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INTRODUCTION 
 
Melon (Cucumis melo, L.) is a widely consumed fruit all over the world. Consumers 
appreciate its sensorial qualities and nutritional/nutraceutical features. In the last years, 
the consumption of fresh-cut fruits is increasing because of the high service content of 
these products. Thanks to its firmness and to its moderate perishability, fresh-cut melon 
can be used as an ingredient in the preparation of ready to eat fruit mixes or consumed 
by itself. The procedures applied in the fresh-cuts production pipeline can determine a 
decrement of fruit quality. Among those operations, cut is surely one of the most 
important. Cut induces higher transpiration, leaking, increased ethylene levels, browning, 
oxidative stress and senescence. The control of temperature is a crucial factor in 
maintaining produce quality. Lower temperatures can slow down the enzymatic 
reactions responsible for product degradation, but at the same time, they could stimulate 
tissue damage which negatively affects quality.  

 

 



The shikimate pathway is in charge for the synthesis of essential aromatic amino acids and 
of several precursors for aromatic compounds required for UV-protection, electron 
transport, signaling, communication, plant defense and the wound response. Thus this 
pathway, which is part of the primary metabolism, represents a link between primary and 
secondary metabolism in higher plants (Macheroux et al., 1999). The phenylpropanoids 
compounds, such as flavonoids and anthocyanins, largely contribute to the antioxidant 
capacity and nutraceutical composition of the produce. In the fresh cut industry, the 
postharvest procedures can affect the gene expression and enzyme activities of the phenyl 
propanoids pathway and can affect the overall quality of the produce. Wounds and 
membrane disruption induce volatile organic compounds production, which influence the 
aroma of the produce. In this work it has been investigated how the expression of the gene 
CmCorismate synthase (CmCS), responsible for the chorismate synthesis in the shikimate 
pathway, can be affected by different storage temperature regimes and different cut-sizes in 
fresh-cut melon. 
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MATERIALS AND METHODS 
 

Fruit material 
Melon (Cucumis melo, L. cv. Macigno) fruits were harvested at a fully ripen 

commercial stage, when an abscission circle was observed on the fruit.  
Fruits were washed in a chlorine (50 µL L-1 sodium hypochlorite) water solution, esocarp 
and endocarp were removed and discarded. The mesocarp (pulp) was cut in cube-shaped 
portions by using a sharp knife; two sizes were chosen, 1x1 cm and 3x2 cm. In order to 
evaluate the effect of the cut-size, around 170 grams of melon cubes were placed into 
plastic punnets and then stored at 4 °C. Samples were collected at harvest and after 4 and 
7 days of cold storage. Moreover, the effect of storage temperature was evaluated on 3x2 
cm melon cubes stored at 20 °C for 4 days and at 4 °C for 7 days. All analyses were 
performed in quadruplicate. 

 

Total RNA-isolation and CmCS expression analysis 
Total RNA was extracted from 100 mg of tissue using the Spectrum Plant Total 

RNA Kit with on-column DNase-treatment (Sigma, Italy) according to manufacture 
instructions. RNA concentration and integrity were assessed by NanoDrop N-1000 
spectrophotometer (NanoDrop technologies). Total RNA (5 µg) was reverse 
transcribed using SuperscriptIII reverse transcriptase (Invitrogen, Italy) and a mix of 
random primers and oligo-dT (10 µM). The first strand synthesis reaction was 
incubated at 42 °C for 1 h. In order to avoid genomic DNA amplification, total RNA was 
treated with DNase I (Invi-trogen, Italy). Specific primer for CmCS was designed based 
on the sequence found in the melon EST database (http://www.icugi.org/cgi-
bin/ICuGI/EST/home.cgi?organism=melon). The SYBR green chemistry was used for 
gene expression analyses. Dissociation curves were performed to check the absence of 
primer dimers and other amplification by-products. The amplification program was: 1 
cycle at 50°C for 2 min then at 95°C for2 min; 40 cycles at 95°C for 30 s; 55°C for 1 min 
and 72°C for 30 s (signal acquisition stage); 72°C, 10 min and dissociation curve. Actin 
was used as housekeeping gene. Data are presented as relative expression, normalized 
on harvest time (0 days of storage) of 3x2 cm samples.  

 

Statistical analysis 

All gene expression data were subjected to a two-way ANOVA and the Bonferroni 
post-test was applied to evaluate significant differences between different temperatures, 
cut-sizes or among different days of storage.  

 

 

RESULTS AND DISCUSSION 
The results obtained allow identifying the molecular responses of CmCS gene as 

affected by temperature and cut-size. 
 

1. Effect of storage temperature. 
Temperature is a key factor affecting the quality of cut-size melon during storage. 



 

In this study, different storage temperature determined significant changes in CmCS 
gene expression (Fig. 1) indicating an involvement of this gene in the stress response 
during melon postharvest commercial life. Samples stored at 20 °C showed a clear drop 
in the transcripts abundance and values were more than halved after 4 days of storage. 
On the other hand cold storage at 4 °C allowed maintaining constant level of expression. 
This could be due to the fact that low temperatures are effective in slowing down cell 
metabolism. As CmCS is the precursor of several molecules related to fruit quality, the 
higher levels of its expression in samples stored at 4 °C can be positively linked to a 
higher quality of the product.  

 

 

Figure 1. Relative expression of CmChorismate synthase during storage of fresh-cut melon at 
20 °C and 4°C. Different letters indicate significant differences (P<0.05) among day of storage 
or temperatures. 

 
2. Effect of cut-size. 

In general, cut size did not determined significant changes in the CmCS 
expression. The difference observed between 3x2 and 1x1 cm samples were not 
statistically significant at any time point. However, considering the changes during 
storage, 1x1cm cubes showed a significant decrement in gene expression after one 
week at 4°C, while the levels of expression of 3x2 cm cubes, remained quite stable.  

 

 



 

Figure 2. Relative expression of CmChorismate synthase during cold storage (4 °C) of fresh-
cut melon.  Different letters indicate significant differences (P<0.05) among day of storage or 
cut-size.  
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CONCLUSIONS 

The following conclusions can be drawn from the study: 
- Due to its role as intermediate point between primary and secondary metabolism 

CmCS gene, can have a role in mediating the tissue response to different 
postharvest abiotic stresses in melon.  

- Different storage conditions can differentially affects the expression of CmCS 
gene.  

- Temperature is confirmed to be a key player in the maintenance of cut-size 
melon quality during storage;  

- Cut procedure determines significant changes in melon tissue, however 



 

different cut-sizes did not strongly affected the expression of CmCS gene during 
storage at 4°C. 

 
ACKNOWLEDGEMENTS 

The research leading to these results has received funding from the European Union’s 
Seventh Framework Programme for research, technological development and 
demonstration under grant agreement n°289719. (Project QUAFETY, www.quafety.eu). 

 

Literature Cited 

Aura, A.M. (2008). Microbial metabolism of dietary phenolic compounds in the colon. Phytochem. Rev. 7, 407- 429     
http://dx.doi.org/10.1007/s11101-008-9095-3. 

Basu, A., and Lyons, T.J. (2012). Strawberries, blueberries, and cranberries in the metabolic syndrome: clinical 
perspectives. J. Agric. Food Chem. 60, 5687-5692 http://dx.doi.org/10.1021/jf203488k. PubMed 

Belzer, C., and de Vos, W.M. (2012). Microbes inside-from diversity to function: the case of Akkermansia. lSME J. 
6, 1449-1458 http://dx.doi.org/10.1038/ismej.2012.6. PubMed 

Cani, P.D., and Delzenne, N.M. (2009). lnterplay between obesity and associated metabolic disorders:  new  

Everard, A., Belzer, C., Geurts, L., Ouwerkerk, J.P., Druart, C., Bindels, L.B., Guiot, Y., Derrien, M., Muccioli, G.G., 
Delzenne, N.M., et al. (2013). Cross-talk between Akkermansia muciniphila and intestinal epithelium controls diet-
induced obesity. Proc. Natl. Acad. Sci. U.S.A. 110, 9066-9071 http://dx.doi.org/10.1073/pnas.1219451110. PubMed 

Guglielmetti, S., Fracassetti, D., Taverniti, V., Del Bo', C., Vendrame, S., Klimis-Zacas, D., Arioli, S., Riso, P., and  

He, F.J., Nowson, C.A., and MacGregor, G.A. (2006). Fruit and vegetable consumption and stroke: meta-analysis of 
cohort studies. Lancet 367, 320-326 http://dx.doi.org/10.1016/S0140-6736(06)68069-0. PubMed 

Klaus, S., Pu ltz, S., Tho ne-Reineke, C., and Wolfram, S. (2005). Epigallocatechin gallate attenuates diet-induced 
obesity in mice by decreasing energy absorption and increasing fat oxidation. lnt. J. Obes (Lond) 29, 615-623 
http://dx.doi.org/10.1038/sj.ijo.0802926.     PubMed 

Kovatcheva-Datchary, P., Tremaroli, V., and  Ba ckhed, F. (2013). The gut microbiota. ln: The Prokaryotes, E. Rosenberg, 
E.F. DeLong, E. Stackebrandt, F. Thompson and S. Lory, eds. (Berlin, Heidelberg: Springer), p.3-24. 

Lepage, P., Leclerc, M.C., Joossens, M., Mondot, S., Blottie're, H.M., Raes, J., Ehrlich, D., and Dore', J. (2013).  A 
metagenomic  insight  into  our  gut's  microbiome.  Gut  62,  146-158   http://dx.doi.org/10.1136/gutjnl-2011- 
301805. PubMed 

Mursu, J., Virtanen, J.K., Tuomainen, T.P., Nurmi, T., and Voutilainen, S. (2014). lntake of fruit, berries, and vegetables 
and risk of type 2 diabetes in Finnish men: the Kuopio lschaemic Heart Disease Risk Factor Study. Am. J. Clin. Nutr. 
99, 328-333 http://dx.doi.org/10.3945/ajcn.113.069641. PubMed 

Queipo-Ortun- o, M.l., Boto-Ordo' n- ez, M., Murri, M., Gomez-Zumaquero, J.M., Clemente-Postigo, M., Estruch,  R., 
Cardona Diaz, F., Andre's-Lacueva, C., and Tinahones, F.J. (2012). lnfluence of red wine polyphenols and ethanol on the     
gut     microbiota     ecology     and     biochemical     biomarkers.     Am.     J.     Clin.     Nutr.     95,     1323-1334 
http://dx.doi.org/10.3945/ajcn.111.027847. PubMed 

Saura-Calixto, F. (2012). Concept and health-related properties of nonextractable polyphenols: the  missing dietary 
polyphenols. J. Agric. Food Chem. 60, 11195-11200 http://dx.doi.org/10.1021/jf303758j. PubMed 

Tzounis, X., Rodriguez-Mateos, A., Vulevic, J., Gibson, G.R., Kwik-Uribe, C., and Spencer, J.P.E. (2011). Prebiotic 
evaluatio of cocoa-derived flavanols in healthy humans by using a randomized, controlled, double-blind, crossover 
intervention study. Am. J. Clin. Nutr. 93, 62-72 http://dx.doi.org/10.3945/ajcn.110.000075. PubMed 

Walle, T., Browning, A.M., Steed, L.L., Reed, S.G., and Walle, U.K. (2005). Flavonoid glucosides are hydrolyzed and thus 
activated in the oral cavity in humans. J. Nutr. 135, 48-52. PubMed 

http://dx.doi.org/10.1007/s11101-008-9095-3
http://dx.doi.org/10.1021/jf203488k
http://dx.doi.org/10.1038/ismej.2012.6
http://dx.doi.org/10.1073/pnas.1219451110
http://dx.doi.org/10.1016/S0140-6736(06)68069-0
http://dx.doi.org/10.1038/sj.ijo.0802926
http://dx.doi.org/10.1136/gutjnl-2011-
http://dx.doi.org/10.3945/ajcn.113.069641
http://dx.doi.org/10.3945/ajcn.111.027847
http://dx.doi.org/10.1021/jf303758j
http://dx.doi.org/10.3945/ajcn.110.000075

