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ABSTRACT 

	Aims: The objective of this study is to characterize the species of chili peppers produced and consumed in the city of Korhogo and to evaluate the sensory characteristics of the puree produced from them.
Study design: Two varieties of fresh Capsicum matured were collected from markets in major geographical zones in Korhogo, Côte d’Ivoire during October to December 2024.
Place and Duration of Study: The physico-chemical analyses and sensory tests of the chili samples were carried out at the Biochemistry Laboratory of the Peleforo GON COULIBALY University in Korhogo.
Methodology: First, a phytochemical screening was carried out on the different samples to identify the different families of molecules present. Then, the physicochemical parameters were determined using known standard methods. Finally, a panel of consumers has been set up to appreciate the different purees made. 
Results: Phytochemical tests revealed the presence of families of molecules including alkaloids, polyphenols, sterols and terpenes and an absence of saponins. In addition, statistical analyses showed a significant difference between the polyphenol (flavonoids and tannins) and total sugar contents in the two species studied. The Capsicum annuum species has the highest polyphenol content corresponding to 0.91% compared to 0.75% for C. frutescens. As for the total sugar content, it is 5.6% and 4.06% respectively for C. annumm and frutescens. In addition, sensory tests revealed that the puree of the Capsicum chinense pepper was the most preferred by amateur tasters; while the puree of the Capsicum annuum pepper had the most intense spicy taste.
Conclusion: This study provided valuable information on the possibility of reducing post-harvest losses of chili pepper by transforming it into a puree that retains the physicochemical and organoleptic characteristics of the initial product. The information collected will make it possible to establish a database on chili peppers and will contribute to making this fruit-vegetable an agricultural resource to be taken into account in any program to enhance the floristic wealth available to Côte d'Ivoire
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1. INTRODUCTION 

Agriculture is of economic importance in the West African sub-region. It contributes 30% to GDP (Gross domestic product) and employs more than 50% of the working population in the West African Economic and Monetary Union (WAEMU) area (Renard et al., 2004, FAO et IIF, 2014). Indeed, Ivorian agriculture is made up of cash crops, food crops and market gardeners. Market gardening is made up of traditional field crops such as peppers, eggplants, okra, tomatoes, onions, leafy vegetables and exotic plants such as carrots, lettuce, leeks and radishes (FIRCA, 2018; Bancal et Tano, 2019).
According to the Côte d'Ivoire Horticulture Master Plan 2006/2025, Ivorian national production amounts to 850,000 tons of vegetables, including 400,000 tons of European-type vegetables and 450,000 tons of traditional vegetables. Of these productions, only a few rare species are the subject of official statistics. Thus, in 2017, okra (185,800 tons), eggplant (99,000 tons) and chili pepper (183784 tons) represented, in quantity, the most important vegetable productions at the national level (Bancal et Tano, 2019). Chili peppers are among the main vegetables consumed and are estimated at 32900 tons per year (Akhtar et al., 2021). It belongs to the Solanaceae family and is a plant very common in tropical and subtropical regions whose fruits, like so many other spices, are used directly in human food or indirectly after processing (Marti et al., 2011). The pepper is recognized as having about 100 species such as Capsicum annuum L. and Capsicum frutescens L. and Capsicum chinense L. characterized by the existence of many varieties, distinguished by their shapes, color and stinging power (Dimitrios, 2006; Akaza et al., 2022). It is consumed mainly for its hot and spicy sensation (seasoning and flavour enhancer) sought after in most dishes.
Chili pepper is an excellent source of many nutrients and secondary metabolites important for human health (potassiums, flavonoids, antioxidants), all of which are linked to reducing the risks of many diseases like cancer and cardiovascular disease (Alvarez-Parilla et al., 2011; Olatunji et Afolayan, 2019). This food is highly prized by consumers because it is consumed in all its forms, fresh or in the form of processed products (Sanogo, 2003; Giuffrida et al., 2013; Akhtar et al., 2021; Akaza et al., 2022). It also contains a high level of phytochemicals that can contribute to its antioxidant activity. Chili peppers are a rich source of phenolic, capsaicinoid, carotenoid, chlorophylls and vitamins (A, B1, B2, C and E). The content of these antioxidants in chili peppers can vary according to several factors including the stage of ripening, hybridization, agro-climatic conditions, harvesting conditions, storage and processing (Guil-Guerrero et al., 2006; Dubey et al., 2015). 
In Côte d'Ivoire, post-harvest losses of capsicum (chili pepper) are a major problem, contributing to food insecurity and negatively impacting producers' incomes. These losses, estimated at between 30 and 40%, are caused by various factors such as poor handling practices, lack of storage and processing infrastructure, and rapid deterioration of products (Patthamakanokporn et al., 2008). The conservation of production then became one of the major concerns of the peasant. Thus, reducing post-harvest losses of chili pepper remains a major constraint. To compensate for this, producers practice conservation techniques such as drying. Generally, agricultural raw materials undergo transformations for conservation and valorization reasons according to the evolution of food technology. Chili pepper processing is expected to reduce post-harvest losses, limit deterioration in phytochemicals and nutrition, and add value, while providing new avenues for exploitation. In addition, the processing of chilli peppers into high value-added by-products could contribute to the improvement of producers' incomes and the creation of agri-food production SMEs. 
Thus, how can we ensure an artisanal production of chili puree in rural areas that is stable, hygienic, profitable and sustainable despite the constraints of access to equipment, conservation infrastructure and markets?
It is in this context that this study is inscribed, the theme of which is: "study of the physicochemical and sensory properties of a puree produced from the chili pepper marketed in the city of Korhogo". The general objective of this study is to contribute to the development of chili peppers grown in the north of Côte d'Ivoire. Specifically, it was a question of:
-	describe the chilli pepper marketing circuit in the markets of the city of Korhogo;
-	evaluate the physico-chemical parameters of the purees produced from the peppers marketed on these markets;
-	estimate, with the help of sensory tests, the preferences of consumers and the intensity of the spicy taste of the chili purees produced.

2. material and methods 

2.1 Collection and growth of plant materials 
Two varieties of Capsicum were used for this study. Fresh matured ripe varieties were collected from markets in major geographical zones in Korhogo, Côte d’Ivoire. The fresh fruit varieties were thoroughly and carefully washed under running tap water

2.2 Reagent and chemicals
Chemicals and reagents used were of analytical grade. Ethanol and methanol were purchased
from Carlo Erba (Spain), acetic acid from Panreac (USA), Folin-Ciocalteu reagent from Panreac (USA), gallic acid and quercetin, Sigma-Aldrich (Germany), sodium carbonate and chloride aluminium, Merck (Germany), sodium hydroxide, Sharlau (Spain), acetone from ACI (Côte d’Ivoire) and citric acid from Riedel-de-Haen (Germany). Water was purified by a Milli-Q water purification system.

2.3 Production of chili puree 
The production of mashed potatoes was carried out according to an artisanal approach taking into account the realities of the local populations. The production diagram is shown in Figure 1.
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Fig.1. Chili paste production process

For each species of chili, a quantity of 1.5 kg of sample was collected and sent to the factory for the production of the purees. First, the samples received in separate cuvettes were sorted manually to select ripe, healthy and mould-free peppers. This step also removed debris and damaged peppers. The selected samples were washed with potable water and drained to remove impurities. The peppers were hulled and then ground using a micro-grinder until a soft puree was obtained. Each batch of puree was seasoned with 4g of salt and then cooked for 30 min. After cooking, the cooked puree was hot packaged in a jar with a tight lid, previously sterilized in an autoclave at 100°C. Finally, it was left to cool at room temperature before being stored at 4°C in the refrigerator pending subsequent analyses.

2.4 Qualitative Evaluation

Total phenols in each plant extract were assayed spectrophotometrically using the Folin–Ciocalteu’s reagent method as described by Singleton and Rossi (1965) as amended by Wood et al. (2002). Briefy, 0.5 mL of each plant extract (1mg/mL) and gallic acid (0.02 to 0.1 mg/mL) were pipetted into separately labeled test tubes. 2.5 mL of 10% (v/v) Folin–Ciocalteu’s reagent was added and the mixture vortexed. To the solution, 2 mL of 7.5% w/v Na2CO3 was added, vortexed, and incubated at 40 for30mins.After incubation, the absorbance at 765 nm was read using Hewlett Packard VR-2000 spectrophotometer with methanol as blank. All samples were analyzed in triplicate. The total phenol in each variety was expressed as milligram per gram of extract’s total phenol content in gallic acid equivalent mgGAE/g) using the standard curve: y=0.2281x-0.0264, R = 0.964, where R is the determined coefcient, x is the concentration,and y is the absorbance.
The total flavonoids content was determined according to the method described by Marinova et al. (2006). Volumes of 0.75 mL of 5% sodium nitrite (m/v) and 0.75 mL of 10% Aluminum Chloride (m/v) were added to 2.5 mL of 1:500 ratio extract (m/V). After 5 min of incubation, the mixture was brought into contact with 5 ml of a 1 M soda solution. The volume obtained was adjusted to 25 ml and then stirred vigorously. Absorbance was measured using a UV-visible spectrophotometer at a wavelength of 510 nm. Quercetin was used as a reference standard for the quantification of total flavonoid contents expressed in milligrams of quercetin equivalent per gram of extract (mg EQ/g of extract).
The determination of total tannins was performed by the colorimetric method with Folin Ciocalteu's reagent as described by Idriss et al. (2017).100 μl of extract was added to a test tube containing 7.5 ml of distilled water and 0.5 ml of Folin Ciocalteu's reagent. Then, 1 ml of 35% Na2CO3 is added. The volume is supplemented to 10 ml by adding 900 μl of distilled water. The reaction mixture was incubated for 30 min at laboratory temperature (25–30°C). The absorbances are read with a UV/visible spectrophotometer at 700 nm against distilled water used as white. Levels were expressed in micrograms of tannic acid equivalent per gram of extract (mg EAT/g of extract). 

2.5 Proximate analysis

pH was determined according to the AOAC potentiometric method (1990). Water and dry matter contents were determined according to the AOAC 925.09 (1990) method. Moisture is determined by measuring the loss in weight of the sample on heating. A standard method (ISO 1442:1997) used consists of drying a sample of 5–8 g to constant weight in an oven at 103±2°C. The determination of total sugars was carried out according to the method of Dubois et al. (1956) using phenol and sulfuric acid. Protein content was determined according to the Kjedahl method (AOAC 991.20(2000)).

2.6 Sensorial analysis
2.6.1 Sharpness Test

The analysis was carried out by a group of 50 peoples, recruited on the basis of their availability and having no particular knowledge or habit of chili puree. The test took place in a tasting room of the same type as those recommended for sensory analysis (ISO 6658:2017). The purees presented to each panelist were P1 (Capsicum annuum), P2 (Capsicum chinense) and P3 (locally marketed control puree). The panelists have been invited to express their level of acceptance of the spicy intensity. Preference tests were carried out on a 3-point hedonic scale where level 1 translated « extreme spicy » while 3 was « less spicy ».
2.6.2 Consumer preference test
This test was carried out by the same panel of 50 tasters. The three types of samples (P1, P2 and P3) were presented simultaneously to each taster. The preference scoring test consisted of evaluating the sample by assigning ratings 1, 2 and 3 corresponding respectively to very much appreciated, moderately appreciated and less appreciated.

2.7 Statistical analysis

Experiments were performed in triplicates for each batch and data was presented as mean value ± standard deviations (SD) (n = 3). Significance among samples was determined by an Independent T-test at the level significance of p<0.05. The non-parametric Friedman test was used to compare the matched samples from the rows and the post-hoc analysis was performed with the Dunn's test corrected by Bonferroni.

3. results and discussion

3.1 Species of peppers encountered and distribution channel

Figure 2 shows the types of fresh chili peppers encountered at the study site. In general, two species of chili peppers are sold in the markets, namely Capsicum annuum and Capsicum chinense. In reality, the majority of actors (46%) cultivate and trade both species simultaneously. Among those that are content with one species, Capsicum annuum (40%) is much more widespread than Capsicum chinense which represents only 14% of sales quantities.


Fig. 2. Chili pepper species found in the local market

The majority of chili pepper producers come from the villages around the city of Korhogo. After harvest, transporters transport the pepper from the producers to wholesalers in local markets. Retailers source from wholesalers and distribute to local consumers (Figure 3).
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Fig.3. Chili pepper marketing circuit in the city of Korhogo

3.2 Phytochemical screening of Capsicum species
Table 1 presents the results of the screening test of the collected chili samples. Alkaloids, polyphenols (flavonoids, tannins) and the group of setrolls and terpenes are present in the various extracts of C. annuum and frutescens. The presence of these major compounds has previously been revealed by the work of Zaki et al. (2017) and Akhtar et al. (2021). According to Chapa-Olivier et al. (2016) and Koffi et al. (2021), Capsicum fruit contains phenolic compounds, flavonoids, alkaloids, and carotenoids, that have beneficial effects on human health. The medicinal values being identified scientifically in recent years and the presence of high level of antioxidants, anti-cancerous elements, Capsaicin as a muscular pain reliever, have added additional importance (Kumar et al., 2022). The presence of these compounds justifies regular consumption as spice, vegetable and fruit in many ethnic diets including African, Asian, Hungarian and Mexican (Giuffrida et al., 2013; Raimi et al., 2014).

Table. 1. Screening of major compounds in chili samples
	
	Capsicum annuum
	Capsicum frutescens

	Alkaloids 
	+
	+

	Poyphenols 
	+
	+

	Flavonoids 
	+
	+

	Tanins 
	+
	+

	Steroids and terpens
	+
	+

	Saponins 
	-
	-


+ : presence ; - : absence
3.3 Chemical characteristics of purees
Table 2 presents the results of the physico-chemical parameters of the different purees produced (PCA and PCC). In general, there is a similarity between the average levels observed in moisture/dry matter and protein (p˃0.05). The humidity levels observed are high with values of 79.92±3.35 and 83.17±2.51 respectively for PCA and PCC. These results are lower than those obtained by Niamké et al. (2021) on the analysis of fresh peppers collected in Korhogo markets. The moisture content of chili pepper is very important because it is strongly correlated with the stability of ascorbic acid and pigments. This difference in content could be explained by the addition of salt during the preparation of the purees. In fact, salting reduces the moisture content of a food, a phenomenon caused by the action of salt that attracts water out of the product by osmosis, thus ensuring its preservation. This process, either by dry salting (salt is applied directly to the food) or brining (the food is immersed in a saline solution), reduces water activity (Aw), which inhibits the growth of microorganisms and extends the shelf life of the food. In addition, the dry matter content is inversely proportional to the water content, i.e. the higher one is, the more the other decreases. As a result, the dry matter content determined is less than 20%.
At the protein level, the observed concentrations are 1.79±0.07% and 1.89±0.06 respectively for PCA and PCC. These low values obtained are similar to those obtained by Niamké et al. (2021) on samples collected in the same study area. However, these rates are much lower than those obtained during the work of Olatunji and Afolanyan (2019) which were between 13.5 and 14.92% and those of Akhtar et al. (2021) between 8.2 and 11.2%. This difference could be explained by the denaturation of proteins by heat and the addition of chemical agents (salts) that alter their structure during the process of transforming the chili pepper into a puree.
Statistical analyses carried out on the other parameters indicate a significant difference between the contents of the two purees with 0.01˂p˂0.027. Thus, the Capsicum chinense puree has a pH (4.61±0.21) and an ash content (284.96±19.85 mg/100 g) higher than those of Capsicum annuum which amount to 4.55±0.17 and 223.96±23.63 mg/100 g. This variability in concentrations was observed during the work of Olatunji and Afolanyan (2019) on Capsicum species.
The pH observed is acidic for a chili concentrate fit for consumption and close to the pH value of the standard in general, which is less than 4.6, crucial for the preservation and stability of the product. 
As for the ash levels, they are much lower than those determined during the work of Akhtar et al. (2021), which are 6.26 g/100 g and 7.33 g/100 g respectively for C. annuum and chinense. A high ash content could mean contamination or low product quality, while a low ash content is often preferable to ensure the efficiency of processes such as combustion, adsorption or nutritional use.
C. annuum puree has a higher content of sugars and active compounds (polyphenols, flavonoids and tannins). The sugar content is 5.60±0.56 % and is higher than that presented by Niamke et al. (2021). This increase in sugar levels could be due to the concentration process or to enzymatic and chemical reactions that release or create sugars. Indeed, the evaporation of water or the reduction of water during the production of puree makes it possible to concentrate the sugars already present, as in jams, while the action of enzymes or the transformation of complex sugars into simple sugars can increase their concentration.
As for the antioxidant contents, they are 0.91±0.05% (total polyphenols), 0.64±0.02% (total flavonoids) and 23.71±0.77% (tannins). These rates are higher than those of Niamké et al. (2021). Polyphenols in general are excellent antioxidants, fighting against aging and protecting against various chronic diseases (cardiovascular diseases, neurodegenerative diseases, cancers). They are present exclusively and in abundance in all our plant-based foods and drinks. Polyphenol levels in foods are affected by fractionation, refining, grinding, fermentation, cooking, preservation or maturation operations, which often result in hydrolysis and oxidation reactions of polyphenols (Stankovic et al., 2025).

Table. 2. Physico-chemical parameters of the purees produced
	Parameters
	P1
	P2
	p value (0.05)

	pH
	4.55±0.17a
	4.61±0.21b
	0.015*

	Humidity (%)
	79.92±3.35a
	83.17±2.51a
	0.25

	Dry Weight (%)
	19.08±1.72a
	18.07±0.3a
	0.41

	Ash (mg/100 g)
	223.96±23.63a
	284.96±19.85b
	0.027*

	Proteins (%)
	1.79±0.07a
	1.89±0.06a
	0.14

	Total sugar (%)
	5.60±0.56b
	4.06±0.4a
	0.018*

	Total polyphenols (%)
	0.91±0.05b
	0.75±0.18a
	0.001*

	Total flavonoids (%)
	0.64±0.02b
	0.42±0.02a
	˂0.001*

	Tanins (%)
	23.71±0.77b
	16.82±2.43a
	0.01*


* : significatif effect, p˂0.05 ; P1 : Puree of Capsicum annuum ; P2 : Puree of Capsicum chinense

3.3 Sensorial Evaluation Of Purees
3.3.1 Intensity of the pungent sensation

The cumulative classification scores given to each sample by the 50 tasters are grouped together in Table 3. The total obtained is 55, 103 and 146 respectively for purees 1, 2 and 3 with average ranks ranging from 1.07 to 2.91. 
The Friedman test performed on the rows assigned by the 50 panelists to the three sensory samples reveals a significant difference (χ² = 84.67, p <.001). Since the p-value is less than 0.05, the null hypothesis is rejected:
· H0, Null hypothesis : There is no difference between the dependent variables P1, P2 and P3 ;
· H1, Alternative hypothesis : There is a difference between the dependent variables P1, P2 and P3 
In other words, there is a significant difference between the three samples in terms of sensory appreciation. The panelists did not assign the same ranks to the three products. This indicates that the samples are not perceived in an equivalent way.

Table 3. Friedman Test for the Pungent Sensation
	
	Total Coasts
	Rang moyen
	Chi 2
	df
	p

	Puree 1
	55
	1.07
	84.67
	2
	<0.001

	Puree 2
	103
	2.02
	
	
	

	Puree 3
	146
	2.91
	
	
	


P1 : Puree of C. annuum ; P2 : Puree of C. chinense ; P3 : Puree of reference puree

The post-hoc analysis with the Dunn's test corrected by Bonferroni on the ranks assigned by the 50 panelists to the three sensory samples (P1, P2, P3) is presented in Table 4. In each row, the null hypothesis is tested if the two samples are identical, the "adjusted p-value" is obtained by multiplying the p-value by the number of tests.
The results indicate a significant difference between all pairs of sensory samples (P1 vs P2, P1 vs P3, P2 vs P3). The corrected p-values are all less than 0.05, indicating that the panelists perceived each sample differently. The sample of Capsicum annuum (P1) obtained the most favorable ranks with an average rank of 1.07), suggesting a marked sensory preference compared to Capsicum annuum (2.02) and standard puree (2.91).

Table 4. Dunn-Bonferroni test for the pungent sensation
	
	Test Statistics
	Standard error
	Standard Test Statistics
	p
	Adj. p

	P1 - P2
	-0.95
	0.2
	-4.75
	<.001
	<.001

	P1 - P3
	-1.84
	0.2
	-9.2
	<.001
	<.001

	P2 - P3
	-0.89
	0.2
	-4.45
	<.001
	<.001


P1 : Puree of C. annuum ; P2 : Puree of C. chinense ; P3 : Puree of reference puree

3.3.2 Consumer Preferences
The cumulative classification scores given to each sample by the 50 tasters are grouped together in Table 5. The total obtained is 105, 60 and 135 respectively for purees 1, 2 and 3 with average ranks ranging from 1.2 to 2.7. 
The Friedman test performed on the rows assigned by 50 panelists to the three sensory samples reveals a significant difference (χ² = 57.00, p < .001). The p-value is less than .05, which means that the null hypothesis is rejected. In other words, there is a significant difference between the three samples in terms of sensory appreciation. The panelists did not assign the same ranks to the three products. This indicates that the samples are not perceived in an equivalent way.

Table 5. Friedman's test for overall assessment
	
	Total Coasts
	Mid Rank
	Chi 2
	df
	p

	P1
	105
	2.1
	57
	2
	<.001

	P2
	60
	1.2
	
	
	

	P3
	135
	2.7
	
	
	


P1: Puree of C. annuum; P2: Puree of C. chinense; P3: Puree of reference 
The post-hoc analysis with the Dunn's test corrected by Bonferroni on the ranks assigned by the 50 panelists to the three sensory samples (P1, P2, P3) is presented in Table 6. There is a significant difference between all pairs of sensory samples (P1 vs P2, P1 vs P3, P2 vs P3). The corrected p-values are all less than 0.05, indicating that the panelists perceived each sample differently. The sample of Capsicum chinense (P2) obtained the most favorable ranks (Medium Rank 1.2), suggesting a marked sensory preference over Capsicum annuum (2.1) and standard puree (2.7).

Table 6. Dunn-Bonferroni test for the overall assessment
	
	Test Statistics
	Standard error
	Statistics of
tests standards
	p
	Adj. p

	P1 - P2
	0.9*
	0.2
	4.5
	<.001
	<.001

	P1 - P3
	-0.6*
	0.2
	-3
	.003
	.008

	P2 - P3
	-1.5*
	0.2
	-7.5
	<.001
	<.001


*: significative value: P1: Puree of C. annuum; P2: Puree of C. chinense ; P3: Puree of reference puree, Significant difference: adjusted p-value < corrected alpha
4. Conclusion
[bookmark: _Hlk211325543]This work focused on the study of the physico-chemical and sensory properties of a puree produced from the chili pepper marketed in the City of Korhogo. It made it possible to describe the pepper marketing circuit in the city of Korhogo, revealing the different species of chili pepper sold on the market. Phytochemical screening revealed the presence of very interesting compounds, including alkaloids and polyphenols. In addition, the physico-chemical analysis revealed a variability of the different parameters studied according to the species considered. However, the sensory test of the puree produced from the Capsicum Chisense was the most appreciated by consumers while the Capsicum Annuum had the most significant pungent sensation. The information collected will make it possible to establish a database on chili peppers and will contribute to making this fruit-vegetable an agricultural resource to be taken into account in any program to enhance the floristic wealth available to Côte d'Ivoire.
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