


Original Research Article
Influence of ripening stage on the phytochemical composition of local cherry tomato (Solanum lycopersicum L.) cultivated in Côte d'Ivoire

Abstract 
Aims: The aim of this study was to analyze the impact of ripening stage (green, yellow, orange, and red) on the phytochemical composition of local cherry tomato (Solanum lycopersicum L.) cultivated in Côte d'Ivoire.
Methods: Local cherry tomatoes were harvested at distinct ripening stages: green, yellow, orange, and red. A portion of the tomatoes was processed while fresh by crushing, while another portion was subjected to drying and subsequently ground into a powder. The samples obtained were analysed analyzed to determine their phytochemical composition. The resulting data were analysed using ANOVA and principal component analysis (PCA).
[bookmark: _Hlk219278658]Results: The results indicate that the ripening process significantly influences the phytochemical composition of local cherry tomatoes. Notable increases in the concentrations of various phytochemicals were observed during the transition from the green to the red stage of ripening. The total polyphenol content was quantified to range from 32.8 ± 9.14 to 55.2 ± 17.52 mg of Equivalent Acid Quality (EAQ) per gram of fresh matter (FM). The lycopene content varied between 27.2 ± 3.61 and 108.4 ± 6.55 mg per 100 grams of FM. Additionally, the β-carotene content ranged from 578 ± 89.19 to 2542 ± 254.07 µg per 100 grams of FM, while the vitamin C content was measured to range from 41.66 ± 16.53 to 56.25 ± 15.56 mg per 100 grams of FM.

Conclusion: The study demonstrated that the ripening process significantly influences the phytochemical parameters of local cherry tomatoes cultivated in Côte d’Ivoire. Notably, the red stage of ripening was associated with the highest concentrations of phytochemicals.
Keywords: local cherry tomato, ripening stage, phytochemical composition, Côte d'Ivoire.

1. Introduction
The tomato (Solanum lycopersicum) is a species of herbaceous plant in the Solanaceae family, native to South America, widely cultivated for its fruit. It is one of the most popular and nutrient-rich vegetables (Kumar et al., 2020). It is one of the most processed and consumed vegetables in the world (Figueroa-Cares et al., 2018). Tomatoes are rich in vitamins (A, C, E), minerals, fiber, and antioxidants such as lycopene and β-carotene. Several studies have linked the consumption of tomatoes and tomato products to a reduced risk of cancer and cardiovascular disease (Ali et al., 2021; Przybylska & Tokarczyk, 2022). Consuming around 100 g of tomatoes per day could improve the immune system, reduce cholesterol, and lower blood pressure (Zeng et al., 2020). Tomatoes are therefore a functional food (Li et al., 2021; Nam et al., 2025) whose consumption (raw tomatoes and tomato-based products) is encouraged as part of a healthy lifestyle and good eating habits.
In addition, there are several thousand varieties of tomato, which differ in taste and appearance. The cherry tomato is one such variety, characterised characterized by its small fruit (Tsouvaltzis et al., 2023). They range in size from 1 to 5 cm in diameter and come in various colours and shapes (Sanmathi, 2023). The local variety grown in Côte d'Ivoire is known to the population as the 'traditional tomato', 'African tomato' or 'Baoulé tomato'. It is generally consumed in sauces and rarely eaten raw.
Furthermore, ripening is a complex process involving changes to the fruit's physical, biochemical, phytochemical and nutritional properties (Pinheiro et al., 2019). It therefore affects the texture, colour, flavour and aroma of the fruit flesh (Zuo et al., 2019). The color of tomatoes depends on their ripening stage (green, yellow, orange, or red), with red indicating full maturity. Several studies have focused on tomatoes grown in Côte d'Ivoire (Dembélé et al., 2019; Akpo, 2022). However, none of these studies have examined the evolution of phytochemical compounds of this tomato during ripening.
This study therefore aims to assess the influence of ripening stage (green, yellow, orange, and red) on the phytochemical composition of local cherry tomatoes grown in Côte d'Ivoire.

2. Materials and methods 
2.1. Plant material
The material consists of local cherry tomatoes (Solanum lycopersicum L.) that were harvested at different ripening stage (green, yellow, orange andorange, and red) at the same time. The fruits were picked in N'Gattakro, near Yamoussoukro in central Côte d'Ivoire, between 2024 and 2025. These traditional small tomatoes vary in diameter from 1 to 4 cm (Fig.1).
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Fig.1: Photographs of local cherry tomatoes harvested at different ripening stage (green (A), yellow (B), orange (C), and red (D))

2.2 Methods 
2.2.1. Preparation of samples of local cherry tomatoes at different ripening stage
Tomatoes were sorted according to their ripening stage. Each sample was washed with water to remove impurities and most of the microorganisms present on the surface. They were then weighed separately on a precision scale. Some of theSome tomatoes at each ripening stage were crushed fresh in a porcelain mortar, while others were cut, dried and ground into powder using a blender (Sept 7 Star, Germany). The obtained samples were used for various analyses.

2.2.2. Preparation of hydro-ethanolic extracts from local cherry tomato samples at different ripening stage
The hydro-ethanolic extracts were prepared using maceration. Ten grams of powder from local cherry tomato samples at various ripening stage were mixed with 100 ml of hydroethanolic solution (80 ml ethanol and 20 ml distilled water). The mixture was left to macerate for 15 minutes. The macerateTo macerate was then filtered using a funnel and Whatman No. 4 filter paper. The resulting extract was used for the various tests.

2.2.3. Determination of phytochemical compounds in local cherry tomatoes at different ripening stage
Spectrophotometric determination of total flavonoids
Marinova et al.'s (2005) method was used to determine total flavonoids. In a 25 mL flask, 0.75 mL of 5% sodium nitrite (NaNO₂) was added to 2.5 mL of extract from samples of local cherry tomatoes at various ripening stage. This was then mixed with 0.75 mL of 10% (m/v) aluminium aluminum chloride (AlCl₃) and incubated in the dark for 6 minutes. After incubation, 5 mL of sodium hydroxide (NaOH, 1 N) were added, and the volume was made up to 25 mL. The mixture was stirred vigorously before being measured using a UV-visible spectrophotometer. The reading was taken at 510 nm. The tests were carried out in triplicate. The flavonoid content was expressed in grams per litre liter of quercetin-equivalent extract.

Spectrophotometric determination of total polyphenols
The method described by Wood et al. (2002) was employed to quantify total polyphenol content. 2.5 mL of diluted (1/10) Folin-Ciocalteu reagent was added to 30 µL of extract from local cherry tomato samples at different ripening stage. The mixture was left in the dark at room temperature for 2 minutes, after which 2 mL of a 75 g/L sodium carbonate solution was added. The mixture was then placed in a water bath at 50 °C for 15 minutes, after which it was cooled rapidly. Absorbance was measured at 760 nm, with distilled water used as the blank. A calibration curve was produced using gallic acid at various concentrations. The analyses were performed in triplicate, with the polyphenol concentration expressed as gallic acid equivalent extract (g/L, GA Eq).
Determination of lycopene content
Lycopene content was measured using the method described by Benakmoum et al. (2008). To do this, 0.1 g of powdered local cherry tomato samples at different ripening stage were dissolved in a solvent mixture (hexane/acetone/ethanol, 50:50:1, v/v/v) and shaken for 10 minutes. The mixture was then centrifuged at 5000 rpm for 15 minutes. Next, 1 ml of the organic phase was recovered and diluted in 10 ml of hexane. The absorbance of this solution was measured at 472 nm, using hexane as the blank. The lycopene content was determined using the following formula:



DF: Dilution factor
V: Volume of extraction solvent
3450: Extinction coefficient of hexane
m: Mass of test sample

Determination of β-carotene and vitamin A content
The β-carotene content of local cherry tomato samples at different ripening stage was measured using the method described by Aké et al. (2001). Five millilitres of hexane were added to a mixture consisting of one gram of sample, 2.5 millilitres of 96% ethanol and 0.1 millilitres of 20% alcoholic hydroquinone solution. The mixture was homogenised by vigorous vortexing, transferred to cups and centrifuged at 3000 rpm for 20 minutes. The supernatant was collected in test tubes and protected from light with aluminium foil. Four millilitres of the supernatant were transferred to a cuvette to measure the optical density at 450 nm using a T80UV/VIS spectrophotometer against a blank. In parallel, a β-carotene standard range was prepared from a stock solution of 10 μg/mL. For each test, the amount of β-carotene was calculated from a calibration curve using the following regression equation: DO₄₅₀ = 0.0163 Q, with R² = 0.9988. The vitamin A content of local cherry tomato samples at various ripening stage was determined by dividing the β-carotene content by six (Borel et al., 2005).

Determination of vitamin C content
The method used to measure the vitamin C content of local cherry tomatoes at various ripening stage was based on the procedure described by Pongracz et al. (1971). This method is based on the reduction of 2,6-dichlorophenolindophenol (DCPIP) by vitamin C.
A 10 g sample was crushed and solubilised in 40 mL of a metaphosphoric acid and acetic acid solution (2% w/v). The resulting mixture was then centrifuged at 3000 rpm for 20 minutes. The supernatant was transferred to a 50 mL volumetric flask and adjusted with distilled water that had been boiled and cooled in the absence of air. A 10 mL test sample was placed in an Erlenmeyer flask and titrated with 2,6-DCPIP at 0.5 g/L until a persistent pink colour was obtained. The vitamin C content of the sample was determined using the following formula:




Veq: volume (mL) of 2.6 DCPIP added to equivalence.
me: mass (g) of the sample.
CDCPIP: DCPIP concentration (g/L): 0.5

2.2.4. Statistical analysis
The various analyses were performed in triplicate and the numerical values obtained are expressed as the arithmetic mean with the corresponding statistical standard deviation. One-factor analysis of variance (ANOVA) was performed using RStudio statistical software, version 4.2.2, with a significance level of p ≤ 0.05. Additionally, principal component analysis (PCA) was performed to further interpret the results.






3. Results
3.1. Phytochemical composition of local cherry tomatoes at different ripening stage
3.1.1. Total flavonoid content
Fig.2 shows how total flavonoid content changes during the ripening of local cherry tomatoes. The content varies from 22 ± 6.63 to 40.95 ± 11.08 mg EAQ/g of fresh weight (FW), with significantly higher levels observed at the red stage (p < 0.001).
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Fig.2: Total flavonoid content of local cherry tomatoes at various ripening stage
The assigned means of the different lowercase letters were significantly different (at the 5% threshold). GT: Green tomato; YT: Yellow tomato; OT: Orange tomato; RT: Red tomato.

3.1.2. Total polyphenol content
The total polyphenol content of local cherry tomatoes at four ripening stage ranges from 32.8 ± 9.14 to 55.2 ± 17.52 mg EAQ/g of fresh weight (Fig. 3). Analysis indicates that, at the red stage, fruits have significantly higher total polyphenol content (p < 0.001).
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Fig.3: Total polyphenol content of local cherry tomatoes at different ripening stage
The assigned means of the different lowercase letters were significantly different (at the 5% threshold). GT: Green tomato; YT: Yellow tomato; OT: Orange tomato; RT: Red tomato.

3.1.3. Lycopene content
The lycopene content of local cherry tomatoes ranges from 27.2 ± 3.61 to 108.4 ± 6.55 mg/100 g of fresh matter (FM), depending on the ripening stage (see Fig. 4). Analysis reveals a significant increase in lycopene as ripening progresses (p < 0.001).
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Fig.4: Lycopene content of local cherry tomatoes at different ripening stage
The assigned means of the different lowercase letters were significantly different (at the 5% threshold). GT: Green tomato; YT: Yellow tomato; OT: Orange tomato; RT: Red tomato.

3.1.4. β-Carotene content
Fig. 5 shows the β-carotene content of local cherry tomatoes, which ranges from 578 ± 89.19 to 2582 ± 254.07 μg/100 g of fresh weight (FW). Significantly higher concentrations of β-carotene were observed in the orange and red stages (p<0.001), indicating an increase as ripening progresses.
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Fig.5: β-carotene content of local cherry tomatoes at different ripening stage
The assigned means of the different lowercase letters were significantly different (at the 5% threshold). GT: Green tomato; YT: Yellow tomato; OT: Orange tomato; RT: Red tomato.

3.1.5. Vitamin A content
The vitamin A content of local cherry tomatoes ranges from 96.33 ± 4.9 to 423.66 ± 5.01 μg/100 g of fresh matter (FM). This vitamin is significantly more concentrated (p < 0.001) at the orange and red ripening stages than at earlier stages (Fig. 6).
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Fig.6: The vitamin A content of local cherry tomatoes at different ripening stage
The assigned means of the different lowercase letters were significantly different (at the 5% threshold). GT: Green tomato; YT: Yellow tomato; OT: Orange tomato; RT: Red tomato.

3.1.6. Vitamin C content
The vitamin C content of local cherry tomatoes ranges from 41.66 ± 16.53 to 56.25 ± 15.56 mg/100 g of fresh matter (FM) (Fig. 7). Vitamin C levels increase significantly (p < 0.05) during the different stages of ripening.
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Fig.7: Vitamin C content of local cherry tomatoes at different ripening stage
The assigned means of the different lowercase letters were significantly different (at the 5% threshold). GT: Green tomato; YT: Yellow tomato; OT: Orange tomato; RT: Red tomato.

3.2. Principal Component Analysis (PCA) of phytochemical compounds in local cherry tomatoes at different ripening stage
PCA analysis allowed us to examine the variation in phytochemical compounds in samples of local cherry tomatoes across four ripening stages. The first two axes explain 98.2% of the variance, providing an accurate representation of the data. Axis 1 is primarily linked to total flavonoids, total polyphenols, β-carotene, lycopene and vitamins A and C, reflecting an overall gradient of phytochemical richness. Axis 2 enables a secondary distinction to be made between vitamin C and flavonoids, and β-carotene, lycopene and vitamin A. The high correlations between the variables demonstrate that they evolve together during ripening. The red stage (TR) contains the highest levels of phytochemicals, followed by the orange stage (TO) for carotenoids and vitamin A, while the yellow (TJ) and green (TV) stages contain the lowest levels (Fig. 8).
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Fig.8: Projection of phytochemical compounds in samples of local cherry tomatoes at different ripening stage in the plane formed by axes F1 and F2
4. Discussion
Tomatoes are an excellent source of bioactive chemicals that benefit health (Szabo et al., 2025). The presence and concentration of these chemicals in tomato fruits depends on several factors, including the ripening stage. Our research has shown that the ripening process influences the phytochemical parameters of local cherry tomatoes. In fact, there is a significant increase in total flavonoids from the green stage to the red stage. This increase can be attributed to the biosynthesis of flavonoids during ripening. This process originates from the phenylpropanoid pathway and produces precursors such as p-coumaroyl-CoA. Chalcone isomerase and chalcone synthase then led to naringin, a precursor of various flavonoids (Saltzman, 2023). Flavonoids are secondary metabolites with powerful anti-inflammatory, anti-cancer and antioxidant properties (Ba et al., 2023).
Furthermore, the total polyphenol content of local cherry tomatoes increases during ripening. This result is consistent with those of Dūma et al. (2018) and Staveckiene et al. (2023), who studied the influence of variety and ripening stage on the bioactive compound content of tomato fruits and Solanum species, respectively. According to these authors, the total flavonoid and total phenol contents increased during ripening. Phenolic compounds contribute to approximately 60-70% of the antioxidant activity of tomato extracts (Oboulbiga et al., 2017).
Tomatoes contain various types of carotenoids and are particularly high in lycopene and β-carotene. According to our results, the levels of lycopene and β-carotene increase significantly from the green stage to the red stage during ripening. This observation has also been made by Ramesh et al. (2017) and Cruz-Chamorro et al. (2024). This could be explained by the fact that, during ripening, carotenoid biosynthesis is strongly activated while chlorophyll degrades under the influence of ethylene. Carotenoid biosynthesis in tomatoes is indeed a biochemical pathway that enables the transition of chloroplasts into chromoplasts, resulting in the characteristic red and orange hues of ripe fruit (Llorente et al., 2016; ElShamey et al., 2025). This process is governed by a precise genetic and enzymatic system resulting in the formation of the red pigment lycopene (Zhou et al., 2022; Vardanian et al., 2025). The main characteristic of ripe tomatoes is their accumulation of lycopene, which can be converted into β-carotene (Heymann et al., 2015). Lycopene has powerful antioxidant properties, neutralising free radicals and reducing oxidative stress, which is associated with chronic diseases. It plays a role in protecting the cardiovascular system and reducing the risk of prostate, breast, lung and stomach cancers (Imran et al., 2020). β-Carotene, a precursor of vitamin A, is essential for vision, the immune system and skin health (Tufail et al., 2024).
The content of vitamin A increases significantly during ripening. Consuming tomatoes rich in carotenoids has been shown to protect against disorders related to vitamin A deficiency and other chronic diseases, including eye damage, cataract development and age-related macular degeneration (Imran et al., 2020). Similarly, vitamin C content increases during the ripening of local cherry tomatoes. This trend was also observed in the studies of Fenech et al. (2019) and Mellidou and Kanellis (2023). Indeed, vitamin C accumulates gradually during tomato ripening (Fenech et al., 2019). The biosynthesis of vitamin C in tomatoes is a complex and finely regulated process, primarily occurring via the L-galactose pathway (Castro et al., 2023). Tomatoes are a significant source of vitamin C, which is an essential, water-soluble antioxidant (Muzolf-Panek et al., 2017). It boosts immunity and stimulates white blood cell production. It also improves iron absorption and reduces the risk of anaemia anemia by optimising optimizing the absorption of non-haem iron.
Finally, a principal component analysis of the phytochemical compounds found in locally grown cherry tomatoes shows that most of these compounds are most abundant at the red ripening stage.

5. Conclusion
This study examined the phytochemical compounds present in locally grown cherry tomatoes (Solanum lycopersicum L.) during the ripening process. Significant increases in total flavonoids, total polyphenols, lycopene, β-carotene and vitamins A and C were observed from the green to the red stage of ripening. These compounds have antioxidant properties that contribute to human health. The consumption of locally grown cherry tomatoes in Côte d'Ivoire can therefore be recommended due to their high nutrient content.
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