obtained by Sanou (1993) in Burkina Faso (0.67%). The moisture content in our flour was 8.17% compared to 10.5% obtained by Sawadogo (1998) in Burkina Faso. 
The fonio flour from Chad, in our study has slightly lower macronutrient levels than fonio from Burkina Faso. However, fonio from Chad has a high ash content, which suggests a high mineral content, to be confirmed in further analyzes.
Our study revealed a protein content of 7.43%, which is lower than that obtained by Bama (8.40%, 1999) and Sanou (10.90%, 1993). However, our result is higher than that obtained by Sawadogo (6.4%, 1998); all of these studies were conducted in Burkina Faso. Our protein content obtained is lower than the FAO average (9.0%, 2003). The protein content of fonio is comparable to that of other cereals. However, according to the French National Agency for Food, Environmental and Occupational Health Safety (ANSES, 2024), the sulphur amino acid composition of fonio is particularly remarkable, whereas other cereals are often deficient in these amino acids. Per 100 g of fonio, there are approximately 4.8 g of methionine + cysteine per 100 g of protein, compared to 3.4 g for rice and 2.5 g for maize. Fonio also contains a good amount of leucine, valine and phenylalanine.
As for our results concerning total sugars (73.23%), they are lower than those obtained by Bama (1999) in Burkina Faso, 86.60%. Fonio is primarily an energy-rich food. According to the study by Javillier and Crémieux (1955), per 100 g of dry flour, fonio contains 84.75% starch and 1.06% reducing sugar. Fonio is mainly composed of complex carbohydrates (ANSES, 2024) that are digested and absorbed gradually by the body. This characteristic makes it an excellent source of slow-release energy, ideal for its moderate impact on blood sugar levels thanks to its average glycemic index (GI) (between 50 and 55), a gradual release of energy that prevents sudden fluctuations in blood sugar levels, and finally, it is particularly suitable for people with type 2 diabetes or prediabetes (ANSES, 2024).
The fonio flour in our study contains 1.76% lipids, compared to 3.12% obtained by Bama (1999); 2.83% by Sanou (1993), both in Burkina Faso, and 2.2% by the FAO (2003). Our fonio is low in lipids. 
The ash content of our fonio is very high at 13.76% compared to 1.47% obtained by Bama and 1.31% by Sanou. Our mineral analyses will certainly confirm this upward trend in minerals. The energy value of fonio flour from Chad (359.138 Kcal per 100 grams) is almost similar to that obtained by the FAO in 2003 (355). It is higher than that obtained by Sawadogo in Burkina Faso in 1998 (337 Kcal/100g).
5. CONCLUSION
            At the end of this study, several physical and chemical parameters (moisture, ash, protein, fats, carbohydrates, dietary fibre) of fonio (Digitaria exilis stapf.) from Chad were determined. Fonio from Chad is rich in fiber; it has a satisfactory total sugar content and a very high ash content. Its energy value is similar to that found by the FAO. Fonio is a tasty and highly digestible cereal. It is a staple food in Africa. Given its composition as revealed by the analyzes, particularly its high fiber and energy content, daily consumption would help prevent overweight and would be an excellent source of slow-release energy, ideal for its moderate impact on blood sugar levels. However, as with any food, it is recommended to vary the sources of complex carbohydrates by alternating fonio with other cereals and starchy foods to benefit from their complementary nutritional profiles.
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