
LWT - Food Science and Technology 170 (2022) 114054

Available online 1 October 2022
0023-6438/© 2022 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).

Novel combination of ethylene oxidisers to delay losses on postharvest 
quality, volatile compounds and sensorial analysis of tomato fruit 
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A B S T R A C T   

Ethylene is a phytohormone naturally produced by plants and fruits (especially climacteric ones) all along the 
growing stage. During post-harvest, it is one of the main agents involved in the ripening of tomato fruits, even 
leading to severe quality losses. The aim of the present study was to determine, in tomato fruit, the possible effect 
of two different ethylene removal through oxidation mechanisms (ultraviolet light and KMnO4 filters) on 
postharvest quality, antioxidant capacity, volatile compounds and sensory analysis carried out by experts. Two 
temperatures were selected for the use of this system, 8 ◦C and 20 ◦C. The use of this novel combination of 
techniques promoted the preservation of the physical and bioactive parameters analysed. A higher presence of 
volatile compounds related to early stages of fruit ripening was also observed in the treatments where ethylene 
removal was used, especially in the one where the complete system was used. It is also noteworthy that in the 
sensory analysis with a panel of experts, the fruit treated with the complete ethylene elimination system received 
a more favourable evaluation than those that did not incorporate it.   

1. Introduction 

Tomato (Solanum lycopersicum L.) is one of the most important 
agricultural crops, with 186,821,216 tons of worldwide production in 
2020 (FAO, 2020). The organoleptic and nutritional quality of tomatoes, 
as well as their shelf life, are affected by several factors related to 
ripening and postharvest conditions such as temperature, conservation 
atmosphere, and microbial diseases during post-harvest storage. Fruit 
ripening is a complex, genetically-programmed process that ends with 
strong changes in colour, texture, flavour, aroma, and bioactive capac
ities of the fruit (Alexander & Grierson, 2002). With respect to the 
control of the conservation atmosphere in post-harvest preservation of 
fruit and vegetables, ethylene removal is one of the most critical aspects. 
Ethylene is a phytohormone that is naturally produced by climacteric 
fruit, and which promotes ripening processes. These ripening processes, 
although positive at the beginning of fruit growth, eventually lead to 

quality deterioration and product losses (Kader, 2011). Removing 
ethylene from the postharvest conservation environment could preserve 
important quality parameters such as pH, acidity, ascorbic acid con
centration or antioxidant capacity during post-harvest conservation 
(Alonso-Salinas, Acosta-Motos, Núñez-Delicado, Gabaldón, & 
López-Miranda, 2022; Álvarez-Hernández, Martínez-Hernández, Cas
tillejo, Martínez, & Artés-Hernández, 2021). 

Ethylene removal is based on an oxidation-reduction process using 
an oxidising agent that dissociates ethylene into CO2 and H2O or 
blocking any pathway of ethylene signalling or production. According to 
Wei, Seidi, Zhang, Jin, and Xiao (2021), among the existing ethylene 
removal methods, the non-intrusive ones (which are those that do not 
come into contact with the products) are the most effective. In addition, 
the most important agents needed for a correct ethylene removal are 
classified by Wei et al. (2021) and Mansourbahmani, Ghareyazie, Zar
innia, Kalatejari, and Mohammadi (2018) as follows: palladium >
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Data availability 

No data was used for the research described in the article. 
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Campohermoso, M. A., Contreras-Esquivel, J. C., Ventura-Sobrevilla, J. M., et al. 
(2018). Current scenario of adsorbent materials used in ethylene scavenging systems 
to extend fruit and vegetable postharvest life. Food and Bioprocess Technology, 11(3), 
511–525. https://doi.org/10.1007/s11947-018-2076-7 
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Álvarez-Hernández, M. H., Martínez-Hernández, G. B., Castillejo, N., Martínez, J. A., & 
Artés-Hernández, F. (2021). Development of an antifungal active packaging 
containing thymol and an ethylene scavenger. Validation during storage of cherry 
tomatoes. Food Packaging and Shelf Life, 29, Article 100734. https://doi.org/ 
10.1016/j.fpsl.2021.100734 

Anton, D., Bender, I., Kaart, T., Roasto, M., Heinonen, M., Luik, A., et al. (2017). Changes 
in polyphenols contents and antioxidant capacities of organically and conventionally 
cultivated tomato (Solanum lycopersicum L.) fruits during ripening. International 
Journal of Analytical Chemistry, 2017, 6–10. https://doi.org/10.1155/2017/2367453 

Birtic, S., Ginies, C., Causse, M., Renard, C., & Page, D. (2009). Changes in volatiles and 
glycosides during fruit maturation of two contrasted tomato (Solanum lycopersicum 
L.) lines. Journal of Agricultural and Food Chemistry, 57, 591–598. https://doi.org/ 
10.1021/jf8023062 

Buttery, P. G. (1993). Quantitative amd sensory aspects of flavor of tomato and other 
vegetables and fruits. In T. Acree, & R. Teranishi (Eds.), Flavor science: Sensible 
principles and techniques (pp. 259–286). Washington, DC: American Chemical 
Society.  

Carbonell-Barrachina, A., Agustí, A., & Ruiz, J. (2006). Analysis of flavor volatile 
compounds by dynamic headspace in traditional and hybrid cultivars of Spanish 
tomatoes. European Food Research and Technology, 222, 536–542. https://doi.org/ 
10.1007/s00217-005-0131-x 

Delva, L., & Goodrich-Schneider, R. (2013). Antioxidant activity and antimicrobial 
properties of phenolic extracts from acerola (Malpighia emarginata DC) fruit. 
International Journal of Food Science and Technology, 48(5), 1048–1056. https://doi. 
org/10.1111/ijfs.12061 

FAO (Food and Agriculture Organization). (2020). Faostat: Worldwide tomato 
production. Retrieved from https://www.fao.org/faostat/es/#data/QCL. (Accessed 
13 September 2022). 

Frank, D., O’Riordan, P., Varelis, P., Zabaras, D., Watkins, P., Ceccato, C., et al. (2007). 
Deconstruction and recreation of “hayward” volatile flavour using a trained sensory 

panel, olfactometry and a kiwifruit model matrix. Acta Horticulturae, 753, 107–119. 
https://doi.org/10.17660/ActaHortic.2007.753.11 

Janjarasskul, T., & Suppakul, P. (2018). Active and intelligent packaging: The indication 
of quality and safety. Critical Reviews in Food Science and Nutrition, 58(5), 808–831. 
https://doi.org/10.1080/10408398.2016.1225278 

Kader, A. A. (2011). Tecnología postcosecha de cultivos hortofrutícolas (Vol. 311). https 
://books.google.com/books?id=x62K8WywAt4C&pgis=1. 

Kostekli, M., Ozdzikicierler, O., Cortés, C., Zulueta, A., Esteve, M. J., & Frígola, A. (2016). 
Role of potassium permanganate ethylene on physicochemical properties, during 
storage of five different tomato cultivars. MOJ Food Processing & Technology, 3, 1–9. 
https://doi.org/10.15406/mojfpt.2016.03.00069 

Lee, S. K., & Kader, A. A. (2000). Preharvest and postharvest factors influencing vitamin 
C content of horticultural crops. Postharvest Biology and Technology, 20(3), 207–220. 
https://doi.org/10.1016/S0925-5214(00)00133-2 

Liu, C., Cai, L., Lu, X., Han, X., & Ying, T. (2012). Effect of postharvest UV-C irradiation 
on phenolic compound content and antioxidant activity of tomato fruit during 
storage. Journal of Integrative Agriculture, 11(1), 159–165. https://doi.org/10.1016/ 
S1671-2927(12)60794-9 

Lopes, A. P., Galuch, M. B., Petenuci, M. E., Oliveira, J. H., Canesin, E. A., 
Schneider, V. V. A., et al. (2020). Quantification of phenolic compounds in ripe and 
unripe bitter melons (Momordica charantia) and evaluation of the distribution of 
phenolic compounds in different parts of the fruit by UPLC–MS/MS. Chemical Papers, 
74(8), 2613–2625. https://doi.org/10.1007/s11696-020-01094-5 
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Pardo-García, A. I., Martínez-Gil, A. M., López-Córcoles, H., Zalacain, A., & Salinas, R. 
(2013). Effect of eugenol and guaiacol application on tomato aroma composition 
determined by headspace stir bar sorptive extraction. Journal of the Science of Food 
and Agriculture, 93(5), 1147–1155. https://doi.org/10.1002/jsfa.5866 

Park, C.-Y., Kim, Y.-J., & Shin, Y. (2016). Effects of an ethylene absorbent and 1-meth
ylcyclopropene on tomato quality and antioxidant contents during storage. 
Horticulture, Environment, and Biotechnology, 57(1), 38–45. https://doi.org/10.1007/ 
s13580-016-0130-9 

Pathak, N. (2019). In Photocatalysis and vacuum ultraviolet light photolysis as ethylene 
removal techniques for potential application in fruit storage [Technische Universität 
Berlin]. Technische Universität Berlin. https://doi.org/10.14279/depositonce-8313.  
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Salamanca, F. A., Balaguera-López, H., & Herrera, A. (2014). Effect of potassium 
permanganate on some postharvest characteristics of tomato “chonto” fruits 
(Solanum lycopersicum L.). Acta Horticulturae, 1016, 171–176. https://doi.org/ 
10.17660/ActaHortic.2014.1016.24 

Tobaruela, E., Lima Gomes, B., Bonato, V., Lima, E., Freschi, L., & Purgatto, E. (2021). 
Ethylene and auxin: Hormonal regulation of volatile compound production during 
tomato (Solanum lycopersicum L.) fruit ripening. Frontiers of Plant Science, 12, Article 
765897. https://doi.org/10.3389/fpls.2021.765897 

Wang, L., Baldwin, E., Yu, Z., & Bai, J. (2015). The impact of kitchen and food service 
preparation practices on the volatile aroma profile in ripe tomatoes: Effects of 
refrigeration and blanching. HortScience, 50, 1358–1364. https://doi.org/10.21273/ 
HORTSCI.50.9.1358 

R. Alonso-Salinas et al.                                                                                                                                                                                                                        

https://doi.org/10.1016/j.lwt.2022.114054
https://doi.org/10.1016/j.lwt.2022.114054
https://doi.org/10.1093/jxb/erf072
https://doi.org/10.3390/agronomy12030616
https://doi.org/10.1177/1082013208102385
https://doi.org/10.1177/1082013208102385
https://doi.org/10.1007/s00217-009-1173-2
https://doi.org/10.1007/s11947-018-2076-7
https://doi.org/10.1016/j.postharvbio.2019.111061
https://doi.org/10.1016/j.postharvbio.2019.111061
https://doi.org/10.1016/j.fpsl.2021.100734
https://doi.org/10.1016/j.fpsl.2021.100734
https://doi.org/10.1155/2017/2367453
https://doi.org/10.1021/jf8023062
https://doi.org/10.1021/jf8023062
http://refhub.elsevier.com/S0023-6438(22)00989-6/sref10
http://refhub.elsevier.com/S0023-6438(22)00989-6/sref10
http://refhub.elsevier.com/S0023-6438(22)00989-6/sref10
http://refhub.elsevier.com/S0023-6438(22)00989-6/sref10
https://doi.org/10.1007/s00217-005-0131-x
https://doi.org/10.1007/s00217-005-0131-x
https://doi.org/10.1111/ijfs.12061
https://doi.org/10.1111/ijfs.12061
https://www.fao.org/faostat/es/#data/QCL
https://doi.org/10.17660/ActaHortic.2007.753.11
https://doi.org/10.1080/10408398.2016.1225278
https://books.google.com/books?id=x62K8WywAt4C&amp;pgis=1
https://books.google.com/books?id=x62K8WywAt4C&amp;pgis=1
https://doi.org/10.15406/mojfpt.2016.03.00069
https://doi.org/10.1016/S0925-5214(00)00133-2
https://doi.org/10.1016/S1671-2927(12)60794-9
https://doi.org/10.1016/S1671-2927(12)60794-9
https://doi.org/10.1007/s11696-020-01094-5
https://doi.org/10.1016/j.foodchem.2016.02.100
https://doi.org/10.1016/j.foodchem.2016.02.100
https://doi.org/10.1007/s11694-017-9682-3
https://doi.org/10.1016/j.lssr.2015.04.003
https://doi.org/10.1016/j.lssr.2015.04.003
https://doi.org/10.12692/ijb/5.9.9-20
https://doi.org/10.1007/978-3-319-44127-6_15
https://doi.org/10.1002/jsfa.9951
https://doi.org/10.1002/jsfa.9951
https://doi.org/10.3390/foods9020158
https://doi.org/10.1002/jsfa.5866
https://doi.org/10.1007/s13580-016-0130-9
https://doi.org/10.1007/s13580-016-0130-9
https://doi.org/10.14279/depositonce-8313
https://doi.org/10.3390/agronomy11040618
https://doi.org/10.3390/agronomy11040618
https://doi.org/10.1007/s13197-018-3164-4
https://doi.org/10.1016/j.foodchem.2013.01.038
https://doi.org/10.17660/ActaHortic.2014.1016.24
https://doi.org/10.17660/ActaHortic.2014.1016.24
https://doi.org/10.3389/fpls.2021.765897
https://doi.org/10.21273/HORTSCI.50.9.1358
https://doi.org/10.21273/HORTSCI.50.9.1358


LWT 170 (2022) 114054

10

Wei, H., Seidi, F., Zhang, T., Jin, Y., & Xiao, H. (2021). Ethylene scavengers for the 
preservation of fruits and vegetables: A review. Food Chemistry, 337, Article 127750. 
https://doi.org/10.1016/j.foodchem.2020.127750 

Wills, R. B. H., & Ku, V. V. V. (2002). Use of 1-MCP to extend the time to ripen of green 
tomatoes and postharvest life of ripe tomatoes. Postharvest Biology and Technology, 26 
(1), 85–90. https://doi.org/10.1016/S0925-5214(01)00201-0 

Zhang, B., Peng, B., Zhang, C., Song, Z., & Ma, R. (2017). Determination of fruit maturity 
and its prediction model based on the pericarp index of absorbance difference (IAD) 

for peaches. PLoS One, 12(5), Article e0177511. https://doi.org/10.1371/journal. 
pone.0177511 

Zhang, P., Shao, X., Wei, Y., Xu, F., & Wang, H. (2020). At-harvest fruit maturity affects 
sucrose metabolism during cold storage and is related to chilling injury in peach. 
Journal of Food Science & Technology, 57(6), 2000–2009. https://doi.org/10.1007/ 
s13197-019-04232-4 

R. Alonso-Salinas et al.                                                                                                                                                                                                                        

https://doi.org/10.1016/j.foodchem.2020.127750
https://doi.org/10.1016/S0925-5214(01)00201-0
https://doi.org/10.1371/journal.pone.0177511
https://doi.org/10.1371/journal.pone.0177511
https://doi.org/10.1007/s13197-019-04232-4
https://doi.org/10.1007/s13197-019-04232-4

	Novel combination of ethylene oxidisers to delay losses on postharvest quality, volatile compounds and sensorial analysis o ...
	1 Introduction
	Data availability
	Acknowledgement
	Appendix A Supplementary data
	References


