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Assessment of the nutritional and microbiological characteristics of mango products from Burkina Faso
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ABSTRACT 

	The aim of this study is to contribute to a better understanding of the quality of mango products sold in the city of Ouagadougou in Burkina Faso. Samples were collected from shops and grocery stores in the city's twelve districts and then sent to the laboratory for nutritional and microbiological analysis. A total of 26 samples of different brands available on the market were collected from various grocery stores and shops in the city of Ouagadougou, including 13 dried mangoes, three mango jams, four mango juices, five mango nectars, and one mango vinegar. In terms of nutritional value, the water, ash, total sugar, beta-carotene, and vitamin C content ranged from 13.63 to 97.79 %, 0.05 to 2.07 %, 0.49 to 59.65 %, 0 to 28.39 mg/100 g, and 3.69 to 20.52 mg/100 g, respectively, depending on the product. Microbiologically, the highest counts were 1.8 x 103 cfu/g for total mesophilic aerobic flora, less than 40 cfu/g for enterobacteria, 8.2 x 101 cfu/g for yeasts and molds, 9.1 x 101 cfu/g for coagulase-positive staphylococci, and 1.6 x 102 cfu/g for Bacillus cereus. The lowest microbial load was less than one for all parameters. A comparison of the results obtained with the specific standards for each type of product shows that mango products from Burkina Faso are of satisfactory or acceptable microbiological quality. However, from a physicochemical point of view, the results for some brands do not comply with product specification standards. In view of these results, it is necessary to strengthen the capacity of stakeholders in terms of good manufacturing practices and hygiene in order to improve product quality.
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1. INTRODUCTION

In Burkina Faso, mango production was estimated at an average of 239,637 tons in 2023 (APROMAB, 2023). Approximately 25 % of this production is processed, and the rest is sold fresh without added value. The processing link in the mango sector is represented by 41 % artisanal units, 56 % semi-industrial units, and 3 % industrial units (Kanté-Traoré et al., 2017). It comprises two industrial nectar manufacturing plants: DAFANI SA, with a processing capacity of 12,000 tons of mangoes per year (COLEACP, 2021) and AFRIDIA INDUSTRIES with a production capacity of 6,000 liters/hour (Afridia Industrie, 2025), and SMEs/SMIs, which represent 97 % of the industrial fabric. These SMEs/SMIs use rudimentary technologies to manufacture mango-based products. These products are generally dried mango, nectar/juice, jams/marmalades, and mango syrups (Kanté-Traoré et al., 2017). Among these products, dried mango is the artisanal processed product with the greatest potential for entry into the international market, with the other products being limited to the domestic market (Ndimanya and Strebelle, 2017). According to the Burkina Faso Export Promotion Agency, the country is effectively positioned as a producer of high-quality organic dried mangoes, with more than half of exported mangoes carrying organic certification. Most of the dried mango production is exported, with only 5 % of rejects being sold domestically (Parrot et al., 2017). Thus, the local market sells dried mango rejects and other mango products (nectar, sometimes jam and syrup) that are produced using traditional methods, with insufficient control over quality, hygiene, and food preservation by certain local processing units. This raises mistrust among some consumers, who do not always have a good perception of these locally processed products. Added to this is strong competition from imported processed products (Ndimanya and Strebelle, 2017). 
Numerous studies in Burkina Faso have focused on the physicochemical and nutritional characterisation of mango varieties (Kanté-Traoré et al., 2023; Sawadogo-Lingani, 2001), the development of mango products (Samadoulougou-Kafando et al., 2020; Samadoulougou-Kafando et al., 2018; Kanté-Traoré et al., 2018), the quality of dried mangoes in processing units (Yaguibou et al., 2022), the mango value chain (Parrot et al., 2022) and, more recently, the recovery of mango waste (Sanou et al., 2025). However, to our knowledge, there is very little scientific data on the quality of mango products sold on the market in Burkina Faso.
An assessment of the nutritional and hygienic quality of mango products manufactured in Burkina Faso and sold on the local market will provide an overview of the quality of these products and provide basic data to contribute to better management of the quality of mango products in Burkina Faso. It is with this in mind that the present study was conducted, with the aim of contributing to a better understanding of the quality of mango products sold in the twelve districts of the city of Ouagadougou in Burkina Faso. 

2. material and methods 

2.1. Biological material and sampling

The biological material consists of mango products such as dried mangoes, mango jams, mango nectars, mango juices, and mango vinegar, purchased in shops and grocery stores in the city of Ouagadougou.
A previous study had identified the different brands of mango products sold in the city of Ouagadougou in 2021 (Samadoulougou/Kafando et al., 2025). The sampling carried out in 2024 consisted of searching for these brands of products in shops and grocery stores in the 12 districts of the city of Ouagadougou and collecting those that were available for physicochemical and microbiological analysis. A total of 26 samples of different brands were collected for analysis.

2.2. Determination of physicochemical and nutritional characteristics 

The pH and total acidity of the samples were determined by potentiometry and titration using an SI Analytics-Lab875P pH meter, respectively, and the Brix degree was determined by refractometry using a Bellingham + Stanley RFM712 Refractometer according to the methods described in AOAC ZBH 26-1999 (AOAC, 1999).
The moisture content of the samples was determined using the AOAC method, 925.10 (AOAC, 2014) and the total ash content using the AOAC method 942.05-1943 (AOAC, 1943) . Total sugar content was determined using the spectrophotometric method described by Dubois (Dubois et al., 1956). 
The ascorbic acid content was determined by UHPLC based on the HPLC method described in AOAC ZBH 26-1999 (AOAC, 1999). Vitamin C, or total ascorbic acid (TAA), can be considered as the sum of ascorbic acid (AA) and dehydroascorbic acid (DHA) (van de Velde et al., 2012) , which are abundant in fruit. It is water-soluble and directly detectable by Thermo Scientific UHPLC chromatography (coupled with a UV-Visible detector) after extraction in a diluted acid solution.
The beta-carotene content was determined by UHPLC according to the AOAC 2005.07-2005 method (AOAC, 2005). Carotenoids soluble in organic solvents are directly detectable by Thermo Scientifica UHPLC chromatography (coupled with a UV-Visible detector) after extraction by maceration in chromatographic-grade hexane. 
The total soluble solid of the nectars, juices, vinegar and jams was measured using an Euromex refractometer (IFFJFP, l2001).
2.3. Determination of the microbiological characteristics of mango products

The microbiological quality of mango products was controlled by evaluating five microbiological analysis parameters, total aerobic mesophilic flora, enterobacteria, yeasts and molds, coagulase-positive staphylococci, and Bacillus cereus. To do this, 90 mL of sterile diluent was added to 10 g of each sample. The mixture was homogenized in a stomacher (Laboratory Blender, Model stomacher 400, England) for 2 min. From this stock suspension, a series of successive decimal dilutions was performed for mass seeding. 
The total mesophilic aerobic flora was counted after incubation at 30 °C for 72 hours on Plate Count Agar (PCA, Liofilchem, Italy) according to ISO 4833-1 (2013).
Enterobacteria were counted according to the ISO 21528-2 (2017) standard after seeding on Violet Red Bile Glucose (VRBG) agar (Liofilchem, Italy) and incubation at 37 °C for 24 hours. Yeasts and molds were counted by culture on chloramphenicol Sabouraud agar (Liofilchem, Italy) after a 7-day incubation period at 25°C according to ISO 21527 (2008).
Coagulase-positive staphylococci were counted on Baird Parker agar (Liofilchem, Italy) after incubation for 48 hours at 37°C in accordance with ISO 6888-1 (2021).
Bacillus cereus were counted on Brillance Bacillus Cereus agar (Liofilchem, Italy) after an incubation period of 48 hours at 37 °C in accordance with ISO 7932 (2014).
The results are expressed in colony-forming units (CFU) per gram or per milliliter of sample.

2.4. Statistical analysis of data

The physicochemical and nutritional analyses were performed in triplicate. Simple statistical analysis was used to get means and standard deviations. Data obtained were submitted to analysis of variance (ANOVA) and comparisons were made by Tukey’s HSD test (P = .05) using XLSTAT 2016.02.27444 software. 

3. results and discussion

3.1. Physicochemical and nutritional characteristics of mango products

The physicochemical and nutritional characteristics of mango products are shown in Tables 1, 2, and 3 below.
 Dried mangoes
For dried mangoes, the water, ash, total sugar, beta-carotene, and vitamin C contents varied from 13.63 to 21.58 %, from 1.37 to 2.07 % DM, from 40.37 to 59.26 % DM, from 2.40 to 28.39 mg/100 g and from 3.7 to 20.52 mg/100 g respectively, with a pH that varied from 3.54 to 4.75 and a titratable acidity of 0.63 to 3.02 % (Table 1). The nutritional content of different brands of dried mangoes varied significantly according to the Tukey (HSD) test. This difference could be due to the drying technologies used in different processing units, such as drying temperature, duration, slice thickness, and type of dryer used. Indeed, some authors have reported that the vitamin C, total sugar, and acidity contents of dried mangoes decreased significantly with increasing drying temperature (Lin et al., 2023; Rashidi et al., 2021). The vitamin C content obtained in this study is lower than the 149.15 to 205.77 mg/100 g reported by Belem et al. (2017) in dried mangoes from Burkina Faso from the three mango varieties most commonly used by mango drying units. The low vitamin C contents in our samples could be due to degradation related to environmental storage conditions in shops and food, such as oxygen, temperature, light, shelf life, mango variety, ripeness, and drying technology used (Lin et al., 2023, Rashidi et al., 2021, Dereje and Abera, 2020; Gulzar et al., 2018). Total sugar contents of 40.37 to 59.26 % DM are slightly higher than the 39.30 to 51.08 % reported by Belem et al. (2017) for dried mangoes from Burkina Faso. The beta-carotene content is higher than the 4.3 to 6.9 mg/100 g reported by Gulzar et al. in 2018. The water content of dried mangoes obtained in this study is higher than that found by Yaguibou et al. (2022), which was 6.11 % to 17.44 % in samples of dried mangoes collected directly from processing units in Burkina Faso. The high moisture content could be due to moisture regain in dried mangoes, facilitated by the use of inappropriate packaging and storage conditions at points of sale. In addition, according to the Burkinabe standard (NBF 01 – 003: 2006- Rev. 1: 2014), the water content of dried mangoes must not exceed 15 % for untreated dried mangoes and 25 % for dried mangoes treated with preservatives or preserved by other means. Therefore, given the results of 13.63 to 21.58 % and the lack of information on the possible use of preservatives or appropriate treatments in the processing, it is difficult to determine the compliance of samples with a water content of more than 15 %. 
 Mango nectars and juices
With regard to mango nectars and juices, the water, ash, total soluble solids (TSS), total sugars, beta-carotene, and vitamin C contents varied from 83.85 to 96.04 %, from 0.05 to 0.17 %, from 4.45 to 15.61 °B, from 5.25 to 11.59 %, from 0.26 to 16.42 mg/100 mL and 3.69 to 4.61 mg/100 mL respectively (Table 2). The pH ranged from 3.2 to 4.47 and the titratable acidity from 0.2 to 0.77 %. The nutritional content of the different brands of mango nectars and juices was significantly different according to the Tukey (HSD) test, with the exception of ash. This difference could be related to the variety of mango used to make the juices and nectars (Babarinde et al., 2019), the manufacturing technology used, in particular whether or not enzymes were used to clarify the juices (Adelakun et al., 2020), and the heat treatments applied (Dars et al., 2019). In terms of quality, and according to the Burkinabe standards for mango juice NBF 01-031 (2009) and specification for mango nectars NBF 01-038 (2009), 88.89 % of the samples have TSS values that comply with the standards, i.e., between 10 and 20 °B. The pH values are lower than those reported by Dars et al. (2019) and Babarinde et al. (2019), which range from 4.67 to 4.75 and 4.45 to 5.58, respectively. Vitamin C levels are lower than those of 9.40 to 12.10 mg/100 mL reported by Babarinde et al. (2019) and those of 44.78 mg/100 g reported by Shamsudin et al. (2020) in mango juice. The lower vitamin C content in this study could be related to the mango variety, as the six mango varieties most commonly used in processing in Burkina Faso had vitamin C contents ranging from 2.38 to 58.94 mg/100 g of fresh pulp (Kanté-Traoré et al., 2023). In addition, the degradation of vitamin C could be due to light, oxygen present in the free space of the packaged product, the temperature at the time of processing, and the storage temperature of the product (Tarecha and Umar, 2023; Vasant et al., 2013; Reddy and Reddy, 2005). The beta-carotene content of 0.26 to 16.42 mg/100 mL is higher than the 20.22 μg to 52.84 μg/100 mL reported by (Adelakun et al., 2020). The high beta-carotene content could be due to the fact that mango varieties in Burkina Faso have high beta-carotene content, reaching up to 3478.09 μg/100 g for the Kent variety (Samadoulougou-Kafando et al., 2018), 4450.6 μg/100 g, 1753.7 μg/100 g, and 770.7 μg/100 g for the Amelie, Brooks, and Lippens varieties, respectively (Savadogo et al., 2022).
 Mango vinegar
The water, ash, TSS, total sugar, beta-carotene, and vitamin C contents of mango vinegar were 97.79 %, 0.31 %, 6.05 °B, 0.49 %, 0.00 mg/100 mL, and 3.74 mg/100 mL, respectively. The pH value was 2.84 and the acidity was 5.11 %. The results show that the acidity level of the mango vinegar analysed complies with the minimum total acidity content of 5 % indicated (CODEX, 1985). The acidity of mango vinegar is close to the 5.38 % acidity obtained by Mbungu et al. (2016) from artisanal vinegar made from discarded mangoes and higher than the 4.54 % acidity obtained by Ouattara et al. (2022) in mango vinegar produced using acetic bacteria isolated in Burkina Faso. The pH is similar to the pH of 2.83 obtained by Silva et al. (2024) in grape vinegar, and lower than the pH of 3.09 to 3.49 reported by the same authors for vinegars made from other fruits. The ash, total sugar, and vitamin C contents indicate the presence of macronutrients and micronutrients in mango vinegar. The vitamin C content in vinegar is similar to that of most nectars and juices (Table 2), which could mean that the vitamin C in mango juice is preserved during the processing. The absence of beta-carotene in vinegar could be due to oxidation during acetic fermentation linked to the conditions of acetic fermentation, which requires the presence of oxygen, and also to degradation during storage at room temperature, which is often high in Burkina Faso. Indeed, beta-carotene is a highly reactive compound due to its highly unsaturated structure, which makes it rich in electrons thanks to the delocalization of π electrons. As a result, it is also prone to degradation, specifically isomerization, particularly at high temperatures, and oxidation due to the presence of oxygen in food (Rodriguez-Amaya, 2001).
 Mango jams
As for mango jams, their water, ash, TSS, total sugar, beta-carotene, and vitamin C contents varied from 30.38 to 65.25 %, from 0.17 to 0.24 %, from 0 49.56 to 63.72 °B, from 53.75 to 67.03 %, from 0.00 to 3.06 mg/g, and from 3.86 to 6.03 mg/g, respectively. The pH ranged from 3.51 to 4.21 and the titratable acidity from 0.22 to 0.51 %. The total sugar content of the jams is close to the 48.22 to 63.41 % reported by Bekele et al. 2020 in a trial of mango jam formulations. However, the vitamin C content is lower than the values of 17.23 to 23.99 mg/100 g reported by the same authors. The low vitamin C content could be related to the variety of mango used. Indeed, Kanté-Traoré et al. (2023) reported vitamin C contents ranging from 2.38 to 58.94 mg/100 g of fresh pulp for the six mango varieties most commonly used in processing in Burkina Faso. In addition, high cooking temperatures and storage time could also contribute to reducing vitamin C in jams.
The TSS of 49.56 to 63.72 °B is lower than that reported by Firdaus et al. (2023), which was 61.5 to 70.33 %. According to the Codex standard, a minimum Brix degree of 60-65 % is recommended for jams (CODEX STAN 296-2009). Thus, only 33.34 % of the samples comply and can be designated as jams, with 66.66 % of the samples having marmalade characteristics.






[bookmark: _Hlk214656944]Table 1: Physicochemical and nutritional characteristics of dried mangoes sold in the city of Ouagadouou
	[bookmark: _Hlk213172706]Samples
	Moisture (%)
	pH
	Ash (%)
	Acidity (%)
	Total sugars 
(%)
	Beta-carotene
(mg/100 g)
	Vitamin C
(mg/100 g)

	MS1
	16.03 ± 0.12bc
	4.30 ± 0.02de
	1.71 ± 0.05bcde
	1.36 ± 0.01cd
	46.17 ± 0.87abc
	28.39 ± 0.21k
	4.03 ± 0.47a

	MS2
	16.14 ± 0.24bcd
	4.48 ± 0.01def
	1.41 ± 0.02abc 
	1.08 ± 0.01b
	59.26 ± 1.77e
	16.37 ± 0.04h
	8.74 ± 0.23c

	MS3
	19.49 ± 0.26f
	3.72 ± 0.04ab
	1.40 ± 0.02abc
	2.30 ± 0.17g
	52.01 ± 1.06cde
	9.42 ± 0.05e
	20.52 ± 0.33f

	MS4
	13.64 ± 0.05a
	4.51 ± 0.06def
	1.38 ± 0.03a
	0.70 ± 0.00a
	56.47 ± 4.22de
	11.77 ± 0.13f
	5.64 ± 0.43b

	MS5
	17.18 ± 0.07cde
	4.21 ± 0.02cd
	1.92 ± 0.01def
	1.44 ± 0.05de
	55.68 ± 2.45de
	27.19 ± 0.07j
	4.06 ± 0.13a

	MS6
	17.02 ± 0.02cde
	3.91 ± 0.04bc
	1.73 ± 0.10cde
	1.93 ± 0.01f
	57.67 ± 6.58de
	5.45 ± 0.18c
	13.19 ± 0.39d

	MS7
	21.58 ± 1.29g
	3.60 ± 0.01ab
	1.94 ± 0.30ef
	1.66 ± 0.02e
	51.11 ± 0.65bcd
	8.46 ± 0.06d
	4.70 ± 0.62ab

	MS8
	16.61 ± 0.50cde
	4.65 ± 0.03ef
	1.60 ± 0.04abcd
	1.03 ± 0.00b
	55.38 ± 1.62de
	14.58 ± 0.30g
	4.21 ± 0.53a

	MS9
	19.16 ± 0.06f
	4.31 ± 0.00de
	1.69 ± 0.09abcde
	1.45 ± 0.03de
	40.37 ± 0.77a
	2.57 ± 0.27a
	16.94 ± 0.35e

	MS10
	17.47 ± 0.06de
	3.55 ± 0.00a
	1.84 ± 0.06def
	2.50 ± 0.02g
	43.44 ± 2.78ab
	18.80 ± 0.06j
	3.71 ± 0.64a

	MS11
	15.09 ± 0.07b
	4.75 ± 0.01f
	1.49 ± 0.20abc
	0.63 ± 0.03a
	46.15 ± 1.08abc
	2.40 ± 0.45a
	17.45 ± 0.30e

	MS12
	17.59 ± 0.90e
	3.83 ± 0.06ab
	2.07 ± 0.01f
	3.07 ± 0.04h
	51.42 ± 3.06bcde
	8.92 ± 0.06de
	3.98 ± 0.58a

	MS13
	15.77 ± 0.32bc
	4.43 ± 0.43def
	1.39 ± 0.06ab
	1.16 ± 0.26bc
	53.71 ± 1.47cde
	4.81 ± 0.16b
	17.27 ± 0.14fe


[bookmark: _Hlk212618318]MS1 to MS13: dried mango 1 to dried mango 13.
Results with the same superscript letters in each column are not significantly different according to Tukey's HSD test.
Table 2: Physicochemical and nutritional characteristics of nectars and juices sold in the city of Ouagadouou
	[bookmark: _Hlk213174694][bookmark: _Hlk212618364][bookmark: _Hlk213173576]Samples
	Water 
content
 (%)
	pH
	Ash (%)
	Acidity (%)
	TSS
(°B)
	Total sugars
(%)
	Beta-carotène
(mg/100 mL)
	Vitamin C
(mg/100 mL)


	Nect-Jus1
	96.04 ± 0.01h
	3.71 ± 0.01f
	0.17 ± 0.00a
	0.31 ± 0.00b
	4.43 ± 0.05a
	7.12 ± 0.12bcd
	0.26 ± 0.07a
	3.70 ± 0.41a

	Nect-Jus2
	88.25 ± 0.07f
	3.52 ± 0.00de
	0.07 ± 0.13a
	0.38 ± 0.00bc
	10.53 ± 0.05c
	10.20 ± 1.49de
	2.50 ± 0.02d
	4.61 ± 0.07 c

	Nect-Jus3
	86.18 ± 0.04b
	3.72 ± 0.00f
	0.15 ± 0.02a
	0.50 ± 0.00d
	13.07 ± 0.05f
	5.25 ± 1.51bc
	5.44 ± 0.00f
	3.71 ± 0.17a

	Nect-Jus4
	88.68 ± 0.02g
	4.47 ± 0.15g
	0.18 ± 0.01a
	0.20 ± 0.01a
	11.13 ± 0.25d
	8.78 ± 2.72cde
	16.42 ± 0.25g
	3.76 ± 0.05a

	Nect-Jus5
	83.85 ± 0.06a
	3.21 ± 0.07b
	0.05 ± 0.02a
	0.75 ± 0.06e
	[bookmark: _Hlk211835124]15.61 ± 0.10g
	5.60 ± 0.12bc
	4.67 ± 0.00e
	3.81 ± 0.07a

	Nect-Jus6
	87.97 ± 0.11e
	3.33 ± 0.01c
	0.09 ± 0.01a
	0.77 ± 0.01e
	11.31 ± 0.10d
	8.53 ± 1.02cde
	1.98 ± 0.16c
	3.77 ± 0.15a

	Nect-Jus7
	87.11 ± 0.00c
	3.48 ± 0.15d
	0.05 ± 0.02a
	0.43 ± 0.01cd
	12.05 ± 0.15e
	6.62 ± 1.71bcd
	1.92 ± 0.02c
	4.53 ± 0.16bc

	Nect-Jus8
	87.67 ± 0.01d
	3.61 ± 0.01e
	0.15 ± 0.00a
	0.45 ± 0.01cd
	11.30 ± 0.20d
	8.08 ± 0.57cde
	2.34 ± 0.20d
	3.87 ± 0.19ab

	Nect-Jus9
	88.06 ± 0.00e
	3.24 ± 0.15bc
	0.06 ± 0.02a
	0.39 ± 0.01bc
	11.33 ± 0.05d 
	11.59 ± 1.71e
	0.55 ± 0.02b
	4.12 ± 0.16abc

	Vi-Mangue
	97.80 ± 0.02i
	2.85 ± 0.01a
	0.32 ± 0.00b
	5.11 ± 0.04f
	6.05 ± 0.05b
	0.49 ± 0.15a
	0.00 ± 0.00a
	3.74 ± 0.31a


[bookmark: _Hlk212617518]Nect-Jus1 to Nect-Jus9: mango nectar or juice 1 to mango nectar or juice 9 . TSS: Total soluble solids, °B: Brix degree.
Results with the same superscript letters in each column are not significantly different according to Tukey's HSD test.


	[bookmark: _Hlk213174358]Samples
	Water
 content (%)
	pH
	Ash (%)
	Acidity (%)
	TSS
(°B)
	Total sugars
(%)
	Beta-carotene
(mg/100 g)
	Vitamin C
(mg/100 g)

	Co1
	65.26 ± 0.00c
	3.53 ± 0.01a
	0.20 ± 0.00b
	0.51 ± 0.01c
	[bookmark: _Hlk212010148][bookmark: _Hlk211998323]49.56 ± 0.51a
	[bookmark: _Hlk212009982]53.75 ± 5.16a
	1.31 ± 0.04b
	3.86 ± 0.06a

	Co2
	32.82 ± 0.50b
	4.22 ± 0.00b
	0.25 ± 0.01c
	0.30 ± 0.00b
	58.28 ± 1.11b
	65.57 ± 1.70b
	0.00 ± 0.00a
	6.03 ± 0.14b

	Co3
	30.39 ± 0.11a
	4.18 ± 0.00b
	0.18 ± 0.00a
	0.22 ± 0.01a
	63.72 ± 2.98c
	67.03 ± 5.78c
	3.06 ± 0.08c
	4.38 ± 0.36a


Table 3: Physicochemical and nutritional characteristics of mango jams sold in the city of Ouagadouou
Co1 to Co3: mango jam 1 to mango jam 3, TSS: Total soluble solids, °B: Brix degree. 
Results with the same superscript letters in each column are not significantly different according to Tukey's HSD test.
3.2. Microbiological characteristics of mango products 
[bookmark: _Hlk214027151][bookmark: _Hlk214665814]The hygienic quality of mango products was assessed based on five parameters. Table 4 shows the results of the analysis. For dried mango samples, the total mesophilic aerobic flora ranged from 6.4 × 101 to 1.8 × 103 ufc/g, enterobacteria from less than 10 to less than 40 ufc/g, yeasts and molds from less than 10 to 8.2 × 10¹ ufc/g, coagulase-positive staphylococci from less than 10 to 2.8 × 10² ufc/g, and Bacillus cereus from less than 10 to 1.6 × 102 ufc/g. All samples are of satisfactory quality according to the microbiological quality criteria applicable to dried mangoes and dried fruits for total mesophilic aerobic flora, enterobacteria, yeasts and molds, and Bacillus cereus (Grand Duchy of Luxembourg, 2018, JORA, 2017). However, for coagulase-positive staphylococci, 69.23 % of samples are of satisfactory quality and 30.74 % are of acceptable quality.
[bookmark: _Hlk214028800]For juices and nectars, total mesophilic aerobic flora ranged from less than 1 to 1.7 x 102 ufc/mL, coagulase-positive staphylococci from less than 1 to 9.1 x 101 ufc/mL, and Bacillus cereus from less than 1 to 3.0 x 101 ufc/mL. All samples were free of enterobacteria and yeast and mold, and thus comply with the microbiological quality criteria for heat-treated fruit juices and nectars (JORA, 2017). However, Bacillus cereus and coagulase-positive staphylococci were found in 22.22 % of the samples. This presence does not compromise the food safety of the products, as the infectious or toxic doses of these germs are in the order of 1 x105 ufc/mL (Grand Duchy of Luxembourg, 2018). However, appropriate storage conditions should be employed in order to prevent microbial growth. The total mesophilic aerobic flora count in the samples was less than 1.0 x 10³ to 3.0 x 103 cfu/mL reported by Amin et al. (2018) when analyzing different types of fruit juices available on the Bangladeshi market. However, the results for enterobacteria are similar to those reported by the same authors, with no detection of Escherichia coli or fecal coliforms. 
The vinegar sample did not contain any of the germs sought. The very acidic pH of 2.85 and the high acidity of vinegar are factors that are unfavorable to the survival and growth of germs. Indeed, studies have shown the effectiveness of certain vinegars in inhibiting the growth of pathogenic microbes (Chen et al., 2016, Ousaaid et al., 2021).
For jams, the total mesophilic aerobic flora ranged from less than 40 to 4.2 x 101 ufc/g and yeasts and molds from less than 10 to less than 40 ufc/g. Enterobacteria, coagulase-positive staphylococci, and Bacillus cereus were not detected. The jams are of satisfactory microbiological quality according to the quality criteria of the Ministry of Health of the Grand Duchy of Luxembourg.
In general, the majority of samples were of good hygienic quality, implying the use of good hygiene practices. Indeed, according to Yaguibou et al. (2022), an interview with staff at certain mango processing units in Burkina Faso on their knowledge of Good Hygiene Practices/Good Manufacturing Practices (GHP/GMP) showed that 98 % of staff had a good knowledge of hygiene, thanks to external capacity building received by certain actors.


[bookmark: _GoBack]Table 4: Microbiological quality of mango products sold in the city of Ouagadougou
	Samples
	TMAF: (CFU/g)
	Enterobacteria
(CFU/g)
	Yeasts and Molds
(CFU/g)
	Staphylococci
Coagulase-positive
(CFU/g)
	Bacillus cereus
(CFU/g)

	MS1
	6.4 × 101
	˂ 10
	˂ 10
	˂ 10
	˂ 10

	MS2
	1.3 × 102
	˂ 10
	˂ 10
	˂ 10
	˂ 10

	MS3
	8.8 × 101
	˂ 10
	˂ 40
	3.9 × 101
	1.2 × 101

	MS4
	[bookmark: _Hlk212096618]1.8 × 103
	˂ 40
	˂ 40
	2.8 × 102
	3.6 × 101

	MS5
	4.9 × 102
	˂ 10
	7.6 × 101
	1.3 × 102
	1.6 × 102

	MS6
	8.4 × 102
	˂ 10
	8.2 × 101
	2.2 × 102
	9.4 × 101

	MS7
	1.3 × 103
	˂ 10
	˂ 40
	2.7 × 101
	1.5 × 101

	MS8
	5.9 × 102
	˂ 10
	2.7 × 101
	˂ 10
	3.3 × 101

	MS9
	7.6 × 102
	˂ 10
	˂ 40
	˂ 40
	˂ 40

	MS10
	9.4 × 101
	˂ 10
	˂ 40
	˂ 10
	˂ 40

	MS11
	5.5 × 102
	˂ 10
	7.3 × 101
	1.6 × 102
	2.4 × 101

	MS12
	9.1 × 101
	˂ 10
	2.1 × 101
	2.7 × 101
	˂ 40

	MS13
	4.0 × 102
	˂ 10
	˂ 10
	˂ 10
	˂ 40

	Nect-Jus1
	9.1 × 101
	˂ 1
	˂ 1
	˂ 4
	3.0 × 101

	Nect-Jus2
	9.3 × 101
	˂ 1
	˂ 1
	9.1 × 101
	3.0 × 101

	Nect-Jus3
	3.0 × 101
	˂ 1
	˂ 1
	˂ 1
	˂ 1

	Nect-Jus4
	˂ 4
	˂ 1
	˂ 1
	˂ 1
	˂ 1

	Nect-Jus5
	˂ 4
	˂ 1
	˂ 1
	˂ 1
	˂ 1

	Nect-Jus6
	1.7 × 102
	˂ 1
	˂ 1
	˂ 1
	˂ 1

	Nect-Jus7
	3.0 × 101
	˂ 1
	˂ 1
	˂ 1
	˂ 1

	Nect-Jus8
	˂ 1
	˂ 1
	˂ 1
	˂ 1
	˂ 1

	Nect-Jus9
	4.3 × 101
	˂ 1
	˂ 1
	˂ 1
	˂ 1

	Vi-Mango
	˂ 1
	˂ 1
	˂ 1
	˂ 1
	˂ 1

	Co1
	1.2 × 101
	˂ 10
	˂ 40
	˂ 10
	˂ 10

	Co2
	˂ 40
	˂ 10
	˂ 40
	˂ 10
	˂ 10

	Co3
	4.2 × 101
	˂ 10
	˂ 10
	˂ 10
	˂ 10


MS1 to MS13: dried mango 1 to dried mango 13, Nect-Jus1 to Nect-Jus9: mango nectar or juice 1 to mango nectar or juice 9 Co1 to Co3: mango jam 1 to mango jam 3, TMAF: total mesophilic aerobic flora, CFU: colony-forming unit.

4. Conclusion

This study on the nutritional and microbiological characteristics of mango products collected from shops and grocery stores in Ouagadougou highlighted the physicochemical and nutritional characteristics, as well as the hygienic quality, of mango products manufactured and available in Ouagadougou. The analyses revealed significant variability in nutrient content among different brands of the same type of product. Some brands of dried mangoes, juice, nectar, jam, and vinegar met product specification standards, while others did not. Regarding mango jams, approximately 66.67% did not conform to specification standards. It is therefore necessary to strengthen the capacity of stakeholders in good manufacturing practices in order to improve the quality of mango jams. From a microbiological point of view, the study revealed that the majority of mango-based products were of satisfactory hygienic quality. These results could help to boost consumer confidence in the food safety of mango products manufactured by local processing units.
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