Quality Evaluation of Annatto (Bixa Orellana) Spices Marketed in Burkina Faso 
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ABSTRACT 

	[bookmark: _Hlk211165614]Bixa orellana is a plant species that provides a natural dye traditionally used in Asia, America, and Africa. This study aims to contribute to a better understanding of the physicochemical, microbiological quality and the conditions of production of spices made from annatto (Bixa Orellana) sold in local markets in Burkina Faso. Seven samples of annatto spices were collected in four cities in Burkina Faso, including Ouagadougou, Koudougou, Manga, and Ziniaré. The characterization consisted of physicochemical analyses, including the measurement of moisture, ash, pH, titratable acidity, proteins, and lipids according to AOAC and ISO standard methods, followed by microbiological analyses, including the search for microorganisms such as total mesophilic aerobic flora, Escherichia coli, coagulase-positive Staphylococcus, sulfite-reducing anaerobic bacteria, and Salmonella. Coli, coagulase-positive Staphylococcus, sulfite-reducing anaerobic bacteria, and Salmonella. The results of the physicochemical analyses showed that the water content varied between 5.25±0.07%/DM and 7.046±0.07%/DM, the ash content was between 4.11±0.02%/DM and 9.305±0.05%/DM, the pH of the powders was between 5.29±0.01 and 6.370±0.04, the titratable acidity varied between 1.18±0.36% and 2.19±0.37%, the protein content varied between 6.99±0.19%/DM and 11.61±0.33%/DM, the lipid content ranged between 11.03±0.13%/DM and 23.64±0.35%/DM. The results of microbiological analyses showed that the total flora ranged from 9.09×10⁵CFU/g to 1.10×109 CFU/g, with E. coli below 10 CFU/g in all samples. Sulfite-reducing Clostridium, coagulase-positive staphylococci, and Bacillus cereus ranged from less than 40 CFU/g to 3.73×10²CFU/g, 2.09×104 CFU/g and 2.89.105 CFU/g and 1.12.103 CFU/g and 2.73.104 CFU/g. Salmonella was absent in all samples analyzed.
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INTRODUCTION

[bookmark: _Hlk211429832][bookmark: _Hlk211429941]Bixa orellana L., commonly known as annatto, is a tropical plant native to Latin America, renowned for its seeds rich in carotenoids, particularly bixin, a natural pigment with coloring, antioxidant, and medicinal properties [1-4]. It is a shrub or small evergreen plant growing to a height of 2 to 8 m [5]. It is now widely cultivated in various tropical regions for commercial production [6, 7] . Bixa orellana is a plant species that provides a natural food coloring [8] . Traditionally used as a food coloring, cosmetic, and in traditional medicine, annatto has gained an important place in various industrial sectors worldwide [9, 10].
Annatto seeds are a significant source of minerals, particularly calcium. The use of annatto as a food coloring therefore, increases the mineral content of food. They are considerably richer in beta-carotene than carrots [11, 12] . Their seeds provide one of the most widely used colorants in the world, particularly in the food industry [8] . It is one of the colorants accepted by the WHO because, in addition to being non-toxic, it does not appear to alter the nutritional value of food [13] . Furthermore, it is approved in many countries as a food additive (E260b). These natural colourants are found in many products [5, 8, 14-17]. In culinary applications, annatto is not only valued for its colouring properties but also for its ability to enhance flavor. The seeds are often ground into powder and used in various dishes, particularly in Latin American and Caribbean cuisines. The presence of carotenoids in annatto contributes not only to its color but also to its antioxidant properties, which may help reduce oxidative stress in food products [18, 19].
In Burkina Faso, this plant is attracting growing interest due to its economic, nutritional, and therapeutic potential [20] . However, despite its many promising uses, the annatto value chain remains poorly studied in the Burkinabe context, particularly about production, processing, and use practices, as well as the quality of the products marketed. The production and processing of annatto could offer significant socioeconomic opportunities for rural populations, particularly through the creation of additional income and the promotion of local resources [21] . However, there is very little data on cultivation practices, processing techniques, and quality standards for finished products, which is hindering the development of the sector. Furthermore, the quality of annatto spices available on local markets has not been studied in depth, raising questions about their safety and compliance with international standards. This study therefore aims to help fill these gaps by assessing the quality of annatto spices sold in local markets, analyzing their physicochemical and microbiological characteristics, and thus provide a solid foundation that will guide their use, especially in food.

MATERIALS AND METHODS

Raw material
The samples analyzed are annatto-based spices purchased in markets in Burkina Faso. A total of seven samples of annatto spices were analyzed, four from the city of Ouagadougou and three from the cities of Manga, Koudougou, and Ziniaré.
[bookmark: _Toc207374727]Method
[bookmark: _Toc207374728]Survey on the production and use of annatto in Burkina Faso
A questionnaire was drawn up and the survey was conducted among annatto sellers and producers. Some respondents were interviewed by telephone.
Sampling and coding of samples 
Sampling 
Samples of annatto spices were collected in four cities in Burkina Faso: Ouagadougou, Koudougou, Manga, and Ziniaré. These cities and markets were chosen because they are nearby and because annatto is widely used by the population, according to the survey conducted. Two kilograms of each sample were collected and packaged in sterile plastic bags in accordance with good hygiene practices to avoid contamination, then sent to the laboratory for analysis. Table 1 shows the coding of the different samples.
Coding of samples 
Table1 : Sample codes
	Codes
	
	Collection location
	Date of collection

	PR-GM
	Central Market
	12/09/2024


	PR-MG
	Gounghin Market
	12/09/2024


	PR-MT
	Toécin Market
	12/09/2024


	PR-MN
	Nabi yaar Market
	12/09/2024


	PR-MM
	Manga Market
	12/10/2024

	PR-MK
	Koudougou Market
	12/10/2024

	PR-MZ
	Ziniaré Market
	12/10/2024



[image: ][bookmark: _Toc199403532][bookmark: _Toc207374433]Fig.1 : Samples of annatto-based spices

















[bookmark: _Toc207374729]Physicochemical analyses
[bookmark: _Toc182898046][bookmark: _Toc191031703][bookmark: _Toc191901409][bookmark: _Toc193305508]Determination of water content
The water content of the samples was determined in accordance with ISO 712-1: 2024 [22] by weighing before and after drying in an oven at a temperature of 105±2°C.
[bookmark: _Toc182898047][bookmark: _Toc191031704][bookmark: _Toc191901410][bookmark: _Toc193305509]Determination of total ash content s 
The ash content was determined by differential weighing after the samples were placed in an oven for 4h±1h in accordance with ISO 2171: 2023 [23] . 
[bookmark: _Toc191031706][bookmark: _Toc191901412][bookmark: _Toc193305510][bookmark: _Toc182898048]Determination of pH and titratable acidity
The pH was determined using the potentiometric method (AOAC, 2016) [24]. 
Titratable acidity was determined according to ISO 750:1998 [25] . The principle of this method is based on the neutralization of organic acids with soda in the presence of thymolphthalein.
[bookmark: _Toc191031707][bookmark: _Toc191901413][bookmark: _Toc193305511]Determination of lipid content
The lipid content of the samples was determined using the Soxhlet method, in accordance with ISO 659:2009 [26] . Extraction was carried out by hot maceration followed by rinsing of the sample with hexane by distillation. The lipid content was determined by weighing after evaporation of the hexane. 
[bookmark: _Toc182898049][bookmark: _Toc191031708][bookmark: _Toc191901414][bookmark: _Toc193305512]Determination of protein content
Protein determination was performed using the Kjeldahl method in accordance with ISO 20483:2013, in the presence of Kjeltabs catalyst pellets and concentrated sulfuric acid (H₂SO₄) (96%) [27] .
Vitamin C determination
The ascorbic acid content was determined by UHPLC based on a technique described by Van de Velde [28] . It is water-soluble and directly detectable by the Thermo Scientifica UHPLC chromatograph (coupled with a UV-Visible detector) after extraction in a diluted formic acid solution.
Determination of beta-carotene and lycopene content
The beta-carotene content was determined by UHPLC (coupled with a UV-Visible detector) after extraction by maceration in chromatographic-grade hexane [29]. The results were analyzed and integrated using Chromeleon 7 software.
Mineral analysis
Minerals such as calcium, magnesium, zinc, iron, manganese, and copper were analyzed by flame atomic absorption spectrometry in accordance with AOAC method 999.11-2005 [30] .

[bookmark: _Toc207374730]Microbiological analyses 
Counting of total mesophilic aerobic flora 
The total mesophilic aerobic flora (TMAF) count was performed on Plate Count Agar (Liofilchem, Italy) after incubation at 30°C for 72 hours in accordance with ISO 4833-1:2013 [31] .
Counting of beta-glucuronidase-positive Escherichia coli
Beta-glucuronidase-positive Escherichia coli were counted on Tryptone Bile X-glucuronide agar (Liofilchem, Italy) after incubation at 44°C for 24 hours in accordance with ISO 16649-2:2001 [32] . The characteristic blue-green colonies were counted.
Counting sulfite-reducing Clostridium
Sulfite-reducing Clostridium (SRC) were counted on Tryptose Sulfite Cycloserine agar (Liofilchem, Italy) according to ISO 15213: 2023 [33] after incubation in anaerobic conditions at 37°C for 24 to 48 hours. The black colonies (sometimes with a halo) characteristic of CSR were counted.
Counting Staphylococcus aureus
Staphylococcus aureus was counted on Baird-Parker agar (Liofilchem, Italy) after incubation at 37°C for 24 to 48 hours according to ISO 6888-1: 2023 [34] . Typical black colonies with a clear halo were counted and then confirmed by the coagulase test.  
Counting Bacillus cereus
Bacillus cereus was counted on selective Brillance Bacillus Cereus agar (Liofilchem, Italy) after incubation at 30°C for 24 to 48 hours in accordance with ISO 7932: 2004 [35] .
Testing for Salmonella 
Salmonella spp. was detected in accordance with ISO 6579-1: 2017 [36] . After pre-enrichment, selective enrichment, and isolation on selective media, typical and atypical Salmonella colonies were subjected to confirmation tests.
[bookmark: _Toc207374731]Data processing
Survey information, averages, and standard deviations of the averages of the physicochemical analysis results were recorded and calculated using EXCEL 2019. Analysis of variance was performed using XLSTAT 2019 software version 2.2.59614. The mean variables were compared using Tukey's test with a probability level of p = 0.05. After calculating the number of microorganisms N, the different results obtained by type of microorganism were analysed in relation to the microbiological criteria defined by Algerian standard 1438 of July 2, 2017, establishing the microbiological criteria for foodstuffs [37] . 


RESULTS AND DISCUSSION

[bookmark: _Toc207374714]Overview of the production and use of Bixa orellana in Burkina Faso 
[bookmark: _Toc207374715]Production of Bixa orellana in Burkina Faso
In Burkina Faso, annatto production is in its infancy. Annatto cultivation remains limited and poorly documented. No specific studies indicate the current extent of its production or the areas where it is grown. However, initiatives to diversify agriculture and promote local products could offer opportunities to introduce this crop in certain regions, particularly in areas suitable for tropical agriculture. 
Very few people are interested in the production of Bixa orellana in Burkina Faso. A few small producers grow it in the central, Haut-Bassin, and Cascades regions. The cultivation of annatto, as it is also known, is often integrated into agroforestry systems or family gardens in Burkina Faso. Annattoyer is used as an ornamental plant in some courtyards in Ouagadougou. It is a species that adapts to different agro-climatic conditions when well maintained. Although annatto is drought-tolerant, moderate irrigation is recommended to optimize growth [38] . In Burkina Faso, the waterfall and upper basin regions are suitable areas for growing Bixa orellana. However, our surveys did not identify any annatto production areas, as we were unable to travel and had to rely on social media and phone calls. Nevertheless, the main regions where Bixa orellana could be produced are the Southwest (Sudano-Guinean zone), the Center-West (Sudano-Sahelian zone), and the West (Comoé region).
[bookmark: _Toc207374716]Use of Bixa orellana in Burkina Faso
· In the food sector
In Burkina Faso, annatto (Bixa orellana), known locally as "tomate zoom" (meaning tomato powder in Mooré) or "tomati mougou" (tomato powder in Dioula), has historically been used as a natural food coloring. Its red-orange seeds are incorporated into iconic culinary preparations, particularly sauces such as the popular peanut paste sauce eaten with white rice and called "moui bongo," to which it gives an appetizing orange hue. Annatto seeds and powder are used in dishes made with palm oil or grilled meats, where they enhance the color while adding a slight earthy flavor. The traditional preparation involves extracting the pigments (bixin and norbixin) by macerating the seeds in hot water. The most common processing method in Burkina Faso is to make a powder by grinding annatto seeds mixed with a little flour or corn bran. This fine powder is used to season meat and add color to meals.
According to the survey conducted, the following products are available on the market:
· annatto seeds
· Annatto-based spices are obtained by grinding seeds mixed with corn (flour or bran), shea butter, or other ingredients. According to our investigations, sellers add corn to annatto seeds to make them easier to grind, as the hardness of the seeds sometimes creates mechanical resistance. However, other sellers claim that they add corn to increase the profitability of the spices.

· Applications in traditional medicine
In Burkina Faso, Bixa orellana could be used in traditional medicine, as is the case in other African countries. Unfortunately, through the survey we conducted, we were unable to obtain information on the use of Bixa orellana in traditional medicine, as is the case in Brazil and several other countries, where annatto is recognized for several biological applications, indicating its potential use as an active ingredient in pharmaceutical products [10].
· Use in the textile industry. 
Annatto is a dye species with multiple uses [8]. Burkina Faso, through the promotion of its cotton in the form of "Faso Danfani" fabric, offers for the enormous potential of natural dyes [20]. Our market survey also revealed that Bixa orellana dye is used in the manufacture of "kôkô-dunda" cloth, a multicolored fabric that is now the pride of the country and has become a significant source of income for those involved in its production.

Physicochemical characteristics of annatto-based spices
The results obtained after analyzing the different annatto spices sampled in the markets (Table 2) showed significant variations in terms of physicochemical composition.
Table2 : Physicochemical characteristics of annatto spices
	Sample code
	Moisture
(%)
	Ash/DM
(
	pH
	Titratable acidity (%)
	Protein/DM
(
	Lipids/(DM)
(

	PRMT 
	7.05±0.07 e
	5.41±0.12 c
	5.88±0.05 c
	1.24±0.04 a
	11.61±0.33e
	11.03±0.13 a

	PRGM
	6.16±0.11 c
	     9.31±0.05f
	6.37±0.04 e
	1.22±0.12 a
	8.14±0.49 b
	22.92±0.20 f

	PRMZ
	6.80±0.05 d
	4.29 ±0.04b
	5.42±0.03 b
	2.19±0.37c
	10.42±0.47 d
	23.64±0.35 g

	PRMK
	6.99±0.04 de
	4.11±0.02 a
	5.88±0.01 c
	1.25±0.38 a
	11.32±0.29 e
	17.21±0.66 d

	PRMN
	5.87±0.02 b
	5.92±0.02 d
	5.29±0.01 a
	1.29±0.17 b
	11.39±0.19 e
	14.71±0.19 b

	PRMG
	5.25±0.07 a
	6.28±0.07 e
	 6.17±0.06 d
	1.22±0.43 a
	6.99±0.19 a
	18.70±0.28e

	PRMM
	6.86±0.17d
	5.90±0.04 d
	5.81±0.04 c
	1.18±0.36 a
	9.61±0.14 c
	16.04±0.27 c

	P value
	0,000
	0,000
	0,000
	0,000
	0,000
	0,000

	Significative  
	Oui
	Oui
	Oui
	Oui
	Oui
	Oui


Values with different letters in the same column are significantly different according to Tukey's test.

[bookmark: _Toc207374734]Moisture content
The moisture content of annatto spices varied between 5.25±0.07%/DM and 7.05±0.07%/DM (Table 2). The PRMT sample had the highest moisture content (7.05±0.07%/DM), while the PRMG sample had the lowest moisture content (5.25±0.07%/DM). Statistical analysis revealed that there is a significant difference between the recorded mean values for moisture content. For spices and dehydrated products, the recommended water content is generally less than 10% to prevent microbiological and enzymatic degradation [39] . The measured values (5.25–7.05%) were therefore in line with standards, indicating a stable product that is not conducive to microbial growth. A higher water content could promote the degradation of bioactive compounds. The low moisture content of annatto spices could facilitate their long-term preservation.
[bookmark: _Toc207374735]Ash content 
The ash content of the annatto powder samples ranged from 4.11±0.02% on DM basis (PRMK) to 9.31±0.05% on DM basis (PRGM). The total ash content results were higher than those reported by [1, 40-44], who found an average value of 5.20% on DM basis. This suggests that annatto, as a seed rich in plant compounds, naturally contains a significant proportion of minerals. These levels were comparable to those of paprika (another spice rich in carotenoids), which had total ash levels between 6.5% and 8.2% [45] , ground turmeric, which reached 5.0–7.2% [46] , and dried chili peppers, which could even exceed 10% under the influence of external factors [47]. Statistical analysis revealed that there is a significant difference between the average ash content values recorded for the different samples analyzed. This difference could be explained by variations that may arise from factors such as the soil in which the crop is grown (a high silicon or other mineral content in the soil increases ash content), the drying or grinding process (contamination by external mineral particles such as milling residues), and the composition of the ingredients added during grinding (shea butter, corn flour, or corn bran).
[bookmark: _Toc207374736]pH and titratable acidity
[bookmark: _Hlk199357163]The pH of the annatto-based spice samples analyzed ranged from 5.29±0.01 to 6.37±0.04, indicating a slightly acidic nature. These results were comparable to those of paprika (Capsicum annuum), which had a similar pH (5.0–6.0) [48] , turmeric (Curcuma longa), which had an average pH of 6.3 [49] , and ground ginger, which had a pH of 5.6–6.0 [50] . The absence of significant differences between samples suggested that factors influencing pH did not have a major impact in this study. A slightly acidic pH is relatively common for many plant products. However, it is important to note that even a small variation in pH could have consequences for the stability and quality of the bioactive compounds present in carotenoids.
The titratable acidity of the samples ranged from 1.18±0.12% to 2.19±0.37%. Analysis of variance revealed a significant difference between the mean values recorded for the titratable acidity of the annatto spice samples, especially for the PRMZ sample (2.19±0.37). This difference could be explained by the composition of the ingredients used in the formulation of each sample. Few studies directly report the titratable acidity of annatto powder, but its composition includes fatty acids (palmitic, oleic) and phenolic compounds [48] . High titratable acidity could reflect the presence of these acids or degradation products.
[bookmark: _Toc207374737]Fat content
The lipid content of the annatto powder samples ranged from 11.03±0.13%/MS (PRMT) to 23.64±0.35% on DM basis (PRMZ). These results were higher than the average values of 5% reported by some authors [51, 52]. The lipid content of annatto powder spices was similar to that of cumin (15-25%) [53, 54]. Statistical analysis revealed that there was a significant difference between the average values recorded for the lipid content of the different samples analysed. This difference is thought to be due to the proportion and nature of the ingredients (shea butter, corn flour, or corn bran) added to the annatto seeds during grinding in order to increase profitability and facilitate use.
[bookmark: _Toc207374738]Protein content
[bookmark: _GoBack]The protein content of the annatto powder samples ranged from 6.99±0.19% /MS (PRMG) to 11.61±0.33 on DM basis (PRMT). These results remain lower than the 17.6% found by [42] , whose protein content is 17.6% in a study conducted on the chemical composition of annatto seeds. Statistical analysis revealed a significant difference between the values. These differences could be explained by the botanical origin of the seeds used, the unit processing operations, and the composition of the added ingredients (corn flour or bran), which contribute to modifying the overall protein content of annatto powders. Indeed, Bixa orellana cultivars differ in nutritional composition [5] . Drying or roasting could partially degrade the proteins. The values obtained were higher than those for turmeric (7–8% protein) [49] but remain lower than those for paprika (12–14% protein) [48] . The differences observed could also be explained by the composition of the added ingredients (corn flour or corn bran), which contribute to increasing the overall protein content of annatto powders.
Ascorbic acid, beta-carotene, and lycopene content
The ascorbic acid, beta-carotene, and lycopene contents are shown in Fig. 2.

[image: ]
Fig. .2 : Ascorbic acid, beta-carotene, and lycopene content in annatto spices
Legend: A: Ascorbic acid content
              B: Beta-carotene content
              C: Lycopene content

Ascorbic acid 
Analyses conducted on various samples of annatto powder (Bixa orellana L.) revealed an ascorbic acid (vitamin C) content ranging from 0.18 mg (PRMZ) to 0.24 mg/100 g (PRMNY) of dry powder. Although these values differ significantly between samples, they generally classify annatto powder as a food very low in vitamin C, especially when compared to conventional food sources such as citrus fruits (50 mg/100 g) or peppers (120 mg/100 g). This low content is consistent with the nature of the product: a dried and pulverized seed. Vitamin C, being water-soluble and sensitive to heat, light, and oxidation, is likely to degrade significantly during the drying, processing, and storage of raw plant materials [55] . The variability observed between samples can be explained by several factors related to pre- and post-harvest conditions. The samples may have come from different varieties of Bixa orellana or from plants grown in different environments (soil, climate, sunlight) [56] . High-temperature drying or prolonged exposure to oxygen and light is known to catalyze the degradation of ascorbic acid. The difference in content suggests that the PRMNY sample probably benefited from shorter and/or gentler processes, thus better preserving the residual vitamin C. Indeed, as vitamin C is very unstable, the duration and conditions of storage (temperature, relative humidity, exposure to light) prior to analysis play a major role. Longer storage or storage in poor conditions could explain the lower content of the PRMZ sample.
Beta-carotene and lycopene content
The beta-carotene content of the annatto powder samples varies between 0.42 mg/100g and 90.78 mg/100g. The PRMT sample (0.42 mg/100g) has the lowest content, while the PRMZ sample has the highest content (90.78 mg/100g). The analysis reveals a remarkable dispersion in beta-carotene content between the different samples of annatto powder (Bixa Orellana L.), with values ranging from 0.42 mg/100g (PRMT) to 90.78 mg/100g (PRMZ). This difference indicates significant qualitative heterogeneity for a product derived from the same plant species. Such variability can be explained mainly by the influence of post-harvest conditions and processing methods. The extremely low content of the PRMT sample suggests almost total degradation of the beta-carotene initially present or aging of the powder prior to analysis. Carotenoids are molecules that are highly sensitive to oxidation, which is catalyzed by heat, light, and oxygen [57] . As pointed out by [58] , bixin (the main carotenoid in annatto) and beta-carotene degrade significantly if the seeds are not treated properly after harvest. As annatto is recognized as a potentially rich source of pigments, the values obtained are therefore consistent with the high levels found in well-preserved samples, except for sample PRMT [59] .
The lycopene content of the annatto spices samples varies between 114.22 mg/100g and 407.34 mg/100g. The PRGM sample (114.22 mg/100g) has the lowest lycopene content, while the PRMK sample has the highest (407.34 mg/100g). Drying (temperature, duration) and grinding methods are critical. Drying at too high a temperature or prolonged storage in poor conditions (exposure to light, non-airtight packaging) can lead to almost total degradation of carotenoids, especially lycopene, through oxidative degradation catalyzed by light, heat, and oxygen [60]. The pigment content of annatto is intrinsically linked to the variety grown, the stage of ripeness of the fruit at harvest, and soil and climate conditions (sunlight, soil, precipitation) [61].

[bookmark: _Toc207374739]Microbiological characteristics 
The hygienic and sanitary quality of annatto spices is presented in Table 3 
Table 3: Microbiological characteristics of annatto powders
	Sample code
	Total flora CFU/g
	E. coli CFU/g
	Sulfite-reducing Clostridium CFU/g
	Coagulase-positive staphylococci CFU/g
	Bacillus cereus CFU/g
	Salmonella in 25g

	PRGM
	2.32 x 10⁸ 
	 < 10
	< 40
	     2.89.10(5)
	2.45.104
	Absent

	PRMG
	4.32.108
	< 10
	< 40
	     2.64.10(4)
	2.73.104
	Absent

	PRMT
	1.15.108
	< 10
	3.73.102
	     2.84.10(5)
	8.18.103
	Absent

	PRMNY
	1.27.107
	< 10
	1.09.102
	     1.88.10(5)
	3.64.103
	Absent

	PRMM
	1.10.109
	< 10
	1.64.102
	     2.09.10(4)
	2.36.104
	Absent

	PRMK
	2.31.108
	< 10
	9.09.101
	     1.23.10(5)
	1.12.103
	Absent

	PRMZ
	9.09.105
	< 10
	2.00.102
	     9.27.10(4)
	2.73.103
	Absent



[bookmark: _Toc207374740]Total flora
The annatto spices sampled in markets had a microbial load ranging from 9.09.105 CFU/g to 1.10.109 CFU/g. The PRMZ sample had the lowest microbial load, while the PRMM sample had the highest microbial load. The microbial loads observed far exceed the generally accepted limits for spices and plant-based products. For example, according to AFNOR standards or WHO recommendations, a maximum threshold of 10⁴ to 10⁵ CFU/g is often tolerated for total aerobic microorganisms in dry products. The measured values (up to 10⁹ CFU/g) suggest critical contamination, potentially linked to production, drying, or storage defects.

[bookmark: _Toc207374741]Escherichia coli
[bookmark: _Hlk199342480]For Escherichia coli bacteria, the microbial load was less than 10 CFU/g for all samples analyzed (Table 3). According to the JORA (2017) standard, the maximum number of Escherichia coli in a spice is 103. These results are therefore in compliance with this standard. The virtual absence of Escherichia coli could be due to the antimicrobial activity of annatto powder. Indeed, according to studies conducted, annatto seeds have high antimicrobial activity, enabling them to inhibit the growth of certain bacteria such as E. coli [62-64] .

[bookmark: _Toc207374742]Sulfite-reducing Clostridium
For all samples analyzed, the microbial load of sulfite-reducing Clostridium ranged from less than 40 CFU/g to 3.73 x 102 CFU/g. The PRGM and PRMG samples (less than 40 CFU/g) had the lowest microbiological loads, while the PRMT sample had the highest microbiological load (3.73 × 102 CFU/g). All of these results comply with the JORA standard, 2017 [37] , which recommends a maximum number of sulfite-reducing Clostridium bacteria of 104  for spices, spice blends, and aromatic herbs.

[bookmark: _Toc207374743]Coagulase-positive staphylococci
In all samples analyzed, the microbial load of coagulase-positive staphylococci ranged from 2.09 × 10⁴CFU/g to 2.89 × 10⁵CFU/g. The PRGM sample had the highest microbial load (2.89 × 10⁵5 CFU/g), while the PRMM sample had the lowest microbial load. These results do not comply with the JORA standard, 2017 [37] , which stipulates that the maximum number of coagulase-positive staphylococci is 103  for dried spices, spice mixtures, and aromatic herbs. Coagulase-positive staphylococci are ubiquitous (skin, mucous membranes, environment) and their presence in annatto powder suggests human contamination (handling without gloves, poor hygiene). These results are not consistent with the study conducted in Brazil, which shows that seed extracts from three annatto phenotypes exhibited high antibacterial properties against Staphylococcus aureus [65]. This could be explained by high contamination of our spices or the addition of other ingredients that inhibit this antibacterial property.
[bookmark: _Toc207374744]Bacillus cereus
For Bacillus cereus germs, the microbial load varied between 1.12 x 10³CFU/g (PRMK) and 2.73 x 10⁴CFU/g (PRMG). These results are mostly in line with the JORA standard, which recommends a maximum number of Bacillus cereus of 104  for dried spices, spice blends, and aromatic herbs, except for samples PRMM (2.36 x 10⁴ ), PRGM (2.45 x 10⁴ ), and PRMG (2.73 x 10⁴  CFU/g) 2017 [37].
[bookmark: _Toc207374745]Salmonella
The results show a total absence of Salmonella in 25 g of annatto powder in all samples analyzed. This complies with the JORA standard, 2017, which requires an absence of Salmonella in 25 g for spices, spice mixtures, and dried aromatic herbs.[37] . These results are also consistent with those found by Sawadogo in locally produced foods in Ouagadougou [66]. These values are therefore considered satisfactory and could be explained by the absence of fecal contamination and the application of hygiene measures. 

CONCLUSION

This study evaluated the physicochemical and microbiological quality of annatto-based spices sold in local markets in Burkina Faso. Quality analyses revealed significant variability between samples, highlighting the need for more rigorous technical supervision and standardized quality standards. The non-conformities observed, both physicochemical and microbiological, indicate a lack of control over production, processing, and storage conditions. It would be beneficial to provide training in good hygiene practices and good manufacturing practices for the various stakeholders in this sector.
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Definitions, Acronyms, Abbreviations

	TMAF
	The total mesophilic aerobic flora 

	SRC
	Sulfite-reducing Clostridium 

	AOAC
	Association of Official Analytical Chemists

	ISO
	International Organization for Standardization

	pH
	Potential hydrogen

	DM
	Dry Matter

	CFU
	Colony Forming Unit

	E. Coli
	Escherichia coli

	WHO
	World Health Organization

	B.
	Bixa

	E. 260b
	Acide acétique (glacial), Acide éthanoïque

	UHPLC
	Ultra-High Performance Liquid Chromatography

	UV
	Ultraviolet radiation

	°C
	Degree Celsius

	JORA
	Journal Officiel de la Republique Algérienne
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