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Impact of the soil and climatic characteristics of growing localities on the nutritional qualities and phytochemical constituents of sesame (Sesamum indicum L.) seeds in Côte d’Ivoire

[bookmark: _GoBack]ABSTRACT

	Aims:This study was conducted to assess the influence of soil and climate conditions on the nutritional properties and phytochemical constituents of sesame accessions in three locations in Côte d’Ivoire.
Study design: The study is based on a comparative assessment of the biochemical characteristics of sesame accessions grown under different soil and climate conditions.
Place and Duration of Study: The study was conducted in three locations in Côte d’Ivoire (Diawala, Korhogo, and Touba), using samples from a multi-site agronomic trial.
Methodology: Seeds from eight productive and stable sesame accessions were selected from among twenty-two accessions studied in a multi-location agronomic trial. Soil samples were collected at each location for analysis, and climate data from the various sites were recorded. The biochemical evaluation focused on dry matter, macronutrients, micronutrients, and phytochemicals. Univariate (ANOVA) and multivariate (PCA, AHC) analyses were performed using R software to identify relationships between biochemical parameters and growing conditions.
Results: The results revealed significant variability in the nutritional composition of sesame seeds across different locations. The seeds were dominated by lipids, proteins, carbohydrates, as well as calcium, potassium, and lignin. Principal component analysis (PCA) and ascending hierarchical classification (AHC) identified three distinct groups of accessions based on their biochemical compositions. Seeds from Diawala were richer in energy-providing nutrients and antioxidants. Those from Korhogo were characterized by a higher content of minerals and lignin, while those from Touba were characterized by a higher content of proteins and functional compounds.
Conclusion: These results highlight the importance of biochemical variability for the selection and nutritional enhancement of sesame accessions adapted to the agroclimatic conditions of Côte d’Ivoire.
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[bookmark: _Hlk224404326]1. INTRODUCTION 

Sesame (Sesamum indicum L.) is an ancient oilseed crop grown primarily for its seeds, which play a prominent role in human nutrition, traditional medicine, and various industries (cosmetics, pharmaceuticals, and paints) [1, 2]. Widely used in the preparation of sauces, in baking, and in confectionery [3], it is also processed into derivative products such as sesame butter [4]. Sesame seeds have a remarkable biochemical composition, containing between 19 and 25% protein, 57 to 63% fat, and approximately 5% ash [2]. They are particularly rich in natural antioxidants (sesamolin, sesamol, and tocopherol), as well as essential minerals (calcium, magnesium, iron, and phosphorus) [5]. These compounds give them significant nutraceutical properties, useful for preventing chronic diseases and improving human health. Despite relatively low productivity, this crop ranks among the world’s top thirteen oilseed crops, accounting for nearly 90% of global edible oil production [6]. However, studies have shown that the nutritional and biochemical composition of the seeds can vary considerably depending on agroecological factors such as soil type, temperature, rainfall, and farming practices, which differ across production areas [7]. These factors influence not only yields but also seed quality and, consequently, their nutritional and functional potential. It therefore seems necessary to consider the characteristics of each growing region in order to understand how they affect the quality of the sesame seeds produced, thereby influencing their nutritional and therapeutic potential.
In Côte d’Ivoire, although sesame has significant nutritional and economic potential, its cultivation remains underdeveloped and underutilized [8]. Yet this crop could serve as a solution to declining agricultural productivity and help combat poverty among rural populations [9]. However, little scientific information is currently available in the country regarding the influence of the environment on the quality of sesame seeds. The study conducted by [8] highlighted the effect of germinating seeds for 1 to 4 days on their nutritional composition. This study did not assess the differential effect of soil and climate conditions on the nutritional quality of the seeds. Yet this factor could be decisive for variety selection and the commercial development of local sesame. In this context, understanding the impact of environmental characteristics on the nutrient and bioactive compound content of sesame is essential for improving seed quality in production areas. This will ensure compliance with the quality standards required by national and international markets. It will also help strengthen the value chain for Ivorian sesame. The overall objective of this study is to assess the impact of the agro-climatic characteristics of three sesame-producing localities (Côte d’Ivoire) on the nutritional and phytochemical properties of various sesame accessions. More specifically, the study will (i) characterize the soil and climate conditions of the three growing localities and (ii) analyze the nutritional and biochemical composition of the sesame accessions according to locality.

2. material and methods 

2.1. Biological material
The biological material used in this study consisted of twenty-four seed samples from eight sesame (Sesamum indicum L.) accessions, seven of which were collected from various locations in Côte d’Ivoire and one from Senegal. These eight accessions were selected based on their yield and adaptability during a multi-location agronomic study. 
2.2.  Climate data collection
The climate data used in this study were collected in the form of monthly data for each of the study areas. These data included precipitation, temperature, and relative humidity. These data were used to analyze climate change and, consequently, its impact on sesame growth and productivity. The data were collected from the Historical Climate (Monthly) website [10].

2.3. Soil sampling and physicochemical analysis at the experimental sites
2.3.1. Sampling
Soil samples were collected prior to sowing at a depth of 0–20 cm using an auger. In each experimental plot, five sampling points were selected along a diagonal to ensure representative coverage of the entire area and to account for soil heterogeneity. The samples collected from these five points were combined and homogenized to form a composite sample for each trial. Before being transported to the laboratory, the composite samples were air-dried, then packed in labeled plastic bags and transported to the Soil and Plant Laboratory of the Félix HOUPHOUËT-BOIGNY National Polytechnic Institute (INP-HB) in Yamoussoukro for further analysis.
2.3.2. Laboratory analysis of soil samples
In the laboratory, the samples were dried again. Approximately 500 g of soil was used for the physicochemical analyses. The analyses performed included pH, organic carbon content, total nitrogen, total phosphorus, potassium, exchangeable cations (calcium and magnesium), as well as particle size fractions (sand, silt, and clay). 
Particle size distribution was determined using the Robinson-Kölen method (1927). 
Organic carbon (C) was determined by titrimetry using the Walkley-Black method [11], following oxidation with a mixture of sulfuric acid (H₂SO₄) and potassium dichromate (K₂Cr₂O₇). 
Total nitrogen was quantified using the Kjeldahl method [12], based on wet oxidation. 
Total phosphorus was determined by colorimetry [13], following reaction with phosphoric acid in the presence of ammonium molybdate and ascorbic acid. 
Available phosphorus was extracted using a sodium bicarbonate (NaHCO₃) solution at pH 8.5, according to the Olsen-Dabin method [14]. 
Exchangeable cations (K⁺, Ca²⁺, Mg²⁺) were extracted using ammonium acetate. Potassium was determined using a flame photometer, while calcium and magnesium were quantified by atomic absorption flame spectrophotometry. The water pH was measured using a pH meter after adding 50 mL of deionized water to 20 g of soil, followed by stirring and decanting.

2.4. Determination of the biochemical parameters of sesame seeds
2.4.1. Dry matter
The dry matter content was determined using the AOAC method [15]. 5 g of ground sesame seeds were weighed into pre-dried aluminum crucibles. The samples were dried for 6 hours at 105°C in a forced-air oven (MEMMERT 854 SCHWABACH, Germany). After cooling, the residual mass was measured using a high-precision analytical balance (±0.001 g). The dry matter content was calculated using the following formula:


With:
M0 = Mass of the empty crucible
M1 = Mass of the empty crucible + fresh sample
M2 = Mass of the empty crucible + dried sample

2.4.2. Macronutrients
The carbohydrate, protein, fat, and dietary fiber contents were determined by attenuated total reflection Fourier-transform infrared spectroscopy (ATR-FTIR). One (1) g of dried and ground sample was carefully placed on the stage of the Alpha II spectrophotometer (Bruker Optics GmbH, Germany), equipped with a ZnSe ATR crystal.
Spectra were acquired in the spectral range from 4000 to 400 cm⁻¹, with 16 scans per sample and a spectral resolution of 4 cm⁻¹. Ambient air was used as the background spectrum, and the ATR crystal was carefully cleaned with 70% ethanol between each measurement to prevent cross-contamination.
Calibration models specific to each biochemical component were developed using partial least squares (PLS) regression based on the recorded spectra and reference values. The models were developed using the Quant 2 module of R software version 4.3. A ten-fold cross-validation was performed on a set of 43 calibration samples and 30 validation samples, including ten distinct accessions. The relevant spectral ranges, as well as the spectral preprocessing steps, were selected based on principal component analysis (PCA) to optimize the robustness and accuracy of the quantification models.
Thus, the carbohydrate, protein, lipid, and fiber contents were obtained by quantitative prediction using the calibrated PLS models applied to the ATR-MIR spectra of the samples.

2.4.3. Micronutrients
The mineral elements (Ca, Mg, K, P, Cu, Fe, Mn, Zn) were quantified using energy-dispersive X-ray fluorescence spectroscopy with a Bruker Tracer 5i portable X-ray spectrometer (XRF). For each sample, ten grams of dried sesame seeds were finely ground using an electric grinder to obtain a homogeneous powder. The samples were placed in mini-cuvettes suitable for XRF analysis. Measurements were performed at a voltage of 15 kV and a current of 1000 μA, with a 200 µm aluminum filter in place. The analysis was conducted in ambient air, using the “plant” mode of the integrated Bruker Tracer software, which allows for direct quantification of the elements. Spectral normalization was performed in the energy window from 11.0 to 12.0 keV, with an acquisition time of 90 seconds per sample.
Mineral element concentrations were thus obtained by direct quantification of the characteristic spectral intensities of each element, using the data-processing software integrated into the XRF spectrometer.

2.4.4. Vitamins
The determination of vitamins, particularly vitamin E (tocopherols), was performed using high-performance liquid chromatography (HPLC). After extracting the fat-soluble compounds from the sesame seed powder, the extracts were filtered and injected into an HPLC system equipped with a UV-visible detector. The analysis was performed using an isocratic method, with a mobile phase suitable for the separation of tocopherols, at a constant flow rate and under temperature-controlled conditions. Detection was performed at a specific wavelength (generally around 292 nm for vitamin E). Quantification was performed by comparison with calibration curves obtained from certified analytical standards. Vitamin E contents were thus determined by comparing the chromatographic peaks against a calibration curve established using standard solutions of tocopherols at known concentrations, prepared by successive dilutions and analyzed under the same chromatographic conditions as the samples.
2.4.5. Phytochemicals
The content of lignins, phytosterols, antioxidants, and alkaloids in sesame seeds was also determined by ATR-MIR spectroscopy, using the same approach as for macronutrients. However, specific calibration models were developed for each compound family based on the recorded spectra and reference values obtained using standard analytical methods. The characteristic spectral regions used for calibration were as follows:
	Lignins: aromatic bands between 1600–1510 cm⁻¹ and 1500–1450 cm⁻¹, associated with phenylpropanoid structures;
    Phytosterols: vibrations of steroid rings between 1465–1380 cm⁻¹ and bands of hydroxyl groups;
	Antioxidants: absorption bands of phenolic groups (3200–3550 cm⁻¹ for aromatic –OH groups, 1600–1500 cm⁻¹ for aromatic rings);
	Alkaloids: bands of nitrogen-containing groups (N–H and C–N) located between 3400–3300 cm⁻¹ and 1200–1000 cm⁻¹.
The selection of relevant spectral ranges and spectral preprocessing steps (centering, normalization, derivatives) was optimized using principal component analysis (PCA) to improve the robustness, sensitivity, and accuracy of the prediction models.

2.5. Statistical analysis
Data analysis was performed using Excel. In the first phase, the data were subjected to an analysis of variance (ANOVA) to assess differences between locations for each accession, as well as variations among the accessions themselves. In addition, Fisher’s exact test was applied to compare the means of the accessions. The data were subjected to principal component analysis (PCA) followed by ascending hierarchical clustering (AHC) to identify relationships among the accessions and group them according to their nutritional and phytochemical characteristics. A one-way analysis of variance (ANOVA) was performed to compare the mean values of the different AHC clusters in order to identify the biochemical characteristics of each group. All of these analyses were conducted using R software version 4.3.1.

3. results and discussion
3.1. Results
3.1.1. Climate data collected during the growing seasons

An analysis of climate data collected between July and December for the years 2022 and 2023 in the localities of Korhogo, Diawala, and Touba revealed significant seasonal variability. The parameters studied include precipitation, average temperature, and relative humidity (Table 1). Regardless of the area considered, rainfall followed a similar trend over the two years, with a marked peak in August in Korhogo and Diawala, and in September in Touba. Overall, recorded rainfall amounts were higher in 2022 than in 2023. In Korhogo, cumulative precipitation reached 809 mm in 2022, compared to 708 mm in 2023. In Diawala, these figures were 815.6 mm in 2022 and 682.6 mm in 2023. In Touba, total rainfall amounted to 813.8 mm in 2022 and 679.2 mm in 2023.
As for the average temperature, it varied only slightly from month to month, ranging between 23 °C and 28 °C in the three areas studied. However, 2023 was characterized by slightly higher temperatures than in 2022, with the highest temperatures occurring in November. Relative humidity followed a trend inversely proportional to temperature and precipitation. Between July and September, during the peak of the rainy season, humidity levels were very high, ranging between 94% and 98% across all locations. Starting in October, humidity gradually decreased, reaching its lowest levels in December : Korhogo and Diawala dropped from 39% in 2022 to 29% in 2023, and Touba fell from 42% in 2022 to 31% in 2023. 
Precipitation was lower in 2023, due to reduced rainfall and rising temperatures. The decrease was most pronounced in November and December. Touba remained slightly wetter than Korhogo and Diawala, especially toward the end of the year.
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	Settings
	Localities

	
	
	KORHOGO
	DIAWALA
	TOUBA

	
	
	2022
	2023
	2022
	2023
	2022
	2023

	July
	Rainfall (mm)
	160.7
	186.1
	180.3
	163.6
	124.9
	168.4

	
	Average temperature (°C)
	25.3
	26.7
	26.15
	27.45
	23.9
	25.6

	
	Humidity (%)
	94
	95
	95
	96
	98
	97

	August
	Rainfall (mm)
	291.8
	228.8
	316.1
	273.3
	215.1
	165.5

	
	Average temperature (°C)
	25.15
	26.15
	25.7
	26.7
	23.75
	25

	
	Humidity (%)
	96
	97
	96
	97
	98
	98

	September
	Rainfall (mm)
	220.7
	192.2
	216.3
	167.1
	244.1
	202.9

	
	Average temperature (°C)
	25.35
	26.35
	25.6
	26.9
	24.4
	25.75

	
	Humidity (%)
	98
	97
	97
	97
	98
	98

	October
	Rainfall (mm)
	116.6
	81.7
	75.6
	71.2
	166.8
	105.6

	
	Average temperature (°C)
	26.5
	27.2
	26.9
	27.6
	24.9
	25.75

	
	Humidity (%)
	92
	93
	91
	92
	93
	93

	November
	Rainfall (mm)
	7
	19.2
	12.3
	7.4
	36.1
	36.7

	
	Average temperature (°C)
	26.75
	28.15
	26.4
	28.3
	25
	26.35

	
	Humidity (%)
	59
	75
	59
	75
	58
	77

	December
	Rainfall (mm)
	12.2
	0
	15
	0
	26.8
	0.1

	
	Average temperature (°C)
	26.2
	26.1
	25.65
	25.55
	24.1
	24.2

	
	Humidity (%)
	39
	29
	39
	29
	42
	31


Table 1: Monthly precipitation, average temperatures, and humidity levels for the study sites during the growing seasons


3.1.2. Results of soil analyses from the various experimental sites

The results of the analysis of soil samples collected from the various sites are presented in Table 2. Texture analysis revealed that the soils studied were generally of the sandy-loam type, with higher sand content than that of clay and silt. Thus, sand percentages ranged from 51.9% in Touba in 2022 to 80.95% in Diawala in 2023, including 78.55% in Korhogo, 80.6% in Diawala in 2022, and 64.2% in Touba in 2023. 
Clay proportions remained relatively low (ranging from 3% in Diawala to 14% in Touba), while fine silt proportions fluctuated between 16.05% in Diawala in 2023 and 34.1% in Touba in 2022.
Chemically, the soils exhibited variable nutrient content. Total nitrogen concentrations were generally low, ranging from 0.05% (Diawala 2022 and 2023) to 0.2% (Touba 2022). Available phosphorus ranged from 10 ppm (Touba 2023) to 38 ppm (Diawala 2023), while exchangeable potassium ranged from 0.046 cmol⁺/kg (Korhogo) to 0.193 cmol⁺/kg (Touba 2023). Cation exchange capacity (CEC) ranged from 3.6 cmol⁺/kg (Diawala 2023) to 12.4 cmol⁺/kg (Touba 2022), revealing significant variations in fertility among the sites. The organic matter content also varied. It was low in Diawala in 2022 (0.86%) and relatively high in Touba in 2022 (4.65%). The C/N ratios, ranging from 10 (Diawala 2022) to 13.5 (Touba 2022), indicated active mineralization of organic matter.
Regarding soil reaction, the pH values measured in water ranged from 5.3 to 5.9, indicating moderate acidity, while the pH values measured with KCl (4.2 to 4.6) showed an overall acidic character.

3.1.3. Results of biochemical analyses of sesame seeds
3.1.3.1. Dry matter and macronutrients
The macronutrient composition (carbohydrates, proteins, lipids, and fiber) and dry matter content of the seeds from the eight sesame accessions (A4, A7, A8, A9, A10, A12, A13, A15) grown in three locations (Diawala, Korhogo, and Touba) are presented in Table 3. Statistical analyses revealed significant differences (p = 0.05) between the means obtained by location for most parameters, with the exception of fiber in accession A4 and dry matter in accessions A7, A12, and A15, where no differences were observed.
Carbohydrate contents varied by location and accession, with values ranging from 14.67 to 14.91 g/100 g. For accession A4, these contents were higher in Korhogo (14.80 g/100 g) and Touba (14.79 g/100 g) compared to Diawala (14.68 g/100 g). For accession A7, the highest content was observed in Korhogo (14.88 g/100 g), while for accession A8, Diawala (14.89 g/100 g) and Touba (14.82 g/100 g) had the highest values. For accession A9, Diawala (14.91 g/100 g) had the highest levels, while for accession A10, Korhogo (14.89 g/100 g) was the most favorable. For accessions A12, A13, and A15, the highest values were observed in Touba (14.89 g/100 g), Diawala (14.90 g/100 g), and Diawala (14.91 g/100 g), respectively.
Protein content ranged from 20.14 to 20.40 g/100 g depending on the location and accession. The protein content of accession A4 was highest in Korhogo (20.31 g/100 g), while accession A7 had its highest values in Diawala (20.40 g/100 g). For accession A8, Korhogo (20.29 g/100 g) and Touba (20.27 g/100 g) had the highest levels, and accession A9 had its highest levels in Touba (20.39 g/100 g). The protein contents of accession A10 were higher in Diawala (20.32 g/100 g) and Korhogo (20.32 g/100 g) than in Touba (20.26 g/100 g), while those of accessions A12 and A13 were highest in Korhogo (20.35 g/100 g and 20.30 g/100 g, respectively). Accession A15 showed its highest levels in Korhogo and Touba (20.29 g/100 g).
Fat content, ranging from 50.40 to 50.79 g/100 g, also varied by location. For accession A4, the values were higher in Diawala (50.65 g/100 g) and Korhogo (50.64 g/100 g), while in Touba (50.48 g/100 g), they were slightly lower. For accession A7, the highest content was observed in Korhogo (50.62 g/100 g), whereas for A8, it was higher in Touba (50.69 g/100 g). Accessions A9 and A10 showed higher values in Korhogo (50.75 g/100 g and 50.79 g/100 g, respectively). In contrast, for accessions A12, A13, and A15, the highest values were observed in Diawala (50.62 g/100 g; 50.73 g/100 g; and 50.78 g/100 g, respectively).
Fiber content, ranging from 5.05 to 5.16 g/100 g, was largely unaffected by location, although some differences were still observed. Accession A7 showed slightly higher values in Diawala (5.10 g/100 g), while for accession A8, Diawala (5.10 g/100 g) and Touba (5.10 g/100 g) recorded the highest values. Fiber content for accession A9 was higher in Diawala (5.16 g/100 g), while that for accession A10 was higher in Korhogo (5.08 g/100 g). For accessions A12, A13, and A15, slight differences were also observed depending on the location.
Dry matter content ranged from 94.00% to 98.00%. For accession A4, the lowest value was observed in Diawala (94.00%), and the highest in Korhogo and Touba (96.00%). For accessions A7, A12, and A15, no significant differences were observed between locations, whereas for accession A10, Korhogo recorded the highest value (98.00%) and Touba the lowest (94.00%).
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Among the chemical components, lipids accounted for the highest proportion, followed by proteins, carbohydrates, and fiber.  




Table 2: Values of the physicochemical properties of the soil at the study sites
	Samples
	pH
Eau
	pH
KCl
	C (%)
	OM
(%)
	N (%)
	C/N
	P
(ppm)
	K+
(cmol+/Kg)
	Na+
(cmol+/Kg)
	CEC
(cmol+/Kg)
	Clay (%)
	Fine silt (%)
	Coarse silt (%)
	Fine sand (%)
	Coarse sand (%)

	Korhogo
	5.5
	4.6
	0.82
	1.41
	0.07
	11.71
	34
	0.046
	0.045
	4.96
	5.5
	9
	6.95
	22
	56.55

	Diawala 2022
	5.4
	4.3
	0.5
	0.86
	0.05
	10
	17
	0.103
	0.055
	9.52
	3
	7
	9.4
	21.6
	59

	Diawala 2023
	5.3
	4.5
	0.65
	1.12
	0.05
	13
	38
	0.06
	0.045
	3.6
	3
	4.5
	11.55
	37.1
	43.85

	Touba 2022
	5.3
	4.2
	2.7
	4.65
	0.2
	13.5
	11
	0.074
	0.045
	12.4
	14
	18
	16.1
	20.8
	31.1

	Touba 2023
	5.9
	4.2
	1.03
	1.77
	0.08
	12.87
	10
	0.193
	0.141
	7.68
	14
	15
	6.8
	25.7
	38.5



pH: Hydrogen potential, KCL: Potassium chloride, C: Carbon, OM: Organic matter, N: Nitrogen, P: Phosphorus, K: Potassium, Na: Sodium, CEC: Cation exchange capacity

Table 3: Macronutrient and dry matter content of sesame accessions by location
	[bookmark: _Toc221246039]Accessions
	Localities
	[bookmark: _Hlk207304765]Carbohydrates (g/100g)
	Proteins (g/100g)
	Fats 
(g/100g)
	Fiber (g/100g)
	[bookmark: _Hlk207306012]Dry matter (%)

	A4
	Diawala
	14.68 b
	[bookmark: _Hlk207304821]20.17 b
	50.65 a
	5.09 a
	94.00 b

	
	Korhogo
	14.80 a
	20.31 a
	50.64 a
	5.06 a
	96.00 a

	
	Touba
	14.79 a
	20.29 a
	50.48 b
	5.08 a
	96.00 a

	A7
	Diawala
	14.82 b
	[bookmark: _Hlk207304861]20.40 a
	50.56 b
	5.10 a
	96.00 a

	
	Korhogo
	14.88 a
	20.28 b
	50.62 a
	5.09 a
	96.00 a

	
	Touba
	14.72 c
	20.30 b
	50.45 c
	5.06 b
	96.00 a

	A8
	Diawala
	14.89 a
	20.18 b
	50.53 b
	5.10 a
	97.00 a

	
	Korhogo
	14.71 c
	20.29 a
	50.52 b
	[bookmark: _Hlk207305138]5.05 b
	97.00 a

	
	Touba
	14.82 b
	20.27 a
	50.69 a
	5.10 a
	94.00 b

	A9
	Diawala
	14.91 a
	20.36 b
	50.52 b
	[bookmark: _Hlk207305340]5.16 a
	96.00 a

	
	Korhogo
	14.87 b
	20.25 c
	50.75 a
	5.07 b
	96.00 a

	
	Touba
	14.80 c
	20.39 a
	50.47 c
	5.09 b
	94.00 b

	A10
	Diawala
	[bookmark: _Hlk207304702]14.67 c
	20.32 a
	50.61 b
	5.05 b
	96.00 b

	
	Korhogo
	14.89 a
	20.32 a
	[bookmark: _Hlk207305068]50.79 a
	5.08 a
	[bookmark: _Hlk207305418]98.00 a

	
	Touba
	14.82 b
	20.26 b
	50.53 c
	5.08 a
	[bookmark: _Hlk207305397]94.00 c

	A12
	Diawala
	14.84 b
	20.33 b
	50.62 a
	5.09 ab
	96.00 a

	
	Korhogo
	14.75 c
	20.35 a
	50.42 c
	5.09 a
	96.00 a

	
	Touba
	14.89 a
	20.14 c
	50.58 b
	5.07 b
	96.00 a

	A13
	Diawala
	14.90 a
	20.23 b
	50.73 a
	5.10 a
	96.00 a

	
	Korhogo
	14.80 b
	20.30 a
	[bookmark: _Hlk207304955]50.40 c
	5.05 b
	94.00 b

	
	Touba
	14.79 b
	20.25 b
	50.57 b
	5.06 b
	96.00 a

	A15
	Diawala
	[bookmark: _Hlk207304748]14.91 a
	20.20 b
	50.78 a
	5.08 b
	96.00 a

	
	Korhogo
	14.80 b
	20.29 a
	50.46 c
	5.08 b
	96.00 a

	
	Touba
	14.81 b
	20.29 a
	50.67 b
	5.11 a
	96.00 a






In each column and for the same accession, values assigned the same letter are statistically indistinguishable at the 5% significance level.

3.1.3.2. Micronutrient content in dried sesame seeds
The micronutrient composition (magnesium, phosphorus, potassium, calcium, manganese, iron, copper, zinc, and vitamin E) of the seeds from the eight sesame accessions (A4, A7, A8, A9, A10, A12, A13, A15) grown in the localities of Diawala, Korhogo, and Touba is presented in Table 4. 
Statistical analyses revealed significant differences (p = 0.05) between the means for most elements, regardless of the accession, with the exception of manganese, iron, copper, and vitamin E for certain accessions, where no differences were observed.
Magnesium (Mg) content ranged from 105 to 193 mg/100 g depending on the accession and location. For accession A4, the highest value was observed in Touba (154 mg/100 g), while Korhogo had the lowest value (104 mg/100 g). For accessions A7 and A8, Touba recorded the highest levels (174 mg/100 g and 193 mg/100 g, respectively), and Diawala the lowest (109 mg/100 g and 129 mg/100 g, respectively). Accession A9 had the highest content in Korhogo (167 mg/100 g), while for accession A10, Touba showed the highest value (146 mg/100 g). Accessions A12 and A13 recorded their highest values in Touba (158 mg/100 g) and Korhogo (130 mg/100 g), respectively, while accession A15 had its highest content in Diawala (175 mg/100 g).
Phosphorus (P) contents ranged from 197 to 433 mg/100 g. For accession A4, the highest content was observed in Diawala (350 mg/100 g), and the lowest in Korhogo (274 mg/100 g). For accession A7, Touba recorded the highest value (347 mg/100 g). Accession A8 had its highest content in Korhogo (325 mg/100 g), while that of accession A9 was in Touba (310 mg/100 g). For accession A10, Diawala had the highest content (290 mg/100 g). Accession A12 recorded the highest value in Touba (433 mg/100 g), while for accessions A13 and A15, Touba also had the highest values (310 mg/100 g and 320 mg/100 g, respectively).
Potassium (K) content ranged from 741 to 978 mg/100 g. For accession A4, Touba recorded the highest value (947 mg/100 g). For accession A7, Korhogo had the highest content (877 mg/100 g), while for accession A8, Diawala recorded the highest value (921 mg/100 g). Accessions A9 and A10 showed their highest levels in Touba (883 mg/100 g and 927 mg/100 g, respectively). In contrast, accessions A12, A13, and A15 had their highest values in Korhogo (978 mg/100 g; 920 mg/100 g and 935 mg/100 g, respectively).
Calcium (Ca) content ranged from 906 to 2,405 mg/100 g. For accessions A4, A7, and A12, Touba recorded the highest values (1,731 mg/100 g, 2,342 mg/100 g, and 1,910 mg/100 g, respectively), and Korhogo recorded the lowest values (1,181 mg/100 g, 1,212 mg/100 g, and 1,079 mg/100 g, respectively). Accession A8 had its highest value in Touba (2,405 mg/100 g), while accessions A9, A10, A13, and A15 showed their highest levels in Diawala (1,837 to 2,357 mg/100 g).
Manganese (Mn) levels ranged from 1.8 to 4 mg/100 g. For accessions A4 (3.3 mg/100 g), A7 (4 mg/100 g), A12 (4 mg/100 g), and A15 (3.4 mg/100 g), the highest values were observed in Korhogo. Accession A8 recorded its highest value in Diawala (2.8 mg/100 g), while accession A9 had the highest content in Touba (3.2 mg/100 g). For accessions A10 and A13, no differences were observed between locations.
Iron (Fe) content ranged from 6 to 14 mg/100 g. For accessions A4, A7, and A9, the highest values were observed in Touba (9.1 mg/100 g, 10 mg/100 g, and 9 mg/100 g, respectively). Accession A8 recorded the highest value in Korhogo (9 mg/100 g). Accessions A10, A12, and A13 showed their maximum levels in Diawala (8.8 mg/100 g, 9 mg/100 g, and 14 mg/100 g, respectively). For accession A15, no differences were observed between locations.
Copper (Cu) levels ranged from 1.5 to 3 mg/100 g. No statistically significant differences were observed between locations for accessions A7, A10, A12, and A13. Accession A4 had its highest content in Touba (2.1 mg/100 g). For accession A8, the highest value was observed in Diawala (1.8 mg/100 g). Accession A9 showed maximum values in Diawala and Touba (2.1 mg/100 g), and accession A15 had the highest value in Touba (2.4 mg/100 g).
Zinc (Zn) levels ranged from 3 to 5.3 mg/100 g. For accessions A4, A7, and A8, the highest values were observed in Touba (4.7 mg/100 g; 5.3 mg/100 g; and 4.7 mg/100 g, respectively). Accession A9 showed identical and high values in Diawala and Touba (5 mg/100 g). For accession A10, the highest value was recorded in Diawala (4.6 mg/100 g). Accessions A12 and A15 had their highest values in Touba (5 mg/100 g and 4 mg/100 g, respectively), while accession A13 recorded the highest value in Diawala (4.6 mg/100 g).
Vitamin E contents ranged from 0.367 to 0.494 mg/100 g. No statistically significant differences were observed between locations for accessions A7, A8, A12, A13, and A15.  For accessions A4 and A9, the highest values were observed in Touba (0.486 mg/100 g and 0.494 mg/100 g). For accession A10, Korhogo had the highest value (0.476 mg/100 g). Of all these elements, calcium was found in the highest concentrations in sesame seeds.






	[bookmark: _Toc221246040]Accessions
	Localities
	Mg (mg/100g)
	P (mg/100g)
	K (mg/100g)
	Ca (mg/100g)
	Mn (mg/100g)
	Fe (mg/100g)
	Cu (mg/100g)
	Zn (mg/100g)
	[bookmark: _Hlk207315278]Vitamin E (mg/100g)

	A4
	Diawala
	155 a
	[bookmark: _Hlk207308037]350 a
	760 c
	1427 b
	[bookmark: _Hlk207308817]1.8 c
	7.6 c
	1.8 b
	5.1 a
	0.461 b

	
	Korhogo
	[bookmark: _Hlk207307807]104 c
	274 c
	811 b
	1181 c
	3.3 a
	8.8 b
	1.8 b
	4.6 b
	0.461 b

	
	Touba
	154 b
	330 b
	947 a
	1731 a
	2.3 b
	9.1 a
	2.1 a
	4.7 b
	0.486 a

	A7
	Diawala
	109 c
	274 b
	787 c
	1944 b
	2 c
	9 b
	2 a
	4.3 b
	0.477 a

	
	Korhogo
	159 b
	214 c
	877 a
	1212 c
	[bookmark: _Hlk207308842]4 a
	8 c
	2 a
	3.7 c
	0.472 a

	
	Touba
	174 a
	347 a
	863 b
	2342 a
	3 b
	10 a
	3 a
	5.3 a
	0.471 a

	A8
	Diawala
	129 c
	223 c
	921 a
	908 c
	2.8 a
	7 c
	1.8 a
	3.5 c
	0.473 a

	
	Korhogo
	181 b
	325 a
	805 b
	2100 b
	2.1 c
	9 a
	1.6 b
	4.1 b
	0.469 a

	
	Touba
	[bookmark: _Hlk207307845]193 a
	293 b
	760 c
	[bookmark: _Hlk207308621]2405 a
	2.4 b
	8 b
	1.5 b
	4.7 a
	0.474 a

	A9
	Diawala
	145 c
	272 b
	[bookmark: _Hlk207308140]741 c
	2202 a
	2.2 c
	8 b
	2.1 a
	5 a
	0.467 b

	
	Korhogo
	167 a
	252 c
	807 b
	1132 c
	2.9 b
	6 c
	1.7 b
	3 b
	0.473 b

	
	Touba
	148 b
	310 a
	883 a
	1965 b
	3.2 a
	9 a
	2.1 a
	5 a
	0.494 a

	A10
	Diawala
	105 b
	290 a
	881 b
	2039 a
	3 a
	8.8 a
	2 a
	4.6 a
	0.472 a

	
	Korhogo
	104 c
	221 c
	813 c
	931 c
	4 a
	7.7 c
	2 a
	3.5 c
	0.476 a

	
	Touba
	146 a
	278 b
	927 a
	1902 b
	3 a
	8.3 b
	2 a
	4.1 b
	0.367 b

	A12
	Diawala
	127 c
	257 b
	799 c
	1878 b
	2 b
	9 a
	2 a
	4 ab
	0.477 a

	[bookmark: _Hlk207308189]
	Korhogo
	153 b
	[bookmark: _Hlk207307924]197 c
	978 a
	1079 c
	4 a
	7 b
	2 a
	4 b
	0.476 a

	
	Touba
	158 a
	433 a
	832 b
	1910 a
	2 b
	7 b
	2 a
	5 a
	0.401 a

	A13
	Diawala
	108 c
	260 c
	764 c
	1837 a
	2 a
	14 a
	2 a
	4.6 a
	0.481 a

	
	Korhogo
	130 a
	286 b
	920 a
	[bookmark: _Hlk207308576]906 c
	3 a
	8 b
	2 a
	3.6 c
	0.466 a

	
	Touba
	115 b
	310 a
	916 b
	1689 b
	3 a
	8 b
	2 a
	3.9 b
	0.469 a

	A15
	Diawala
	175 a
	296 b
	829 c
	2357 a
	2.1 c
	9 a
	2.2 b
	5 a
	0.474 a

	
	Korhogo
	168 b
	228 c
	935 a
	1073 c
	3.4 a
	8 a
	2.3 ab
	3 c
	0.476 a

	
	Touba
	127 c
	320 a
	876 b
	1414 b
	2.7 b
	6 a
	2.4 a
	4 b
	0.468 a


 Table 4: Micronutrient content of sesame accessions by location In each column and for the same accession, values assigned the same letter are statistically indistinguishable at the 5% significance level. Mg: Magnesium, P: Phosphorus, K: Potassium, Ca: Calcium, Mn: Manganese, Fe: Iron, Cu: Copper, Zn: Zinc


3.1.3.3. Phytochemicals
The phytochemical composition (lignin, phytosterols, antioxidants, and alkaloids) was also determined for the same accessions. Statistical analyses revealed significant differences (p = 0.05) between the means for most parameters, with the exception of alkaloids, for which no differences were observed except in accession A4.
Lignin content ranged from 2.49 to 3.00 g/100 g depending on the accessions and locations. For accessions A4 and A7, the highest values were observed in Diawala (2.99 to 3.00 g/100 g) and in Touba (2.99 to 3.00 g/100 g). For accession A8, the highest value was observed in Korhogo and Touba (2.99 g/100 g). Accessions A9, A10, A12, and A15 had the highest values in Diawala and Korhogo (2.98 to 3.00 g/100 g). No statistically significant differences were observed for accession A13.
Phytosterol contents ranged from 0.21 to 0.42 mg/100 g. For accessions A4 and A13, the highest values were observed in Diawala and Touba (0.41 to 0.42 mg/100 g). For accessions A7, A12, and A15, the highest values were recorded in Diawala and Korhogo (0.41 to 0.42 mg/100 g). For accession A10, the highest value was observed in Korhogo and Touba (0.41 mg/100 g). No statistical differences were observed between locations for accessions A8 and A9.
Antioxidant levels ranged from 0.41 to 0.51 mmol TE/kg. For accessions A4, A8, and A15, the highest values were observed in Diawala and Touba (0.51 mmol TE/kg). Accessions A7 and A13 showed the highest values in Diawala and Korhogo (0.51 mmol TE/kg). For accessions A10 and A12, the highest values were observed in Korhogo and Touba (0.51 mmol TE/kg).  No statistical differences were observed between locations for accession A9.
Alkaloid contents ranged from 0.13 to 0.15 mg/100 g. For most accessions (A7, A8, A9, A10, A12, A13, and A15), no statistically significant differences were observed between locations. However, for accession A4, the highest content was observed in Diawala and Korhogo (0.15 mg/100 g).
Among these compounds, lignin had the highest concentrations (Table 5).























Table 5: Phytochemical composition of accessions by locality
	Accessions
	Localities
	[bookmark: _Hlk207314220][bookmark: _Hlk207315415]Lignin (g/100g)
	[bookmark: _Hlk207314248]Phytosterol (mg/100g)
	[bookmark: _Hlk207314298][bookmark: _Hlk207315754]Antioxidants (mmol TE/kg)
	[bookmark: _Hlk207314332]Alkaloids (mg/100g)

	A4
	Diawala
	2.99 a
	0.41 a
	0.51 a
	0.15 a

	
	Korhogo
	[bookmark: _Hlk207315230]2.49 b
	[bookmark: _Hlk207315593]0.21 b
	0.41 b
	0.15 a

	
	Touba
	[bookmark: _Hlk207315372]3.00 a
	0.41 a
	0.51 a
	[bookmark: _Hlk207315908]0.13 b

	A7
	Diawala
	3.00 a
	0.41 a
	0.51 a
	0.15 a

	
	Korhogo
	2.95 b
	0.41 a
	0.51 a
	0.15 a

	
	Touba
	2.99 a
	0.31 b
	0.41 b
	[bookmark: _Hlk207315934]0.15 a

	A8
	Diawala
	2.93 b
	0.41 a
	0.51 a
	0.15 a

	
	Korhogo
	2.99 a
	0.41 a
	0.41 b
	0.15 a

	
	Touba
	2.99 a
	0.41 a
	[bookmark: _Hlk207315738]0.51 a
	0.15 a

	A9
	Diawala
	2.98 a
	0.42 a
	0.51 a
	0.15 a

	
	Korhogo
	2.99 a
	0.42 a
	0.51 a
	0.14 a

	
	Touba
	2.93 b
	0.41 a
	0.51 a
	0.15 a

	A10
	Diawala
	2.99 a
	0.31 b
	0.41 b
	0.15 a

	
	Korhogo
	2.98 a
	0.41 a
	0.51 a
	0.14 a

	
	Touba
	2.89 b
	0.41 a
	0.51 a
	0.15 a

	A12

	Diawala
	2.99 a
	0.41 a
	[bookmark: _Hlk207315709]0.41 b
	0.15 a

	
	Korhogo
	2.99 a
	0.41 a
	0.51 a
	0.14 a

	
	Touba
	2.88 b
	0.31 b
	0.51 a
	0.15 a

	A13
	Diawala
	3.00 a
	[bookmark: _Hlk207315644]0.42 a
	0.51 a
	0.15 a

	
	Korhogo
	2.99 a
	0.31 b
	0.51 a
	0.15 a

	
	Touba
	2.99 a
	0.41 a
	0.41 b
	0.15 a

	A15
	Diawala
	3.00 a
	0.42 a
	0.51 a
	0.15 a

	
	Korhogo
	3.00 a
	0.41 a
	0.41 b
	0.15 a

	
	Touba
	2.88 b
	0.31 b
	0.51 a
	0.15 a







3.1.3.2. A comparative analysis of the phytochemical, nutritional, and mineral composition among accessions
[bookmark: _Hlk224398478]The phytochemical, nutritional, and mineral composition of the various accessions studied is presented in Table 6. Statistical analysis revealed no significant differences among the accessions for most of the parameters analyzed.
Phytochemical compounds, such as lignin, phytosterols, antioxidants, and alkaloids, showed no significant variation (P = 1.000). 
Similarly, the nutritional parameters (carbohydrates, proteins, lipids, and fiber) showed no significant differences among the accessions (P = 1.000). However, dry matter showed a significant difference among the accessions (P = 0.000), with values ranging from 94% to 98%. The highest value was observed in A10-K (98%), and the lowest values (94%) were recorded in several accessions (A4-D, A8-T, A9-T, A10-T, and A13-K).
With regard to minerals, no significant differences were observed for magnesium, copper, and vitamin E (P = 1.000). In contrast, calcium and iron showed highly significant differences (P = 0.000). For calcium, the highest levels were observed in A8-T (2,405 mg/100 g), while the lowest were found in A13-K (906 mg/100 g) and A8-D (908 mg/100 g). For iron, the highest value was observed in A13-D (14 mg/100 g) and the lowest was observed in A9-K and A15-T (6 mg/100 g). Significant differences were observed for phosphorus (P = 0.068), manganese (P = 0.055), and zinc (P = 0.028). The highest phosphorus content was observed in A12-T (433 mg/100 g) and the lowest was recorded in A12-K (197 mg/100 g). The highest manganese and zinc contents were observed in A12-K (4 mg/100 g) and in A7-T and A12-T (5 mg/100 g), respectively, and the lowest in A15-K and A9-K (3 mg/100 g).



Table 6: Results of the comparative analysis of the phytochemical, nutritional, and mineral composition among the accessions












	Accessions 
	Lignin (g/100g)
	Phytosterol (mg/100g)
	Antioxidants (mmol TE/kg)
	Alkaloids (mg/100g)
	Carbohydrate (g/100g)
	Protein (g/100g)
	Lipid (g/100g)
	Fiber (g/100g)
	Dry matter (%)
	Mg (mg/100g)
	P (mg/100g)
	K (mg/100g)
	Ca (mg/100g)
	Mn (mg/100g)
	Fe (mg/100g)
	Cu (mg/100g)
	Zn(mg/100g) 
	Vitamin E (mg/100g)

	A15-D
	3.00 a
	0.42 a
	0.51 a
	0.15 a
	14.91 a
	20.20 a
	50.78 a
	5.08 a
	96 b
	175 a
	296 ab
	829 abcde
	2360 ab
	2 bc
	9 bc
	2 a
	5 abc
	0.474 a

	A4-T
	3.00 a
	0.41 a
	0.51 a
	0.13 a
	14.79 a
	20.29 a
	50.48 a
	5.08 a
	96 b
	154 a
	330 ab
	947 ab
	1731 gh
	2 abc
	9 bc
	2 a
	5 abc
	0.486 a

	A7-D
	3.00 a
	0.41 a
	0.51 a
	0.15 a
	14.82 a
	20.40 a
	50.56 a
	5.10 a
	96 b
	109 a
	274 ab
	787 bcde
	1944 def
	2 abc
	9 bc
	2 a
	4 abc
	0.477 a

	A7-T
	2.99 a
	0.31 a
	0.41 a
	0.15 a
	14.72 a
	20.30 a
	50.45 a
	5.06 a
	96 b
	174 a
	347 ab
	863 abcde
	2342 ab
	3 abc
	10 b
	3 a
	5 a
	0.471 a

	A8-T
	2.99 a
	0.41 a
	0.51 a
	0.15 a
	14.82 a
	20.27 a
	50.69 a
	5.10 a
	94 c
	193 a
	293 ab
	760 bcde
	2405 a
	2 bc
	8 bcd
	2 a
	5 abc
	0.474 a

	A9-T
	2.93 a
	0.41 a
	0.51 a
	0.15 a
	14.80 a
	20.39 a
	50.47 a
	5.09 a
	94 c
	148 a
	310 ab
	883 abcde
	1965 def
	3 abc
	9 bc
	2 a
	5 abc
	0.494 a

	A12-K
	2.99 a
	0.41 a
	0.51 a
	0.14 a
	14.75 a
	20.35 a
	50.42 a
	5.09 a
	96 b
	153 a
	197 b
	978 a
	1079 jk
	4 a
	7 def
	2 a
	4 abc
	0.476 a

	A15-T
	2.88 a
	0.31 a
	0.51 a
	0.15 a
	14.81 a
	20.29 a
	50.67 a
	5.11 a
	96 b
	127 a
	320 ab
	876 abcde
	1414 i
	3 abc
	6 bc
	2 a
	4 bc
	0.472 a

	A15-K
	3.00 a
	0.41 a
	0.41 a
	0.15 a
	14.80 a
	20.29 a
	50.46 a
	5.08 a
	96 b
	168 a
	228 b
	935 ab
	1073 jk
	3 abc
	8 cdef
	2 a
	3 c
	0.476 a

	A13-D
	3.00 a
	0.42 a
	0.51 a
	0.15 a
	14.90 a
	20.23 a
	50.73 a
	5.10 a
	96 b
	108 a
	260 b
	764 cde
	1837 fgh
	2 abc
	14 a
	2 a
	5 abc
	0.471 a

	A8-D
	2.93 a
	0.41 a
	0.51 a
	0.15 a
	14.89 a
	20.18 a
	50.53 a
	5.10 a
	97 ab
	129 a
	223 ab
	921 de
	908 l
	3 abc
	7 cde
	2 a
	4 abc
	0.473 a

	A7-K
	2.95 a
	0.41 a
	0.51 a
	0.15 a
	14.88 a
	20.28 a
	50.62 a
	5.09 a
	96 b
	159 a
	214 b
	877 abcde
	1212 j
	4 ab
	8 cdef
	2 a
	4 bc
	0.472 a

	A10-K
	2.98 a
	0.41 a
	0.51 a
	0.14 a
	14.89 a
	20.32 a
	50.79 a
	5.08 a
	98 a
	104 a
	221 b
	813 bcde
	931 kl
	4 ab
	8 cdef
	2 a
	4 bc
	0.476 a

	A9-D
	2.98 a
	0.42 a
	0.51 a
	0.15 a
	14.91 a
	20.36 a
	50.52 a
	5.16 a
	96 b
	145 a
	272 ab
	741 e
	2202 bc
	2 abc
	8 bcd
	2 a
	5 abc
	0.467 a

	A12-T
	2.88 a
	0.31 a
	0.51 a
	0.15 a
	14.89 a
	20.14 a
	50.58 a
	5.07 a
	96 b
	158 a
	433 a
	832 abcde
	1910 ef
	2 abc
	7 def
	2 a
	5 a
	0.401 a

	A12-D
	2.99 a
	0.41 a
	0.41 a
	0.15 a
	14.84 a
	20.33 a
	50.62 a
	5.09 a
	96 b
	127 a
	257 b
	799 bcde
	1878 efg
	2 bc
	9 bc
	2 a
	4 abc
	0.477 a

	A10-D
	2.99 a
	0.31 a
	0.41 a
	0.15 a
	14.67 a
	20.32 a
	50.61 a
	5.05 a
	96 b
	105 a
	290 ab
	881 abcde
	2039 cde
	3 abc
	9 bc
	2 a
	5 abc
	0.472 a

	A13-T
	2.99 a
	0.41 a
	0.51 a
	0.15 a
	14.79 a
	20.25 a
	50.57 a
	5.06 a
	96 b
	115 a
	310 ab
	916 abcd
	1689 h
	3 abc
	8 cde
	2 a
	4 abc
	0.469 a

	A10-T
	2.88 a
	0.41 a
	0.51 a
	0.15 a
	14.82 a
	20.26 a
	50.53 a
	5.08 a
	94 c
	146 a
	278 ab
	927 abc
	1902 ef
	3 abc
	8 bcd
	2 a
	4 abc
	0.367 a

	A4-D
	2.99 a
	0.41 a
	0.51 a
	0.15 a
	14.68 a
	20.17 a
	50.65 a
	5.09 a
	94 c
	155 a
	350 ab
	760 de
	1427 i
	2 c
	8 cdef
	2 a
	5 ab
	0.461 a

	A4-K
	2.49 a
	0.21 a
	0.41 a
	0.15 a
	14.80 a
	20.31 a
	50.64 a
	5.06 a
	96 b
	104 a
	274 ab
	811 bcde
	1181 j
	3 abc
	9 bc
	2 a
	5 abc
	0.461 a

	A9-K
	2.99 a
	0.42 a
	0.51 a
	0.14 a
	14.87 a
	20.25 a
	50.75 a
	5.07 a
	96 b
	167 a
	252 b
	807 bcde
	1132 j
	3 abc
	6 f
	2 a
	3 c
	0.473 a

	A13-K
	2.99 a
	0.31 a
	0.51 a
	0.15 a
	14.80 a
	20.30 a
	50.40 a
	5.05 a
	94 c
	130 a
	286 ab
	920 abcd
	906 l
	3 abc
	8 cdef
	2 a
	4 bc
	0.466 a

	A8-K
	2.99 a
	0.41 a
	0.41 a
	0.15 a
	14.71 a
	20.29 a
	50.52 a
	5.05 a
	97 ab
	181 a
	325 b
	805 abcd
	2100 cd
	2 abc
	9 ef
	2 a
	4 bc
	0.469 a

	Pr > F
	1.000
	1.000
	1.000
	1.000
	1.000
	1.000
	1.000
	1.000
	0.000
	1.000
	0.068
	0.017
	0.000
	0.055
	0.000
	1.000
	0.028
	1.000



[bookmark: _Hlk224399185]
In each column and for the same accession, values assigned the same letter are statistically identical  at the 5% significance level. In each column, the values assigned the same letter are statistically identical at the 5% level. Mg: Magnesium, P: Phosphorus, K: Potassium, Ca: Calcium, Mn: Manganese, Fe: Iron, Cu: Copper, Zn: Zinc



3.2. Discussion
The results obtained highlighted a marked seasonal and interannual variability in climatic conditions between 2022 and 2023 at the three studied sites (Korhogo, Diawala and Touba). This variability is reflected in differences in rainfall. relative humidity, and temperature, factors known to influence the productivity, quality, and biochemical stability of sesame. Overall, Diawala and Korhogo experienced higher temperatures throughout the growing season. with averages ranging between 25.15°C and 28.3°C. while in Touba. temperatures varied from 23.75°C to 26.35°C. These warmer conditions in Diawala have probably favored the stimulation of lipogenic enzymes and, consequently, the accumulation of lipids in the seeds. These results are in agreement with those of Nakagawa et al. [16], who worked on soybeans. They state that high temperatures during seed filling favor the accumulation of lipids rather than proteins in soybean seeds, although they may reduce yield and protein content.
Rainfall and relative humidity would also be at the root of this differentiation. In Diawala, rainfall reached significant values in August (316.1 mm of water in 2022) before gradually decreasing from September and October (216.3 mm of water and 75.6 mm of water in 2022). This decrease in precipitation at the end of the cycle. with relative humidity between 91 and 97%. reflects moderate water stress, often favorable to the accumulation of oils in oilseed grains, Indeed, water stress leads to a reduction in growth and protein synthesis, which promotes the redirection of carbon metabolism toward fatty acid production. Conversely, Touba recorded relatively high rainfall during the same period (244.1 mm of water in September 2022 and 166.8 mm of water in October 2022) and high relative humidity (93-98%). These climatic conditions, characterized by better water availability and moderate temperatures, likely contributed to limiting the water and heat stress experienced by the plants, thus promoting protein synthesis. These observations corroborate the results of Baghery et al. [17], according to whom water stress conditions negatively affect growth as well as the content of soluble proteins and free amino acids in sesame. 
On the edaphic level, the results showed that the sandy-loam soils of the three localities exhibited variable contents of organic matter and nutrients. The richness in organic matter of the soils in Touba (4.65%) could explain the high protein and magnesium contents observed in the seeds, as organic matter is an essential source of nitrogen necessary for amino acid synthesis and improves the availability of nutrients such as magnesium [18, 19]. Conversely, the soils, poorer in nutrients in Diawala, would have favored the accumulation of lipids at the expense of proteins. These results are similar to those of Were et al. [20], who showed that soils rich in organic matter and phosphorus would favor a higher protein content, while moderate water stress tends to increase lipid accumulation. Thus, the high lipid accumulation observed in Diawala seems to result mainly from hot and moderately dry climatic conditions, whereas the higher protein and mineral (Ca, Mg, P) contents recorded in Touba reflect the better fertility of its soils and the wetter and cooler climatic conditions. These results are in agreement with those of Oboulbiga et al. [21], who showed that climatic conditions significantly influence the nutritional composition of sesame, such as lipid and protein contents. Moreover, water stress strongly modifies the production and quality of seeds, as reported by Nourzadeh et al. [22]. In the three locations, the seeds analyzed had, on average, 50% lipids, 20% protein, and 14% carbohydrates, confirming their high nutritional value, comparable to that reported by Morah et al. [23] and Ujjainkar [24].
The high lipid content of sesame, generally ranging between 45 and 55%, gives it the title of "queen of oilseeds" [25, 26]. Just as sesame seeds can be used to eradicate protein-energy malnutrition, the amino acid composition of sesame protein has shown that it can be used as a dietary base, complementing cereals and legumes [9].
Furthermore, no significant difference was observed for macronutrients (carbohydrates, proteins, lipids, and fibers) among the studied accessions. This relative stability could be explained by the fact that macronutrients are mainly determined by the plant's genetic heritage and by the fundamental metabolisms of the seed, which vary little between accessions belonging to the same species. Similar observations have been reported in several studies on sesame, where lipid and protein contents generally show low variability between accessions grown under comparable environmental conditions [27, 9]. Moreover, Ekom et al. [28] state that the low variability among accessions is explained more by the genetic control of traits. They also highlighted a strong influence of genotype on the agronomic traits of sesame. On the other hand, the dry matter showed a significant difference between the accessions. This variation could be linked to differences in environmental conditions such as water availability and soil characteristics, which influence the accumulation of soil constituents in the grains. 
Regarding minerals, calcium is the most abundant mineral, followed by phosphorus, potassium, and magnesium. These results are close to those found by Elleuch et al. [2], who described sesame as a good source of calcium and phosphorus.
In this study, the highest calcium contents were recorded in Touba, notably A8-T (2.405 mg/100 g), suggesting a possible influence of soil fertility and the organic matter content of this location. Significant differences between locations by accession were also observed. These observations confirm that soil characteristics and environmental conditions directly influence the mineral composition of seeds [29].
The significant contents of lignin, phytosterol, and antioxidants enhance the interest in sesame as a crop with nutraceutical value. The specific lignans of sesame (sesamin. sesamolin. sesamol) are known for their antioxidant. hypocholesterolemic. and hepatoprotective properties [30]. In the present study, for each accession, the differences between localities confirm that the production of these secondary metabolites is influenced by climatic conditions. However. these compounds did not show significant variations between accessions, indicating the stability of these compounds under the different cultivation conditions studied. Nevertheless, the work of Wei et al. [31] indicates that the expression of bioactive compounds strongly depends on environmental conditions, in interaction with the genotype.
This variability confirms that the composition of sesame depends on the variety, geographic origin, cultivation practices, harvest date, the product studied (seeds, oil, cake), and environmental conditions, as already reported by Dossa et al. [27] and Sène et al. [9]. The presence of minerals (Ca, P, Mg, Fe, Zn). macronutrients (carbohydrates. lipids. proteins. fibers). vitamins. and antioxidants in sesame seeds has been confirmed by Anilakumar et al. [32] ; Borchani et al. [33] ; Nzikou et al. [34] ; Yogranjan et al. [35] ; Deme et al. [36] ; Rizki et al. [37].
Principal component analysis (PCA) and hierarchical ascending classification (HAC) revealed a high nutritional variability among the sesame accessions studied in Diawala, Korhogo, and Touba. These analyses allowed the accessions to be grouped into three distinct groups in each locality. This diversity reflects the effect of the environment on the expression of biochemical traits, in agreement with the observations of Laurentin et al. [38], who emphasized that the metabolic composition of sesame is strongly influenced by both genotype and environment. In Diawala, the accessions are distinguished mainly by their high contents of carbohydrates, lipids, fibers, and minerals such as calcium, magnesium, and phosphorus. In Korhogo, the differences relate mostly to dry matter and structural compounds, such as lignin. In Touba. proteins and carbohydrates appear as the most discriminating elements.
These observations confirm that the nutritional quality of sesame depends both on the genotype and the environment. Previous studies, such as those by Were et al. [39] and Bedigian [40], have already shown that the content of proteins, lipids, and minerals varies depending on the soil, climate, and cultivated variety. Furthermore, Zangui [41] stated that biochemical parameters are more influenced by genetic factors and the developmental stage of the plants, in other words, the stage at which the seeds were harvested. Another factor that could influence biochemical parameters is the storage time of the seeds.
Despite the quality of the data obtained, this study presents certain limitations. First, it was conducted over a period of two years (2022-2023), which may not be sufficient to represent the full long-term climate variability. The observed trends could therefore change in the case of greater seasonal variations or extreme weather conditions. Secondly, even though three agro-climatic zones were studied, the results may be influenced by site-specific conditions, which limits their applicability to other locations. Moreover, the interactions between environmental factors and differences between accessions were not studied in detail. It would therefore be useful to conduct studies over a longer period and under varied conditions in order to better verify the stability of the results.

4. Conclusion

Analysis of variance (ANOVA), principal component analysis (PCA), and hierarchical ascending classification (HAC), conducted on eight sesame accessions (A4, A7, A8, A9, A10, A12, A13, and A15), grown in the three locations (Diawala, Korhogo, and Touba), highlighted significant biochemical and nutritional variability related to the growing environment. The results obtained showed that the composition of sesame seeds varied according to local pedoclimatic conditions. Across all localities, lipids were the most abundant components, followed by proteins, carbohydrates, and fibers, confirming the energy richness of sesame. Among the mineral elements, calcium appeared as the most abundant element, followed by potassium, phosphorus, and magnesium. Lignans, phytosterols, and antioxidants were the most dominant among the bioactive compounds. Statistical analyses (p = 0.05) revealed significant differences for the majority of constituents, except for a few elements (manganese, iron, copper, and alkaloids) whose variations remained low. However. statistical analysis did not reveal significant differences between accessions for macronutrients, bioactive compounds, and certain mineral elements such as magnesium, copper, and vitamin E. PCA highlighted differences among the accessions according to their composition. In Diawala, the accessions were characterized by richness in carbohydrates, lipids, calcium, phosphorus, phytosterols, and antioxidants, reflecting a favorable nutritional profile. In Korhogo, the accessions mainly contained lignin, magnesium, potassium, and vitamin E, showing a dominance of mineral and antinutritional compounds. In Touba. the high levels of proteinsn, phytosterols, and antioxidants indicated good functional and nutritional quality. HCA allowed the accessions to be grouped into three major distinct groups according to their biochemical compositions. Each site differentiated itself through specific combinations of macronutrients, micronutrients, and phytochemical compounds. Thus, Diawala stood out for a high accumulation of energy and antioxidant nutrients. Korhogo for mineral and lignified dominance, and Touba for richness in proteins and functional compounds. These results provide a useful basis for selecting high-performing accessions and the nutritional valorization of sesame in different agro-climatic zones in Côte d’Ivoire.
However, the relatively short duration of the study (two years) may limit the generalization of the results. Longer-term studies are needed to confirm their stability under different seasonal conditions.
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