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Mineral Bioavailability in Dried Mango Slices: Effects of Nine-Month Storage at Room Temperature.
Abstract 
This study aimed to determine the bioavailability of micronutrients and assimilation indices during the post-production storage of dried mango slices. For this purpose, 240 packages of 100 g, representing 10% of the total production of dried mango slices, were packaged and stored in the laboratory for 9 months at room temperature (27–28 °C). Quarterly evaluations (T0, T3, T6, and T9) of physicochemical parameters were carried out. The results showed a progressive increase from T0 to T6 in the contents of Ca from 22.25 ± 0.05 to 23.70 ± 0.10 (mg/100 g), Na from 14.00 ± 0.09 to 15.45 ± 0.05 (mg/100 g), K from 860.50 ± 0.07 to 861.85 ± 0.05 (µg/100 g), Mg from 86.6 ± 0.07 to 87.45 ± 0.05 (µg/100 g), and Fe from 2.24 ± 0.06 to 2.63 ± 0.03 (mg/100 g). However, calcium bioavailability increased throughout storage from T0 to T9 (phytate/Ca < 0.24), whereas iron bioavailability remained low throughout the entire storage period from T0 to T9 (phytate/Fe > 1). Overall, dried mango slices constitute a good source of minerals and can be optimally consumed up to six months after production, a period during which calcium mineral bioavailability is more favorable.
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Introduction
Mango production and trade constitute a significant source of income for Ivorian populations, particularly those from rural areas. With an annual abundance of approximately 150,000 tons, mangoes rank as the third most exported fruit in Côte d’Ivoire, trailing behind bananas and pineapples (Pugnet, 2018) 18. This economic activity, primarily driven by small-scale producers from the northern regions of the country, contributes around 4% to the national GDP (Firca, 2021)9. However, despite its promising economic potential, the mango sector faces substantial post-harvest losses. These losses result from the disparity between export volumes (approximately 33,000 tons per year) and overall production (Pugnet, 2018)18, as well as the inherent perishability of mangoes (Singh et Zaharah, 2013)20. 
These significant losses have financial implications, particularly for vulnerable households (including both producers and retailers), and act as a major constraint on the sustainable development of the mango industry. To address these challenges, various incentive measures have been proposed, including mango processing. In Côte d’Ivoire, mango processing is still relatively recent, and one of the flagship products is dried mango slices. These slices are produced from fresh mangoes, carefully selected based on their ripeness. The selected mangoes undergo washing, peeling, paring, and slicing into thin strips using stainless steel knives. Subsequently, they are dried in dehydrators for approximately 24 hours before being packaged and stored until consumption (Fokouo et al., 2023)8. 
This transformation process, when executed with proper manufacturing practices, yields dried mango slices with physicochemical and sensory qualities similar to fresh fruit (Moreno et al., 2010)16, thus adding value to the industry. The production of these dried slices ensures mango availability for broader consumption and generates additional income for producers while creating new employment opportunities. From a nutritional perspective, these dried mango slices are low in calories and serve as a good source of vitamins, minerals, dietary fiber, and bioactive compounds with nutraceutical properties (Fokou et al., 2022)7. They are commonly consumed as snacks or used as ingredients in various dishes (CBI, 2021)3, offering an effective means of combating deficiencies such as vitamin A deficiency (avitaminosis A) and certain metabolic conditions like obesity (Bendech, 2002)2.
However, despite the economic and nutritional advantages of dried mango slices, significant physicochemical variations have been observed during storage (Fokou et al., 2022)7. These observed changes raise questions about the actual nutritional quality of dried mango slices over different storage periods and their impact on key nutritional indicators, such as the bioavailability of micronutrients. Micronutrient bioavailability refers to the amount of a mineral absorbed by the intestine and utilized to combat micronutrient deficiencies, including anemia, bone fractures, vision problems, and growth issues (Hiolle, 2019)11. Nevertheless, this indicator can be influenced by various factors, primarily the presence of other nutrients in the intestine, such as phytates and oxalates. Regarding the Significance of This Nutritional Indicator in Dietary Measures, the Main Objective of This Study Is to Evaluate the Impact of the Storage Time of Dried Mango Slices on the Bioavailability of Minerals (Ca, Na, Mg, Fe, and K).
1. Materials and methods
1.1. Materials
The study material consists of dried mango slices (Mangifera indica L. var Kent) produced by a Cooperative Society’s production unit located in northern Côte d’Ivoire.
1.2. Methods
1.2.1. Sampling
For this study, 240 packages of 100 g each were required (80 packages of 100 g were sampled weekly over one month). To achieve this, 20 packages of 100 g were collected every two days. The desired number of samples was obtained by selecting every 10th unit using a systematic random sampling method (Letourmy, 2017)13. All these samples were carefully packaged in clean cartons and transported to the laboratory for physicochemical analyses over a 9-month storage period (T0, T3, T6, and T9) at room temperature (27–28 °C).
1.2.2. Determination of Antinutritional Factors 
To quantify antinutritional factors (ANFs) in dried mango slices, compounds such as phytates and oxalates were determined using standard methods (AOAC, 1990)1. Phytate content was determined following the procedure reported by Mercadante et al. (1997)15, and oxalate levels were assessed using the method described by Day and Underwood (1986)4 with potassium permanganate.
1.2.3. Determination of Mineral Content 
Calcium (Ca), sodium (Na), iron (Fe), potassium (K), and magnesium (Mg) contents were measured using an atomic flame spectrophotometer (PG *Instruments, England) at specific wavelengths: 422.7 nm (Ca), 589 nm (Na), 248.3 nm (Fe), 766.5 nm (K), and 285.2 nm (Mg). The analysis was performed by comparing the results to standard solutions following the AOAC method AOAC (1990)1.
1.2.4. Evaluation of Bioavailability
The bioavailability of minerals (Ca, Na, Fe, K, and Mg) in dried mango slices was determined using various molar ratios between phytate, oxalate, and the minerals (Ca, Na, Fe, and Mg) (Ellis et Lieb, 2015; Norhaizan et Faizadatul, 2009)6,17. The molar ratio of ANFs and the molar ratio of the mineral (X) were calculated using the following equations:
Determination of the Molar Ratio of the Antinutritional Factor (ANF) [1]


· - Determination of mineral molar ratio (X) [2]


- Determination of the molar ratio of the anti-nutritional factor and mineral complex (ANF / X)

Molar mass (phytate = 660 g / mol, Oxalate = 128.097 g / mol, Fe = 56 g / mol, Ca = 40 g / mol). The calculated molar ratios were compared with the critical values of phytate / Calcium > 0.24, Phytate / Fe > 1 (Ma et al., 2007; Yewelsew et al., 2007)14,23 and Oxalate / Ca > 2.25 (Tchiégang and Aissatou, 2004)21.
1.2.5. Statistical analysis of data
Analysis of variance (ANOVA) of data from the evaluation of biochemical, microbiological and sensory parameters was carried out using XLSTAT 11.19 statistical software. Whenever a significant difference was revealed, the ANOVA test was completed by Tukey's post ANOVA test to identify the variable(s) with significant differences. Data generated by XLSTAT statistical software were evaluated by significance analysis (P < 0.05).
2. Results and discussion
2.1. Results
2.1.1. Antinutritional Factors in Dried Mango Slices
The evolution of phytate and oxalate levels in dried mango slices during storage is depicted in Fig. 1. Notably, both oxalate and phytate contents decreased significantly (P < 0.05) over the conservation period. Specifically, oxalate levels changed from 21.6 ± 0.02 mg/100 g to 14.23 ± 0.03 mg/100 g, while phytate levels shifted from 92.3 ± 0.08 mg/100 g to 84.8 ± 0.06 mg/100 g, representing respective reductions of 34.12% and 8.13%.
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Fig. 1: Anti-nutritional factor (ANF) levels: Phytates (A); and Oxalates (B)


2.1.2. Minerals in Dried Mango Slices
Table 1 presents the content of calcium (Ca), sodium (Na), iron (Fe), potassium (K), and magnesium (Mg) during the storage of dried mango slices. Over the 9-month conservation period (from T0 to T9) at room temperature (27–28 °C), the analyses did not reveal any significant differences in iron content. However, after 6 months of storage (from T0 to T6), the measurements indicated a significant increase (P < 0.05) in Ca, Na, K, and Mg levels, followed by a significant decrease at the 9th month of storage (T9). The content, expressed in mg per 100 g, varied as follows: Ca: from 22.25 ± 0.05 to 23.70 ± 0.10; Na: from 14.00 ± 0.09 to 15.45 ± 0.05; K: from 860.50 ± 0.07 to 861.85 ± 0.05 and Mg: from 86.6 ± 0.07 to 87.45 ± 0.05.
Table 1: Variation in mineral content during storage
	Parameters
	Unit
	Storage time (months) of dried mango slices 

	
	
	T0
	T3
	T6
	T9

	Ca 
	mg/100g
	22.25 ± 0.05c
	23.20 ± 0.10b
	24.20 ± 0.10a
	23.70 ± 0.10b

	Na
	mg/100g
	14.00 ± 0.09c
	15.80 ± 0.10b
	16.05 ± 0.05a 
	15.45 ± 0.05b

	Fe 
	mg/100g
	2.24 ± 0.06a
	2.56 ± 0.06a
	2.53 ± 0.03a
	2.63 ± 0.03a

	K 
	µg/100g
	860.5 ± 0.07d
	861.4 ± 0,1c 
	863.0 ± 0.11a
	861.85 ± 0.05c

	Mg 
	µg/100g
	86.6 ± 0.07c
	87.6 ± 0.02b
	88.20 ± 0.10a 
	87.45 ± 0.05b


Scores on the same line with different superscript letters are statistically different at P ˂ 0.05 according to Tuckey's test. T0: time before storage; T3: 3 months of storage; T6: 6 months of storage and T9: 9 months of storage.


2.1.3. Bioavailability of Minerals in Dried Mango Slices
The evolution of mineral bioavailability in dried mango slices during storage (from T0 to T9) is presented in Table 2. Among the previously identified minerals, only the assimilation indices for iron (Fe) and calcium (Ca) were evaluated. The observed variations indicate a significant decrease (P < 0.05) in molar ratios during the storage of dried slices. Specifically, the Phytate/Fe, Phytate/Ca, and Oxalate/Ca ratios changed as follows: Phytate/Fe: from 3.50 ± 0.2 to 2.74 ± 0.03; Phytate/Ca: from 0.25 ± 0.01 to 0.22 ± 0.01 and Oxalate/Ca: from 0.30 ± 0.0 to 0.19 ± 0.0.


Table 2: Evolution of mineral bioavailability in dried mango slices
	Storage time for mango slices
	Molar Ratio

	
	Phytate / Fe
	Phytate / Ca
	Oxalate / Ca

	T0
	3.50 ± 0.2a
	0.25 ± 0.01a
	0.30 ± 0.0a

	T3
	2.98 ± 0.01b
	0.23 ± 0.01ab
	0.27 ± 0.01b

	T6
	2.92 ± 0.02b
	0.22 ± 0.01b
	0.21 ± 0.01c

	T9
	2.74 ± 0.03b
	0.22 ± 0.01b
	0.19 ± 0.0d

	Critical limit
	1*
	0.24*
	2.25**


*Ma et al (2007); Yewelsew et al (2007); **Tchiégang and Aissatou, 2004; T0: time before storage; T3: 3 months of storage; T6: 6 months of storage and T9: 9 months of storage. Notes in the same column with different superscript letters are statistically different at P ˂ 0.05 according to Tuckey's test.



2.2. Discussion
The objective of this study was to evaluate the impact of post-production storage duration on the bioavailability of minerals, particularly iron (Fe) and calcium (Ca), in dried mango slices. As shown in Figure 1, levels of antinutritional factors (phytate and oxalate ratios) progressively decreased during storage, suggesting a potential improvement in the absorption of minerals, particularly calcium, over time. Analyses presented in Table 1 revealed an increase in the concentrations of Ca, Na, K, and Mg between T0 and T6 (the first six months of storage). The presence of bioavailable calcium contributes to bone and dental health, muscle contraction, nerve transmission, and blood coagulation, with a recommended daily intake (RDI) of approximately 2 g/day (Guéguen, 2000). Sodium plays a key role in muscle contraction, nerve transmission, and water balance (Health Canada, 2022). Magnesium, whose variation is also shown in Table 1, is essential for cellular functions, including energy production, muscle performance, blood glucose regulation, and numerous enzymatic reactions, and its deficiency has been associated with various clinical disorders (Witkowski et al., 2011). Potassium, also presented in Table 1, is involved in the regulation of blood pressure, heart rhythm, neuromuscular function, and digestion, and intakes below 3500 mg/day in adults are associated with an increased risk of stroke (EFSA, 2016). Antinutritional factors, however, play a crucial role in mineral absorption. As illustrated in Figure 1, phytate and oxalate ratios decreased markedly during storage, which may enhance mineral bioavailability. These biomolecules are known to inhibit mineral absorption through chelation, but a progressive reduction improves bioavailability. This improvement is confirmed in Table 2, where the molar ratios Phytate/Fe, Phytate/Ca, and Oxalate/Ca decreased significantly from T0 to T9. A decrease in these ratios indicates fewer inhibitory interactions and therefore better physiological availability of minerals. Nevertheless, based on critical values reported in the literature, calcium bioavailability in the presence of phytates remains moderate, although it improves over time; calcium bioavailability in the presence of oxalates is high, as the ratios remain low; and iron bioavailability in the presence of phytates remains low, even after phytate reduction. Overall, dried mango slices appear to be a good source of calcium, but a limited source of bioavailable iron.
Conclusion
This study on the bioavailability of minerals in dried mango slices stored at room temperature for nine months indicates that these slices are a significant source of minerals, particularly calcium, potassium, magnesium, and iron. However, the bioavailability of iron is limited by the presence of phytates, which act as antinutritional factors and can bind to iron, making it less available for intestinal absorption. Consequently, dried mango slices can be used to supplement micronutrient intake for specific population groups, but they should not be considered a substitute for iron supplementation in cases of dietary iron deficiency.
[bookmark: _Hlk159935474]Competing interests disclaimer
Authors have declared that they have no known competing financial interests OR non-financial interests OR personal relationships that could have appeared to influence the work reported in this paper.
[bookmark: _Hlk198031404]Disclaimer (Artificial intelligence)
Author(s) hereby declare that generative AI technologies were used only for grammatical refinement, and improving clarity of presentation during manuscript preparation and revision. The AI tool used was ChatGPT (OpenAI). All scientific content, including study design, experimental work, data analysis, interpretation of results, and conclusions, was entirely generated by the authors, who take full responsibility for the accuracy, originality, and integrity of the manuscript.
References 
1. AOAC, 1990. Official methods of analysis, 15th edn. Association of Official Analytical Chemists, Washington DC, 774 p.
2. Bendech AM, AKakpo A, Aguayo V, Baker S, Mbaye Diène S, Lathen L et Ouédraogo A, 2002. Les pratiques prometteuses et les leçons apprises dans la lutte contre la carence en vitamine A dans les pays de l’Afrique subsaharienne. Publié pour l’Agence des Etats-Unis pour le développement international (USAID) par le projet Soutien à l’institutionnalisation de la survie de l’enfant (BASICS). Arlington, VA, USA. http://pdf.usaid.gov/pdf_docs/PNACM893.pdf 
3. Centre pour la promotion des importations en provenance des pays en développement (CBI), 2021. Exportation de Mangues Séchées vers l'Europe, 19p. https://apex-burkina.com/etudes/ 
4. Day RA et Underwood AL, 1986. Qualitative Analysis, 5th Ed. Prentice-Hall Publications, New Delhi, India, p.701.de Lumen, B.O., Becker, R., Reyes, P.S., 1986. Legumes and a cereal with high methionine/cystine contents. Journal of Agricultural and Food Chemistry, 34, 361 - 364. https://doi.org/10.1021/jf00068a025 
5. EFSA, 2016. Panel on Dietetic Products, Nutrition and Allergies. Dietary reference values for potassium. EFSA Journal, 14 (10), 4592. https://doi.org/10.2903/j.efsa.2016.4592 
6. Ellis D, and Lieb J, 2015. Hyperoxaluria and Genitourinary Disorders in Children Ingesting Almond Milk Products. In: The Journal of  pediatrics 167 (5), S. 1155-1158. doi: 10.1016/j.jpeds.2015.08.029. https://doi.org/10.1016/j.jpeds.2015.08.029 
7. Fokouo KE, Kouassi KN, Adou M, N’dri YD, Tano K and Amani NG, 2022. Influence of Storage Time on the Physicochemical, Microbiological and Sensory Characteristics of Dried Mango Slices (Mangifera indica L. Var Kent) Produced in Côte d'Ivoire. International Journal of Current Microbiology and Applied Sciences, 11(10), 158-167. https://doi.org/10.20546/ijcmas.2022.1110.019 
8. Fokouo KE, Kouassi KN, Oka NKC, N’dri YD, Tano K and Amani NG, 2023. S.W.O.T. diagnosis of the production system of dried mango slices produced in the North of the Côte d’Ivoire. African Journal of Food Science, 17(3), 59-66. https://doi.org/10.5897/AJFS2022.2235 
9. Fonds Interprofessionnel pour la Recherche et le Conseil Agricoles (FIRCA), 2021. La Côte d’Ivoire apporte une réponse aux piqûres des mouches de la mangue. [Disponible à l'adresse suivante : https://firca.ci/actualite-des-filieres/mangue/la-cote-divoire-apporteune-reponse-aux-piqures-des-mouches-de-la-mangue/ 
10. Guéguen L, 2000. Le bilan calcique : besoins, apports, biodisponibilité. Nutrition Clinique et Métabolisme, 14(3), 206-215. doi:10.1016/s0985-0562(00)80024-2.
11. Hiolle M, 2019. Impact de la structure des aliments sur la biodisponibilité des micronutriments. Ecole doctorale Ecologie, Géosciences, Agronomie et Alimentation Spécialité : Sciences des Aliments. Agro campus ouest, Université Bretagne Loire, France, 322 p. https://www.theses.fr/ 
12. Julkunen-Titto R, 1985. Phenolic constituents in the leaves of northern willows: Methods for the analysis of certain phenolics. Journal of Agricultural and Food Chemistry, 33, 213-217.  https://doi.org/10.1021/jf00062a013 
13. Letourmy P, 2017. Recueil planifié des données : compléments sur l’échantillonnage. Cirad, 14 p. https://agritrop.cirad.fr/587534/1/Compl%C3%A9mentEchantillonnage_RPD5.pdf 
14. Ma G, Li Y, Jin Y, Zhai F, Kok F and Yang X, 2007. Phytate Intake and Molar Ratios of Phytate to Zinc, Iron and Calcium in the Diets of People in China. European Journal of Clinical Nutrition, 61, 368-374. https://doi.org/10.1038/sj.ejcn.1602513 
15. Mercadante AZ, Rodriguez-Amaya DB and Britton G, 1997. HPLC and mass spectrometric analysis of carotenoids from mango. Journal of Agriculture and Food Chemistry, 45, 120-123. doi: https://doi.org/10.1021/jf960276j. 
16. Moreno A, Leon D, Giraldo G and Rios E, 2010. Study of the physicochemical kinetics of mango (Mangifera indica L. Tommy Atkins) treated by combined methods of drying. Dyna 77 (162), 75-84. https://www.researchgate.net/publication/262438168_Study_of_the_physicochemycal_kinetics_of_mango_Mangifera_indica_L_Var_Tommy_Atkins_treated_by_combined_methods_of_drying 
17. Norhaizan ME. and Faizadatul AW, 2009. Determination of Phytate, Iron, Zinc, Calcium Contents and Their Molar Ratios in Commonly Consumed Raw and Prepared Food in Malaysia. Malaysian Journal of Nutrition, 15(2), 213-222. https://pubmed.ncbi.nlm.nih.gov/22691819/ 
18. Pugnet V, 2018. La mangue en Côte d’Ivoire. Fiche pays producteur. Fruitrop, 255, 78 - 83. https://www.fruitrop.com/Articles-par-theme/Profil-pays-complet/La-mangue-en-Cote-d-Ivoire 
19. Santé Canada, 2022. Sodium : Le sodium et votre santé. [Disponible sur : https://www.canada.ca/fr/sante-canada/services/nutriments/sodium.html], Consulté le 27 Août 2023. https://www.canada.ca/fr/sante-canada/services/nutriments/sodium.html 
20. Singh Z and Zaharah SS, 2013. Controlled atmosphere storage of mango fruit - an overview. Acta Horticulturae, (992), 481-492. doi:10.17660/actahortic.2013.992.59. https://doi.org/10.17660/ActaHortic.2013.992.59 
21. Tchiégang C and Aissatou K, 2004. Données ethno-nutritionnelles et les caractéristiques physico-chimiques des légumes feuilles consommés dans la savane de l’Adamaoua (Cameroun). Tropicultura, 22(1), 11-18. http://www.tropicultura.org/text/v22n1/11.pdf 
22. Witkowski M, Hubert J and Mazur A, 2011. Methods of assessment of magnesium status in humans. systematic review. Magnesium Research, 24(4), 163-180. https://doi.org/10.1684/mrh.2011.0292 
23. Yewelsew A, Alemtsehay B, Hambidgeb KM, Stoeckerc BJ, Baileyd K and Gibsond R S, 2007. Phytate, Zinc, Iron and Calcium Content of Selected Raw and Prepared Foods Consumed in Rural Sidama, Southern Ethiopia, and Implications for Bioavailability. Journal of Food Composition and Analysis, 20, 161-168. https://doi.org/10.1016/j.jfca.2006.09.003 

teneur en phytate	
T0	T3	T6	T9	92.3	89.8	86.6	84.8	Storage time (month)


Phytate content (mg / 100 g)



teneur en oxalate	
T0	T3	T6	T9	21.6	19.8	16.649999999999999	14.23	Storage time (Month)


oxalate content (mg / 100 g)





2

image1.png
Phytate content (mg / 100 g)

94

92

9

88

86

84

82

92,3
89,8
86,6
' :
TO T3 T6 9

Storage time (month)




Graphique_Microsoft_Excel.xls
Chart1

		T0

		T3

		T6

		T9



teneur en phytate

Storage time (month)

Phytate content (mg / 100 g)

92.3

89.8

86.6

84.8



Feuil1

		

																						T0		T3		T6		T9

																				teneur en phytate		92.3		89.8		86.6		84.8





Feuil1

		



teneur en phytate



Teneur Phytate
(mg /100g)
EVRREESR

Phytates
923 v A)
89,8

86,6
84,8
TO T3 T6 T9

Temps de conservation des lamelles de mangues

(Mois)







image2.png
oxalate content (mg/ 100 g)

19,8

L 16,65
1423

TO T3 T6 9

Storage time (Month)




Graphique_Microsoft_Excel1.xls
Chart1

		T0

		T3

		T6

		T9



teneur en oxalate

Storage time (Month)

oxalate content (mg / 100 g)

21.6

19.8

16.65

14.23



Feuil1

		

																						T0		T3		T6		T9

																				teneur en phytate		92.3		89.8		86.6		84.8

																						T0		T3		T6		T9

																				teneur en oxalate		21.6		19.8		16.65		14.23





Feuil1

		



teneur en phytate



		



teneur en oxalate



Teneur Phytate
(mg /100g)
EVRREESR

Phytates
923 v A)
89,8

86,6
84,8
TO T3 T6 T9

Temps de conservation des lamelles de mangues

(Mois)






P
S o S

Teneur Oxalate
(mg /100 g)

o w

Oxalates
®B)

21,6 198
16,65
14,23
TO T3 T6 T9

Temps de conservation des lamelles de mangues

(Mois)







