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Abstract
Plants constitute an important source of bioactive compounds that confer various medicinal and pharmacological properties. Due to this potential, their valorization represents a major challenge in the fields of scientific research, pharmacology, and industry. Interest in avocado has continued to grow in recent years, and although studies on its phytochemical composition are becoming increasingly numerous, those dedicated to the seed are still in their early stages. From the perspective of agro-food by-product valorization, a phytochemical screening was carried out on ethanolic extracts of avocado seeds obtained after sun drying and shade drying. The analyses revealed the presence of flavonoids, tannins, and saponins in both extracts. However, the absence of anthocyanins was observed in the shade-dried samples, whereas sterols and triterpenes were absent in the sun-dried samples. A complete absence of coumarins, alkaloids, and carotenoids was also noted in all extracts. Although the phytochemical composition of avocado seeds may be influenced by processing conditions, it nevertheless highlights a richness in relatively stable phenolic compounds, reflecting a strong antioxidant potential. These results therefore suggest a possible valorization of avocado seed extracts in industry, particularly as a source of natural antioxidants for the preservation of edible oils. In pharmacology, these extracts could also constitute a promising source of bioactive compounds exhibiting anti-inflammatory, cardioprotective, and insulin-regulating activities, thereby opening perspectives for the development of pharmaceutical products.
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  Introduction
Plant biodiversity represents an invaluable source of naturally occurring bioactive molecules that are widely exploited in traditional medicine and pharmacology (Dulay et al., 2016). For several decades, medicinal plants have attracted growing scientific interest due to their richness in secondary metabolites capable of exhibiting various biological activities such as antioxidant, anti-inflammatory, antimicrobial, antidiabetic, and cardioprotective properties (Bossou et al., 2024). These bioactive compounds play a major role in the prevention and treatment of numerous diseases, making plant resources an important research area for the development of new therapeutic and nutraceutical products (Dulay et al., 2016; Bossou et al., 2024).
Among plant species of considerable nutritional and pharmacological interest is the avocado tree (Persea americana Mill.), a member of the Lauraceae family widely cultivated in tropical and subtropical regions, and of particular interest (Bossou et al., 2024). Its fruit, the avocado, is recognized for its high nutritional value due to its richness in vitamins, minerals, fibers, and phenolic compounds (Pérez Álvarez, 2015). Studies have demonstrated the beneficial effects of avocado consumption on human health, particularly in reducing oxidative stress and preventing cardiovascular and metabolic diseases (Wang et al., 2015). 
However, research on avocado has mainly focused on the fruit pulp, while the seed remains relatively under-studied. Yet, the seed represents a significant portion of the fruit and is generally considered an agro-industrial waste with no real economic value, and is therefore most often discarded (Dabas et al., 2013). This underutilization represents a potential loss of biomass rich in bioactive molecules that could be valorized in various industrial sectors. Recent studies suggest that avocado seeds contain appreciable amounts of flavonoids, tannins, phenolic compounds, and other secondary metabolites associated with important biological activities (Setyawan et al., 2021).
Furthermore, the chemical composition of plant extracts can be strongly influenced by post-harvest processing methods (Alkaltham et al., 2021). Among these processes, drying is an essential step for preserving plant materials and stabilizing bioactive compounds (Wehye et al., 1997; Nakra et al., 2025). Studying the influence of these drying methods is therefore essential in order to optimize the valorization conditions of avocado seeds and preserve compounds of interest.
In this perspective, the present study aims to evaluate the influence of sun drying and shade drying on the phytochemical composition of ethanolic extracts of avocado seeds. Through a phytochemical screening, this work seeks to highlight the main bioactive compounds present in the extracts and to assess the valorization potential of this agro-industrial by-product in industrial and pharmacological fields.
General Overview of the Avocado Tree
botanique Description
The avocado tree is an upright terrestrial tree that grows mainly in tropical and subtropical regions and can reach a height of 9 to 18 m with a trunk diameter of 30 to 60 cm (Abraham et al., 2018). However, in commercial plantations, its height generally does not exceed 5 m (Bossou et al., 2024). The leaves, which are 12 to 25 cm long (Bossou et al., 2024), exhibit various shapes (lanceolate, elliptical, oval, ovoid, or obovoid) and are alternately arranged along the stem. The upper surface is glossy dark green, while the lower surface is whitish (Abraham et al., 2018). The avocado flowers are successively hermaphroditic (Lecomte, 1961), small and inconspicuous, yellow-green in color (Berthet, 2023), and measure between 5 and 10 mm (Bossou et al., 2024). The fruit, the avocado, is an oily and nutritious berry, green or brownish at maturity, with shape and weight varying according to cultivars. It is generally 7 to 20 cm long, weighs between 100 and 1000 g, and contains a single, hard, woody seed of variable shape (oblate, round, conical, or ovoid), ivory in color, and measuring 5 to 6.4 cm in length (Bossou et al., 2024).
Flowering
The flowering period of the avocado tree generally lasts about two months, between February and April (Guyot, 1949). Although it produces a very large number of flowers, only a small proportion develops into fruits due to a particular flowering pattern known as protogynous dichogamy. Avocado flowers are hermaphroditic, but the pistil and stamens of the same flower do not reach maturity simultaneously, which prevents effective self-fertilization (Vuillaume & Moreau, 1981). The female function precedes the male function, resulting in a temporal shift between stigma receptivity and anther dehiscence. This characteristic has led to the classification of cultivars into two main groups, A and B (Lecomte, 1961): 
· Flowers of group A open in the morning in the female phase (a receptive stigma without pollen production), then close, and reopen the following afternoon in the male phase, releasing pollen without being capable of being fertilized (Lecomte, 1961). The floral cycle lasts approximately 36 hours (Lichou & Vogel, 1972).
· Flowers of group B open in the afternoon in the female phase, close in the evening, and then reopen the following morning in the male phase, producing pollen before a final closure around midday (Lecomte, 1961). The floral cycle lasts approximately 24 hours (Lichou & Vogel, 1972) (Table 1, Figure 1)
Table 1: Classification of avocado cultivars into groups A and B according to the female and male flowering opening phases (Vuillaume & Moreau, 1981).
	Group A
	♀    morning
	♂  following afternoon

	Group B
	♀    afternoon
	♂  following morning




[image: ]

Figure 1: Avocado flowers in female and male phases (Vuillaume & Moreau)

[bookmark: _Toc228462560]Extraction and Analysis Techniques
Maceration

Maceration consists of immersing the sample in a solvent at room temperature for an extended period. The solvent must be regularly renewed to prevent saturation with solutes and to maintain extraction efficiency. This process, which is slow and solvent-consuming, is particularly suitable for thermolabile compounds (Bassene, 2019).

Phytochemical Screening
Phytochemical screening encompasses techniques used to identify secondary metabolites present in a plant. After extraction, generally performed by infusion or maceration, the extracts are subjected to specific chemical tests whose characteristic reactions reveal the presence of the targeted compounds. This process thus makes it possible to establish the profile of secondary metabolites in the studied plant (DIF Roufeida, 2025).

Material and Methods

Material for the Preparation of Extracts 
· Magnetic stirrer
· Beakers
· Glass bottles
· Round-bottom flask
· Erlenmeyer flasks
· Graduated cylinder
· Rotary evaporator
· Oven
· Electric blender
· Filter paper
· Spatula 
Plant Material
For this study, ripe fruits were collected from the Tilène market. After manual separation of the seeds from the pulp, the seeds were cut into small pieces. One portion was then subjected to shade drying, while another portion was dried under sunlight.

Methodes

In order to highlight the presence of the main families of bioactive compounds, including tannins, flavonoids, saponins, sterols and triterpenes, coumarins, carotenoids, alkaloids, and anthocyanins, a phytochemical screening was carried out on the different ethanolic extracts obtained from avocado seed powders dried under sunlight and shade conditions.

Detection of Saponins 
A volume of 1 mL of ethanolic extract was collected and diluted with 3 mL of distilled water in a test tube. The mixture was then vigorously shaken for 15 to 30 seconds. The appearance of a stable foam indicated the presence of saponins in the sample (Obi et al., 2021).
Detection of Tannins
Detection of Hydrolysable Tannins
A volume of 1 mL of extract was diluted with 2 mL of distilled water in a test tube. Subsequently, 1 mL of a 2% ferric chloride (FeCl₃) solution was added dropwise to the mixture. The appearance of a blue-green or black coloration indicated the presence of tannins and phenolic compounds (Obi et al., 2021).
Detection of Condensed Tannins 
A volume of 2 mL of ethanolic extract is taken and diluted with 3 mL of distilled water. Then, 2 mL of the reagent, prepared by mixing 10 mL of 40% formaldehyde with 5 mL of concentrated hydrochloric acid, is added. The mixture is placed in a water bath at 90 °C and heated for 10 to 15 minutes. The appearance of a precipitate in the form of large flocs indicates the presence of condensed tannins (Nekkache et al., 2022).
Detection of Flavonoids
A diluted sodium hydroxide (NaOH) solution was prepared by dissolving 4.25 g of NaOH in 50 mL of distilled water. For the test, 3 mL of the extract to be analyzed were introduced into a test tube, followed by the addition of 2 mL of the diluted NaOH solution. The appearance of an intense yellow coloration indicated the presence of flavonoids (Ouandoago et al., 2023).
Detection of Alkaloids
Two milliliters of extract were diluted in 3 mL of distilled water, followed by the addition of 10 mL of 0.5 N hydrochloric acid. Bouchardat’s reagent (2 g of iodine and 4 g of KI dissolved in 100 mL of distilled water) was then added. The formation of a brown precipitate indicated the presence of alkaloids (Vercauteren et al., 2020).
Detection of Sterols and Triterpenes
One milliliter of ethanolic extract was taken and mixed with 1 mL of chloroform in a test tube. Then, 2 mL of concentrated sulfuric acid were carefully added along the side of the tube, without mixing. The formation of a red-brown or violet ring at the interface between the two layers indicated the presence of sterols and triterpenes (Badiaga, 2011).
Detection of Carotenoids 
Two milliliters of ethanolic extract were mixed with 2 mL of hydrochloric acid or sulfuric acid in a test tube. The appearance of a blue-green coloration indicated the presence of carotenoids (Sayout et al., 2015).
Detection of Coumarins
Five milliliters of the ethanolic extract were collected and mixed with 5 mL of 10% KOH, followed by the addition of 5 mL of 10% HCl. The formation of a brown precipitate indicated the presence of coumarins (Trease & Evans, 1987).
Detection of Anthocyanins
One milliliter of the ethanolic extract was introduced into a test tube, and a few drops of concentrated HCl were added, resulting in the appearance of a red coloration. Subsequently, a few drops of KOH were added until the solution became alkaline, causing the color to change from red to blue-green (Badiaga, 2011).

Results and Discussion



Table 2: Detection of flavonoids, tannins, and saponins
	Metabolites                             Shade drying                                       Sun drying    

	
Flavonoids                                                     +                                                 + 
hydrolysable Tannins                                  +                                                 + 
condensed Tannins                                      +                                                 + 
Saponins                                                        +                                                 +

	


Table 2 highlights the presence of saponins, flavonoids, hydrolysable tannins, and condensed tannins in the four types of studied samples. However, no notable difference is observed between sun-dried samples and shade-dried samples. These results suggest that the applied drying conditions do not induce any detectable qualitative modification of secondary metabolites in avocado seeds, within the sensitivity limits of the methods used. In particular, several studies have shown that flavonoids may exhibit variable stability depending on their chemical structure, with some compounds being relatively resistant to light and moderate heat treatments (Chaaban et al., 2017). Thus, the drying conditions applied in this study may not have been severe enough to cause a significant detectable degradation of these compounds.
Table 3: Detection of Anthocyanins and Sterols/Triterpenes
	Metabolites                             Shade drying                                       Sun drying    

	
Anthocyanins                                                      -                                                                  + 
Sterols/Triterpenes                                                                                                                                                                                                                                                                                                                                                                                                +                                                                   -

	


Table 3 highlights a strong presence of anthocyanins in samples dried under sunlight, whereas they are absent in those dried in the shade. This apparently unexpected result can be explained by the specific drying conditions. Indeed, although anthocyanins are known for their instability and sensitivity to light, heat, and oxygen, their degradation strongly depends on exposure time and environmental conditions (Kechinski et al., 2010). According to Kechinski et al. (2010), anthocyanin degradation follows first-order kinetics, meaning that their concentration decreases progressively over time. Thus, prolonged drying, even under shade, may lead to significant degradation of these compounds. In this context, it is possible that shade drying, being slower, favored prolonged exposure to oxygen, resulting in greater anthocyanin degradation. Conversely, sun drying, being faster, may have allowed better preservation of these compounds by reducing the overall drying time, despite more intense environmental conditions.
An inverse trend is observed for sterols and triterpenes, which are detected in shade-dried samples but absent in sun-dried ones. This difference may be explained by the sensitivity of these compounds to drying conditions, particularly heat, light, and UV radiation, which can induce their degradation (Gawrysiak-Witulska & Rudzińska, 2012).






Table 4: Detection of alkaloids, coumarins, and carotenoids
	Metabolites                             Shade drying                                       Sun drying    

	
Alkaloids                                                      -                                                   - 
Coumarins                                                    -                                                  - 
Carotenoids                                                                                                -                                                   - 

	


Table 4 highlights a complete absence of coumarins, carotenoids, and alkaloids in the different extracts, suggesting that these compounds are not present in detectable amounts in the studied samples. However, regarding alkaloids, some authors, notably Setyawan et al. (2021), reported a content of approximately 5.40 mg/100 g in this matrix. This discrepancy may be explained by the sensitivity of these compounds to the processing conditions applied, which may induce their degradation or transformation, thereby justifying their non-detection in the analyzed samples.
In contrast, the presence of coumarins and carotenoids in avocado seeds is poorly documented in the scientific literature, suggesting either their likely absence or their presence at trace levels. This could also be influenced by the processing methods, which may have contributed to their degradation, leading to their non-detection during phytochemical screening.
Conclusion
In conclusion, this study highlights that avocado seeds represent a promising source of bioactive compounds, particularly flavonoids, tannins, saponins, anthocyanins, as well as sterols and triterpenes. The obtained results show that the drying method influences the phytochemical composition of the extracts by modifying the presence and/or intensity of certain secondary metabolites. Thus, the choice of drying conditions appears to be a determining factor for the preservation and valorization of these compounds.
[bookmark: _Hlk198031404]These results open up promising prospects for the valorization of avocado seed extracts in various fields. On the industrial level, they could be used as natural sources of antioxidants, particularly to improve stability and extend the shelf life of edible oils. In pharmacology, the richness of these extracts in bioactive compounds suggests their potential use in the development of substances with anti-inflammatory, cardioprotective, and hypoglycemic effects. They therefore represent an interesting avenue for the development of new therapeutic applications of natural origin.
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Ces résultats confirment le potentiel des noyaux d’avocat en tant que matière première pour des applications dans les industries alimentaire et pharmaceutique notament comme source d’antioxydant naturelle pour 
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