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Chemical Composition, Functional Properties, FTIR and TGA Analysis of White Fonio Flour
Chemical Composition, Functional Properties, FTIR, and TGA Analysis of White Fonio (Digitaria exilis Stapf., Poaceae) Flour


ABSTRACT 
	Aims: This study aimed to evaluate the chemical composition, functional properties, pasting behaviour, and structural characteristics of white fonio (Digitaria exilis (Kippist) Stapf., Poaceae]) flour to establish its suitability for food and industrial applications.

Study design: Experimental laboratory-based study.
Place and Duration of Study: Department of Industrial Chemistry laboratory, Ekiti State University, Ado-Ekiti, Nigeria. The study was conducted using standard analytical procedures.
Methodology: White fonio grains were processed into flour and analyzed using standard methods. Proximate composition and mineral profile were determined using AOAC procedures and spectrophotometric methods. Functional properties (water/oil absorption, foaming, gelation, dispersibility, pH, and swelling power), and pasting characteristics were evaluated using established techniques and a Rapid Visco Analyzer. Structural and thermal properties were assessed using Fourier Transform Infrared (FTIR) spectroscopy and Thermogravimetric Analysis (TGA).
Results: The flour exhibited high carbohydrate (75.89%), moderate protein (7.61%), and low fat (2.50%) contents, with moisture (10.08%) suitable for storage stability. It showed high water (238%) and oil (120%) absorption capacities, indicating good functionality in food systems. Pasting properties revealed peak viscosity (280 RVU), high final (485 RVU), and setback (315 RVU) viscosities, suggesting strong paste formation and high retrogradation potential. FTIR analysis confirmed characteristic starch and protein functional groups, while TGA indicated thermal stability with two major degradation phases.
Conclusion: White fonio flour demonstrates favorable nutritional composition, functional versatility, and thermal stability, making it a promising raw material for gluten-free products, value-added foods, and industrial applications.
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1. INTRODUCTION 

Fonio (Digitaria exilis Stapf), commonly known as hungry rice, acha, or fonio millet, is an ancient African crop that is widely distributed across the tropics and subtropics (National Research Council, 1996; Adoukonou-Sagbadja et al., 2006). It is regarded as the oldest indigenous cereal in West Africa. Its cultivation is thought to date back to 5000 bc (Gomez & Gupta, 2003). According to Yilmaz (2023), fonio ranks as the sixth most important cereal in Africa’s arid regions, following rice, wheat, maize, sorghum, and pearl millet. It is a glumaceous monocot of the grass family (Gramineae or Poaceae) and the genus Digitaria (Cruz & Béavogui, 2016). Fonio is an annual plant with a height of 45–50 cm and well-developed roots that are firmly attached to the soil. The inflorescence is composed of two to six fingers of 5–12.5 cm length. The grains are small, and the individual grain weight is 0.5–0.6 mg. The seed is very small and is usually threshed and pounded to remove the chaff (Gomez & Gupta, 2003). In many parts of West Africa, fonio is a staple grain. In Nigeria, it is commonly prepared as thick, unfermented porridge known as tuwo acha or as a thin, fermented drink called kunuacha. The grains may also be boiled and served with vegetables, fish, or meat (Vodouhè & Achigan Dako, 2006). In Senegal, Burkina Faso, Mali, and Togo, fonio is traditionally served during celebrations, rituals, and ceremonies such as harvests, weddings, and births (Yilmaz, 2023). In northern Togo, the Lamba people use fonio to brew a traditional beer called tchapalo, pop the grains, or blend the flour with other flours to make bread. In the Dominican Republic, fonio flour is used to prepare porridges, creams, cookies, candy, and fermented beverages (Vodouhè & AchiganDako, 2006). Fonio flour has been combined with other ingredients to improve the nutritional and textural quality of various food products such as bread, sourdough, puddings, crackers, breakfast cereals, and biscuits (Zhu, 2020; Abrouk et al., 2020). 

The growing interest in alternative and underutilized crops as sustainable and nutritious food sources has led to increased attention to flour derived from non-traditional cereals. Despite the considerable amount of research already conducted on fonio, the grain remains largely underutilized in industrial food systems. This study, therefore, aims to evaluate the proximate composition, amylose content, functional, and pasting properties of white fonio flour and also analyze its chemical functional groups through Fourier Transform Infrared (FTIR) spectroscopy and determine its thermal stability using Thermogravimetric Analysis (TGA) to establish its quality profile for value-added product development. Information on the detailed physicochemical and structural data will contribute to a better understanding of the flour’s processing behavior and technological potential, thereby supporting efforts to promote fonio as a viable raw material for food product development and large-scale industrial utilization.

2. material and methods 
2.1 Materials
The white fonio grain sample used for this study was obtained from Area 2, Garki, Abuja, Nigeria. The sample was identified and assigned the herbarium no. UHAE2025062 at the Plant Science and Biotechnology Department, Ekiti State University, Ado-Ekiti. Analytical grade chemicals and solvents used were purchased from Pascal Scientific Limited.

About 400 g of the sample was washed thoroughly with clean water several times to remove remaining bran particles, sand, and dust. Final washing was done by using distilled water. The washed grain was then dried in the sun for about four hours. After drying, the sample grain was milled by using a laboratory grinder to obtain the flour. The flour was packaged in an airtight container prior to before analysis.

2.2 Methods
2.2.1 Proximate analysis 
The proximate composition of the sample, which includes moisture, crude protein, crude fat, and crude fibre contents, was determined according to the standard methods of the Association of Official Analytical Chemists (AOAC, 2015). Moisture content was obtained by oven-drying at 105°C until a constant weight was achieved. Crude protein was analyzed using the micro-Kjeldahl method with nitrogen conversion factor 6.25. Crude fat was determined by Soxhlet extraction using petroleum ether, while crude fibre was estimated through acid and alkali digestion. Ash content was determined by incineration in a muffle furnace at 550°C, and total carbohydrate content was calculated by difference. Energy content (kcal/100g) was determined as presented by Achidi et al. (2016).

2.2.2 Amylose content 

Amylose content was determined by the iodine binding method reported by Alamu et al. (2019): 0.1 g of sample was weighed into a 100 ml conical flask and dissolved with 1 ml of 95% ethanol. 9 ml of 1 N NaOH was added to hydrolyze the starch. The flask was transferred to a water bath to boil for 10 min, and distilled water was added to make up to 100 ml. 5 ml was taken from the 100 ml into another conical flask, 1 ml of acetic acid was pipetted into the tube, and a 2 ml iodine solution was added for colour development. Distilled water was added to make up to 100 ml, and the absorbance was read by using a spectrophotometer at 620 nm.

2.2.3 Mineral analysis
Mineral analysis was carried out by dry ashing the sample at 550°C to constant weight and dissolving the ash in a 100 ml standard flask using distilled deionized water with 3 ml of 3 M HCl. Sodium and potassium were determined by using a flame photometer (Model 405, Corning, UK). All other minerals were determined by atomic absorption spectrophotometer (Buck Scientific 210 VGP) (Ogungbenle, 2014).

2.3 Determination of functional properties
2.3.1 Water and oil absorption capacities
The water and oil absorption capacities of the sample were determined using the method reported by Ogungbenle (2014): 10 ml of water was added to a 1.0 g sample in a centrifuge tube. The suspension was mixed vigorously using a vortex mixer. This was then centrifuged at 15,000 rpm for 15 mins, and the volume of the supernatant left after centrifuging was noted. Water bound was calculated from the difference in between the initial volume of the solvent used and the final volume after centrifuging. The same procedure was used for oil absorption capacity by replacing oil with water in the above process.

2.3.2 Foaming capacity and stability
For the determination of foaming capacity and stability, the method outlined by Begum et al. (2021) was followed with slight modifications: A 2.0 g flour sample was mixed with 100 ml distilled water (w/v) in a graduated cylinder at 30±2 °C. After the mixture was prepared, it was whipped in a Kenwood blender for 5 min to generate foam. The foam capacity was determined by measuring the volume of foam 30 s after whipping, using the following formula:

Foam capacity % =    volume after whipping − volume before whipping     x     100

                                   volume of foam before whipping  
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One hour after whipping, the foam volume was measured to calculate the foam stability as a percentage of the initial foam volume.

2.3.3 Gelation properties
Sample suspension preparations of 2 to 20% (w/v) in 5 ml distilled water in test tubes were prepared and heated for 1 hr in a boiling water bath, followed by rapid cooling under running cold tap water. This was further cooled at 4°C for 2 hr. The least gelation concentration was determined as the concentration when the sample from the inverted test tube did not fall (Agbai et al., 2020).

2.3.4 Dispersibility
The procedure reported by Ohizua et al. (2017) was used for the determination of dispersibility: 10 g of the sample was suspended in a 200 ml measuring cylinder, and distilled water was added to reach the 100 ml mark. The set-up was stirred vigorously and allowed to settle for 3 hr. The volume of settled particles was recorded and subtracted from 100. The difference was reported as percentage dispersibility.

 

Dispersibility = 100 − volume of settled particle

2.3.5 pH determination

5 g of the sample was placed in 50 ml of distilled water. The pH of the flour suspension was determined by using a pre-calibrated digital pH meter (HANNA Instrument, Model: PH 2601).

2.3.6 Swelling power

Swelling power was determined by using the procedure outlined by Oyeyinka et al. (2015) with slight modifications: A solution of a 10% flour sample in distilled water was prepared, stirred, and placed in a water bath for 30 min at temperatures ranging from 60 to 80°C with constant stirring. The suspension was centrifuged at 3000 × g for 20 min, and the supernatant was discarded. Swelling power was obtained by weighing the swollen starch residue after centrifugation and dividing it by the original weight of starch on a dry weight basis. The result was presented in as a percentage.

2.4 Pasting properties

The pasting properties of the flour sample were determined using a Rapid Visco Analyser (RVA; Model RVA 4500, Perten Instruments, Australia) as described by Falade and Olugbuyi (2010). A flour sample (3.5 g) was weighed into a clean, dry canister, after which 25 ml of distilled water was added. The suspension was thoroughly mixed, and the canister was inserted into the RVA. The slurry was heated from 50 to 95 °C at a rate of 1.5 °C min⁻¹ and held at 95 °C for 15 min, after which it was cooled to 50 °C. Viscosity parameters recorded include peak viscosity, trough, breakdown, final viscosity, setback, peak time, and pasting temperature. These parameters were obtained from the pasting profile using Thermocline for Windows software connected to a computer.

2.5 FTIR analysis

The FTIR analysis of the flour sample was carried out by using an FTIR spectrophotometer (Shimadzu FTIR-8400S model). The flour sample was mixed with KBr powder and pressed into tablets before measurement (Li et al., 2010). A scan was obtained for the sample covering wavelengths between 400 and 4000 cm⁻¹.

2.6 Thermogravimetric analysis
For Thermogravimetric analysis (TGA), the procedure reported by Muchekeza (2025) was followed with slight modifications: Approximately 15 mg of flour was placed in an aluminum pan and analyzed using a TG analyzer (Perkin Elmer TGA 4000). The sample was heated from 28 to 800 °C at a rate of 10 °C min⁻¹.
2.7 Statistical analysis 

Data were analyzed using the descriptive statistical analysis where means and standard deviation (SD) were obtained using Microsoft Excel 2013 version. Results were expressed as mean ± SD.
3. results and discussion
3.1 Chemical Composition

Table 1 shows the chemical composition of white fonio flour. The moisture level in the flour sample (10.08%) was below the values recorded for Digitaria exilis and Digitaria iburua grains (14.8 and 22%; Chukwu & Abdul-Kadir, 2008). According to the Standard Organization of Nigeria (2004) and Sanni et al. (2005), the optimal moisture content for the safe storage of flours and food powders ranges from 12% to 14%. Moisture content in food can have a significant impact on a product's quality and shelf life (Li et al., 2017). The observed low moisture content of white fonio flour will promote its shelf life stability. The fat content exhibited by the sample (2.50%) was within the range of values reported for the ether extract of white and black fonio (2.26-2.81%) (Isa et al., 2024) but lower than 6.34% obtained for pearl millet Ex-Borno variety flour (Obadina et al., 2017). A high-fat diet poses various health risks, such as obesity, insulin resistance (IR), fatty liver, inflammation, and oxidative stress (Abbasi & Khodadadi, 2025).

Table 1: Chemical composition (%) and Energy value (kcal/100g) of white fonio flour
	Parameters (%)
	White fonio flour

	Moisture 
	10.08±0.06

	Protein 
	7.61±0.04

	Fat
	2.50±0.03

	Ash
	2.47±0.03

	Crude fibre
	1.45±0.02

	Carbohydrate 
	75.89±0.10

	Amylose
	19.44±0.14

	Energy Value
	357


Values are expressed as mean ± standard deviationof duplicate determinations.
Ash content represents the level of mineral remaining after burning the organic matter. The value of ash obtained in the present study (2.47%) was higher than the ash content of white and black fonio with 2.13% and 2.31%, respectively (Sadiq et al., 2015), and also better than the ash contents of white and brown whole grain sorghum flours with 1.20% and 1.17%, respectively (Adebo & Kesa, 2023). It can be inferred that the minerals present in the white fonio flour used in the present study would possibly be in higher concentration than in the other samples. Proteins are important molecules that serve structural and regulatory functions in the body (Tarnopolsky, 2004). White fonio flour exhibited a protein content (7.61%) that fell within the range reported for white and black fonio (7.11-8.75%; Sadiq et al., 2015) and within the 6.28 and 9.74% range previously observed by Chanapamokkhot &Thongngam (2007) for two sorghum cultivars. In the food industry, protein content is critical for assessing the nutritional value of plant materials used in food formulations (El Hammadi et al., 2025). 

The crude fibre content of the sample was 1.45%. Health benefits of dietary fibre include improvement of blood lipid levels and regulation of blood glucose (Lattimer & Haub 2010). The major nutritional component of white fonio flour was carbohydrates (75.89%). This value was close to previously reported values for both white and black fonio varieties, which typically ranged from 79.72% to 76.91% (Sadiq et al., 2015). The high carbohydrate content of the sample suggests its potential as an energy-yielding food source and also reveals a significant industrial advantage, making it an efficient substrate for producing starch, glucose, and alcohol. The calculated energy value was approximately 357 kcal/100g. Energy value represents the amount of energy present in food that can be provided to the body to support essential physiological functions (Afolabi et al., 2018).

The flour contained 19.44% amylose, a value higher than the range reported for four varieties of Korean domestic purple wheat (2.51–18.51%; Zhang et al., 2024) but slightly lower than the range reported for brown and white varieties of fonio flours (21.20–21.44 g/100 g) (Bassey et al., 2023). Amylose is a type of starch molecule that contributes to a more rigid gel structure. It plays a pivotal role in the retrogradation process of starch, which is a critical factor affecting the texture and nutritional value of starchy foods (Li & Hu, 2021). In relation to health, amylose positively affects digestive tract microbiota, helps regulate blood cholesterol and glycemic index, and supports diabetes management (Fuentes-Zaragoza et al., 2010).

3.2 Mineral Composition 
The mineral composition of the analyzed white fonio flour sample is presented in Table 2. The dominant minerals in this sample were calcium (981 mg/100 g) and potassium (623 mg/100 g). Calcium contributes to bone formation, blood clotting, metabolic processes, and muscle contraction (Abulude et al., 2006). Potassium helps in the transfer of phosphate from ATP to pyruvic acid and probably has a role in many other basic cellular enzymatic reactions (Soetan et al., 2010).
Table 2: Mineral contents of white fonio flour

	Mineral
	White fonio flour (mg/100 g)

	Sodium 
	49.05±0.21

	Potassium
	623±4

	Magnesium
	42.28±0.85

	Calcium
	981±1

	Iron
	5.89±0.07

	Zinc
	4.40±0.05

	Manganese
	1.16±0.03

	Copper
	1.01±0.01

	Lead
	ND


Values are expressed as mean ± standard deviation of duplicate determinations

The concentrations of sodium and magnesium were 49.05 mg/100 g and 42.28 mg/100 g, respectively. Sodium is an element that has an important role in maintaining water balance within cells and it is also involved in the proper functioning of both nerve impulses and muscles within the body (Sabuj et al., 2021). In humans, magnesium is a vital constituent of plasma and extracellular fluid, where it plays a critical role in maintaining osmotic equilibrium (Thomas & Krishnakumari, 2015). 

Iron (5.89 mg/100 g), zinc (4.40 mg/100 g), and manganese (1.16 mg/100 g) were present at nutritionally relevant levels. Copper was detected at 1.01 mg/100 g. Iron is involved in the synthesis and packaging of neurotransmitters, their uptake, and degradation into other iron-containing proteins, which may directly or indirectly alter brain function (Beard, 2001). Zinc is a cofactor for many metalloenzymes required for cell membrane repair, cell proliferation, growth and immune system function (Lin et al., 2017). Manganese is an essential element that is involved in the synthesis and activation of many enzymes and in the regulation of the metabolism of glucose and lipids in humans (Li & Yang, 2018). Copper is a vital cofactor for forming proteins like cuproproteins (Hurrel, 2003). The absence of lead in the sample was an indication that it is safe from heavy metal contamination with respect to lead.

3.3 Functional Properties

The functional properties of flours play an important role in the manufacturing of bakery products (Asif-Ul-Alam et al., 2014). Table 2 shows the summary of the functional properties of white fonio flour.
Table 3: Functional properties of white fonio flour 
	Parameter
	White fonio flour

	Water absorption capacity (%)
	238± 4

	Oil absorption capacity (%)
	120±7

	Least gelation concentration (% w/v)
	6.0±0.0

	Foaming capacity (%)
	8.59±0.08

	Foaming stability (%)
	3.80±0.21

	Dispersibility (%)
	74.50±0.71

	pH
	5.91±0.01


Values are expressed as mean ± standard deviation of duplicate determinations

From the result, white fonio flour exhibited a water absorption capacity (WAC) of 238%, a value higher than the WAC for green gram (196%), rice (192%), and wheat (140%) flours, respectively (Chandra & Samsher, 2013). This result implied that white fonio flour had a greater ability to absorb and retain water, making it more suitable for products requiring moisture retention, such as baked goods and soups. The oil absorption capacity (OAC) of the sample was 120 %. According to Iwe et al. (2016), oil absorption capacity (OAC) is a key functional property that enhances food texture and preserves flavour. OAC is desirable in ground meat formulations, meat analogues, and extenders, as well as, in the production of doughnuts, pancakes, baked goods, and soups (Seena & Sridhar, 2005).

In terms of least gelation concentration (LGC), the result showed that white fonio flour will form a gel at 6.0% (w/v). A similar value (6 g/ml) was reported for rice and potato flours (Kakar et al., 2022). Chandra et al. (2014) had stated that the least gelation concentration is a property that describes the lowest degree of hydration necessary in a hydrocolloid system under specific circumstances that will result in the formation of a stable gelatinous network, which depends on both protein and carbohydrate contents.

Foaming capacity indicates the ability of flour to form foam and depends on the presence of flexible protein molecules that reduce the surface tension of water (Asif-Ul-Alam et al., 2014). The foaming capacity and foaming stability of white fonio flour were 8.59 and 3.80%, respectively. Good foam capacity and stability are desired attributes for flours intended for use in the production of various baked products such as angel cakes, muffins, akara, and cookies (Godswill et al., 2019). The percentage dispersibility value of white fonio flour (74.50) was comparable to that of wheat flour with 76.5% (Kuma et al., 2023) but higher than 52.00, 64.00 and 56.00 recorded for unripe banana, pigeon pea and sweet potato flours (Ohizua et al., 2017). Dispersibility represents the tendency of flour to move apart from water molecules and shows its hydrophobic interaction (Baranwal & Sankhla, 2019). The pH value of white fonio flour was within the range of pH values of some commercially available cereal flours (5.20–6.75; Popovska, 2023).
3.4 Swelling power
The result of the swelling power of white fonio flour at different temperatures (60°C, 70°C, and 80°C) is presented in Figure 1.
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Fig. 1. Swelling power of white fonio flour

At 60 °C, the swelling power of white fonio flour was 113%, indicating a moderate level of swelling. However, between 60oC and 70°C, the swelling power of the sample increased significantly, an indication of an increase in water absorption and granule expansion at this temperature range. The increase in swelling power at higher temperatures may be attributed to the gelatinization of the starch present in the flours (Oyeyinka et al., 2023).

3.5 Pasting Properties 

The results of the pasting property of white fonio flour, highlighting its distinct characteristics, is are shown in Table 4. The pasting properties of flour help in selecting its possible uses in the food industry (Olatunde et al., 2016). Peak Viscosity (PV) is the maximum viscosity developed during or after the heating period of a test sample (Elochukwu et al., 2019). The peak viscosity of white fonio flour was recorded at 280 RVU, a value that aligns with the range of 117 – 382 RVU reported for different varieties of millet flours (Eke-Ejiofor & Oparaodu, 2019). It could be suggested that white fonio flour possesses the requisite thickening power, which may be applicable in traditional gel-based food products.
Table 4:  Pasting Properties of white fonio flour 

	Pasting Parameters 
	White fonio flour

	Peak viscosity, PV (RVU)
	280±13

	Trough viscosity, TV (RVU)
	170±13

	Breakdown (PV-TV) (RVU)
	110±0

	Final viscosity, FV (RVU)
	485±7

	Setback (FV-TV) (RVU)
	315±6

	Peak Time (min) 
	5.47±0.09

	Pasting temperature ([image: image4.png]°C



)
	92.53±1.73


Values are expressed as mean ± standard deviation of duplicate determinations
The trough viscosity, which is the minimum viscosity value in the constant temperature phase of the RVA profile, measuring the ability of paste to withstand breakdown during cooling (Ojo et al., 2017; Ndie et al., 2010), was 170 RVU. The breakdown (PV-TV), calculated by the difference between peak and trough viscosities, signifies the flour's vulnerability to breakdown when subjected to heat. Notably, the breakdown viscosity of white fonio flour (110 RVU) fell within the range reported for millet flour varieties (71.92-190.75 RVU; Eke-Ejiofor & Oparaodu, 2019). It could be suggested that white fonio exhibited a degree of paste stability comparable to other small-seeded millets during sustained thermal processing. The final viscosity gives the ability of starchy foods to form a viscous paste after cooking and cooling (Ikegwu et al., 2010). In this study, the sample exhibited a final viscosity of 485 RVU, which exceeds the range of 154.96–471.55 RVU reported by Eke-Ejiofor & Oparaodu (2019) for different millet flour varieties.

The setback viscosity (SBV) reflects the extent of starch retrogradation in the flour sample during cooling to 50 °C, arising from the reassociation of starch molecules following gelatinization. The setback value measured at 315 RVU was more than the range of setback viscosity 109.84 - 280.21 of different millet flour varieties (Eke-Ejiofor & Oparaodu, 2019). Considering the level of the setback value obtained in this study, it could be inferred that white fonio flour had a high retrogradation tendency which could be explored in the food industry for developing foods with high resistant starch. It has been reported that resistant starch can be beneficial in the management of blood sugar levels by slowing the breakdown of carbohydrates into simple sugar and subsequent absorption into the bloodstream, which ultimately reduces the risk of type 2 diabetes (Bojarczuk et al., 2022), 
The pasting temperature refers to the temperature at which a measurable increase in viscosity is first observed, corresponding to the onset of starch granule swelling and the initial disruption of the granular structure. The pasting temperature obtained in the present study (92.53°C) was slightly above the range of pasting temperature values of fonio and other gluten-free flours (80.29–91.6°C;Deriuet al., 2022) and also above three fonio types (89.8–90.6°C) (Ocloo et al., 2023). The high gelatinization temperature of the flour sample may be attributed to the strength of bonding in the micellar network of the granule and other components within the flour (Aryee et al., 2006). Higher pasting temperature is a required attribute for good cookies (Devi et al., 2018).

3.6 FTIR Spectroscopy

The FTIR spectrum of white fonio flour is shown in Figure 2. FTIR spectroscopy is an analytical technique that can be used to identify compounds, verify authenticity, and even detect adulteration in food products (Sprey et al., 2025). 
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Fig. 2. FTIR spectrum of white fonio flour
The three sharp peaks observed at around 1157, 1080, and 1018 cm⁻¹ corresponding to C-C and C-O vibrations were mainly contributed from to by starch (Coates, 2000). These peaks were found at 1151.6, 1078.2, and 1019.7 cm−1 in sorghum grain (Lin et al., 2021). The peak at around 1651 cm⁻¹ was the amide I band from protein. The amide I band originates primarily from the stretching vibration of the C=O band within the peptide group of the protein backbone (Amir et al., 2013). Compared to the typical amide II position around 1550 cm⁻¹ as reported by Barth (2007) and Manley et al. (2002), the amide II band of white fonio flour appeared at around 1524 cm⁻¹. This result was consistent with the 1600 - 1500 cm⁻¹ range reported by Kumar et al. (2017) for the amide II band of proteins in the spectrum of sorghum powder. Also, Sujka et al. (2017) noted that the spectral range of 1583–1494 cm⁻¹ has been defined as the amide II band. The band at 2932 cm⁻¹ fell within the 3000–2800 cm⁻¹ range assigned to the stretching vibrations of the C–H bond (Sujka et al., 2017). The stretching vibration of the O–H bond in the range of 3600–3200 cm⁻¹ (Arslan et al., 2020) was found as an intense band centered at ~3410 cm⁻¹ in the FTIR spectrum of the sample.

3.7 Thermogravimetric analysis
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Fig. 3.  TGA curve of white fonio flour

The TGA curve of white fonio flour is presented in Figure 3. Two distinct stages of weight loss were observed in the sample. In the first stage, a 12.75% reduction in mass occurred between 57°C and 289°C, indicating the loss of moisture and volatile components. The second, more pronounced degradation stage took place between 289°C and 593°C, with a weight loss of 68.86%. This degradation has been attributed to the breakdown of organic constituents such as starch and proteins. A similar degradation pattern, with two main stages of weight loss, was exhibited by wheat flour as reported by Akter et al. (2025).
4. Conclusion

This study highlights white fonio flour as a functional ingredient with real potential in modern food systems. The results revealed that the flour was predominantly carbohydrate-rich with moderate protein and low fat contents. The flour also showed strong functional properties, including high water and oil absorption, good gelation, and moderate foaming ability, making it suitable for moisture-rich and texture-enhanced food products. Pasting properties revealed high peak, final, and setback viscosities, suggesting strong paste formation and high retrogradation potential. FTIR analysis revealed characteristic starch peaks (C–C and C–O vibrations, O-H????) and protein bands (amide I and II), confirming its typical carbohydrate–protein composition. Thermogravimetric analysis showed two weight-loss stages: an initial weight loss due to moisture and volatile compounds, and a major weight loss which corresponded to the decomposition of organic components like starch and proteins. The balanced nutritional composition of white fonio flour, its rich mineral profile, and favourable functional properties would make it suitable for a wide range of applications, from bakery products to gluten-free formulations and industrial starch-based uses.
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