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Nutritional potential of artisanal dried mango in Chad: A local solution for complementary food formulation and malnutrition control
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ABSTRACT
In Chad, mango is a socio-economic pillar, yet the sector suffers from massive post-harvest losses. Artisanal solar drying is the primary value-addition method, although its effects on nutritional quality remain poorly documented. This study evaluates the biochemical value of dried mangoes from five major production zones (Bongor, Moundou, Doba, Bebedja, and Koumra).
A cross-sectional study was conducted on 100 samples. Physicochemical (protein, fat, fiber), carbohydrate (starch, reducing sugars), and micronutrient (vitamin C, beta-carotene, minerals) analyses were performed according to standard protocols (AOAC, HPLC, and photometry).
The findings reveal an exceptional energy density (407.97 to 451.57 kcal/100 g), supported by high levels of reducing sugars (76.51 to 77.73 g/100 g) and protein (~3.9 g/100 g), exceeding East African standards. While the residual moisture (~15\%) indicates a potential shelf-life risk, the mineral richness is notable, particularly for calcium (73 mg/100 g) and potassium (85 mg/100 g). Vitamin C (70 mg/100 g) and carotenoid (260 µg/100 g) retention remains remarkably stable (p > 0.05) despite the artisanal nature of the process.
Chadian dried mango is a high-value nutritional concentrate. It stands out as a strategic ingredient for formulating local weaning porridges, provided that drying processes are optimized to reduce moisture content below the 14\% threshold.
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I. INTRODUCTION
In Chad, mango (Mangifera indica) occupies a prominent position in the agricultural and socio-economic landscape. As a highly appreciated fruit in both urban and rural areas, it constitutes a vital source of income for orchardists and actively contributes to the nutritional well-being of the population (FAO, 2011). From a nutritional perspective, mango is distinguished by its high content of carbohydrates and mineral salts. It also serves as a major source of essential bioactive compounds, notably bêta-carotene (a vitamin A precursor), vitamins C, B1, and B2, as well as various polyphenols with antioxidant properties (Lebaka et al., 2021; Kaur B et al., 2023).
Although it represents the primary national fruit production—with estimates reaching 27,600 tonnes en 2010 (FAO, 2011) the sector remains structurally fragile. The southern regions, specifically Bongor, Moundou, Doba, Bebedjia, and Koumra, concentrate the bulk of production but face increasing climatic challenges, illustrated by the production deficit recorded during the 2024 campaign (FAO, 2024).
The major problem lies in the extent of post-harvest losses, resulting from a lack of storage infrastructure and efficient processing techniques. Artisanal solar drying, though favored by the country's exceptional sunshine, remains the predominant method (80% of processing). However, this technique, often slow and operated at low temperatures (30 to 45°C), exposes products to risks of microbiological contamination and the alteration of physicochemical and organoleptic properties (Kameni et al., 2003; Djioua, 2010). The instability of nutrients under uncontrolled drying conditions highlights the urgent need for technical optimization (Djantou et al., 2004).
It is within this context that the present study is situated, aiming to contribute to the improved valorization of dried mango in Chad. This research intends to evaluate the nutritional quality and diagnose the artisanal processing practices of dried mangoes in Chad's main production zones in order to optimize the drying process.
II. MATERIALS AND METHODS
This was a prospective, cross-sectional, and analytical study conducted at the Research Laboratory in Food Sciences and Nutrition (LaRSAN) of the Faculty of Human Health Sciences (FSSH) at the University of N'Djamena, Chad. This study was carried out from March 2021 to August 2023.
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Figure 1: Map of the various production survey areas, sampling sites, and sales markets for dried mangoes in Chad.
Source: Center for Documentation and Geographic Information (CDIG) of the Ministry of Mines, Water, and Sanitation of Chad, 2023.

Sample Collection and Preparation
Samples were collected in sterile labeled bags. A total of 100 samples (dried mango slices/chips) were included in the study. These samples were transported to the laboratory in a cooler, then aliquoted under sterile conditions and stored at 4 °C. Upon arrival at the laboratory, the dried mangoes were ground, packaged in polystyrene plastic bags, and stored in a desiccator for subsequent analyses.

Table 1 : Sampling.
	ZONES
	SAMPLE CODES
	QUANTITY (g)

	Doba
	Dba
	20

	Bebedja
	Bbja
	20

	Koumra
	Kmr
	20

	Moundou
	Mdou
	20

	Bongor
	Bgr
	20



II.1. Basic Physicochemical Analyses
Analyses were performed in triplicate on lyophilized or ground samples following standard AOAC protocols.
II.1.1. Determination of Moisture and Dry Matter Content
Moisture content was determined using the gravimetric method (AOAC 925.09). Test portions of 5 g were dried in an oven at 105 °C until a constant mass was reached. Dry matter (DM) content was calculated by difference :
% DM = 100 - % Moisture
II.1.2. Total Protein Determination
Total nitrogen content was determined using the Kjeldahl method (AOCS, 1990). After mineralization of a 0.2 g sample with concentrated sulfuric acid in the presence of a catalyst (CuSO4/K2SO4), ammonia was released by distillation with excess sodium hydroxide (NaOH 10N), collected in boric acid, and titrated with sulfuric acid (0.1 N). The protein content was calculated using the conversion factor :
% Protein = % Nitrogen 6.25
II.1.3. Crude Lipid Determination
Lipids were extracted using the Soxhlet method. A 5 g sample underwent continuous extraction for 4 hours using hexane as a solvent. After solvent evaporation using a rotary evaporator (rotavapor) and oven drying (105 °C), the fat content was determined by gravimetric weighing of the residue.
II.1.4. Determination of Crude Fiber and Ash
Crude fiber was measured by double acid and alkaline hydrolysis (H2SO4 and NaOH at 1.25%) according to AOAC (2019). The insoluble residue was dried (C1) and then incinerated at 300 °C (C2) ; the mass loss corresponds to the fiber content. Total ash was obtained by incinerating the samples in a muffle furnace at 550 °C for 5 hours (AOAC, 1990).
II.2. Carbohydrate Profiling
II.2.1. Reducing Sugars
Reducing sugars were extracted with hot distilled water (15 min boiling) and then assayed using the 3,5-dinitrosalicylic acid (DNS) method according to Fischer and Stein (1961). Absorbance was measured at 540 nm against a maltose calibration curve.
II.2.2. Total Starch, Amylose, and Amylopectin
Starch was determined by iodine complexometry according to Jarvis and Walker (1993). Samples were solubilized in potassium hydroxide (KOH 1 N) and then neutralized. Amylose was quantified by spectrophotometry at 720 nm and total starch at 580 nm. Amylopectin content was obtained by difference :
% Amylopectin = % Total Starch - % Amylose
II.3. Micronutrient Analyses (Vitamins and Minerals)
II.3.1. Vitamin C and Beta-carotene by HPLC
Ascorbic acid and bêta-carotene contents were determined by High-Performance Liquid Chromatography (HPLC).
· Vitamin C : Extraction with formic acid (0.1%), separation on a LUNA C18 column, and DAD detection at 245 nm.
· Bêta-carotene : Extraction with hexane/THF, separation on a Kinetex C18 column, and detection at 450 nm.
II.3.2. Mineral Composition
Minerals were analyzed from ash solubilized in nitric acid:
· Na and K : Measured by flame photometry (Perkin Elmer HGA 700).
· Ca and Mg : Determined by EDTA complexometric titration.
· P, Fe, and Cu : Assayed by colorimetry (nitrovanadomolybdate for P, orthophenanthroline for Fe at 510 nm).
II.4. Calculation of Total Carbohydrates and Energy Value
Total and digestible carbohydrates were calculated by difference according to AOAC (1980) formulas :
%Digestible Carbohydrates = %DM - (%Protein + % Lipids + % Ash + %Fiber)
The energy value was estimated using Atwater coefficients :
Energy (kcal/100g)} = (4xCarbohydrates) + (4xProtein) + (9xLipids)
II.5. Statistical Treatment
Data are presented as means $\pm$ standard deviation. An analysis of variance (ANOVA) followed by Fisher's post-hoc test (p < 0.05) was performed using Minitab 18.0 software. Principal Component Analysis (PCA) using XLSTAT 2014 was used to correlate biochemical composition with the sites of origin.
III. RESULTS AND DISCUSSION
Physicochemical characteristics and nutritional value of dried mangoes
III.1 Nutritional composition of dried mangoes
The table below presents the proximate nutritional composition of dried mangoes from five different geographical areas.
Table 2 : Proximate composition (Moisture, Ash, Protein, Lipids).
	Sites
	Moisture (g/100g)
	Ash
 (g/100g)
	Protein 
(g/100g)
	Lipid
 (g/100g)

	Dba
	15,14±0,46b
	2,63±0,07b
	3,90±0,10a
	2,07±0,02c

	Bbja
	13,90±0,06a
	2,87±0,02c
	3,90±0,06a
	1,87±0,02bc

	Mdou
	15,31±0,88b
	2,41±0,04ab
	3,91±0,02a
	1,41±0,04a

	Kmr
	15,13±0,44b
	2,35±0,05a
	3,93±0,05a
	1,35±0,05a

	Bgr
	14,96±0,11b
	2,59±0,25b
	3,89±0,09a
	1,71±0,31b

	P-value
	0,0014
	< 0,001
	0,958 (ns)
	< 0,001


(n=100); within the same row, means followed by the same letters are not significantly different (P < 0.05).

[bookmark: _Hlk166503387]Moisture Content and Preservation
Moisture analysis reveals significant variability between sites (p = 0.0014), with values ranging from 13.90±0.06% (Bebedja) to 15.31±0.88% (Moundou). Although the moisture levels in Bebedja (13.90%) are close to the standards reported in Ghana by Amanor-Atiemoh et al. (2020), the values in Moundou (15.31%) highlight the need to improve drying infrastructure to ensure long-term stability. As noted by Sawadogo-Lingani (1993), moisture content directly influences the shelf-life and perishability of foods. A moisture content exceeding 14\% promotes microbial, enzymatic, and chemical activity, thereby reducing the shelf-life of organic products. This parameter is influenced by variety, climatic conditions (particularly rainfall), and drying parameters (time and method), as suggested by Ndangui et al. (2015) and Tambo et al. (2019). Our results show that most samples exceed the critical threshold of 14\%, beyond which fungal growth is favored. This high residual moisture is explained by the low efficiency of the slow-flow solar dryers used by Chadian artisans, especially in high-rainfall areas. However, these levels remain lower than those obtained by Kameni et al. (2003) (16.8% to 22.6%), likely due to differences in fruit maturity, drying times, and the higher ambient humidity in Cameroon.
Ash and Mineral Potential
Ash content represents the inorganic portion of the matrix and indicates mineral richness. A content below 5% is recommended for complementary foods (FAO/WHO, 2006). The observed ash levels (2.35 to 2.87 g/100 g) are slightly higher than those reported by Haque et al. (2022) in Bangladesh and align with observations by Olatunde et al. (2023) in Nigeria. This high mineral concentration underscores the nutritional potential of dried mangoes from Southern Chad for micronutrient supplementation. The higher levels in Bebedja may be linked to soil composition, local varieties, and lower rainfall favoring mineral absorption. Furthermore, as demonstrated by Mwamba et al. (2018), solar drying can sometimes lead to mineral loss through diffusion during water elimination, emphasizing the benefit of controlled oven drying.
Protein Content and Malnutrition Control
The protein content in our samples (3.9 g/100 g) is significantly higher than values reported in Bangladesh (1.50–2.10 g/100 g) and Uganda (2.10–2.80 g/100 g). This stability across production zones suggests a homogeneity in cultivars or agricultural practices in Southern Chad. These results confirm that Chadian dried mango could play a crucial role in meeting the protein requirements of vulnerable populations (Maldonado-Celis et al., 2022). The high protein content in Koumra samples might be explained by a genetic overexpression of protein synthesis at the expense of lipids and carbohydrates, supported by the negative correlations observed between proteins and carbohydrates (r = -0.6322) and lipids (r = -0.8477). These values are five times higher than those reported by Traoré (2013), making them ideal for supplementing complementary porridges to fight protein-energy malnutrition.
[bookmark: _Hlk224812361]Lipid Content and Supplementation Needs
With levels ranging from 1.35 to 2.07 g/100 g, dried mango remains a low-fat food. To meet Codex Alimentarius standards for complementary foods (5\% to 8%), supplementation with lipid sources (such as soy or peanut) remains indispensable. The slight increase compared to Haque et al. (2022) (0.80 to 1.40$ g/100 g) may result from the concentration effect induced by artisanal drying. The lower lipid levels in Koumra and Bongor are likely due to varietal differences or oxidation during solar drying, as reported by Mwamba et al. (2018).



Table 3: Global nutritional characterization of artisanal dried mangoes from Chad.
	Sites
	Amidon (g/I100g)
	Red Sugars (g/100g)
	Amylose (g/100g)
	Fiber s (g/100g)
	Ratio Am/Ap
	Energy Density (kcal/100g)

	Dba
	11,67±1,85b
	77,73±0,44a
	19,51±0,31c
	3,13±0,05b
	8,36±0,11b
	451,57±3,96c

	Bbja
	10,32±1,33ab
	77,49±0,86a
	17,42±0,67b
	3,73±0,05c
	7,93±0,16c
	421,36±6,50b

	Mdou
	11,86±0,47b
	76,51±0,75a
	15,11±0,41a
	2,91±0,02a
	5,20±0,14d
	407,97±2,36a

	Kmr
	10,24±1,49a
	77,08±0,47a
	20,91±0,41d
	3,85±0,13cd
	9,16±0,09a
	449,01±4,98c

	Bgr
	12,07±0,54b
	77,72±1,01a
	15,05±0,36a
	3,93±0,12d
	5,53±0,11d
	449,43±4,80c

	P-value
	< 0,001
	0,0785 (ns)
	< 0,001
	< 0,001
	< 0,001
	< 0,001


Means in the same row [ou column] with different letters are significantly different (P < 0.05).
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Reducing Sugars and Carbohydrate Content
The reducing sugar levels obtained (76.51 to 77.73 g/100 g) are higher than those reported by Haque et al. (2022) and fall within the upper range of observations by Mawa et al. (2024) in Uganda (70.10–76.80 g/100 g). This high concentration reflects extensive starch hydrolysis during the ripening of Chadian fruits. It provides dried mangoes with high energy density and a natural sweet flavor, thereby limiting the need for exogenous sugar addition in food formulations (Maldonado-Celis et al., 2022).
Total carbohydrate content is influenced by the proportions of lipids and proteins in the plant (Tambo et al., 2019a, b). Our values are higher than those reported by Traoré (2013) and Mwamba et al. (2018). Varietal differences combined with inadequate drying conditions may explain these discrepancies (Kameni et al., 2003). Furthermore, Mwamba et al. (2018) reported improved total carbohydrate content with oven drying compared to solar drying. Overall, these values comply with the Codex Stan (2013) standard, which recommends a carbohydrate content between 65% and 85%.

Crude Fiber and Digestibility
Fibers represent the carbohydrate fraction indigestible by human gastrointestinal enzymes and are responsible for intestinal transit speed. The crude fiber content obtained (2.91 to 3.94 g/100 g) matches the results of Haque et al. (2022) and falls within the 2.80 to 4.50 g/100 g range described by Maldonado-Celis et al. (2022). The variability observed between Bongor and Moundou may reflect differences in post-harvest enzymatic activity related to varieties or local environmental conditions (Olatunde et al., 2023). These moderate levels ensure good product digestibility while contributing to necessary dietary fiber intake.
The lower fiber content observed in Koumra samples could be explained by an advanced ripening stage, where fibers are degraded by microorganisms into lower molecular weight sugars. Additionally, oxidation of these fibers by intrinsic enzymes and microorganisms further contributes to this reduction (Kameni et al., 2003). Our values comply with the Codex Stan (2013) standard, which recommends less than 5.60% fiber in complementary foods.
Starch, Amylose, and Amylopectin Dynamics
Starch levels (10.2 to 12.07 g/100 g) are consistent with Haque et al. (2022) and fall within the 9.00 to 14.00 g/100 g range identified for ripe fruits (Maldonado-Celis et al., 2022). This moderate residual starch, coupled with high reducing sugars, confirms the advanced ripening process during processing. The slightly higher starch content in Bongor suggests a varietal difference or a less pronounced ripening stage.
We observed an inverse relationship between amylose and amylopectin across all samples, as shown by the negative correlation coefficient (r = -1.000). The amylose/amylopectin ratio (5.20 to 9.16) is higher than values reported by Haque et al. (2022) and Zhu et al. (2023). This predominance of the amylose fraction, particularly in Moundou, suggests a high capacity for starch retrogradation during heat treatments. Technologically, this implies that the incorporation of these powders into infant porridges must be adjusted to avoid excessive viscosity. To prevent highly consistent and indigestible porridges, dried mangoes from Moundou should be added at the end of the cooking process (Dongmo et al., 2020).
Energy Density and Nutritional Value
The energy density of our samples (407.97 to 451.57 kcal/100 g) is significantly higher than values reported by Haque et al. (2022) and exceeds the average of 380–410 kcal/100 g observed by Mawa et al. (2024). This remarkable energy concentration makes dried mango from Southern Chad a choice ingredient for high-calorie complementary foods, addressing protein-energy malnutrition in rural areas (Olatunde et al., 2023). The high energy density in Doba and Moundou is primarily linked to their high lipid content (r = 0.6882). However, these values remain below the 720 kcal recommended by FAO/WHO (2006) to cover the needs of weaning children, suggesting a need for supplementation with lipid sources like soy (Klang et al., 2019).
Table 4: Mineral salt composition of dried mangoes according to sampling sites.
	Sites
	      K
 (Mg/100g)
	    Mg 
(Mg/100g)
	    Fe 
(Mg/100g)
	    Ca 
(Mg/100g)
	     Na
 (Mg/100g)

	Dba
	85,97±4,93a
	70,24±0,46c
	1,05±0,11a
	73,25±0,52ab
	11,41±0,29a

	Bbja
	80,92±6,94a
	70,59±0,38c
	1,50±0,45ab
	73,35±0,46ab
	11,50±0,45a

	Mdou
	83,21±1,81a
	70,06±0,37bc
	1,18±0,27a
	72,66±0,47a
	11,50±0,19a

	Kmr
	79,15±0,46a
	69,53±0,20b
	1,26±0,14a
	73,49±0,17a
	11,55±0,45a

	Bgr
	82,59±0,25a
	68,78±0,30a
	1,79±0,20b
	72,89±0,07ab
	12,58±0,39b

	P-value
	0,112 (ns)
	< 0,001 ***
	0,002 **
	0,016 *
	< 0,001 ***


[bookmark: _Hlk166503416]Values represent means p standard deviation (n=3). Within the same column, means followed by different letters (a, b, c) indicate a statistically significant difference (p < 0.05$).
Discussion : Mineral Composition and Hidden Hunger
Mineral malnutrition, or "hidden hunger," is the most widespread form of malnutrition today, affecting more than one in three children. It remains a major public health challenge, driving a continuous search for sustainable local solutions (FAO/WHO, 2006). Minerals play essential physiological roles, acting as cofactors in metabolic reactions (Ca, Fe, K, Na, Mg), and are vital for nerve impulse transmission, bone solidification, and osmotic pressure maintenance (FAO, 2001 ; Badham et al., 2007 ; Ogbonnaya et al., 2010).
Our results show that mineral content was significantly influenced by the area of origin (p < 0.05). Potassium (79.15 to 85.97 mg/100 g) and calcium (72.66 to 73.49 mg/100 g) are the predominant elements, with values exceeding those reported by Haque et al. (2022). Notably, the iron content in Bongor (1.79 mg/100 g) aligns with the observations of Olatunde et al. (2023), confirming the potential of Chadian dried mango as a complementary source of iron. This is a major public health argument for fortifying infant foods in Chad, where iron-deficiency anemia is prevalent.
The high calcium levels (73 mg/100 g) suggest that local Chadian varieties, or the soils in the Koumra and Moundou areas, are particularly rich in assimilable lime. Potassium, peaking in Doba (85.97 mg/100 g), exceeds the standards described by Mawa et al. (2024), reinforcing the cardiovascular benefits of this product. Conversely, magnesium and sodium show relative stability across sites, indicating they are less influenced by local soil variations. Low sodium levels are a positive quality indicator for hypertension prevention (Maldonado-Celis et al., 2022).
Overall, samples from Doba, Moundou, and Bebedja exhibit the highest mineral concentrations. These disparities confirm the work of Sawadogo and Traoré (2001) and are supported by Mawa et al. (2024), who emphasize that pedoclimatic variability—specifically the soil richness of Southern Chad—prevails over the processing method. However, drying temperature and increased ionic diffusion during evaporation remain determining factors for the final micronutrient concentration (Olatunde et al., 2023).
Compared to previous studies, calcium levels were 20 times higher than those reported by Djantou (2006), while iron levels were lower than the 6 to 7 mg/100 g reported by Sawadogo et al. (2002) and Mwamba et al. (2018). In relation to Recommended Daily Allowances (RDA), while the samples contribute significantly to calcium needs, they remain below the daily requirements for iron (8–18 mg), magnesium (127–1500 mg), and sodium (8–12 mg). This underscores the necessity of supplementing dried mango-based formulations with other mineral-rich sources (Klang et al., 2019a, b).
III.4. Vitamin Composition of Dried Mangoes
Table 5: Vitamin composition of dried mangoes according to sampling sites.
	Sites
	Vitamin C 
(Mg/100 g)
	Carotenoids 
(μg/100 g)
	

	Dba
	69,37±0,58a
	265,97±343,34a
	

	Bbja
	70,05±0,45a
	249,25±412,35a
	

	Mdou
	70,04±0,36a
	255,44±422,12a
	

	Kmr
	70,15±0,79a
	274,15±466,70a
	

	Bgr
	69,68±0,37a
	258,48±432,98a
	

	P-value
	0,161 (ns)
	0,906 (ns)
	



Discussion : Vitamin Composition and Antioxidant Potential
Vitamin C Content and Stability
The vitamin C content of our samples (69.37 to 70.15 mg/100 g) proved remarkably stable across locations (p = 0.161), suggesting a homogeneity in both varieties and drying processes. These values are higher than the 45.20–55.00 mg/100 g reported by Amanor-Atiemoh et al. (2020). This strong retention of ascorbic acid, despite the artisanal nature of the drying process, provides the product with high antioxidant value and underscores its potential for the natural fortification of local diets (Mawa et al. 2024).
The statistical stability of vitamin C across the five sites indicates that processing practices and climatic drying conditions (temperature and hygrometry) were similar during the study. Furthermore, Maldonado-Celis et al. (2022) noted that vitamin C acts synergistically with polyphenols. With ~70 mg/100 g, Chadian dried mango covers over 80\% of the Recommended Dietary Allowance (RDA) for children, establishing it as a leading functional food. The slightly higher levels in Koumra (70.15 ±0.79mg/100 g) compared to Doba (69.37±0.58 mg/100 g) might be linked to the use of less mature fruits, as vitamin C degrades into compounds like furfural as ripening advances (Somé et al., 2014). Additionally, the high reducing sugar content in Koumra and Moundou could induce Maillard reactions during high-temperature drying, potentially leading to vitamin C degradation (Mwamba et al., 2018).
[bookmark: _Hlk224813835]Total Carotenoids and Bioavailability
Similar to vitamin C, total carotenoid levels (249.25 to 274.15 µg/100 g) showed no significant variation by site (p = 0.906). These results are consistent with the ranges reported by Haque et al. (2022) and Mawa et al. (2024). The stability of these photosensitive pigments suggests adequate management of the artisanal drying process. Given the lipid content of our samples 
(~2\%), these fat-soluble carotenoids likely exhibit high bioavailability, enhancing the product's effectiveness against vitamin A deficiencies (Lebaka et al., 2021).
The lack of significant difference (p = 0.906) suggests that the solar radiation gradient across the Sudano-Sahelian savanna is too small to induce major variations. According to Ndiaye et al. (2025), the UV index is nearly identical across these regions, leading to uniform photodegradation. However, the high standard deviations observed indicate intrinsic variability, likely due to individual fruit maturity or varying light exposure during solar drying. As noted by Somé et al. (2014), carotenoid content typically improves by 39\% to 80\% during ripening, which explains some of the lower values found in less mature samples. Ultimately, the high retention of vitamin C and carotenoids reinforces the therapeutic potential of Chadian dried mango in preventing ocular pathologies and supporting immune functions (Pullar et al., 2017 ; Tanumihardjo, 2013).
III.5. Physicochemical Profile of Dried Mangoes Sold in Chad: Principal Component Analysis (PCA) and Agglomerative Hierarchical Clustering (AHC)
Table 6: Contribution of variables to the formation of the different axes.
	Axe (Facteur)
	Valeur propre
	Variables contributrices dominantes (Contribution> 5%)
	Suggested Interpretation
	
	
	

	F1
	-
	Mg (10,37%), Na (9,46%), Sucres réducteurs (7,49%), Amidon (6,05%), Ça (5,80%), Vitamine C (5,78%), K (5,34%)
	Mineral and Soluble Carbohydrate Axis Energy and Fat-Soluble Micronutrient Axis
	
	
	

	F2
	-
	Caroténoïdes (11,68%), Lipides (10,43%), Fe (10,35%), Fibres (8,76%), Glucides (8,65%), Énergie (7,78%), K (6,34%)
	Mineral and Soluble Carbohydrate Axis Energy and Fat-Soluble Micronutrient Axis
	
	
	

	F3
	-
	Cendres (16,91%), Ca (10,40%), Protéines (7,65%), Énergie (6,70%), Ratio Amylose/Amylopectine (6,30%)
	Axis of Structure and Ashes
	
	
	



III.5. Statistical Analysis: PCA and AHC Interpretation
Principal Component Analysis (PCA) was applied to investigate the associations between physicochemical properties (variables) and the different samples (observations). Agglomerative Hierarchical Clustering (AHC), used to group observations based on their physicochemical affinities, identified three distinct classes (Table VI). Correlation by small groups reveals that samples from Dba, Bbj, Kmr, Mdou, and Bgr form Classes 1, 1, 2, 2, and 3, respectively. These findings align with Kameni et al. (2002 ; 2003), who reported similarities in the physicochemical composition of dried mangoes across different varieties at varying stages of commercial maturity.
Furthermore, Table VI reveals that observations Dba, Bbj, and Bgr contribute primarily to the F1 axis, Mdou to the F2 axis, and Kmr to the F3 axis. These results suggest that the physicochemical variables responsible for the formation of these axes are not significantly different.
The contribution of variables to the formation of the different axes is presented in Table VI. It shows that vitamin C, reducing sugars, starch, amylose, amylopectin, the amylose/amylopectin ratio, protein, and ions such as Mg, Ca, Na, and K are correlated with samples Dba, Bbj, and Bgr, contributing to the formation of axis F1. Specifically, samples from Bongor exhibited the highest nutrient levels, likely due to superior production and storage conditions.
Total carotenoids, moisture, lipids, fiber, total carbohydrates, and iron, as well as energy density, are responsible for the formation of axis F2. Notably, the Moundou sample is characterized by high carotenoid and moisture content, resulting from its advanced stage of maturity. Finally, ash content and the Ca/Mg ratio drive the formation of axis F3. The AHC of the physicochemical parameters revealed seven classes, allowing for the correlation of variables with one another.
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This study demonstrates that artisanally produced dried mango in Chad possesses significant nutritional assets, often exceeding values reported in international literature for similar products.
Energy and Macronutrient Profile : With a caloric value exceeding 451 kcal/100 g and a protein content reaching 3.9%, the product serves as a robust base for combating protein-energy malnutrition. However, the high amylose/amylopectin ratio (5.20 to 9.16) indicates a need to control cooking methods to ensure a viscosity suitable for young children.
Micronutrient Potential : The remarkable stability of vitamin C and carotenoids across different production sites (p > 0.05) testifies to artisanal expertise capable of preserving antioxidant compounds despite rudimentary drying conditions. The richness in iron (1.79 mg/100 g in Bongor) and calcium further reinforces its role in addressing "hidden hunger."
Technical Perspectives : The primary critical point identified is the residual moisture (> 15% in certain areas), which exceeds microbiological stability limits. Optimizing solar dryers (improving airflow) and standardizing pre-treatments are imperative to extend shelf-life beyond six months.
In summary, the valorization of mango through drying in Chad should no longer be viewed merely as a post-harvest salvage method, but as a genuine production sector for functional foods. Integrating this resource into national nutrition programs would transform a post-harvest challenge into a sustainable solution for national food sovereignty.
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