


Physicochemical characteristics of the flour and oil of winged termites (Macrotermes bellicosus) consumed in Man,Côte d'Ivoire

Abstract
Background: Winged termites (Macrotermes bellicosus) are consumed in western Côte d’Ivoire, but information on the physicochemical characteristics of termite flour and its extracted oil in the Man region remains limited. This study assessed the proximate composition of the flour and selected quality indices of the oil.
Methods: Winged termites were collected in Man in March 2025, cleaned, dried at 65 °C for 72 hours, milled into flour and analysed in triplicate. Moisture, ash, crude protein and lipid contents were determined using established analytical methods. Total carbohydrates were estimated by difference, and energy value was calculated from the reported macronutrient contents. The extracted oil was evaluated using acid, peroxide, iodine and saponification values.
Results: The flour had a moisture content of 5.32% and a dry-matter content of 94.68%. On a dry-matter basis, protein, lipid and ash contents were 31.5%, 51.38% and 12.62%, respectively. Table 1 reported an energy value of 604.66 kcal/100 g dry matter. The oil had an acid value of 2.24 mg KOH/g, a peroxide value of 0.72 meq O₂/kg, an iodine value of 112.36 g I₂/100 g and a saponification value of 253.38 mg KOH/g.
Conclusion: The analysed termite flour contained substantial protein and lipids, while the extracted oil showed low measured acid and peroxide values. Further compositional and storage assessments are needed before broader nutritional or industrial applications can be established. 
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1. Introduction
Insects are the most diverse group in the animal kingdom: they account for approximately 75 to 80% of described animal species, and many species remain to be discovered (Stork, 2018; IPBES, 2019). They play fundamental roles in ecosystems, particularly through pollination, the decomposition of organic matter, soil fertilisation and biological control (Abbasi, 2025; Kambali et al., 2025).
The consumption of insects by humans, or entomophagy, is an ancient practice, as evidenced among hunter-gatherer societies and traditional populations for many centuries (Van Itterbeeck & van Huis, 2012; van Huis, 2020). It remains widespread, with more than 2 billion people reported to consume insects regularly (van Huis et al., 2013), and the number of documented edible species has increased from approximately 500 at the end of the twentieth century to more than 2,000 today (Mitsuhashi, 2016; Motte-Florac & Le Gall, 2016).
In West and Central Africa, insect consumption is a long-standing practice that varies according to sociocultural context, region and species availability. It is receiving increasing attention because insects can provide an alternative source of protein and micronutrients, which may contribute to dietary diversification and, under certain conditions, to food and nutrition security (Makkar et al., 2014; Moruzzo et al., 2021).
From a nutritional standpoint, many edible insect species have high protein and lipid contents. They can provide essential amino acids, minerals (iron, zinc, calcium, phosphorus, manganese) and certain vitamins. The proportion of edible matter is also relatively high in some species: about 80% in crickets, compared with 55% in poultry and pork and 40% in cattle (van Huis, 2013). However, their composition is not uniform; it varies with species, developmental stage, sex, diet, habitat or rearing conditions, as well as processing and preparation methods (Hlongwane et al., 2020; Moruzzo et al., 2021; Shah et al., 2022). Insects should therefore not be regarded as a homogeneous nutritional source, and their composition must be assessed species by species and according to the ways in which they are consumed.
An analysis of the edible Microtermes obesi consumed in Assam documented its proximate composition (Das, 2023). A scoping review of studies from sub-Saharan Africa described variation in the reported nutritional profiles of edible winged termites (Makore et al., 2025).
In Côte d'Ivoire, entomophagy is a traditional food practice in certain communities and involves several species of termites. Insects are eaten in a variety of contexts and may provide a complementary source of protein and energy (Ehounou et al., 2018). Among the termites consumed is Macrotermes bellicosus, which is widely recognised as a food source in the country. Studies on termites of the genus Macrotermes have also shown their nutritional value, because of their protein and mineral contents, including iron, calcium, zinc and magnesium (Angaman Djédoux et al., 2022).
Previous research on roasted Macrotermes bellicosus from Nigeria documented its proximate and micronutrient composition (Adepoju & Omotayo, 2014). Analyses of winged Macrotermes termites collected in Kenya reported site-related differences in nutrient composition and oil yield (Cheseto et al., 2024). More recently, the physicochemical characteristics of oils extracted from several edible winged termite species, including M. bellicosus, were examined in Uganda (Khadijah et al., 2025).
Despite the growing interest in edible insects as alternative sources of nutrients, data on the composition of termites consumed locally in Côte d'Ivoire remain limited, particularly in the Man region.
In other words, winged termites (Macrotermes bellicosus) are traditionally consumed in Côte d’Ivoire, particularly in the Man region, and the nutritional value of the Macrotermes genus is well recognised. However, data on the composition of locally consumed termites remain limited. This raises the following research question: what is the chemical composition of flour made from winged termites (M. bellicosus) consumed in Man, and what is the physicochemical quality of the oil extracted from it? We hypothesise that this flour possesses a favourable nutritional profile, characterised by appreciable protein and lipid contents and a high energy value (H1) and that the extracted oil has acceptable physicochemical characteristics (H2). The aim of this study is therefore to characterize the chemical composition of the flour and the quality of the oil. Specifically, the objectives are (i) to determine the moisture, ash, protein, lipid, and carbohydrate content, as well as the energy value of the flour, and (ii) to assess the quality of the oil based on its acid, peroxide, saponification, and iodine values. These data will help to document the nutritional value of this local food resource. 
2. Materials and methods
2.1. Biological material
The biological material consisted of winged termites (Macrotermes bellicosus) (Figure 1) captured and consumed in the town of Man (Figure 2).
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  Figure 1: Macrotermes bellicosus             Figure 2. Geographical location of the town of Man
The study was carried out in the department of Man, in western Côte d'Ivoire (Montagnes District), which is characterised by mountainous terrain, a relatively humid climate and considerable biological diversity. The termites were collected in March 2025 in four villages (Tiakoupleu, Kagui, Kouitongouié I and Seipleu) and on the campus of the Université Polytechnique de Man (UM). These sites were chosen because of the importance of winged termite consumption in local communities and the availability of termites during the collection period.
2.2. Capture technique
Basins filled with water were placed under floodlights between 1 a.m. and 2 a.m. Attracted by the light, the termites fell into the water, which wetted their wings and prevented them from flying away, thereby trapping them.
2.3. Sample preparation and packaging
After capture, the winged termites were kept at about 4 °C in a cool box containing ice to preserve their freshness, and then taken to the laboratory, where they were cleaned, washed with tap water, stripped of their wings and ground in a blender. The ground material was spread on trays and dried in an oven at 65 °C for 72 h, and then sieved to obtain M. bellicosus flour, which was used for all analyses. Moisture, protein and ash contents were therefore determined in the winged termite flour.
2.4. Chemical composition of the flour
All determinations were performed in triplicate (n = 3), following the methods of the Association of Official Analytical Chemists (AOAC, 1990).
2.4.1. Water content and dry matter
Water content was determined by gravimetry. A 5.0 g sample was weighed into crucibles that had been dried beforehand, cooled in a desiccator and tared, and then placed in an oven set at 105 °C until constant mass was reached. After cooling in a desiccator, the crucibles were weighed. Water content was calculated using equation (1), and dry matter was calculated by subtracting the water content from 100%.
Water content (%) = (M₁ − M₂) / (M₁ − M₀) × 100 (1)
where M₀ is the mass of the empty crucible (g), M₁ is the mass of the crucible containing the test portion (g) and M₂ is the mass of the crucible containing the test portion after oven drying (g).
2.4.2. Ash content
Ash content was determined by incineration (AOAC, 1990). A 5.0 g sample was placed in crucibles that had been dried, tared and cooled in a desiccator beforehand, and then incinerated in a muffle furnace at 550 °C for 8 h, until a light-coloured mineral residue was obtained. The crucibles were then cooled in a desiccator and weighed. Ash content was calculated using equation (2).
Ash content (%) = (M₂ − M₀) / (M₁ − M₀) × 100 (2)
where M₀ is the mass of the empty crucible (g), M₁ is the mass of the crucible containing the test portion (g) and M₂ is the mass of the crucible containing the ash (g).
2.4.3. Total nitrogen and protein
Total nitrogen content was determined by the Kjeldahl method (AOAC, 1990), which comprises three stages: sample digestion, ammonia distillation and determination by titration. During digestion, organic nitrogen is converted into ammonium ions in a sulfuric acid medium. A 0.5 g test portion was placed in a digestion flask with 0.5 to 1.0 g of digestion catalyst, 2 mL of concentrated sulfuric acid (95%, v/v) and 1 mL of 110-volume hydrogen peroxide, and then heated at 400 °C for 3 h in a digestion block.
After cooling, the digests were distilled in a Vapodest 4S automatic apparatus (Gerhardt), with the automatic addition of 2 mL of demineralised water and 2.5 mL of 36% (v/v) sodium hydroxide solution to make the medium alkaline and release the ammonia. The ammonia was distilled and collected in a boric acid solution containing a mixed indicator (methyl red and bromocresol green), then titrated with 0.1 N sulfuric acid solution until the colour changed from green to pink. Total nitrogen content (% N) was calculated using equation (3).
Total nitrogen (%) = ((V − V₀) × N × 1.4) / E (3)
where V is the volume of H₂SO₄ required to titrate the sample (mL), V₀ is the volume required to titrate the blank (mL), N is the normality of the H₂SO₄ solution and E is the test portion (g).
Protein content was obtained using equation (4), with the conventional conversion factor of 6.25. This factor may overestimate the protein content of insects, since part of their nitrogen comes from chitin.
Protein (%) = 6.25 × Total nitrogen (%) (4)
2.4.4. Total lipids
Total lipids were determined by continuous Soxhlet extraction with hexane, following the principle of the AOAC official method for crude fat (AOAC, 1990, method 920.39). The method involves extracting lipids with an organic solvent, evaporating the solvent and determining the residue gravimetrically.
A 50 g flour sample was placed in an extraction thimble plugged with cotton wool. A 500 mL round-bottomed flask, dried and tared beforehand and containing 3 to 4 pumice granules, was filled with 250 mL of hexane, and then fitted to the Soxhlet apparatus and placed on a heating mantle. Extraction lasted 6 h. Most of the solvent was then removed using a rotary evaporator, and the flask was placed for 1 h in a Memmert oven at 105–110 °C to remove the last traces of solvent. The operations of cooling in a desiccator, weighing and drying were repeated until constant mass was reached (difference of less than 10 mg between two successive weighings). Lipid content, expressed in g/100 g of dry matter, was calculated using equation (5).
Lipids (%) = (P₁ − P₀) / P × 100 (5)
where P is the mass of the test portion (g), P₀ is the mass of the dried flask with the pumice (g) and P₁ is the mass of the dried flask with the pumice and the lipid residue (g).
2.4.5. Total carbohydrates and energy value
Total carbohydrates were estimated by difference using equation (6) on a dry-matter basis. Total carbohydrate content (%) was calculated by subtracting the sum of the ash, protein and lipid contents from 100%.
Total carbohydrates (%) = 100 − (ash + protein + lipids) (6)
Energy value (kcal/100 g of dry matter) was calculated from the protein, lipid and carbohydrate contents, using the following energy coefficients:
· Protein: 4 kcal/g (≈ 17 kJ/g)
· Carbohydrates: 4 kcal/g (≈ 17 kJ/g)
· Lipids: 9 kcal/g (≈ 37 kJ/g)
Energy value (kcal/100 g) = (Protein × 4) + (Carbohydrates × 4) + (Lipids × 9)

2.5. Chemical characterisation of the oil of winged termites
The quality indices were determined on the oil extracted by Soxhlet (section 2.4.4), in triplicate, following the AOAC International (1997).
2.5.1. Acid value and acidity
The acid value (Av) is the number of milligrams of potassium hydroxide (KOH) required to neutralise the free fatty acids present in 1 g of fat. It indicates the degree of hydrolysis of the oil. The method is based on the neutralisation of free fatty acids by an alcoholic KOH solution, in the presence of phenolphthalein. A 500 mg portion of fat was accurately weighed and dissolved in 50 mL of a previously neutralised ethanol/diethyl ether mixture (1:1, v/v). After the addition of 4 to 5 drops of phenolphthalein, the mixture was titrated under magnetic stirring with 0.1 N KOH solution until a persistent pale pink colour appeared. The acid value (mg KOH/g of fat) and the acidity, expressed as a percentage of oleic acid (molar mass: 282 g/mol), were calculated using equations (7) and (8).
Av = (V × N × 56.1) / m (7)
Acidity (% oleic acid) = (Av × 282) / (10 × 56.1) (8)
where V is the volume of KOH used (mL), N is the normality of the KOH solution, m is the mass of fat (g) and 56.1 is the molar mass of KOH (g/mol).
2.5.2. Saponification value
The saponification value (Sv) is the number of milligrams of KOH required to saponify the esters and neutralise the free fatty acids present in 1 g of fat. It is related to the average molecular mass of the fatty acids: for a given quantity of fat, a higher value generally indicates fatty acids of lower average molecular mass.
A 5 g portion of fat was accurately weighed into a conical flask, and 50 mL of alcoholic KOH solution (40 g of KOH per litre of ethanol) was added. The flask, fitted with a reflux condenser, was brought to the boil for 30 min. After cooling, 5 mL of distilled water were added. A blank test was carried out under the same conditions, without fat. The excess KOH was titrated with 0.5 N HCl solution in the presence of phenolphthalein, until the pink colour disappeared. The saponification value (mg KOH/g of fat) was calculated using equation (9).
Sv = (56.1 × N × (V₀ − V)) / m (9)
where N is the normality of the HCl solution, V₀ is the volume of HCl required to titrate the blank (mL), V is the volume required to titrate the sample (mL) and m is the mass of the sample (g).
2.5.3. Iodine value
The iodine value (Iv) was determined by the Wijs method, in accordance with the AOAC official method (method 920.159). It represents the mass of iodine (g) absorbed by 100 g of fat and indicates of the overall degree of unsaturation: the higher it is, the higher the proportion of double bonds. The principle is based on the addition of a halogen, supplied in excess by the Wijs reagent, across the double bonds of the unsaturated fatty acids. After a reaction period in the dark, potassium iodide (KI) is added and the iodine released by the excess reagent is titrated with sodium thiosulfate solution in the presence of starch paste.
A 0.6 g test portion of oil, accurately weighed into a 250 mL glass-stoppered flask, was dissolved in carbon tetrachloride (CCl₄). An appropriate quantity of Wijs reagent was added, after which the flask was stoppered, shaken and kept in the dark for 2 h. A 20 mL portion of 10% potassium iodide solution and 150 mL of distilled water was then added, and the liberated iodine was titrated with 0.1 N sodium thiosulfate solution until the blue colour of the iodine–starch complex disappeared. A blank test was carried out at the same time, without oil. The iodine value (g I₂/100 g of fat) was calculated using equation (10).
Iv = (12.69 × N × (V₀ − V)) / m (10)
where V₀ is the volume of thiosulfate used for the blank (mL), V is the volume used for the sample (mL), N is the normality of the thiosulfate solution and m is the mass of oil (g); the factor 12.69 corresponds to 126.9 (the molar mass of iodine) divided by 10 (conversion to g/100 g).
2.5.4. Peroxide value
The peroxide value (Pv), expressed in milliequivalents of active oxygen per kilogram of fat (meq O₂/kg), indicates the primary oxidation of lipids. The principle is based on the reaction of hydroperoxides with potassium iodide in an acid medium, which releases iodine, which is then determined with sodium thiosulfate solution in the presence of starch paste.
A 5 g test portion of oil was placed in a conical flask and dissolved in 10 mL of chloroform. Fifteen millilitres (15 mL) of glacial acetic acid and 1 mL of saturated potassium iodide solution were added; the flask was immediately stoppered, shaken for 1 min and then kept in the dark. After the reaction, 75 mL of distilled water and a few drops of starch paste were added, and the liberated iodine was titrated under vigorous stirring with 0.02 N sodium thiosulfate solution until the blue colour disappeared. A blank test was carried out under the same conditions, without fat. The peroxide value was calculated using equation (11).
Pv = ((V − V₀) × N × 1000) / m (11)
where V is the volume of thiosulfate used for the sample (mL), V₀ is the volume used for the blank (mL), N is the normality of the thiosulfate solution, m is the mass of oil (g) and 1000 is the conversion factor to meq O₂/kg.
2.6. Statistical analysis
Results are expressed as the mean ± standard deviation of three trials (n = 3). Data were processed using JASP software (version 0.19).


3. Results and discussion
3.1. Chemical composition of winged termite flour
The chemical composition of Macrotermes bellicosus flour is presented in Table 1. It is characterised by high lipid (51.38%) and protein (31.5%) contents, an ash content of 12.62% and a low total carbohydrate content (4.06%), which gives an energy value of 604,66 kcal/100 g of dry matter (DM).
Table 1 Chemical composition of dried winged termite flour (Macrotermes bellicosus)
	Parameter
	Unit
	Value

	Water content
	g/100 g of flour
	5.32 ± 0.001

	Dry matter
	g/100 g of flour
	94.68 ± 0.001

	Ash
	g/100 g DM
	12.62 ± 0.001

	Lipids
	g/100 g DM
	51.38 ± 0.058

	Protein
	g/100 g DM
	31.5 ± 0.455

	Total carbohydrates
	g/100 g DM
	4.06 ± 0.001

	Energy value
	kcal/100 g DM
	604,66 ± 3.011


Values are expressed as mean ± standard deviation of three trials (n = 3). DM: dry matter.
3.1.1. Water content
The water content of the flour (5.32%) is similar to values reported for some winged-termite flours from Uganda (Khadijah et al., 2025). This value remains moderate; however, water availability influences storage stability, and controlling water activity is important for limiting microbial growth (Tapia et al., 2020). Low moisture alone, however, does not establish microbial safety (Olaimat et al., 2020). Further drying and airtight packaging could therefore improve its stability.
3.1.2. Protein, lipids and energy value
The flour contains high proportions of protein and lipids, which account for its high energy value (604.66 kcal/100 g DM). These values differ from those reported for Macrotermes subhyalinus (Niaba et al., 2011). These differences may be explained by species, developmental stage and habitat, as well as by environmental factors such as soil type and climate, which influence the nutritional composition of insects (Shah et al., 2022).
The protein and lipid contents of the termites studied are higher than those generally reported for fish and beef (van Huis et al., 2013); however, this comparison should be interpreted with caution, as our values are expressed on a dry-matter basis. These results are consistent with the finding that edible insects are rich in protein, which favours their use in diets to combat malnutrition, particularly protein and energy deficiencies (van Huis et al., 2013). The protein content, calculated with the factor 6.25, could nevertheless be overestimated because of the nitrogen in chitin.
3.1.3. Total carbohydrates
The total carbohydrate content (4.06%) falls within the range (0.72–8.73 g/100 g) reported for four winged-termite species, including M. bellicosus, from western Kenya (Kinyuru et al., 2013). However, carbohydrate content alone does not establish a dietary benefit; carbohydrate quality and the overall diet also matter (World Health Organization [WHO], 2023).
3.1.4. Ash
The ash content (12.62%) is high and comparable to that observed by Niaba et al. (2011) in M. subhyalinus. This high ash content may indicate the presence of minerals involved in physiological processes, including fluid balance and enzymatic metabolism (World Health Organization & Food and Agriculture Organization of the United Nations, 2004). However, confirmation would require measurement of individual minerals, such as potassium, sodium, calcium, phosphorus, iron, zinc and manganese.
3.2. Chemical characteristics of winged termite oil
The characteristic indices of the oil are presented in Table 2. The acid value is 2.24 mg KOH/g of oil, the peroxide value 0.72 meq O₂/kg of oil, the saponification value 253.38 mg KOH/g of oil and the iodine value 112.36 g I₂/100 g of oil. Other physicochemical assessments of edible termite oils, including M. subhyalinus oil, have reported differences among species and extraction methods (Khadijah et al., 2025).






Table 2. Chemical characteristics of winged termite oil (Macrotermes bellicosus)
	Index
	Unit
	Value

	Peroxide value
	meq O₂/kg of oil
	0.72 ± 0.056

	Acid value
	mg KOH/g of oil
	2.24 ± 0.006

	Oleic acidity
	%
	1.13 ± 0.064

	Saponification value
	mg KOH/g of oil
	253.38 ± 0.619

	Iodine value
	g I₂/100 g of oil
	112.36 ± 0.286


Values are expressed as mean ± standard deviation of three trials (n = 3).
3.2.1. Acid and peroxide values
The acid value of the oil (2.24 mg KOH/g) is low. The acid value reflects the presence of free fatty acids resulting from lipid hydrolysis. This low value therefore suggests a low free fatty acid content and limited hydrolysis; free fatty acids may be more susceptible to oxidation. This value is below the limit of 4 mg KOH/g specified by the Codex Alimentarius Commission (1999) for named virgin and cold-pressed vegetable oils; it is used here only as a comparative benchmark.
The peroxide value (0.72 meq O₂/kg) is also low, which indicates limited primary oxidation. It remains well below the Codex Alimentarius Commission (1999) limits, which are 10 meq O₂/kg for refined oils and 15 meq O₂/kg for virgin oils. Conversely, a high peroxide value indicates greater oxidation, which may compromise oil stability and shelf life (Frankel, 1980); moreover, the oxidation of unsaturated fatty acids generates compounds that are potentially harmful to health.
3.2.2. Iodine value
The iodine value of the oil of M. bellicosus caught in Man (112.36 g I₂/100 g) lies within the broad range of iodine values reported for different vegetable oils, although oil-specific comparisons should be made cautiously (Codex Alimentarius Commission, 1999; Dijkstra, 2016). It reflects a notable degree of unsaturation, which may increase susceptibility to oxidation during prolonged exposure to air.
As the iodine value indicates the degree of fat unsaturation, this result should be considered in the context of established relationships between dietary fat and health: altered fatty-acid patterns have been reported in patients with coronary artery disease (Siguel & Lerman, 1994), while evidence reviews indicate benefits of substituting unsaturated fats for saturated fats in reducing coronary risk (Hu et al., 2001). However, determination of the fatty acid profile would be necessary to characterise this unsaturation.
3.2.3. Saponification value
The saponification value of the oil (253.38 mg KOH/g) is higher than that of sunflower oil (189 mg KOH/g), which is rich in oleic and linoleic acids. Because a high saponification value is associated with fatty acids of lower average molecular mass, this value suggests that M. bellicosus oil contains a substantial proportion of shorter-chain fatty acids, which could favour its use in soap making. These characteristics suggest potential food and industrial applications, subject to confirmation through analysis of its fatty acid composition.
4. Conclusion
The physicochemical analysis of winged termite (Macrotermes bellicosus) flour consumed in Man, Côte d’Ivoire, indicated substantial protein and lipid contents. On a dry-matter basis, the reported values were 31.5% protein, 51.38% lipids and 12.62% ash, while moisture constituted 5.32% of the flour. Table 1 reported an energy value of 604.66 kcal/100 g dry matter. These characteristics indicate that this locally consumed insect can contribute protein and dietary energy, although the individual mineral contents cannot be inferred from the ash determination alone.
The extracted oil had relatively low acid and peroxide values of 2.24 mg KOH/g and 0.72 meq O₂/kg, respectively. Its iodine value of 112.36 g I₂/100 g indicated unsaturation, while its saponification value of 253.38 mg KOH/g suggested possible technological applications. These findings provide a local compositional description rather than evidence of long-term storage stability or suitability for particular applications.
Further investigations should characterise individual minerals and fatty acids, assess the effects of customary processing practices and evaluate changes in flour and oil quality during storage.
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Limitations

The findings describe termite flour and extracted oil prepared from specimens collected in the Man area during March 2025. The analysis covered proximate composition and selected oil-quality indices, with measurements performed in triplicate. Individual minerals and fatty acids were not quantified, and the effects of traditional cooking methods and storage on product quality were not evaluated. Consequently, the findings characterise the analysed material but do not establish its nutrient bioavailability, storage stability or performance in particular food or industrial applications.
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