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Abstract

Tomatoes (Solanum lycopersicum) are widely consumed worldwide, with cherry tomato varieties 
gaining interest for their nutritional and sensory attributes. Nevertheless, little is known in 
Ecuador about their bioactive properties. This study aimed to quantify carotenoids and total 
phenols in coloured cherry tomato varieties (yellow, green, black, oval red, and elongated red) 
at three ripening stages (M0%, M50%, M100%) defined by skin colour. Bioactive compounds 
were extracted using microextraction, and their quantification was performed using a 
spectrophotometer with a microplate reader. Total phenols were determined using the Folin-
Ciocalteu method. Results showed that black, oval red, and red spotted tomatoes reached 
the highest carotenoid levels at full maturity (1172.06, 959.31, and 845.01 mg/100 g DW). 
In contrast, total phenols decreased during ripening in most varieties, with yellow tomatoes 
showing the highest initial value (5.69 mg GAE/100 g DW). These findings highlight the 
influence of  colour and ripeness on bioactive compound profiles, supporting their nutritional 
and functional potential.
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Resumen

Los tomates (Solanum lycopersicum) son ampliamente consumidos a nivel mundial, y las variedades 
de tomate cherry han despertado interés debido a sus atributos nutricionales y sensoriales. Sin 
embargo, en Ecuador existe escasa información sobre sus propiedades bioactivas. El objetivo 
de este estudio fue cuantificar carotenoides y fenoles totales en variedades coloreadas de tomate 
cherry (amarillo, verde, negro, rojo ovalado y rojo alargado) en tres estadios de maduración (M0 
%, M50 % y M100 %), definidos según el color de la epidermis. Los compuestos bioactivos fueron 
extraídos mediante microextracción y cuantificados utilizando un espectrofotómetro con lector 
de microplacas. Los fenoles totales se determinaron mediante el método de Folin-Ciocalteu. 
Los resultados mostraron que los tomates negros, rojos ovalados y rojos moteados 
alcanzaron los niveles más altos de carotenoides en madurez completa (1172,06; 959,31 
y 845,01 mg/100 g de peso seco, respectivamente). En contraste, los fenoles totales 
disminuyeron durante la maduración en la mayoría de las variedades, siendo los tomates 
amarillos los que presentaron el valor inicial más alto (5,69 mg EAG/100 g de peso 
seco). Estos hallazgos evidencian la influencia del color y del grado de madurez sobre 
los perfiles de compuestos bioactivos, respaldando su potencial nutricional y funcional. 
 
Palabras clave: Solanum lycopersicum; microextracción; compuestos bioactivos; Folin.

Introduction

The tomato (Solanum lycopersicum L.) is one of  the most important horticultural crops 
worldwide, valued not only for its economic relevance and high consumer demand but 
also for its nutritional properties and versatility in the human diet (Allende, 2018). Among 
the available varieties, cherry tomatoes stand out for their diversity of  colours, shapes, and 
flavours. Particularly, dark-coloured genotypes have recently attracted attention due to their 
potential nutraceutical properties, as they are rich in bioactive compounds such as flavonoids, 
anthocyanins, phenolic acids, and carotenoids, in addition to essential nutrients including 
sugars, vitamins, and minerals (Guzmán et al., 2021; Raza et al., 2022). The wild form S. 
lycopersicum, considered the ancestor of  modern cultivated tomatoes, is distributed naturally in 
South America (Peru, Ecuador, Chile, and the Galápagos Islands) and represents a valuable 
genetic reservoir contributing to the current diversity (Coyago-Cruz et al., 2017; Délices et 
al., 2019).

Carotenoids are lipophilic pigments widely distributed in fruits and vegetables, responsible for 
colours ranging from yellow to deep red. In tomato, they accumulate in plastids (chloroplasts 
and chromoplasts) and include carotenes, such as β-carotene and lycopene, and xanthophylls, 



III Congreso Internacional de Biotecnología 
y Ecosistemas Neotropicales. 2025

217

SIMPOSIO BIOTECNOLOGÍA Y BIORRECURSOS: 
INNOVACIÓN PARA UN FUTURO SOSTENIBLE

Artículos científicos

such as lutein and zeaxanthin (Osamede et al., 2024). Their biosynthesis starts from 
geranylgeranyl pyrophosphate (GGPP), leading to the sequential formation of  phytoene, 
ζ-carotene, and tetra-cis-lycopene, which is isomerised to trans-lycopene, the main pigment 
responsible for the red colour of  ripe tomatoes (Meléndez, 2017). Lycopene, β-carotene, 
lutein, and zeaxanthin not only determine fruit colour but also exert multiple health benefits, 
including antioxidant, anticancer, cardioprotective, and ocular protective effects (Daphnee et 
al., 2022).

Phenolic compounds represent another major group of  secondary metabolites in tomatoes, 
including phenolic acids, flavonoids, and tannins. They are synthesised mainly through the 
shikimate pathway, with phenylalanine acting as a precursor for multiple phenolic derivatives 
(Herrera et al., 2016). Tomato fruits contain relevant phenolics such as chlorogenic acid, 
caffeic acid, ferulic acid, and p-coumaric acid, all associated with antioxidant and protective 
effects against oxidative stress (Cizmarova et al., 2020; Li et al., 2021; Santana et al., 2017). 
Overall, these compounds are of  nutritional and functional importance, as their regular intake 
has been linked to a lower risk of  chronic diseases such as cardiovascular disorders, diabetes, 
and cancer (Cereceres et al., 2019).

Recent studies have demonstrated that the colour diversity of  cherry tomatoes reflects 
differences in their phytochemical composition, particularly in carotenoids and phenolics, 
which directly influence both sensory and functional properties. However, there is still 
limited information on how these compounds vary among different coloured cherry tomato 
varieties and across ripening stages. Thus, the objective of  this study was to investigate the 
concentration of  carotenoids and total phenols in cherry tomato varieties of  different colours 
at different degrees of  ripeness grown in Ecuador.

Materials and methods

For the study, five varieties of  cherry tomatoes were collected at three stages of  ripeness, 
defined by changes in peel colour, thus 0% (green), 50% (halfway to the final colour), and 100% 
(fully ripe) (Figure 1). Additionally, plant material was collected for botanical identification. 
This was carried out in Checa, Quito, Ecuador. Fruits were selected at random in accordance 
with the sampling protocol established by Agrocalidad-INT/CPA/01 (INEN, 2014) and the 
NTE-INEN-1750 standard (INEN, 2012).
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Figure 1. Photograph of  different species of  cherry tomatoes at 100% maturity.

Note: A) Yellow cherry tomatoes; B) Green cherry tomatoes; C) Black cherry tomatoes; D) 
Oval red cherry tomatoes; E) Elongated red cherry tomatoes.

The collected samples were washed and cut into small pieces. They were frozen at –80 °C and 
then freeze-dried in a Christ Alpha 1-4 LDplus freeze dryer (Martin Gefriertrocknungsanlagen 
GmbH, Osterode am Harz, Germany).

Carotenoids were determined using the methodology described by Coyago-Cruz et al. (2023), 
with slight modifications. Twenty milligrams of  freeze-dried sample powder were weighed, 
and then 250 µL of  methanol, 500 µL of  trichloromethane and 250 µL of  water were added 
to this. The mixture was homogenised and subjected to ultrasonic agitation using a Fisher 
Scientific FS60 (Fisher Scientific, Waltham, MA, USA) for two minutes. The supernatant 
was recovered, and the solid residue was re-extracted with 500 µL of  trichloromethane. This 
process was repeated as many times as necessary until all the pigments had been obtained. 
The combined extracts were evaporated to dryness in a Buchi R-100 rotary evaporator 
(Buchi Labortechnik AG, Flawil, Switzerland) at a temperature below 40 °C and in the dark 
to prevent degradation of  the compounds. The dry residue was redissolved in 200 µL of  
HPLC-grade ethanol, and the absorbance was measured using a BioTek Epoch microplate 
reader spectrophotometer (BioTek Instruments Inc., Winooski, VT, USA) at 450 nm. A 
calibration curve was prepared using β-carotene as a standard, and the results were expressed 
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in milligrams of  β-carotene per 100 g of  dry weight.

Total phenolic compounds were determined following the methodology described by Coyago-
Cruz et al. (2024), with slight modifications. Twenty milligrams of  lyophilised powder were 
weighed and extracted with 1 ml of  methanol acidified with 0.1% HCl. The mixture was 
homogenised and subjected to ultrasound for three minutes. The supernatant was recovered, 
and the solid residue was re-extracted twice more with 500 µL of  acidified methanol. The 
extracts obtained were combined. To quantify the compounds, 20 µL of  the extract, 100 
µL of  Folin–Ciocalteu reagent (diluted 1:4) and 75 µL of  100 g/L sodium carbonate were 
placed in each well of  a 96-well plate. The reaction was kept in the dark for two hours, after 
which the absorbance was measured at 750 nm using a spectrophotometer with a microplate 
reader. A calibration curve was prepared using gallic acid as a standard, and the results were 
expressed as milligrams of  gallic acid equivalents per 100 g of  dry weight (mg GAE/100 g 
DW).

Finally, the results obtained were analysed by one-way analysis of  variance (ANOVA) 
using STATGRAPHICS Centurion XVII. Tukey´s test was used to compare means, with a 
significance level of  p < 0.05. Graphs of  results were generated using SigmaPlot version 14.0 
software.

Results and discussion

Figure 2 shows the average carotenoid concentrations in the different cherry tomato varieties 
evaluated throughout the different stages of  ripeness. The results showed that the red varieties 
exhibited a progressive increase in total carotenoid concentration as ripeness progressed. In 
contrast, the yellow and green varieties exhibited a decrease in yield that was correlated with 
the degree of  ripeness. This behaviour can be explained by the dynamics of  carotenoid 
biosynthesis, in which the accumulation of  these pigments predominates during the ripening 
process, particularly in red-coloured fruits (Coyago-Cruz et al., 2018; Meléndez, 2017).
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Figure 2. Average total carotenoid concentration of  cherry varieties at different degrees of  
ripeness.

Note: A) Yellow cherry tomatoes; B) Green cherry tomatoes; C) Black cherry tomatoes; D) 
Oval red cherry tomatoes; E) Red elongated cherry tomatoes. The vertical bars indicate the 
standard deviation, and the capital letters above the bars indicate homogeneous groups with 
Tukey’s p-value < 0.05.

Figure 2 shows the average concentrations of  total phenols in five cherry tomato varieties 
evaluated at three stages of  ripeness. In the yellow cherry tomato variety (Figure 2-A), a 
progressive decrease in total phenols was observed from 0% to 100% ripeness, indicating 
a significant loss of  phenolic compounds during advanced ripening. In the green cherry 
tomato variety (Figure 2-B), the highest values were found in unripe fruits (M0%), with a 
reduction at M100%. In contrast, the black cherry tomato variety (Figure 2-C) showed the 
opposite behaviour, with a significant increase from M0% to M50% and M100%.

In the oval red cherry tomato variety (Figure 2-D), values remained stable between M0% 
and M50%, but with a marked decrease at M100%. Finally, the red, elongated cherry tomato 
variety (Figure 2-E) exhibited a consistent reduction in concentration, depending on the 
degree of  ripeness, with significantly higher concentrations at M0% and lower concentrations 
at M100%. These results show that the dynamics of  total phenols depend not only on the 
state of  ripeness, but also on the colour and genetics of  each cherry tomato variety. In general, 
unripe fruits tend to have higher concentrations of  phenols, which is consistent with what 
has been reported in the literature, where the synthesis of  these compounds is associated 
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with defence mechanisms against environmental and oxidative stress in the early stages of  
development (Coyago-Cruz et al., 2018; Guzmán et al., 2021; Raza et al., 2022) As ripening 
progresses, some of  the phenols may be transformed into other secondary metabolites, such 
as anthocyanins and flavonoids, which would explain the reduction in some cases and the 
increase in dark-coloured varieties.

Figure 3. Average total phenolic concentration of  cherry varieties at different degrees of  
ripeness.

Note: A) Yellow cherry tomatoes; B) Green cherry tomatoes; C) Black cherry tomatoes; D) 
Oval red cherry tomatoes; E) Red elongated cherry tomatoes. The vertical bars indicate the 
standard deviation, and the capital letters above the bars indicate homogeneous groups with 
Tukey’s p-value < 0.05.

Conclusions

The study revealed that phenolic compounds were predominant in immature cherry tomatoes, 
decreasing with ripening in most varieties, while carotenoids tended to accumulate at later 
stages, especially in red and dark-coloured types. These contrasting dynamics highlight 
genotype-dependent regulation of  bioactive compounds and suggest that both immature and 
ripe fruits represent valuable sources of  antioxidants with potential applications in functional 
foods and nutraceuticals.

Acknowledgements: The authors thank the Programa Iberoamericano de Ciencia y 



III Congreso Internacional de Biotecnología 
y Ecosistemas Neotropicales. 2025

222

SIMPOSIO BIOTECNOLOGÍA Y BIORRECURSOS: 
INNOVACIÓN PARA UN FUTURO SOSTENIBLE

Artículos científicos

Tecnología para el Desarrollo (CYTED) through the IBERBIOAL Network (325RT0170).

References

Allende, M. (2018). Importancia y consideraciones del cultivo de tomate. En Manual de cultivo 
del tomate al aire libre (pp. 11–18). Instituto de Investigaciones Agropecuarias (INIA). 
https://bibliotecadigital.ciren.cl/server/api/core/bitstreams/7f576cd1-3ef7-4e0c-be63-
e2ebf74acef1/content

Cereceres, A., Rodrigo, J., Álvarez, E., & Rodríguez, A. (2019). Consumption of  phenolic 
compounds in the elderly population. Nutricion Hospitalaria, 36(2), 470–478. https://doi.
org/10.20960/nh.2171

Cizmarova, B., Hubkova, B., Bolerazska, B., Marekova, M., & Birkova, A. (2020). Caffeic acid: 
a brief  overview of  its presence, metabolism, and bioactivity. Bioactive Compounds in Health and 
Disease, 3(4), 74–81. https://doi.org/10.31989/bchd.v3i4.692

Coyago-Cruz, E., Barrigas, A., Guachamin, A., Heredia-Moya, J., Zuñiga-Miranda, J., & 
Vera, E. (2024). Bioactive Composition of  Tropical Flowers and Their Antioxidant and 
Antimicrobial Properties. Foods, 13(23), 3766. https://doi.org/10.3390/foods13233766

Coyago-Cruz, E., Corell-González, M., & Meléndez-Martínez, A. (2017). Estudio sobre el 
contenido en carotenoides y compuestos fenólicos de tomates y flores en el contexto de la alimentación funcional 
(Vol. 1) [Universidad de Sevilla, Departamento de Ciencias Agroforestales]. https://dialnet.
unirioja.es/servlet/tesis?codigo=150384

Coyago-Cruz, E., Corell, M., Moriana, A., Hernanz, D., Benítez-González, A. M., Stinco, C. 
M., & Meléndez-Martínez, A. J. (2018). Antioxidants (carotenoids and phenolics) profile of  
cherry tomatoes as influenced by deficit irrigation, ripening and cluster. Food Chemistry, 240, 
870–884. https://doi.org/10.1016/j.foodchem.2017.08.028

Coyago-Cruz, E., Guachamin, A., Villacís, M., Rivera, J., Neto, M., Méndez, G., Heredia-
Moya, J., & Vera, E. (2023). Evaluation of  Bioactive Compounds and Antioxidant Activity in 
51 Minor Tropical Fruits of  Ecuador. Foods, 12(24). https://doi.org/10.3390/foods12244439

Ngameni Tchonkouang, R. D., Antunes, M. D. C., & Vieira, M. M. C. (2022). Potential of  
carotenoids from fresh tomatoes and their availability in processed tomato-based products. 
En R. M. Martínez-Espinosa (Ed.), Carotenoids - New perspectives and application. 
IntechOpen. https://doi.org/10.5772/intechopen.103933

https://bibliotecadigital.ciren.cl/server/api/core/bitstreams/7f576cd1-3ef7-4e0c-be63-e2ebf74acef1/content
https://bibliotecadigital.ciren.cl/server/api/core/bitstreams/7f576cd1-3ef7-4e0c-be63-e2ebf74acef1/content
https://doi.org/10.20960/nh.2171
https://doi.org/10.20960/nh.2171
https://doi.org/10.31989/bchd.v3i4.692
https://doi.org/10.3390/foods13233766
https://dialnet.unirioja.es/servlet/tesis?codigo=150384
https://dialnet.unirioja.es/servlet/tesis?codigo=150384
https://doi.org/10.1016/j.foodchem.2017.08.028
https://doi.org/10.3390/foods12244439 
https://doi.org/10.5772/intechopen.103933


III Congreso Internacional de Biotecnología 
y Ecosistemas Neotropicales. 2025

223

SIMPOSIO BIOTECNOLOGÍA Y BIORRECURSOS: 
INNOVACIÓN PARA UN FUTURO SOSTENIBLE

Artículos científicos

Délices, G., Leyva, O., Mota, C., Pastrana, R., Meza, P., & Serna, R. (2019). Biogeografía del 
tomate solanum lycopersicum var. cerasiforme (solanaceae) en su centro de origen (sur de 
américa) y de domesticación (México). Biologia Tropical, 67, 1023–1036. https://www.mendeley.
com/catalogue/cddfa825-d71a-3b4e-8866-4c445a5ce8fe/?utm_source=desktop&utm_
medium=1.19.2&utm_campaign=open_catalog&userDocumentId=%7Bb8569263-eb31-
3c64-b042-3b012727b345%7D

Guzmán Cruz, R., Hernández Vega, J. D., & Parola Contreras, I. (2021). Propiedades y 
ventajas del tomate cherry negro. Perspectivas de la Ciencia y la Tecnología, 4(7), 59–76. https://
revistas.uaq.mx/index.php/perspectivas/article/view/273

Herrera, M., Reveles-Torres, L., & Velásquez-Valle, R. (2016). Cambios en el metabolismo 
de los fenilpropanoides en plantas de chile tipo mirasol infectadas por fitoplasma. In Instituto 
Nacional de Investigaciones Forestales Agrícolas y Pecuarias (Issue 79). https://isbnmexico.indautor.
cerlalc.org/catalogo.php?mode=detalle&nt=219566

INEN. (2012). Hortalizas y frutas frescas. Muestreo. In NTE INEN 1750:1994 (Vol. 1, p. 19). 
Instituto Ecuatoriano de Normalización. http://www.normalizacion.gob.ec/wp-content/
uploads/downloads/2013/11/nte_inen_0980.pdf

INEN. (2014). Directrices generales sobre muestreo (CAC/GL 50-2004, IDT). In CPE 
INEN-CODEX CAC/GL 50 (p. 78). Instituto Ecuatoriano de Normalización. https://
www.fao.org/input/download/standards/10141/CXG_050s.pdf

Li, Y., Zhou, Y., Wang, Z., Cai, R., Yue, T., & Cui, L. (2021). Preparation and characterization 
of  chitosan–nano-zno composite films for preservation of  cherry tomatoes. Foods, 10(12). 
https://doi.org/10.3390/foods10123135

Meléndez-Martínez, A. J. (Ed.). (2017). Carotenoides en agroalimentación y salud. Editorial 
Terracota. http://carotenoides.us.es

Osamede, J., Sivapragasam, N., Redha, A., & Maqsood, S. (2024). Sustainable green extraction 
of  anthocyanins and carotenoids using deep eutectic solvents: a review of  recent developments. 
In Food Chemistry (Vol. 448). Elsevier Ltd. https://doi.org/10.1016/j.foodchem.2024.139061

Raza, B., Hameed, A., & Saleem, M. (2022). Fruit nutritional composition, antioxidant and 
biochemical profiling of  diverse tomato (solanum lycopersicum L.) genetic resource. Frontiers 
in Plant Science, 13, 1–35. https://doi.org/10.3389/fpls.2022.1035163

https://www.mendeley.com/catalogue/cddfa825-d71a-3b4e-8866-4c445a5ce8fe/?utm_source=desktop&utm_medium=1.19.2&utm_campaign=open_catalog&userDocumentId=%7Bb8569263-eb31-3c64-b042-3b012727b345%7D
https://www.mendeley.com/catalogue/cddfa825-d71a-3b4e-8866-4c445a5ce8fe/?utm_source=desktop&utm_medium=1.19.2&utm_campaign=open_catalog&userDocumentId=%7Bb8569263-eb31-3c64-b042-3b012727b345%7D
https://www.mendeley.com/catalogue/cddfa825-d71a-3b4e-8866-4c445a5ce8fe/?utm_source=desktop&utm_medium=1.19.2&utm_campaign=open_catalog&userDocumentId=%7Bb8569263-eb31-3c64-b042-3b012727b345%7D
https://www.mendeley.com/catalogue/cddfa825-d71a-3b4e-8866-4c445a5ce8fe/?utm_source=desktop&utm_medium=1.19.2&utm_campaign=open_catalog&userDocumentId=%7Bb8569263-eb31-3c64-b042-3b012727b345%7D
https://revistas.uaq.mx/index.php/perspectivas/article/view/273
https://revistas.uaq.mx/index.php/perspectivas/article/view/273
https://isbnmexico.indautor.cerlalc.org/catalogo.php?mode=detalle&nt=219566
https://isbnmexico.indautor.cerlalc.org/catalogo.php?mode=detalle&nt=219566
http://www.normalizacion.gob.ec/wp-content/uploads/downloads/2013/11/nte_inen_0980.pdf
http://www.normalizacion.gob.ec/wp-content/uploads/downloads/2013/11/nte_inen_0980.pdf
https://www.fao.org/input/download/standards/10141/CXG_050s.pdf
https://www.fao.org/input/download/standards/10141/CXG_050s.pdf
https://doi.org/10.3390/foods10123135
http://carotenoides.us.es
https://doi.org/10.1016/j.foodchem.2024.139061
https://doi.org/10.3389/fpls.2022.1035163


III Congreso Internacional de Biotecnología 
y Ecosistemas Neotropicales. 2025

224

SIMPOSIO BIOTECNOLOGÍA Y BIORRECURSOS: 
INNOVACIÓN PARA UN FUTURO SOSTENIBLE

Artículos científicos

Santana, J., Cisneros, L., & Jacobo, D. (2017). Chlorogenic acid: recent advances on its dual 
role as a food additive and a nutraceutical against metabolic syndrome. Molecules 22(3), 358. 
https://doi.org/10.3390/molecules22030358

https://doi.org/10.3390/molecules22030358

	_heading=h.7ozu5fc7z0nf

