
Impact of manufacturing methods on the biochemical, physicochemical and mineral composition of ‘Datou’, a fermented condiment made from Hibiscus sabdariffa var. sabdariffa 
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ABSTRACT

	
Aims: The objective of this study is to determine the influence of manufacturing processes on the physicochemical parameters, mineral composition, amino acid and fatty acid composition, and the bioavailability of minerals in "Datou" obtained from the seeds of Hibiscus sabdariffa variety sabdariffa.
Study design: "Datou" is a condiment obtained by fermenting Hibiscus sabdariffa seeds. It is used to season sauces for its distinctive flavour and therapeutic properties. Several processes can be used to obtain the condiment, but these have a significant impact on the quality of the finished product. The variability of these processes leads to considerable variability in the "Datou", calling into question its quality control and limiting its value in the food and even technological sectors.
Place and Duration of Study: Biocatalysis and Bioprocesses Laboratory at Nangui Abrogoua University, between October 2023 and March 2024.
Methodology: To this end, four samples of "Datou", named D1 to D4, were produced using different processes. The impact of these properties on physicochemical parameters, mineral composition, amino acid and fatty acid composition, and mineral bioavailability was then determined.
Results: Biochemical and nutritional analysis of the "Datou" samples reveals significant variations between them. Sample D4 has the highest levels of protein (29.34 ± 0.05%), lipids (18.91 ± 0.06%), crude fibre (15.45 ± 0.01%) and reducing sugars (13.44 ± 0.00 µg/g DM). In terms of macro-mineral elements, potassium (2639.00 ± 3.87 mg/100 g) and phosphorus (1804.00 ± 2.45 mg/100g) predominate, particularly in D4. Among the trace elements, the highest levels are observed for silicon in D1 (1005.88 ± 1.77 mg/100g), chlorine in D2 (132.48 ± 1.34 mg/100g) and iron in D3 (92.51 ± 1.32 mg/100g). The most abundant essential amino acids are phenylalanine and threonine, mainly in D4, as well as histidine in D1, with respective concentrations of 4117.02 ± 0.002, 2949.67 ± 0.00 and 894.45 ± 0.001 mg/100g. Finally, the major fatty acids, linoleic acid, linolenic acid and palmitoleic acid, are particularly high in D3 (4288.46 ± 0.003; 4881.24 ± 0.003 and 2232.34 ± 0.003 mg/100g).
Conclusion: These results highlight the influence of traditional processes on the nutritional quality of "Datou", reinforcing its potential as a functional food. Optimising these processes could promote its value in the agri-food industry and preserve traditional knowledge.
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1. INTRODUCTION
Hibiscus sabdariffa, commonly known as Guinea sorrel or roselle, is a herbaceous plant widely found in tropical and subtropical regions. Its calyxes, rich in organic acids, anthocyanins and polyphenols, are used in various food, medicinal and industrial preparations. In sub-Saharan Africa, this plant is exploited for its nutritional and therapeutic properties [1].

One notable use is the transformation of seeds into fermented condiments, such as ‘Datou’ in Côte d'Ivoire, produced by alkaline fermentation of cooked seeds [2]. This condiment, with antioxidant, anti-inflammatory and antimicrobial properties, is highly appreciated for its taste and therapeutic qualities [3]. However, although ‘Datou’ is of great cultural and nutritional importance, scientific data on its biochemical composition in Côte d'Ivoire is limited.
The condiment has different names in sub-Saharan Africa, such as “Furundu” in Sudan [4], “Dawadawa botso” in Nigeria [5], “Datou” in Mali and Côte d'Ivoire [6;2], and “Bikalga” in Burkina Faso [7;8]. These variations reflect the cultural diversity and importance of this condiment in the region. The objective of this study is to determine the influence of manufacturing processes on the physicochemical parameters, mineral composition, amino acid and fatty acid composition, and the bioavailability of minerals in "Datou" obtained from the seeds of Hibiscus sabdariffa variety sabdariffa, in order to promote this product and open up prospects for its use in the agri-food industry.

2. material and methods 
2.1. Material
The biological material (Figure 1) consists solely of seeds of Hibiscus sabdariffa variety sabdariffa harvested dry in October 2023 in the department of Korhogo, and authenticated at the botany laboratory of Nangui Abrogoua University.
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Figure 1: Hibiscus sabdariffa seeds


2.2 Methods
2.2.1. Manufacture of "Datou" samples

The "Datou" samples were produced according to a manufacturing process adapted from Konaté et al. [2] (Figure 2). In this study, four samples (D1 to D4) were obtained according to different treatments: D1 (without potash), D2 (with potash), D3 (without potash + steam cooking), and D4 (with potash + steam cooking). The production scheme is illustrated in Figure 2.










Figure 2: "Datou" manufacturing diagram[image: ]

2.2.2. Physicochemical Analyses
The dry matter, ash, protein, lipid, crude fiber, total carbohydrate, pH, and energy content were determined according to AOAC methods [9] and [10].

2.2.3. Determination of the content of ethanol-soluble sugars
2.2.3.1. Extraction method
The ethanol-soluble sugars in the samples were extracted using the method described by Martinez-Herrera et al. [11]. After homogenization and centrifugation of 1 g of sample with 10 mL of ethanol (80%, v/v), the supernatant was collected and the ethanol evaporated in a water bath. The concentrated extract was adjusted to 10 mL for the determination of ethanol-soluble sugars.

2.2.3.2. Reducing sugar analysis
Reducing sugars were measured using Bernfeld's method [12] with 3,5-dinitrosalicylic acid (DNS). After incubating the ethanol-soluble extract with the DNS solution, the optical density was measured at 540 nm. The results were converted to the amount of reducing sugars using a calibration curve with glucose (2 mg/mL).

2.2.3.3. Total sugars analysis
Total sugars were measured using the method described by Dubois et al. [13] with phenol and concentrated sulfuric acid. After treating the ethanol-soluble extract with these reagents, the optical density was measured at 490 nm. The results were converted to total sugar quantities using a calibration curve with glucose (2 mg/mL).

2.2.4. Determination of Energy Value
The energy value (EV) of the samples was calculated using the Atwater and Benedict method [14], using the following formula : EV (kcal/100g) = (TC × 4) + (P × 4) + (L × 9), where TC, P, and L are the percentages of total carbohydrates, protein, and lipids, respectively.

2.2.5. Mineral analysis
The mineral profile of the samples was determined using a scanning electron microscope (SEM FEG Supra 40 VP Zeiss), equipped with an X-ray detector and an EDS microanalyzer. The analysis was carried out in four stages : selection of the analysis area, choice of magnification, calibration with adjustment of the diameter, probe energy, and working distance, followed by determination of the chemical composition in three repetitions. The data obtained were averaged and transferred to a usable file.

2.2.6. Amino acids
The amino acid composition of the samples was determined by high-performance liquid chromatography (HPLC) using an Applied Biosystems Model 172 A chromatograph and a PTC RP-18 column. The proteins in the samples were hydrolyzed with 6 M HCl and phenol, and the phenylisothiocyanate (PITC) derivatives of the amino acids were eluted by HPLC. Amino acid concentrations were determined by comparing peak areas with those of standards. The concentration (CE) of each amino acid in the samples, expressed in g/100g of protein relative to dry matter, was calculated using the following formula : CE=AreaE×CT/AreaT where AreaE is the peak area of the amino acid in the sample, AreaT is the average peak area of the standard amino acids, and CT is the concentration of the standard amino acid.

2.2.7. Fatty acids
The fatty acid composition of the samples was determined by gas chromatography (HP 6890) with a flame ionization detector. The methyl esters of the oils were separated on an HP-5 capillary column, and the peaks were identified using reference methyl esters. The percentages of fatty acids were calculated based on peak area. The concentration of each fatty acid (CA) in the samples was calculated using the following formula : CA = PeakArea × CT/PeakAreaT, where PeakArea is the peak area of the fatty acid in the sample, PeakAreaT is the average of the peak areas of the standard fatty acids, and CT is the concentration of the standard fatty acid.

2.2.8. Statistical analysis
The data were entered into Microsoft Excel and analysed using STATISTICA (version 7.1). A one-way analysis of variance (ANOVA), followed by Duncan's post hoc test, was used to identify significant differences (p<0.05).

3. results and discussion
3.1. Physicochemical composition of "Datou" samples
[bookmark: _Hlk209810298]The physicochemical analysis of "Datou" (Table 1) reveals significant variations between samples D1 to D4 in terms of dry matter, ash, protein, lipids, fiber, carbohydrates, energy value, total and reducing sugars, and pH. The dry matter content, ranging from 90.00% (sample D4) to 94.10% (sample D1), remains high, promoting nutrient concentration and long-term product stability, similar to soumbala [7;15].
Ash content varies from 3.64% to 6.24%, with the highest level observed in sample D4, probably due to the addition of potash, which increases mineralization, as documented for other fermented condiments [16;17;18;19]. The protein content is high, ranging from 25.27% to 29.34%, with sample D4 showing the highest value, attributable to fermentation methods and the use of potash, which promote protein extraction and digestibility [17;20].
Lipids, which are essential for preservation and flavor, vary slightly (18.15% to 18.91%), indicating that neither potash nor cooking method significantly alters this profile, unlike other fermented condiments [21;22]. The fiber content, ranging from 12.09% to 15.45%, is maximized in sample D4, probably due to the addition of potash and steam cooking, contributing to digestive functions [23;24].
Carbohydrates show significant variations, with samples D1 and D2 having higher levels than D3 and D4, due to the use of sugars by microorganisms and the effect of steam cooking [25;26]. The energy value, ranging from 367.79 to 404.98 kcal/100g, is consistent with the high protein and lipid content of fermented condiments [17].
Total and reducing sugars are particularly high in sample D3 (111.26 mg/100g DM), reflecting the absence of potassium and the accumulation of simple sugars from fermentation [27]. Finally, the pH ranges from 5.53 to 6.50, with sample D4 having the highest pH, which promotes preservation and limits microbial proliferation [28;27].

Table 1. Physico-chemical composition of "Datou" samples






















	[bookmark: _Hlk176783543]Parameters

	"Datou" samples

	
	D1
	D2
	D3
	D4

	pH
	005.53±0.01a
	005.70±0.01b
	006.41±0.00c
	006.50±0.01d

	Dry matter (%)
	094.10±0.14b
	093.90±0.14b
	093.00±1.41b
	090.00±0.00a

	Ash (%)
	003.89±0.02a
	003.64±0.05a
	004.97±0.03b
	006.24±0.60c

	Protein (%)
	025.27±0.51a
	025.60±0.53a
	025.57±0.53a
	029.34±0.05b

	Crude lipid (%)
	018.15±0.03a
	018.46±0.10b
	018.78±0.03c
	018.91±0.06d

	Crude fibre (%)
	013.33±0.17b
	012.09±0.12a
	014.78±0.08c
	015.45±0.01d

	Carbohydrates (%)
	033.46±0.72c
	034,11±1.01c
	028.90±0.51b
	020.06±0.01a

	EV (Kcal/100g MS)
	398.27±2.85c
	404.98±1.10d
	386.90±236b
	367.79±0.33a

	Total sugars (mg/100g MS)
	042.00±0.03a
	052.05±0.05b
	111.26±0.02d
	100.68±0.08c

	[bookmark: _Hlk178947710]Reducing sugars (µg/g MS)
	010.86±0.07b
	[bookmark: _Hlk178947690]004.20±0.00a
	012.58±0.01c
	[bookmark: _Hlk178947790]013.44±0.00d



Values are means ± SD. a-d Mean values in the column with lowercase letters as superscripts are significantly different (p<0.05), as analysed by Duncan's post hoc test. D1: "Datou" obtained with the sabdariffa variety without potash; D2: "Datou" obtained with the sabdariffa variety + potash; D3: "Datou" obtained with the sabdariffa variety without potash + steam cooking; D4: "Datou" obtained with the sabdariffa variety + potash + steam cooking.

3.2. Mineral composition of "Datou" samples
[bookmark: _Hlk209799755]Analysis of the mineral composition of "Datou" reveals significant variations linked to the treatments applied, in particular the addition of potash and cooking methods. The macroelements (calcium, potassium, magnesium, phosphorus, sodium, and sulfur) have high levels (Table 2), comparable to or even higher than those observed in other African fermented condiments such as soumbala, dawadawa, and afitin [23;22]. The calcium content ranges from 522.7 to 652.9 mg/100g DM, with higher levels in samples treated with potash, confirming the alkalizing effect of the latter [29]. Potassium, with values reaching 2639.0 mg/100g DM, stands out significantly compared to soumbala or sawadawa [16;23], and even to unfermented Hibiscus sabdariffa seeds [30]. This abundance gives "Datou" particular nutritional value for regulating blood pressure and water balance [19] with observations made for other fermented condiments [17]. Phosphorus (1278.5 to 1804.0 mg/100g DM) is at a high level, comparable to soumbala and dawadawa [23], which is essential for bone formation and energy metabolism [17]. Sodium (417.9 to 623.7 mg/100g DM) reflects the influence of fermentation processes and remains at moderate levels considered more favorable to long-term health [17]. Finally, the sulfur content (422.3 to 656.9 mg/100g DM) confirms the importance of sulfur compounds in the preservation and antimicrobial activity of fermented products [16;7].
With regard to trace elements, iodine (2.6 to 3.5 mg/100g DM) is within the expected range for plant products [22], with particular importance in iodine-deficient areas [33]. The manganese content (12.3 to 14.5 mg/100g DM) confirms previous observations on fermented condiments [16;23]. The zinc content (10.1 to 12.4 mg/100g DM), although slightly lower than other products, remains essential for immunity [34]. Iron, which is abundant (78.9 to 92.5 mg/100g DM), demonstrates high bioavailability, which is enhanced by fermentation and the use of potash [35]. Chlorine (105.7 to 132.5 mg/100g DM) ensures electrolyte balance [22], while silicon (793.3 to 1005.9 mg/100g DM) contributes to connective tissue health [16]. Thus, "Datou" stands out as a major nutritional source of minerals and trace elements, with levels modulated by fermentation and the addition of potash. These results confirm its comparative value compared to other African fermented condiments and its potential for meeting essential micronutrient requirements.

Table 2. Macro and trace elements composition of "Datou" samples
	
	"Datou" samples

	
	D1
	D2
	D3
	D4

	[bookmark: _Hlk178971245]Macro-elements (mg/100g)

	Calcium
	0583.36±2.26b
	0632.74±1.23c
	0522.70±2.12a
	0652.90±2.52d

	Potassium
	[bookmark: _Hlk178971230]1021.44±1.00a
	1138.29±1.90b
	1950.43±1.85c
	[bookmark: _Hlk178971334]2639.00±3.87d

	Magnesium
	0364.76±1.01a
	0579.23±1.31c
	0451.37±1.00b
	0629.47±0.88d

	Phosphorus
	1351.27±2.67b
	1674.86±1.90c
	[bookmark: _Hlk178971616]1278.51±1.60a
	[bookmark: _Hlk178971655]1804.00±2.45d

	Sodium
	0417.92±0.97a
	0623.74±1.23d
	0587.35±0.87c
	0516.48±0.76b

	sulphur
	0422.33±1.05a
	0573.88±0.33b
	0601.31±2.31c
	0656.89±1.77d

	Trace elements (mg/100g)

	Iodine
	0003.36±0.24bc
	002.97±0.33ab
	003.45±0.03c
	002.62±0.11a

	Manganese
	0014.21±0.01c
	012.32±0.17a
	014.49±0.21d
	013.17±0.11b

	Zinc
	[bookmark: _Hlk178973650]0012.39±0.32d
	010.88±0.40b
	011.87±0.16c
	[bookmark: _Hlk178973576]010.13±0.12a

	Iron
	[bookmark: _Hlk178972265]0078.93±1.22a
	090.74±0.65c
	[bookmark: _Hlk178972299]092.51±1.32c
	087.25±0.97b

	Chlorine
	0125.77±0.77b
	132.48±1.34c
	123.94±1.06b
	105.65±1.73a

	Silicon
	1005.88±1.77d
	793.33±0.36a
	974.52±0.98c
	883.39±1.66b


Values are means ± SD. a-d Mean values in the column with lowercase letters as superscripts are significantly different (p<0.05), as analysed by Duncan's post hoc test. D1: "Datou" obtained with the sabdariffa variety without potash; D2: "Datou" obtained with the sabdariffa variety + potash; D3: "Datou" obtained with the sabdariffa variety without potash + steam cooking; D4: "Datou" obtained with the sabdariffa variety + potash + steam cooking.

3.3. Bioavailability of minerals
The study of mineral bioavailability in "Datou" samples highlights the importance of mineral ratios in determining the amount that can actually be absorbed and used by the body. The variations observed in these ratios reflect the influence of preparation methods, particularly the addition of potash and steam cooking. The Na/K, Ca/P, Mg/Ca, Fe/Zn, and Cu/Zn ratios show distinct values depending on the "Datou" samples (Table 3), reflecting complex interactions that may affect the bioavailability of minerals.
The Na/K ratio varies from 0.20 to 0.55, impacted by the alkalizing action of potassium on sodium concentration, a phenomenon documented by Nwajagu et al. [36] and Chukwu et al. [37], and likely to modulate physiological functions such as blood pressure regulation and nerve function [38]. Ca/P ratios, ranging from 0.36 to 0.43, are essential for calcium absorption and bone health, as their bioavailability can be influenced by other minerals and antinutritional factors [35;39]. The Mg/Ca ratio, ranging from 0.62 to 0.96, indicates a significant presence of magnesium, whose bioavailability can be improved through fermentation, benefiting populations at risk of deficiency [40;41].
With regard to trace elements, Fe/Zn ratios (6.37 - 8.61) reveal complex interactions between iron and zinc, whose absorption can be reduced by phytates but improved by fermentation and cooking [42]. The Cu/Zn ratios, ranging from 0.15 to 0.23, highlight the importance of modulating copper/zinc interactions in enzymatic processes, which are influenced by preparation methods [43]. Thus, the results show that food processing methods, particularly fermentation and the use of potash, play a decisive role in the bioavailability of essential minerals and their interaction, which has direct implications for the nutritional value of "Datou".

Table 3. Mineral/mineral ratios of the "Datou" sample

	"Datou" samples
	Mineral/mineral ratios

	
	Na/K
	Ca/P
	Mg/Ca
	Fe/Zn
	Cu/Zn

	D1
	0.41
	0.43
	0.63
	6.37
	0.23

	D2
	0.55
	0.38
	0.92
	8.34
	0.15

	D3
	0.30
	0.41
	0.86
	7.79
	0.17

	D4
	0.20
	0.36
	0.96
	8.61
	0.22



D1: "Datou" obtained with the sabdariffa variety without potash; D2: "Datou" obtained with the sabdariffa variety + potash; D3: "Datou" obtained with the sabdariffa variety without potash + steam cooking; D4: "Datou" obtained with the sabdariffa variety + potash + steam cooking.

3.4. Amino acid profile of "Datou" samples
The quality of "Datou" protein is assessed based on its amino acid profile. The results indicate the presence of all essential and non-essential amino acids, with significant variations depending on the samples and treatments applied (Table 4). Among the essential amino acids, lysine (4.60 - 55.35 mg/100g), phenylalanine (1097.10 - 6671.88 mg/100g), leucine (318.16 - 1678.67 mg/100g) and valine (194.81 - 2563.11 mg/100g) are particularly abundant. This richness is consistent with observations on Hibiscus sabdariffa seeds in Nigeria [44;37], although the values differ, probably due to the effects of fermentation, which is known to improve bioavailability and reduce antinutritional factors [39]. Studies on "soumbala" and "Dawadawa" confirm that fermentation significantly increases the concentrations of lysine, methionine and leucine [8;45]. Phenylalanine, which is particularly high in sample D4 (4117.02 mg/100g), could contribute to the characteristic flavour of "Datou", similar to what has been observed for bikalga in Burkina Faso [18]. Processes such as steaming and the addition of potash also influence amino acid composition, promoting protein extraction and microbial proteolytic activity [25].
With regard to non-essential amino acids, asparagine appears to be predominant (492.04 - 1,788.35 mg/100g), possibly contributing to the umami taste, as reported for Soumbala [32]. Proline, ranging from 58.28 to 137.22 mg/100g, could influence textural and organoleptic properties. Steaming appears to be particularly effective in increasing the availability of most amino acids, as observed in other fermented condiments such as "furundu" and "adjuevan" [46;47].

Table 4. Amino acids composition of "Datou" samples
	[bookmark: _Hlk176791998][bookmark: _Hlk178981510]Amino acids (mg/100g)
	"Datou" samples

	
	D1
	D2
	D3
	D4

	Lysine*
	5.16±0.001b
	[bookmark: _Hlk178981483]4.60±0.001a
	47.04±0.001c
	[bookmark: _Hlk178981499]55.35±0.001d

	[bookmark: _Hlk178983475]Asparagine
	494.21±0.002b
	772.28±0.002c
	[bookmark: _Hlk178983653]492.04±0.003a
	[bookmark: _Hlk178983669]1788.35±0.003d

	Glutamic acid
	[bookmark: _Hlk178983914]7.32±0.002a
	39.89±0.001b
	[bookmark: _Hlk178983974]2012.26±0.002d
	1042.86±0.002c

	Proline
	68.71±0.001b
	133.97±0.002c
	58.28±0.001a
	137.22±0.001d

	Serine
	306.10±0.002a
	427.99±0.001b
	618.63±0.002c
	970.08±0.001d

	Cystine
	[bookmark: _Hlk178983140]3.84±0.001a
	5.19±0.001c
	4.99±0.001b
	[bookmark: _Hlk178983153]10.25±0.001d

	Glycine
	75.62±0.003b
	166.28±0.002c
	64.43±0.001a
	193.97±0.001d

	Tryptophan*
	106.67±0.001a
	148.98±0.001c
	136.67±0.001b
	294.60±0.002d

	Valine*
	202.13±0.001b
	252.91±0.002c
	194.81±0.001a
	2563.11±0.003d

	Arginine
	150.22±0.002b
	404.57±0.003c
	114.97±0.001a
	619.83±0.003d

	Methionine*
	265.43±0.002b
	512.69±0.003c
	186.09±0.002a
	926.93±0.002d

	Leucine*
	381.16±0.001a
	1168.75±0.001b
	1299.57±0.003c
	1678.67±0.003d

	Isoleucine*
	688.03±0.001a
	1375.93±0.002b
	2095.04±0.001d
	1530.70±0.001c

	Phenylamine*
	[bookmark: _Hlk178982314]1097.10±0.003a
	2344.26±0.001b
	[bookmark: _Hlk178982329]6671.88±0.005d
	4117.02±0.002c

	Threonine*
	[bookmark: _Hlk178982612]1032.86±0.002a
	1529.53±0.002b
	1604.70±0.003c
	[bookmark: _Hlk178982706]2949.67±0.00 d

	Glutamine
	569.76±0.002a
	572.37±0.001b
	803.96±0.002d
	680.25±0.001c

	Aspartate
	739.61±0.002b
	892.09±0.003d
	381.28±0.001a
	852.20±0.002c

	Alanine
	734.69±0.003c
	835.94±0.002d
	209,99±0.001a
	525.32±0.001b

	Tyrosine*
	[bookmark: _Hlk178981715]17.28±0.004d
	[bookmark: _Hlk178981700]08.32±0.002a
	12.58±0.001c
	10.70±0.001b

	Histidine*
	894.45±0.001d
	653.86±0.003b
	427.86±0.002a
	763.28±0.001c


Values are means ± SD. a-d Mean values in the column with lowercase letters as superscripts are significantly different (p<0.05), as analysed by Duncan's post hoc test. D1: "Datou" obtained with the sabdariffa variety without potash; D2: "Datou" obtained with the sabdariffa variety + potash; D3: "Datou" obtained with the sabdariffa variety without potash + steam cooking; D4: "Datou" obtained with the sabdariffa variety + potash + steam cooking.

3.5. Fatty acid profile of “Datou” samples
Chromatographic analysis of "Datou" oils revealed the presence of eleven saturated and unsaturated fatty acids, the distribution of which varies significantly between samples (Table 5). Stearic acid is the main saturated fatty acid, with particularly high levels in samples D3 (6415.46 mg/100g) and D4 (6933.98 mg/100g), consistent with the observations of Fane et al. [6], although differences may be attributed to varietal or methodological differences. Palmitic acid appears to be the second major saturated fatty acid, in proportions similar to those reported by Fawale et al [48] for Hibiscus sabdariffa seeds.
In terms of unsaturated fatty acids, the abundance of palmitoleic acid, particularly in sample D3 (2232.34 mg/100g), is a unique feature probably linked to the alkaline fermentation process, which is known to stimulate the production of bioactive metabolites [49]. The high levels of linoleic and linolenic acids, particularly in sample D3 (4288.46 and 4881.24 mg/100g), give "Datou" significant nutritional value, as these fatty acids play an essential role in cardiovascular regulation, brain development and metabolic health [37]. Furthermore, technological treatments also influence lipid composition : the addition of potash tends to reduce fatty acid content, probably through saponification, while steam cooking promotes their extractability, particularly for stearic, linoleic and linolenic acids [23;50].

Table 5. Fatty acids composition of "Datou" samples
	Fatty acids (mg/100g)
	"Datou" samples

	
	D1
	D2
	D3
	D4

	Myristic acid
C14:0
	421.54±0.002d
	31.24±0.001c
	14.75±0.001a
	14.82±0.001b

	Palmitic acid
C16:0
	25.82±0.001a
	34.54±0.001b
	53.96±0.002d
	40.04±0.001c

	Palmitoleic acid
C16:1
	880.03±0.002a
	1323.08±0.002b
	2232.34±0.003d
	1627.04±0.003c

	Stearic acid
C18:0
	3727.64±0.003b
	1138.72±0.003a
	6415.46±0.004c
	6933.98±0.004d

	Oleic acid
C18:1
	115.03±0.001b
	35.82±0.001a
	161.67±0.002c
	175.20±0.001d

	Behenic acid
C22:0
	10.19±0.001c
	4.93±0.002a
	81.35±0.001d
	5.04±0.001b

	Linolenic acid
C18:2
	1019.66±0.002b
	38.56±0.001a
	4881.24±0.003d
	1593.98±0.002c

	Arachidic acid
C20:4
	125.09±0.001c
	16.33±0.002a
	218.60±0.002d
	50.97±0.001b

	Eicosenoic acid
C20:1
	22.18±0.001b
	5.30±0.001a
	266.76±0.001d
	234.72±0.002c

	Eicosatrienoic acid
C20:2
	275.89±0.002c
	14.28±0.001a
	4912.87±0.004d
	96.93±0.001b

	Linoleic acid
C18:3
	906.33±0.003b
	44.59±0.002a
	4288.46±0.003d
	1575.99±0.003c


Values are means ± SD. a-d Mean values in the column with lowercase letters as superscripts are significantly different (p<0.05), as analysed by Duncan's post hoc test. D1: "Datou" obtained with the sabdariffa variety without potash; D2: "Datou" obtained with the sabdariffa variety + potash; D3: "Datou" obtained with the sabdariffa variety without potash + steam cooking; D4: "Datou" obtained with the sabdariffa variety + potash + steam cooking.

4. CONCLUSION
[bookmark: _Hlk209817348]Analyses of "Datou", a traditional condiment obtained by fermenting Hibiscus sabdariffa seeds, have revealed a comprehensive and rich nutritional profile. This product is distinguished by its high protein, lipid, mineral, amino acid, and fatty acid content. The study of the mineral profile highlights good bioavailability of macro- and micronutrients, while the predominance of unsaturated fatty acids suggests beneficial effects for cardiovascular health. These scientifically established results confirm the traditional use of “Datou” and make it a natural alternative to industrial broths, the excessive use of which poses health risks. This study provides a scientific basis for the promotion and potential commercialization of "Datou", while contributing to the documentation and preservation of Ivorian food heritage. It also highlights its potential to improve food and nutritional security for local populations.
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