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Biochemical, nutritional, and microbiological quality of turmeric powder (Curcuma longa L) sold in Daloa (Central West, Côte d’Ivoire)


ABSTRACT
Nutritional deficiencies and the lack of hygienic quality of food in the markets of developing countries such as Côte d’Ivoire are not reassuring. This study was conducted as part of the fight against nutrient deficiencies and the unsatisfactory sanitary quality of certain foods sold in the markets.
The aim of the study was to outline the nutritional profile of turmeric powder (Curcuma longa L) samples found in the markets of Daloa by determining their biochemical and nutritional components while assessing their microbiological quality.
To determine all these components, a quantity of 10 samples was collected. A composite mixture was obtained by taking 10 g of powder from each sample and per batch. Thus, dry matter, ash, proteins, lipids, and all other nutrients were determined according to official analytical methods (AOAC). Total polyphenols were determined by the colorimetric method using the Folin-Ciocalteu reagent. 
The determination of condensed tannins was carried out according to the vanillin method with hydrochloric acid.The results showed the presence of vitamins A, C, and β-carotene. This powder also contains polyphenols, flavonoids, and tannins. It is rich in iron, copper, zinc, and in major elements such as calcium (16.375 ± 0.055 mg/kg), magnesium (18.97 ± 0.23 mg/kg) … A microbiological analysis was carried out on potentially pathogenic germs present in turmeric powder. The samples contain enterobacteria (2.3×10²), Bacillus cereus (7.8×10²), Staphylococcus aureus (1.1×10²) as well as yeasts and molds (1.5×10²). The counts obtained for the different germs exceed the microbiological criteria established for enterobacteria and Staphylococcus aureus. However, they remain below the criteria for yeasts and molds (10⁴ CFU/g), Bacillus cereus (10³ CFU/g), and Escherichia coli (10 CFU/g). 
The analyzed samples have acceptable biochemical and nutritional quality, but their microbiological quality remains unsatisfactory. This could lead health authorities to order the withdrawal of this turmeric from the market
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Turmeric (Curcuma longa L.) is a perennial plant belonging to the ginger family (Ashish 2024). It finds use in many fields such as cosmetics, pharmaceuticals, and food (Boukeria et al., 2019). The conditions necessary for growing turmeric are similar to those of ginger (Gupta et al., 2013). It thrives under irrigated conditions or in climates with high rainfall. It therefore adapts to hot and humid tropical climates, on well-drained clay soils. Turmeric, through its rhizomes and essential oils, is recognized for its multiple benefits such as antioxidant, anti-inflammatory, antitumor, antimicrobial, and antidiabetic properties (Muhammad et al., 2024). The distinctive yellow-orange coloration of turmeric powder comes from curcuminoids, including curcumin, which is one of the three main curcuminoids found in this curry (Tehreem et al., 2024). The production of turmeric powder or the extraction of curcumin involves a traditional process of washing, cutting, drying, and grinding, or modern processes such as hydrodistillation and cooling-assisted grinding (Betül & Nevin, 2017). Like all other food products, turmeric powder sold in our markets is exposed to the ambient environment and many other factors such as microbial factors that lead to its deterioration and increase health risks due to the presence of potentially pathogenic germs, capable of harming the health of any consumer (Adiaheno et al., 2023). Bacteria, molds, as well as total and fecal coliforms are microorganisms capable of breaking down these products. They release their toxins once in the powders. This is the case with aflatoxin, which is responsible for liver diseases, cancer, bleeding, and immunosuppression (Leong et al., 2010). To better understand the effects of these contaminants on the quality of the powder and on human health, it is essential to have an in-depth knowledge of the changes that have occurred or not in the constituent elements of these powders sold on the Daloa market. This study is set in this context and aims to determine the values of the various biochemical and nutritional components and to verify the safety of this powder by searching for microbial germs capable of degrading its quality. 
2. MATERIALS AND METHODS
2.1 Materials 
Turmeric powder samples were obtained by purchase from the Lobia and Orly markets, which are sub-districts of the city of Daloa. A total of 10 samples were collected per market, each weighing 100 g. The acquired turmeric powders were packaged after being placed in a container with a cold pack, then transported to the laboratory. Since the markets mentioned above had the same supplier, a composite sample was obtained by taking 10 g of powder from each sample and per market. The whole was combined to create a 200 g composite sample, which was used for various analyses.

2.2 Methods

2.2.1 Determination of Biochemical Compounds

The dry matter (DM) was determined by drying according to AOAC (1990).  Five grams of turmeric powder were placed in the initially weighed empty capsules. The capsules containing the samples were put in an oven at 105°C for 24 hours. The capsules were removed, cooled in a desiccator, and the whole (sample + capsule) was weighed, and finally the moisture content was calculated. 
The contents of ash, protein, lipids, and total carbohydrates were measured using the methods previously employed by Kouamé et al. (2025). 
For the ashes, three grams of turmeric were placed in a crucible and then dried in a muffle furnace at 550°C for 2 hours until a whitish residue was obtained. The whole was taken out of the oven, placed in a desiccator until cooled, then weighed, and the ash percentage was determined. 
Proteins were determined by the Kjeldahl method. 1g of turmeric was heated at 400°C for 150 minutes in the presence of a pinch of the catalyst mixture [selenium + potassium sulfate (K2SO4)] and 20 ml of sulfuric acid (H2SO4) 95 to 97%. The resulting mineralizate was brought up to 60 ml with distilled water, then 50 ml of sodium hydroxide (40%, w/v) was added. This mixture was brought to a boil in a LEGALLAIS type distiller. The released ammonia was trapped in a measuring flask containing 10 ml of a boric acid mixture (4%, w/v) with a mixed indicator consisting of methyl red and bromocresol green at a pH ranging from 4.4 to 5.8. The titration was then carried out using a sulfuric acid solution (0.1 N). A blank was prepared under the same conditions as the assay, and the protein content of each sample, expressed as a percentage of dry matter, was determined.
The lipid content was determined by hexane extraction in a SOXHLET for 6 hours at a temperature of 69 to 70°C. A quantity (10g) of turmeric was weighed using a precision analytical balance of 0.001 g, then placed in a Kumagawa cartridge made of cellulose. The lipid extraction was carried out with 300 ml of solvent (hexane). After complete evaporation of the solvent using the Rotavapor IKA HB 10 basic, the extraction flask was recovered and dried in the oven at 105°C for 10 minutes. The lipid mass was obtained by determining the difference between the initial mass and the final mass of the flasks.
Total carbohydrates were obtained by calculation recommended by the FAO (1998). It takes into account the contents of moisture, fat, protein, and ash.
The total sugar content was determined according to the method of Dubois et al. (1956). After extraction with ethanol (80%) of the free sugars contained in 5 g of turmeric powder, purification was carried out using 25 ml of lead acetate (10%) and 25 ml of oxalic acid (10%). The obtained solution was evaporated on a hot plate and then brought up to 25 ml with distilled water. A quantity of one milliliter (1 ml) of the previous sugar solution was taken, and successively adjusted with one milliliter (1 ml) of phenol (5%) and five milliliters (5 ml) of concentrated sulfuric acid (94-97%). After cooling to room temperature, the reading was taken at a wavelength of 490 nm using a spectrophotometer (Hach: model DR 1900) against a standard range of 0 to 80 µg of glucose.
The quantification of reducing sugars was carried out according to the method described by Bernfeld (1955). One milliliter (1 ml) of an ethanolic extract of turmeric powder was introduced into a test tube. 0.5 ml of distilled water and 0.5 ml of dinitrosalicylic acid (DNS) were added. The mixture was heated in a boiling water bath for 5 minutes, and after cooling, 5 ml of distilled water were added. The optical density reading was performed at 540 nm against a blank test. A calibration range from a glucose solution at 0.1 mg/ml allowed the quantification of reducing sugars.

[bookmark: _Toc172115884]2.2.2 Determination of phytochemical compounds

The total polyphenol content was measured according to the method described by Kassi et al. (2020). To 30 μL of turmeric extract, 2.5 mL of Folin-Ciocalteu reagent diluted 1/10 was added. The resulting mixture was left in the dark for 2 minutes at room temperature (27 ± 3 °C). A volume of 2 mL of 75 g/L sodium carbonate solution was then added. The whole mixture was then incubated at 50 °C for 15 minutes. The absorbance measurement was carried out using a UV-visible spectrophotometer at a wavelength of 760 nm against a blank consisting of a mixture of 5 mL of Folin-Ciocalteu reagent diluted 1/10 and 4 mL of 75 g/L sodium carbonate solution. Gallic acid was used as a reference standard for the calibration curve. This curve allowed the quantification of total polyphenol content expressed as mg of gallic acid equivalent per gram of extract (mg GAE/g of extract).
The method described by Marinova et al. (2005) was used to determine the total flavonoid content. Volumes of 0.75 mL of 5% (w/v) sodium nitrite solution and 10% (w/v) aluminum chloride solution were added to 2.5 mL of extract or fraction solution at 1/500 (w/v). The mixture was then treated with 5 mL of 1 M sodium hydroxide solution after 5 minutes of incubation. The final volume was adjusted to 25 mL and then shaken vigorously. Absorbance was measured at a wavelength of 510 nm against a blank consisting of 0.75 mL of 5% (w/v) sodium nitrate solution, 0.75 mL of 10% (w/v) aluminum chloride solution, and 5 mL of 1 M sodium hydroxide solution. Quercetin was used as the reference standard for constructing the calibration curve and for quantifying the total flavonoid content, expressed as milligrams of quercetin equivalent per gram of extract (mg QE/g extract). 
The quantification of condensed tannins was carried out by HPLC with diode array detection (DAD) as described by Xiaohui et al. (2022).

2.2.2 Determination of vitamin C, A, and β-carotene contents

The method of Barros et al. (2007) was used to determine the vitamin C content. Carotenoids (vitamin A, β-carotene) were extracted by adding 2 ml of distilled water to 500 mg of turmeric powder. Retinyl acetate (standard) placed in 2 ml of ethanol was added to the sample. The mixture was extracted twice with 8 ml of hexane. After centrifugation (500 × g, 10 min at 4°C), 2 ml of distilled water and methanol-dichloromethane (65/35, V/V) were added. To analyze the samples, HPLC was used, with a final volume of 150 µl prepared for each sample. The carotenoids were separated as previously described (Gleize et al., 2012; Makambou, 2021). All molecules were identified by their retention time compared to the pure standards.

2.2.3 Determination of mineral content

0.1 g of ashes was dissolved in 10 ml of 36% hydrochloric acid. This 10 ml quantity was then made up to 100 ml with distilled water. Minerals such as calcium and magnesium were measured using a 3% lanthanum chloride solution, completed with distilled water to obtain a volume of 100 ml. A 5 ml aliquot was taken, and the mineral analysis was carried out by atomic absorption spectrometry (ICP-AES model Liberty AX) using standard solutions corresponding to the different minerals. The elements present in the sample then absorb light at specific wavelengths (Ca-422.7 nm, Fe-248.3 nm, Mg-285.2 nm, K-766.5 nm, Na-589.0 nm, etc.) in the visible or ultraviolet spectrum (AOAC, 1990).

2.2.4 Microbiological analysis
To prepare the stock suspension and decimal dilutions, 10 g of turmeric powder were dissolved in 90 ml of Buffered Peptone Water (BPW). The suspension was left to stand at room temperature for 30 minutes. To detect Bacillus cereus spores, 15 ml of the stock solution were taken, placed in a test tube, and heated at 80°C for 10 minutes in a water bath, then immediately cooled on ice for 5 minutes. As for the decimal dilution, 1 mL of the parent solution treated for spores or 1 mL of the untreated parent solution for the vegetative form was added to 9 mL of sterile distilled water. This operation was repeated until the desired dilution was obtained.
[bookmark: _Toc172115904]For inoculation and incubation, each decimal dilution of 0.1 ml was placed in a Petri dish containing 20 ml of previously prepared and poured agar. The 0.1 ml was spread over the surface of the agar using a sterile spreader. This type of inoculation is used for Escherichia coli, Staphylococcus aureus, and Bacillus cereus. Regarding the fungal flora and enterobacteria, 1 ml of each decimal dilution was placed in a Petri dish, and then 20 ml of previously prepared agar was added to the Petri dishes containing the inoculum. All the content has been well homogenized. Regarding the enumeration of Escherichia coli, the plates containing the Rapid E. coli medium that were inoculated were incubated at 46 °C for 24 hours. As for the enumeration of Staphylococcus aureus, the plates containing Baird-Parker agar were incubated at 37°C for 24–48 hours. For the enumeration of Bacillus cereus spores on Mossel agar, the plates were incubated at 30°C for 24 hours. The fungal flora was inoculated on Sabouraud agar with Chloramphenicol, and the plates were incubated at 26°C for 5 days. Regarding the enumeration of enterobacteria, cultured on VRBG agar, the inoculated plates were incubated at 37°C for 24 hours. The formula below was used to estimate the microbial population.
N (CFU/ g ) = ∑ Ci /(𝑁1+0,1𝑁2)𝑑.V 
N (CFU/g): Number of germs per gram of product;
∑Ci: Sum of the colonies counted on all the boxes retained from successive dilutions;
n1: Number of boxes retained at the first dilution considered; 
n2: Number of boxes retained in the second dilution considered; 
d: Dilution factor corresponding to the first dilution retained ;
V: Volume of inoculum applied to each plate (ml)
2.2.5 Statistical methods

The results obtained in this study were carried out in triplicate. These results were expressed as means ± standard deviation.
3. RESULTS

3.1 Physicochemical Composition
Table 1 shows that turmeric powder has a pH, acidity, ash content, moisture content, and dry matter content of 6.54 ± 0.04; 160 ± 0.01%; 8.2 ± 0.12%; 13.1 ± 0.002%; and 86.89 ± 0.1%, respectively. 
Table 1. Physicochemical composition of turmeric powder
	Parameters
	Value

	pH
	6,54± 0,04

	Titratable Acidity (meq/100g DM)
	160±0,01

	Ash Content (%)
	8,2±0,12

	Water Content (%)
	13,1±0,002

	Dry Matter (%)
	86,89 ±0,1



3.2 Biochemical Composition
Turmeric contains 8.125±0.0025% protein, 3.43±0.04% fat, 80.25±0.03% total carbohydrates, 4.3±0.1% reducing sugars, 9.93±0.01% total sugars, and has an energy value of 402.41±1.5 kcal per 100g of dry matter (Fig 1).

                           Fig.1. Biochemical composition of turmeric powder
 3.3 Contents of mineral elements in turmeric powder
Turmeric powder has a high potassium content (138.56 ± 0.19 mg/kg), followed by phosphorus (120.35 ± 0.35 mg/kg), sodium (40.205 ± 0.445 mg/kg), magnesium (18.97 ± 0.23 mg/kg), and calcium (16.375 ± 0.055 mg/kg). Furthermore, some minerals such as zinc, copper, and iron are present in small amounts in turmeric powder, with respective values of 0.645 ± 0.005 mg/kg; 0.045 ± 0.005 mg/kg; and 1.135 ± 0.015 mg/kg. (Fig. 2).

                       Fig. 2 . mineral composition of turmeric powder
3.4 Phytochemical composition of turmeric powder
Turmeric powder also contains polyphenols, tannins, and flavonoids at respective levels of 0.0056±0.001 (mg EGA/g), 0.0255±0.01 (mgEC/g), and 0.0045±0.002 (mgEQ/g) (Fig 3)

                     Fig. 3. Phenolic compound contents of turmeric powder
3. 5 Content of vitamin A, C, and β-carotene
The contents of vitamin A, vitamin C, and β-carotene in turmeric powder are 0.6533±0.015 (mg/100g), 75±0.0002 (mg/100g), and 9.92±0.01 (mg/100g), respectively (Fig 4). 

                      Fig. 4. Vitamin A, C, and β-carotene content of turmeric powder
3.6 Microorganisms contaminating turmeric powder
Turmeric powder samples from the markets of Daloa contain enterobacteria (2.3 × 10² CFU/g), yeasts and molds (1.5 × 10² CFU/g), Staphylococcus aureus (1.1 × 10² CFU/g), and Bacillus cereus (7.8 × 10² CFU/g) (Table 2).

Table 2: Average microbial loads (CFU/g) of the aalyzed powder samples
	Microorganisms 
	   Turmeric Powder 
	    Microbiological Criteria

	 Escherichia coli
	00 CFU/g
	10 CFU/g

	 Staphylococcus aureus
	[bookmark: _Hlk172931824]1,1.102 CFU/g
	102 CFU/g

	 Bacillus cereus
	[bookmark: _Hlk172931921]7,8.102 CFU/g
	103 CFU/g

	 Levures et moisissures
	[bookmark: _Hlk172931978]1,5.102 CFU/g
	104 CFU/g

	 Entérobactéries
	[bookmark: _Hlk172932028]2,3.102 CFU/g
	102 CFU/g



4. DISCUSSION
The analysis of the physicochemical characteristics of turmeric powder showed a pH of 6.54 and a titratable acidity of 160 meqg/100g. This pH, close to neutrality, confirms the findings of Martinez-Guerra et al. (2019). They state that, contrary to previous studies, curcumin, one of the active components found in turmeric, remains more stable in neutral and basic environments than in an acidic medium. The alkalinity or acidity of turmeric may depend on the cultivation area or variety (Akter et al., 2019). However, acidic pH could better protect the powders against microbial attacks. The moisture content (13.1%) determined in this study is lower than the average (18%) reported by Josemar et al. (2021). This low humidity rate would be explained by greater drying, which would support the preservation of turmeric powder, as a higher water content could promote the growth of microorganisms that may lead to its deterioration during packaging (FAO/WHO, 2008). The ash content obtained in this study (8.2%) is higher than that (5.99%) reported by Nwankwo (2018). This high ash content is an indicator of the mineral richness of turmeric. 
The determined protein content (8.125%) is lower than that (10.58%) reported by Nwankwo (2018). This significant difference could be caused by exposure to room temperature over long periods. Indeed, exposing the powders to open air during marketing could result in high protease activity released by microorganisms, leading to substantial protein degradation. The presence of these proteins in turmeric powders could have a positive impact on the populations consuming these products. The lipid content is (3.43%). This rate is higher than that (0.8%) obtained by Abdoulsalam et al. (2017). However, it remains lower than that (4.34%) found by Josemar et al. (2021). The lipids contained in turmeric are mostly essential oils that have numerous properties such as antidiarrheal, anti-inflammatory, antiproliferative, hypocholesterolemic, anticancer, antidiabetic, carminative, diuretic, antioxidant, antimicrobial, antiviral, insecticidal, and larvicidal properties… (Dosoky & Setzer, 2018; Ibáñez & Blázquez, 2020). They can inhibit the activity of fungi and other microorganisms (Kandel & Mukhopadhyay, 2022). Turmeric remains rich in carbohydrate compounds, with observed contents in this study of total carbohydrates (80.25 ±0.03%), total sugars (9.93 ±0.01%), and reducing sugars (4.3 ±0.1%). The value (80.25 ±0.03%) obtained for carbohydrates is higher than that (44.74%) of turmeric leaves reported by Braga et al. (2018). It is also higher than that (16.37 ±0.01) of rhizomes reported by Abdoulsalam et al. (2017). This turmeric thus represents a good source of energy (402.41 ±1.5 kcal/100g) and could also facilitate the absorption of other nutrients (Braga et al., 2018). 
Calcium (16.375±0.055 mg/kg) plays an essential role in bone mineralization and muscle contraction. It is also involved in the absorption of vitamin B12 and in blood clotting (Jadid et al., 2018). Regular consumption of turmeric could improve bone strength. The presence of potassium (138.56 ± 0.19 mg/kg) in turmeric could enhance heart rhythm regularity and muscle contraction by preventing muscle fatigue and cramps in the consumer. It also contributes to acid-base balance and cellular function (Weaver, 2013). In addition to calcium and potassium, turmeric also contains phosphorus (120.35 ± 0.35 mg/kg), sodium (40.205 ± 0.445 mg/kg), and magnesium (18.97 ± 0.23 mg/kg), all of which are macro-minerals with metabolic functions and physiological properties that differ from one another (Arvind et al., 2023). Unlike macroelements, minerals such as iron (1.135 ± 0.015 mg/kg), copper (0.045 ± 0.005 mg/kg), and zinc (0.645 ± 0.005 mg/kg) are present in small amounts in turmeric powder. The presence of iron in turmeric could be considered a major benefit as it is involved in hemoglobin synthesis. This product may be recommended in cases of anemia and other conditions requiring iron intake. These various minerals are coenzymes involved in different biochemical reactions.
The amounts of vitamin A (0.6533±0.015 mg/100g) and vitamin C (75±0.0002 mg/100g) obtained during this work remain higher than those [(0.00 µg/100g); (25.90 mg/199g)] determined by Shahide (2016). The differences observed between these results could be caused by pedoclimatic conditions, the stage of maturity, or storage conditions. The high vitamin C content could be an asset for the consumption of turmeric as this vitamin is involved in the prevention of cardiovascular diseases through its antioxidant properties (Mbiyangandu et al., 2021). By comparing the contents of these two vitamins (A and C) and that of β-carotene, it is noticeable that the vitamin A content remains low. Turmeric could therefore be considered a poor source of vitamin A. 
The analysis of turmeric powder also allowed us to highlight some secondary metabolites such as polyphenols (0.0056 mg GAE/g), flavonoids (0.0045 mg QE/g), and tannins (0.0255 mg EC/g). It has been shown that these compounds are of vital importance as they are involved more or less in reducing inflammation and edema, in healing, in repairing DNA damage, in reducing oxidative stress, etc. Overall, these compounds have anti-inflammatory, antioxidant, antidiabetic, and anticancer activities (Chakraborty & Das, 2020; Ashish, 2024).
The average loads of fungi (1.5 × 10² CFU/g), Bacillus cereus (7.8 × 10² CFU/g), and Escherichia coli (0 CFU/g) are below the microbiological criteria, which are respectively 10⁴ CFU/g, 10³ CFU/g, and 10 CFU/g. These reduced loads could be explained by the very low moisture content of the turmeric powder. Moisture levels below 10% are recommended not only for the preservation of floury products but also to prevent the growth of microorganisms (André et al., 2019). These results could reflect compliance with good hygiene practices during the processing of turmeric powder. However, the load (2.3×10²) of enterobacteria would indicate that there are other forms or species of enterobacteria in the turmeric powder even though Escherichia coli is absent. The presence of Staphylococcus aureus (1.1×10²) confirms that the powder has indeed been contaminated. The presence, beyond the norm, of enterobacteria and Staphylococcus aureus in this powder could contradict the idea that turmeric, thanks to its numerous phenolic compounds, could be used as a preservative in certain food products (Izamara et al., 2025). Numerous studies have also proven that certain components of turmeric have antibacterial and antifungal effects (Taghavifar et al., 2020). The abundance of these microorganisms in this powder could indicate that this product had been stored for too long. This long storage period would therefore have resulted in the loss of its antibacterial, antiviral, antifungal potential, etc.
[bookmark: _Toc172115912]5 CONCLUSION
 
This study made it possible to determine the biochemical, nutritional, and microbiological composition of turmeric powder. The results showed the presence of phenolic compounds such as total polyphenols, total flavonoids, and tannins. In addition to high contents of proteins, lipids, and carbohydrates, the presence of minerals such as potassium, magnesium, phosphorus, calcium, sodium, copper, iron, zinc… is also observed. These assets could justify the use of Curcuma longa powder in human nutrition, especially for infants. Thus, the regular consumption of turmeric powder as a food ingredient would be beneficial for the Ivorian population in the fight against malnutrition and the prevention of oxidative stress. However, the presence of Staphylococcus aureus and certain enterobacteria beyond the indicated standard could lead to the withdrawal of this food product from the market, although some potentially pathogenic microorganisms, compared to current standards, are considered acceptable.
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Polyphenols (mgEAG/g)	Flavonoids (mgEQ/g)	Tannins (mgEC/g)	5.5999999999999999E-3	4.4999999999999997E-3	2.5499999999999998E-2	
Phenolic compounds (mgE/g)




Vitamin C	Vitamin A	β-carotene	75	0.65329999999999999	9.92	
Vitamin content(mg/100g)




Proteins	Lipids	Total Carbohydrates 	Total Sugars	Reducing Sugars 	8.125	3.43	80.25	9.93	4.3	
Percentage(%)



POUDRE DE CURCUMA (mg/Kg)	
Na	Mg	P	K	Ca	Fe	Zn	Cu	As	Cd	40.204999999999998	18.97	120.35	138.56	16.375	1.135	0.64500000000000002	4.4999999999999998E-2	0.04	0.1	
Mineral composition (mg/kg)







