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ABSTRACT 1 
 2 
 3 
 4 
The peach of the designation of origin ‘Calanda’ that is much appreciated in the 5 

Spanish market for its high fruit quality, is produced from a few very late ripening 6 

traditional cultivars. We characterized the organoleptic, nutritional and post-harvest 7 

quality of the ‘Calanda’ cultivars ‘Calante’ and ‘Calprebor’ following different harvest 8 

dates. The expression profile of genes associated with cold storage and chilling 9 

induction was studied under different post-harvest treatments in t h e  t w o  10 

c u l t i v a r s . Organoleptic and physicochemical damage were more severe under 11 

storage at 5°C than at 1°C. The ‘Calante’ peaches showed less severity of chilling 12 

injury damage, better skin color, and higher phenolic content during cold storage, 13 

whereas the ‘Calprebor’ peaches showed greater firmness and higher glucose and 14 

fructose content during the post-harvest treatment. Cold transcription factors, CBF, and 15 

bZIP, increased cold storage and chilling injury resistance in the ‘Calante’ peaches. In 16 

addition, expression of GST22 may also promote resistance against cold damage, 17 

contributing to a higher firmness and phenolic content. 18 

 19 
 20 
Keywords: Prunus persica, chilling injury, cold storage, sugars, phenolics, 21 

organoleptic, real time-PCR, gene expression 22 
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1. Introduction 39 

 40 
Peach (Prunus persica (L.) Batsch) is one of the most cultivated fruit tree 41 

species around the world, with a large number of commercialized cultivars. In Spain, 42 

the only peach with a protected designation of origin (PDO), called ‘Calanda peach’, 43 

is particularly appreciated among consumers for its yellow, non-melting, high 44 

firmness flesh, large fruit size and particularly, for its good organoleptic attributes 45 

(Espada et al., 2009). One of the most characteristic agronomic practices for ‘Calanda 46 

peach’ is to introduce the fruit into a paper bag during “pit-hardening” to protect the fruit 47 

from infestation by the Mediterranean fruit fly (Ceratitis capitata), and to avoid direct 48 

contact with pesticides, climatic stresses and other external physical damage 49 

(Sharma et al., 2014). The paper bag remains on the fruit until harvest. Fruits acquire 50 

a homogeneous yellow color that is highly appreciated by consumers. B e c a u s e  51 

harvest can occur from September to mid-November, ‘Calanda peaches’ are one of the 52 

dominant products in the late fresh market (Polo and Albisu, 2012). 53 

‘Calanda peach’ is the subject of an extensive breeding program that has 54 

included clonal selection from a collection of the population-cultivar ‘Amarillo Tardío 55 

del Bajo Aragón’ (Late yellow from Bajo Aragon), accessioned in Alcañiz (Teruel, 56 

Spain) (Alonso and Espiau, 2009; Espada et al., 2009). The Aragon Government 57 

protected seven clonal selections (three in 1999 and four in 2008) that are authorized as 58 

PDO ‘Calanda’. Two of them, ‘Calante’ and ’Calprebor’ cultivars, are the object of this 59 

study. Today, the breeding goals have evolved to satisfy the demands of consumers and 60 

overcome the loss of competitiveness at the international level. For this reason, it is 61 

necessary to implement post-harvest technologies in the breeding programs in order to 62 

obtain better post-harvest quality. 63 

Quality is a complex character determined by genetic traits, maturity at harvest 64 

and other factors, such as environment and agronomical practices (Llácer et al., 2006; 65 

Crisosto and Valero, 2008). The success of a cultivar in the market will depend on four 66 

components of quality: organoleptic or sensorial quality (colour, size, firmness and 67 

flavor; Colaric et al., 2005), nutritional quality (macro and micro nutrients, and 68 

antioxidants; Prior and Cao, 2000), post-harvest quality (dehydration, mechanical 69 

damage, pathogen infections and physiological disorders; Lurie and Crisosto, 2005) and 70 

sanitary quality (Infante et al., 2008). 71 

Changes in texture, aroma, colour, and taste are related to ethylene auto-catalysis 72 

while climacteric fruit is ripening. Climacteric fruit continues to ripen even after harvest 73 
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(Dong et al., 2001). When the fruit has become desirable for consumption, it has the 74 

organoleptic attributes attractive for the consumer and it has reached commercial 75 

maturity. The European Union has established that a peach fruit can be commercialized 76 

when it has a flesh firmness less than 6.5 kg/0.5 cm
2 

and soluble solids (SSC) greater or 77 

equal to 8 °Brix (Regulation Commission EC, No 1861/2004). Although 78 

recommendations for the optimal harvest and good consumer acceptance vary among 79 

countries and cultures (Kader, 2005), commercial requirements of the PDO ‘Calanda’ 80 

are more demanding than these standards (<3 kg/0.5 cm
2
, >12 °Brix, fruit diameter 81 

>73 mm), assuring its high quality and giving an added value to the fruits.  82 

Peach is a highly perishable fruit at ambient temperatures, thus the storage and 83 

transport at low temperatures is necessary to make its shelf life longer in the market. 84 

However, several symptoms related to chilling injury develop after storage at low 85 

temperatures, such as graininess, flavorless, blushing, leatheriness, browning and/or 86 

mealiness (Crisosto et al., 2001). Breeders are interested in avoiding difficulties due to 87 

the complexity of quality traits. For this reason, every year there is increasing investment 88 

in studies concerning the genetic control of fruit quality traits (Horn et al., 2005; Llácer 89 

et al., 2006; Ogundiwin et al., 2008; Vizoso et al., 2009; Sánchez et al., 2013).   90 

Genetic analyses indicate that chilling injury in peach is a quantitative trait controlled 91 

by more than one quantitative trait locus (QTL) and several QTLs have been mapped 92 

onto the peach reference map (Pons et al., 2014). Despite this, little is known about 93 

molecular changes happening to fruits during post-harvest. There are different 94 

strategies that may solve this problem. By identifying the genes underlying the 95 

QTLs, it may be possible to find candidate genes that could be functionally related to 96 

the trait. A correlation between the trait and the polymorphism of a candidate gene 97 

could explain the existence of the QTL and indicate an approximation of the functional 98 

gene (Etienne et al., 2002). 99 

Substantial variation in traits and content of metabolites among peach cultivars 100 

have been reported (Cantín et al., 2009a; Cantín et al., 2009b; Font i Forcada et al., 101 

2014; Monti et al., 2016; Reig et al., 2015). There is general agreement among these 102 

research groups that differences among cultivars involve organoleptic properties, 103 

nutritional value, and defense against biotic and abiotic damage. For this reason, it is 104 

important to characterize the working material before applying any treatment. 105 

 The main aim of this study was to implement different post-harvest technologies 106 

to ‘Calanda peach’ in order to determine: (i) if there are differences in cold storage and 107 
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chilling injury tolerance between the two cultivars selected from the native population-108 

cultivar ‘Amarillo Tardío del Bajo Aragón’ that can be exploited in the breeding 109 

program, and (ii) to identify transcription factors and genes associated with these 110 

traits. To this end, a characterization of the organoleptic, nutritional and post-harvest 111 

quality of two cultivars with different harvest dates was carried out. In addition, an 112 

identification of genes associated with cold storage and chilling injury was undertaken, 113 

followed by determination of the expression profile of candidate genes related to 114 

post-harvest. This information will be useful in the future for the ‘Calanda peach’ 115 

breeding programs. 116 

 117 
2. Material and methods  118 
 119 
2.1. Material and agronomic assay 120 
 121 

Assays were developed in two representative ‘Calanda peach’ cultivars (Prunus 122 

persica (L.) Batsch) from PDO Calanda: ‘Calprebor’, the earliest harvested and 123 

‘Calante’, one of the latest harvested cultivars. Three hundred fruits of each cultivar 124 

were harvested in September and October 2013 in an experimental orchard in Alcañiz 125 

(Teruel, Spain). 126 

Two assays were carried out between October and November 2013: chilling 127 

injury (at 5°C) and cold storage (at 1°C) (Figure S1). After each assay, fruits were 128 

characterized for fruit quality traits, peeled and cut into small slices. Two biological 129 

replications were collected and stored at -20°C for phytochemical analyses and frozen at 130 

-80°C for molecular studies. 131 
 132 
 133 

2.2. Chilling inducing assay 134 
 135 

Mature (ripe) fruits with uniform size and colour and showing no sign of 136 

damage were chosen. Five boxes with 12 mature fruits were stored at 5°C, and 137 

evaluated after 14 and 28 days, and then placed at room temperature for 2 days 138 

(Chilling injury (CI): CI 0, CI 14, CI 14+2, CI 28, CI 28+2). At each sample time, one 139 

box was evaluated. 140 

 141 

2.3. Cold storage assay 142 
 143 

Fruits were divided into mature (ripe) and immature (unripe) sets based on 144 

external appearance: Colour, size, and firmness were determined to classify immature 145 

(green, small, firm) and mature fruits (yellow, big, less firm). Three boxes with 12 146 

mature fruits and 12 immature  fruits were stored at 1°C for 20 days and then they 147 
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were placed at room temperature for 2 days (Cold storage (CS): Mature (M) - CS M0, CS 148 

M20, CS M20+2; Immature (I) - CS I0, CS I20, CS I20+2. At each sample time, one 149 

box was evaluated. 150 

 151 
2.4. Evaluation of fruit quality 152 

 153 

For each assay, weight loss and firmness of 10 fruits were measured. For colour, 154 

CIELAB coordinates of 10 fruits were obtained using a colorimeter (CR- 200 Minolta, 155 

Japan) to give the following measures: L* (lightness), a* (where negative values indicate 156 

greenness and positive values indicate redness) and b* (where negative values 157 

indicate blueness and positive values indicate yellowness). The measurement was 158 

made on opposite sides of each fruit, avoiding the suture line. The equipment was 159 

standardized every day before each measurement by using a calibration plate. 160 

Flesh firmness (N) was measured on two paired sides of each fruit, by removing 161 

a 1 mm thick disk of skin and using a penetrometer of 8 mm (0.5 cm
2
) probe diameter 162 

(Penefel, Setop  Giraud-Technologies,  France). After skin colour and flesh firmness 163 

determinations, the fruits of the sample were peeled, and portions of the mesocarp 164 

were removed from opposite sides and cut into small pieces. 165 

A composite sample was built by pooling all pieces from all the selected fruits 166 

and th e  soluble solids content was measured using a digital refractometer (Atago 167 

PAL-1, Japan). Data were expressed in °Brix. Titratable acidity (TA) expressed as g 168 

malic acid/100 g FW was determined in 10 g of homogenized samples that were 169 

diluted with 90 ml of distilled water, and microtitrated with 0.1 N NaOH (Metrohm 170 

Ion analysis, 785 DPM Titrino, Switzerland). Ripening index was calculated based 171 

on the SSC/TA ratio. Chilling injury symptoms, including mealiness, graininess, 172 

loss of flavour (referred t o  as ‘flavorless’), leatheriness, internal browning 173 

(‘browning’), blushing, and a chilling injury index, were evaluated as described in 174 

Supplementary Table 1. 175 

 176 

2.5. Sugar content 177 

After cold-treatment, the fruits were peeled and cut longitudinally into two 178 

halves and a portion of the mesocarp was removed from each half and cut into small 179 

pieces. For each compound to be analyzed, a composite sample of 4 g was built by 180 

mixing all pieces from the selected fruits. This sample was frozen in liquid nitrogen 181 

and kept at - 20°C until analysis. The frozen samples were homogenized for 30 s 182 

https://doi.org/10.1016/j.scienta.2018.04.043
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using an Ultra- Turrax homogenizer (Heidolph) with 35 mL Milli-Q water. 183 

The mix was shaken in a MultiReax (Heidolph ®) for 15 min and centrifuged at 4000 184 

g at 4°C for 15 minutes more. The supernatant was recovered and filtered using a 0.45 185 

µm Sartorius filter 186 

An aliquot of 20 µL of the extract was taken and injected into a H i g h -187 

p e r f o r m a n c e  l i q u i d  c h r o m a t o g r a p h y  ( HPLC 360; Kontron, Milan, 188 

Italy), equipped with a double-piston bomb, auto-injector and an oven at 85°C. An ionic 189 

exchange column Tracer Carbosep CHO-682 LEAD was used.  190 

Glucose, fructose, sucrose and sorbitol were separated and detected by their 191 

refraction indices with a detector ERC-7512 (Erma Inc., Tokyo, Japan). Water Milli-Q 192 

de-gassed in a vacuum was used  as  solvent  to  inject  the  samples  at  a  flow  of  0.4  193 

mL/min. Identification of chromatographic peaks was based on the retention time 194 

compared with known standards (Merck, Darmstadt, Germany). Results were 195 

expressed in g/100 g fresh weight. 196 

 197 
2.6. Total phenolic content 198 

 199 

Total phenolic content was measured according to the Folin-Ciocalteau 200 

method. Freeze product (4 g) was homogenized using an Ultra-Turrax Heidolph 201 

homogenizer in 15 mL of solvent HCl 0.5 N in CH3OH 80%. The sample was 202 

centrifuged at 4000 xg (times gravity) for 20 minutes at 4°C. After centrifugation, 0.5 203 

mL were taken and 8 mL of water Milli-Q and 0.5 mL of Folin-Ciocalteau 0.25 N 204 

reagent (prepared diary at darkness) were added. The solution was shaken and after 3 205 

minutes, one mL of Na2CO3 1N was added. After settling for 1 hour at room 206 

temperature, absorbance was measured in a spectrophotometer at 725 nm. 207 

In parallel, every day the standard calibration curves, using gallic acid in CH3OH 208 

80% as a solvent, were prepared. The content of total phenolics was expressed as mg 209 

gallic acid equivalents (GAE)/100 g fresh weight. 210 

 211 

2.7. Real-Time q-PCR Analysis 212 

 213 

Total RNA of ‘Calante’ cultivar was extracted from 1 g of the mesocarp and 214 

then frozen in liquid nitrogen and stored at -80°C. Two biological replicates were 215 

performed following the method described by Meisel et al. (2005). The quantity and 216 

purity of the RNA was measured by spectrophotometer ND-1000. RNA quality was also 217 

verified by agarose gel. Genomic DNA was removed from RNA samples by using a 218 

https://doi.org/10.1016/j.scienta.2018.04.043
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DNase kit (Turbo DNA-free, Ambion®, Applied Biosystems), following the 219 

manufacturer’s protocol. 220 

One µg of total RNA was converted to cDNA using SuperScript III 1st Strand 221 

Synthesis kit (Invitrogen) following the manufacturer’s protocol and a dilution of 1:40 222 

was carried out. Afterward, the conversion was probed by PCR by using housekeeping 223 

primers for the Actin gene (forward primer: CAGATCATGTTTGAGACCTTCATGT, 224 

reverse primer: CATCACCAGAGTCCAGCACAAT) and a subsequent agarose 225 

electrophoresis gel. The qRT-PCR was carried out using 1 µl of cDNA and SYBR 226 

Green PCR master mix (Applied Biosystems), in a thermocycler ABI Prism 7500 227 

(Applied Biosystems). Two biological replications and three technical replications were 228 

performed for each sample. The expression levels were calculated by the DD threshold 229 

cycle (ddCt) method, being relative to elF-4 as reference gene. Further details of the 230 

primers are presented in the Supplementary Table 2. 231 

 232 
2.8. Data Analysis 233 

 234 

Statistical analyses were performed using Genstat Discovery (4
th 

Ed). Values are 235 

referred to as means ± SE. The analysis of variance (ANOVA) was developed assuming 236 

the following model: cultivar (CV) + maturity (M) + interaction (CV*M) + error. The 237 

variation in the experiment was considered significant when the p-value was less than 238 

0.05. 239 

Normal distribution and homogeneity of variances were calculated for each 240 

treatment in “ R” (R Core Team, 2017). When possible, t-tests were used to 241 

determine differences between control and treatment, if not, a Mann-Whitney test was 242 

applied. For gene expression, analyses were performed using dCt values (reference 243 

gene – target gene). Kendall’s rank correlations were calculated using cor and rcor 244 

functions (Hmis package) and the corplot package was used to visualize the correlogram. 245 

It was performed for 9 treatments (CI0, CI14+2, CI28+2, CSI0, CSI20, CSI20+2, 246 

CSM0, CSM20, CSM20+2) and one cultivar (‘Calante’) due to the need for paired 247 

data for phenotypic traits and molecular results (only CBF and bZIP genes). The 248 

analysis was repeated for the CS treatment only, to obtain the relationship between traits 249 

and genes (CBF, bZIP, and GST22) (It was not repeated for the CI treatment because 250 

more than 4 observations were required).  251 

 252 

3. Results 253 
 254 

https://doi.org/10.1016/j.scienta.2018.04.043
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3.1. Characterization of cultivars 255 
 256 

’Calprebor’ and ’Calante’ cultivars, both from P DO Calanda, were 257 

characterized for physicochemical parameters for two maturity stages (immature and 258 

mature) of fruit after harvest. 259 

The results obtained from the ANOVA model showed that both cultivars were 260 

significantly different in weight, firmness, color, individual sugars (except for sucrose 261 

and fructose) and total sugars; and total phenolic content, as shown in Table 1 (source 262 

of variation CV). Also, significant differences between maturity stages were found in 263 

firmness, redness and sucrose content (Table 1, source of variation M), being higher in 264 

mature fruits than in immature ones for redness and sucrose. Finally, the interaction 265 

between cultivars and maturity (Table 1, CV*M) showed that both cultivars behaved 266 

differently during their growth on the tree. This interaction was significant for the 267 

following traits: weight, SSC, sucrose, glucose, sorbitol, total sugars and phenolic 268 

content. At both maturity stages, ‘Calprebor was higher in firmness, greenness, glucose, 269 

sorbitol, total sugar and phenolic content. ‘Calante’ fruits were higher than ‘Calprebor’ 270 

in weight, lightness, and yellowness. Therefore, it is very difficult to compare both 271 

cultivars, harvested at different maturity stages. This result explains the variation 272 

between cultivars, but it did not explain the interaction between the cultivars. The 273 

interaction between CV and M is explained by the different evolution of both cultivars 274 

in their development on the tree. While ‘Calprebor’ fruit maintained a constant weight 275 

and SSC, ‘Calante’ fruit increased by about 50 g and almost 1 ºBrix. Similarly, the 276 

content of sugars experienced a slight increase in ‘Calprebor’ while sucrose, 277 

glucose,sorbitol, total sugars, and total phenolic content increased strongly in ‘Calante’ 278 

after storage. 279 

 280 

3.2. Chilling-induced treatment 281 

 282 

Loss of weight due to chilling was gradual, reaching 23% at the end of storage 283 

in both cultivars (Fig. 1a). Also, a loss in firmness during the post-treatment (2 days 284 

at room temperature, Fig. 1b, CI 14+2, CI 28+2) relative to the chilling inducing 285 

treatment (CI 14 and CI 28, respectively) was detected in both cultivars. The cultivars 286 

did not show differences in sucrose (Fig. 1c), glucose (Fig. 1d) or fructose content 287 

(Fig. 1e) during the cold treatment or the post-treatment. Only the ‘Calante’ peaches 288 

showed a higher content of sorbitol during the post- treatment (Fig. 1f, CI 28+2). Both 289 

cultivars showed a drastic loss in phenolic content during storage at 5°C (Fig. 1g, CI 290 

https://doi.org/10.1016/j.scienta.2018.04.043
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14). Phenolic content was reduced faster in ‘Calprebor’ peaches than in ‘Calante’ 291 

peaches. 292 

Chilling injury symptoms were intensified when storage at 5°C was longer (Fig. 293 

3a). At 5°C, 41% of fruits showed chilling injury damage after 2 weeks and 83% after 4 294 

weeks. This damage included symptoms of mealiness, leatheriness, internal browning, 295 

blushing, flavorless and graininess. The most significant disorders after 2 weeks were 296 

related to texture (60% of the fruits showed mealiness and graininess) and flavor (80% 297 

of the fruits). However, there were different symptoms that appeared after this period. 298 

Once the 4 weeks of storage had ended, fruits showed an increase in leatheriness (60% 299 

of the fruits) and internal browning (83 % of the fruits). The less severe injury was 300 

found in the ‘Calante’ peaches during 2 weeks of storage at 5°C and two days at room 301 

temperature. However, the symptoms were as intensive in both cultivars after 4 weeks 302 

of storage and two days at room temperature. The cultivar ‘Calprebor’ suffered 303 

mealiness, graininess, and off-flavor at a higher level than the cultivar ‘Calante’. 304 

Although the cultivar ‘Calante’ showed less severity in the majority of symptoms, the 305 

damage was more important in those related to firmness than with leatheriness. 306 

In the cold storage assay, different behavior of both cultivars at the Immature (I) 307 

and Mature (M) stages were studied. These stages represent, not only unripe and ripe 308 

states, but also the “Ready to buy” and “Ready to eat” marketing stages (Crisosto and 309 

Valero, 2008) (shown in Table 1), respectively. 310 

Loss of weight, experienced at 1°C, reached 8-10% at the end of the treatment 311 

(Fig.2a). Firmness during the cold treatment was reduced only in ‘Calante’ peaches, and 312 

during the post-treatment at room temperature in both cultivars (Fig. 2b). 313 

Regarding the ‘Calprebor’ peaches, sucrose content was higher after 20 days at 1°C 314 

(Fig. 2c, CS I20, and CS M20), and decreased during post-treatment (Fig. 2c, CS I20+2 and 315 

CS M20+2). On the other hand, the ‘Calante’ peaches did not experience this 316 

variation in sucrose content. ‘Calante’ peaches showed a constant value of glucose 317 

content during the treatment when the fruit was harvested immature, but it 318 

decreased in the postharvest when the fruit was harvested at a mature stage (Fig. 2d, 319 

CS M20+2). However, the ‘Calprebor’ peaches showed a striking variation in glucose 320 

and fructose after 20 days when the fruit was harvested at an immature stage (Fig. 2d 321 

and 2e, CS I20). This increase was not important when fruit was harvested at a 322 

mature stage for this cultivar. ‘Calante’ showed a different fructose content only in the 323 

treatment of mature harvested fruits (CS M20), which was maintained during the 324 

https://doi.org/10.1016/j.scienta.2018.04.043
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post-treatment (CS M20+2). The content of sorbitol was constant at 1°C for 325 

‘Calprebor’ while it was reduced in immature harvested fruits (Fig. 2f, CS I20) and 326 

increased in mature harvested fruits (Fig. 2f, CS M20) for ‘Calante’ peaches. The 327 

phenolic content was reduced at 1°C in both cultivars and was highly reduced in 328 

mature harvested fruits (Fig. 2g). 329 

The fruits treated at 1°C for the chilling injury analysis were tested in the 330 

cultivar ‘Calante’ (Fig. 3b). After 20 days of storage and two days at room temperature, 331 

both fruits showed the same symptoms of chilling injury. The index of damage was 332 

low for each symptom measured (less than 35%) and high for mealiness (60% and 80% 333 

for immature and mature, respectively). 334 

 335 
3.3. Expression Profile of Postharvest candidate genes 336 

 337 
 338 

Relative expression of two transcription factors (bZIP-like and CBF-like, Fig. 4) 339 

associated with cold resistance was analyzed by qRT-PCR at 5°C (Fig. 4a, Chilling 340 

inducing treatment) and 1°C (Fig. 4b, Cold storage) in the ‘Calante’ cv. The chilling 341 

inducing treatment (Fig. 4a), showed significant differences for the CBF-like 342 

transcription factor across days of treatment. After two weeks in 5°C storage, the 343 

expression level was lower than at the beginning, and also lower than after 4 weeks of 344 

treatment.  345 

 The same behavior was observed at 1°C (Fig. 4b), where differences between 346 

maturity stages were tested. High expression levels of CBF transcripts were found after 347 

20 days at 1°C. However, in the post-storage treatment at room temperature, the 348 

expression level of the same transcription factor was drastically reduced. 349 

Expression levels of the bZIP-like transcription factor increased during post- 350 

storage after 4 weeks at 5°C treatment (Fig. 4a). In the treatment at 1°C (Fig. 4b), 351 

although expression levels were not significantly different between days of storage, 352 

there were differences between maturity stages. 353 

The PGDH gene expression was quantified only at 5°C (Fig.4a) due to the 354 

importance of the evolution of sugars during post-harvest at 5°C. As storage advanced, 355 

PGDH was up-regulated. 356 

Expression levels of GST22 were only studied in the cold storage experiment 357 

(Fig. 4b), in order to determine if the oxidation process is relevant in post-harvest at 358 

different maturity stages, due to the effect of oxidation on organoleptic evaluation. Fruit 359 

harvested at physiological maturity maintained a constant expression during 20 days at 360 
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1°C, but it was down-regulated in the post-harvest treatment. However, when fruit was 361 

harvested at maturity (more susceptible), expression levels were reduced during the 362 

storage and the post-storage at room temperature treatment. 363 

 364 
3.4. Correlations between traits and genes 365 

 366 

The average of the phenotypic data and the average of relative expression were 367 

used to develop a Kendall’s Rank Correlation test. This test helps to resolve relations 368 

between trait-trait, trait-gene expression and gene expression-gene expression. 369 

Supplemental Figure 1 (Fig. S1) represents the general relationships between all 370 

phenotypic traits and a few genes (C-repeat binding factor (CBF) and basic-leucine 371 

zipper domain (bZIP)) taking into account observations for CI and CS assays for the 372 

‘Calante’ cv. Regarding the traits, positive relations were found between TP, FF, and 373 

TA; between L and B, and between fructose, sorbitol, W and TS. Total phenolics, FF 374 

and TA were negatively related to a* and RI. Glucose, L* and b* colour coordinates 375 

were negatively related to W and TS. Expression levels of CBF were negatively related 376 

to SSC and positively related to FF, while bZIP was negatively related to SSC and b* 377 

colour coordinate. 378 

Figure S2B showed similar relationships as Figure S2A but taking into account 379 

observations at CS for the ‘Calante’ cultivar. Positive relations were found between 380 

sucrose, SSC, TS and a* and b* color coordinates; sorbitol, fructose and TP, and sugars 381 

and TP with W, TA, and FF. RI and a* were negatively related to TP, W, TA, and FF. 382 

Figure S2B provides information about relations due to CS treatment, but also shows 383 

additional information about relationships between traits and GST22. The expression 384 

of GST22 was negatively related to SSC, a* color coordinate and RI, and positively with 385 

fructose, TP, W, TA and FF. The other two genes were related to traits mentioned above, 386 

but also new relationships between them were found. The CBF factor was negatively 387 

related to L* colour coordinated and the bZIP factor was negatively related to a* and 388 

b* colors coordinates and sucrose and TS and positively related to FF.389 
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4. Discussion 390 
 391 
4.1. Characterization of the two cultivars 392 

 393 
 394 

 The peaches from PDO Calanda are usually known by their quality and late 395 

harvest date (from September to November). The two cultivars ‘Calprebor’ and 396 

‘Calante’, (with earliest harvest date and latest harvest date, respectively), were 397 

characterized by their organoleptic and physicochemical parameters. Both of them 398 

developed from two clonal selections of the same cultivars, ‘Amarillo tardío de 399 

Calanda’, thus few differences between them were expected to be found. However, 400 

in the present study significant differences were found for weight, firmness, color, 401 

sugars and total phenolic content (Fig. 1). ‘Calprebor’ showed higher firmness, sugar 402 

content, and phenolics than ‘Calante’, while ‘Calante’ fruits were heavier with a more 403 

desirable color at the commercial maturity stage. The differences between maturity 404 

phases at harvest indicate that ‘Calante’ increased in weight and sugars, while 405 

‘Calprebor’ did not. These results indicate that the duration of fruit growth of ‘Calante’ 406 

might be exploited to benefit the product quality in Calanda’s peach. 407 

Differences in physicochemical traits were evaluated when fruits were 408 

harvested at immature and mature stages: unripe and ripe according to Crisosto and 409 

Valero ( 2008). In each case, firmness and soluble solid content were in the range 410 

allowed in the EU for their commercialization (less than 6.5 kg/0.5 cm
2  

and more or 411 

equal to 8 °Brix, Regulation Commitment EC, No 1861/2004) (Table 1). 412 

Sucrose was the principal sugar found at higher levels than other Spanish yellow 413 

peaches (Font i Forcada et al., 2014). ‘Calprebor’ was in the range of cultivars with high 414 

glucose at late harvest, while the range of ‘Calante’ was lower. Both cultivars had high 415 

levels of sorbitol and were richer in this compound than other late peach European and 416 

Californian cultivars (Gil et al., 2002; Scordino et al., 2012; Font i Forcada et al., 417 

2014). Color and phenolic content were the only parameters that fell out of the 418 

range as reported elsewhere for ‘Calanda’s’ peach (Ferrer et al., 2005) and other 419 

Spanish and foreign cultivars (Esti et al., 1997; Cantín et al., 2009a; Reig et al., 2013; 420 

Font i Forcada et al., 2014). T h e  color may have been influenced by bagging the 421 

fruits. These cultivars differ from others in the high content of phenolic compounds 422 

that, from the nutritional point of view, are receiving more attention due to their 423 

potential health benefits (Prior and Cao, 2000). 424 

Physiological ripeness and commercial maturity stages were significantly 425 
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different in firmness, a* color coordinate (relative to redness) and sucrose content. This 426 

analysis agrees with other studies, which have determined that it is not only firmness 427 

and color that are the most important parameters to determine the maturity of the fruit 428 

(Cascales et al., 2005), but also sugar content, as reported by Crisosto and Valero, 429 

(2008). Our analysis of variance revealed an interaction between CV*M, indicating that 430 

the difference between mature and immature fruits depends on the cultivar. In this 431 

study, data showed that the cultivar ‘Calprebor’ suffered less change in weight, SSC, 432 

sugars, and phenolic content while ripening than ‘Calante’ (Table 1). These relations 433 

between changes in ripening values and cultivars are supported by studies in nectarine 434 

(Nogales- Delgado et al., 2014) and other fruits (Amiot et al., 1995; Howard et al., 2000; 435 

Siriwoharn et al., 2004). All these differences lead to the  choice of methods to 436 

determine the optimal moment of fruit harvest (Crisosto and Valero, 2008), in 437 

particular, when post-harvest treatments are going to be applied. 438 

 439 
4.2 Postharvest affects the sugar composition of ‘Calprebor’ and reduces the phenolic 440 
content in both cultivars 441 

 442 

Fruit modifications during post-harvest have an effect on nutritional, quality 443 

and aroma traits, which depend mostly on the cultivar (Monti et al., 2016). Quality 444 

damage developed faster in the CI treatment (5°C) than in the CS treatment (1°C). 445 

The most affected parameters were fructose (increased more in ‘Calprebor’ cv.), 446 

firmness and total phenolic content (reduced in both cultivars). Loss of weight was 447 

more important when the treatment was longer, reaching 23% at the end of the 448 

treatment at 5°C and 8- 10% at 1°C (Fig. 1a). Progressive reduction of firmness was 449 

more intensive at 5°C than at 1°C (Fig. 1b). Crisosto et al. (1999) demonstrated that 450 

fruits suffered chilling injury symptoms at 5°C faster and more intense than at 0°C. This 451 

group also remarked that late-harvest cultivars were more susceptible to CI at both 452 

temperatures, while we have seen that within late-harvested cultivars there are 453 

differences in susceptibility to chilling injury. 454 

In the chilling induction and cold storage treatments, weight increased with a 455 

total content of sugars and decreased with glucose content (Fig. S2A), which 456 

increased each treatment, probably as a consequence of higher respiration and 457 

transpiration rates (Gupta and Jawandha, 2010). Some authors suggested that water 458 

balance and fruit transpiration affect fruit cell expansion and sugar concentration (via 459 

dilution) during fruit growing and after harvest (Morandi et al., 2007; Cirilli et al., 2016). 460 

Similar results for the content of sucrose, glucose, and fructose at low 461 
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temperatures were found by Borsani et al. (2009), who suggested that sucrose is the 462 

principal source of carbon consumed after fruit harvest and it is turned into glucose and 463 

fructose by hydrolytic enzymes (invertase and sucrose synthase). These results agree with 464 

the increment of fructose content that we have found in our study, in particular for 465 

‘Calprebor’ cv. (Fig. 1e and 2e), although no significant correlations were found. 466 

Phenolic content was slightly reduced after 20 days of storage at 1°C (Fig. 2g) 467 

and drastically decreased during the first weeks of storage at 5°C (Fig. 1g). These 468 

results agree with those reported by Asami et al. (2003) when the fruit was stored at 469 

4°C  but differs from the others, where postharvest at 2°C increase polyphenols 470 

content due to enzymatic hydrolysis (Di Vaio et al., 2008). Results indicate that cold 471 

treatment at 5°C is more aggressive for nutritional quality than the treatment at 1°C. 472 

Both temperatures affect nutritional compounds in fruit, but the loss is less important 473 

at 1°C than at 5°C. The negative correlation found between total phenolics and redness 474 

(Fig. S2) could be due to their role in the development of pigmentation of the fruit 475 

skin (Cantín et al., 2011). However, although the evolution of phenolic content 476 

depends on the treatment, the behavior of the fruit under different treatments is 477 

cultivar-dependent (Zapata et al., 2014). 478 

Evolution of immature and mature fruits was evaluated during CS treatment. 479 

However, small differences were found between both stages. It may indicate that low 480 

temperatures that delay CI symptoms have the same effect when the treatment is 481 

applied to mature or immature fruit. 482 

 483 
4.3. Chilling injury symptoms in ‘Calante’ are related to firmness 484 

 485 

While the time of storage at 5°C was increasing, the organoleptic damage was 486 

intensified. Most significant disorders after 2 weeks were related to texture and flavor 487 

while leatheriness and browning were more pronounced after 4 weeks. The type of 488 

symptoms developed during post-harvest treatments depended on the cultivar and the 489 

storage temperature (Crisosto et al., 1999). These symptoms together with the little 490 

blushing of the pulp, characteristic of late-season peach cultivars, were described in 491 

other studies (Crisosto et al., 1999; Cantín et al., 2010). Metabolism of phenolic 492 

compounds influenced the development of skin burning disease in peach (Cantín et 493 

al., 2011) and was related to browning and color in eggplant (Prohens et al., 2007). 494 

Cold storage affects t h e  normal function of several cell wall-modifying enzymes, 495 

which leads to the internal breakdown of fruit tissues and, in consequence, reduces the 496 
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quality of fruit (Brummell et al., 2004). Changes in sugars, such as fructose and 497 

xylose, may be related to changes in the cell wall, and in consequence to texture, 498 

while the composition of malic and citric acids could be responsible for the decrease in 499 

flavor (Monti et al., 2016). 500 

Different susceptibility between cultivars was observed by Crisosto et al. (2001). 501 

In our work, less severity of the injury was found in ‘Calante’ cv. during the first 14 days 502 

of storage at 5°C and two days at room temperature (Fig. 3a). However, the symptoms 503 

were more drastic in both cultivars after 28 days of storage and two days at room 504 

temperature. Blushing and leathering were more affected in ‘Calante’ than in 505 

‘Calprebor’, which might be related to the firmness of the cultivar (Table 1). 506 

Chilling injury at 1°C was tested in ‘Calante’ cv. in mature and immature fruits 507 

(Fig.3b). After 20 days of storage and two days at room temperature, both cultivars 508 

suffered equal chilling injury symptoms. Similar results were found at the firm-509 

mature stage after 3 weeks of storage at 0°C (Jin et al., 2009) and after 30 days at 0°C 510 

in nectarine (Dong et al., 2001). Although the effect of the cultivar on susceptibility to 511 

chilling injury must be considered (Crisosto et al., 2001), the maturity level does not 512 

seem to have an influence on the evolution of chilling injury at 1°C. The work of 513 

Amiot et al., (1995) in pears showed that the cultivar has more influence on browning 514 

than maturity stage. 515 

It is possible to compare the effect of these treatments for ‘Calante’. After 14 516 

days at 5°C and two days at room temperature, leatheriness, flavorless, graininess and 517 

browning were higher than those found after 20 days at 1°C and two days at room 518 

temperature. On the other hand, mealiness had more impact on the fruit stored at 1°C 519 

than 5°C. Comparing effects with 28 days treatment at 5°C, at higher temperatures, 520 

the fruit suffered more than at 1°C. These results are similar to those described by 521 

Crisosto et al. (1999), suggesting that storage at lower temperatures contributes to 522 

better organoleptic fruit quality when fruits arrive to consumers. 523 

 524 
4.4. Transcription factors, sugars and oxidation are implied in the tolerance to cold stress. 525 
 526 

The response to low temperatures is activated by different families of 527 

transcription factors. Relative expression of two transcription factors (bZIP-like and 528 

CBF-like) related to cold resistance was analyzed by qRT-PCR for experiments at 1°C 529 

and 5°C in ‘Calante’ cv. In the chilling inducing experiment (5°C), CBF-like 530 

transcription factor showed a significant reduction of expression level during the days 531 

of treatment (Fig. 4a). The same behavior during the first weeks of storage at low 532 

https://doi.org/10.1016/j.scienta.2018.04.043


 
Scientia Horticulturae 238: 116-125 (2018) 

https://doi.org/10.1016/j.scienta.2018.04.043  

 
 

 

16  

temperatures was observed by Pons et al. (2014). Less expression was observed under 533 

5°C than at 1°C (Fig.4a and 4b). The positive relationship between CBF and SSC and 534 

negative relationship with flesh firmness agreed with results in other studies (Liang et 535 

al., 2013) showing that the treatment at 1°C (chilling injury and CBF) could play a 536 

role in the resistance of the fruit to this injury through the biosynthesis of cryoprotective 537 

osmolytes like sucrose and proline during acclimatization to cold (Huang, 2006). 538 

The Basic Zipper Leucine Promotor (bZIP) family is induced by ABA hormone, 539 

and it has been upregulated during fruit ripening. bZIP-like transcription factor 540 

increased in expression levels during post-storage after 4 weeks at 5°C (Fig. 4a). In the 541 

treatment at 1°C, although expression levels were not significantly different between 542 

days of storage, there were differences between maturity stages (Fig. 4b). This 543 

transcription factor is up-regulated in peach and is specific for the maturity stage 544 

(Lovisetto et al., 2013), showing maximum expression levels before reaching complete 545 

maturity. Negative correlations found between bZIP and sugars (Fig. S2A, B) are 546 

explained by the need for accumulation of sucrose, glucose, and fructose as signals of 547 

maturity, which is the start point of expression of bZIP-like genes (Lovisetto et al., 548 

2013). 549 

Phosphoglycerate-D-3 Dehydrogenase (PGDH) participates in the conversion of 550 

glycerate to serine (Ho et al., 1999), an amino acid associated with metabolism at low 551 

temperatures (Nilo et al., 2010). It has been found to be under-regulated in post-harvest 552 

conditions, which could be related to firmness and aroma (Oms-Oliu et al., 2011). 553 

PGDH gene expression was quantified only at 5°C due to the importance of sugar 554 

evolution during post-harvest at 5°C, while as storage, advanced, PGDH was up- 555 

regulated (Fig. 4a). These data are similar to those exposed in the Chillpeach database 556 

(Ogundiwin et al., 2008). These results could be related to the increased levels of 557 

glucose in the post-harvest treatment, as a part of the metabolism of sugars. 558 

Glutathione has a function in cellular redox control and detoxification. 559 

Glutathione-s-transferase (GST22) is a protein able to detoxify the toxic component in 560 

the cytosol (Nilo et al., 2010). Expression levels of GST22 were only studied in the 561 

cold storage experiment in order to determine if the oxidation procedure is relevant in 562 

post-harvest at different maturity stages, due to the effect of oxidation. Fruit harvested 563 

at physiological maturity maintained constant expression during 20 days at 1°C, but it 564 

was down-regulated in the post-harvest treatment (Fig. 4b). However, when fruits were 565 

harvested at commercial maturity (more susceptible), the expression levels were 566 
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reduced during storage and post-storage at room temperature. Analyzing those results in 567 

Chillpeach database (Ogundiwin et al., 2008), it was confirmed that susceptible fruits 568 

have low levels of GST22, while tolerant fruits had higher levels. Dagar et al. (2012) 569 

have observed higher expression levels of GST22 in ‘Yuval’ nectarine (tolerant to 570 

chilling injury) than in ‘Oded’ peach (susceptible) at 4°C. In terms of maturity, results 571 

showed that fruit harvested at physiological maturity showed less chilling injury severity 572 

than fruit harvested at commercial maturity. Negative correlations have been found 573 

between GST22 expression and RI, while it was positively related with TP and FF (Fig. 574 

S2). Taking this into account, relative expression results are in line with the RI, TP and 575 

FF responses of ‘Calante’. This might be supported by the function of GST22 in 576 

tolerance to low temperature stress, delaying maturity, and increasing phenolic content 577 

and firmness. 578 

 579 

5. Conclusions 580 
 581 

The cultivars selected from the breeding program of the PDO ‘Calanda’ have a 582 

high nutritional quality in terms of sugars and phenolic contents, providing them an 583 

added value. Postharvest has an effect on these components, more when storage is at 584 

5°C than at 1°C. Organoleptic damage depends on storage temperature and time of 585 

harvest showing that chilling injury is more aggressive when storage has been made at 586 

5°C than at 1°C. Loss of weight, possibly due to fruit respiration, is related to an 587 

evolution of content of sugars and phenolics, firmness and color. A good control of the 588 

humidity may help solve the problems derived from transport distances to potential 589 

consumers. Cultivars behave differently during their storage at low temperatures. 590 

‘Calante’ cv. showed less severity of chilling injury damage and better color and high 591 

phenolic content during the cold storage, while ‘Calprebor’ cv. showed higher firmness, 592 

glucose and fructose content during the post-harvest treatment. 593 

CBF and bZIP are two transcription factor families that increase the cold storage 594 

and chilling injury resistance in ‘Calante’ cv. Expression of GST22 can also promote the 595 

resistance against cold damage, contributing higher firmness and phenolic content. These 596 

are three of many genes that may help in the breeding programs directed to find high-597 

value cultivars with higher post-harvest quality and longer cold storage. This 598 

information might be useful for breeders willing to incorporate fruit quality as one of 599 

the goals in their breeding programs. 600 

 601 
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Figure 1: Physiological traits during chilling inducing assay (5°C). Twelve fruits were 

measured for weight and firmness, and two replicates are represent in sugars and 

phenolic content (mean ± SD, * P<0.05; ** P<0.01; *** P<0.005). Abbreviations: fw, 

fresh weight; TP, total phenolics; ns, not significant. 

 

Figure 2: Physiological traits during cold storage assay (1°C). Twelve fruits were 

measured for weight and firmness, and two replicates are represent in sugars and 

phenolic content (mean ± SD, * P<0.05; ** P<0.01; *** P<0.005). Abbreviations: fw, 

fresh weight; TP, total phenolics; ns, not significant. 

 

Figure 3: Chilling injury symptoms. a) Chilling induced treatment at 5°C. Symptoms 

evaluated after 14 and 28 days of storage and 2 days at room temperature in both 

cultivars. b) Cold storage treatment 1°C (CS 20+2), in immature (CS I20+2) and mature 

fruits (CS M20+2) in cv. ‘Calante’. Results are presented as a mean of 10 samples. 

 

Figure 4: Expression levels of selected genes by qRT-PCR. a) Chilling induced 

treatment at 5°C, evaluated after 14 and 28 days of storage and 2 days at room 

temperature in ’Calante’ cv. b) Cold storage treatment 1°C, in immature (I) and mature 

fruits (M) in ‘Calante’ cv. Results are presented as mean ± SEM of three biological 

replicates. 

 

Supplementary Material 

 
Suplemental Figure 1: Scheme of post-harvest treatments. 
 
 
Suplemental Figure 2: Kendall’s Rank Correlations for CI and CS treatments (A) and 

for CS treatment alone (B). 

 
Suplemental Figure 3: Description of chilling injury symptoms. 
 
 
Suplemental Figure 4: Primer list. 
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Table 1: Characterization of cultivars at different stage of ripeness. Sources of variation: CV, cultivar; M, maturity phase; CV*M, interaction 
 

  

Immature fruit ‘Ready to buy’ 
 

Mature fruit ‘Ready to eat’  
Sources of 

 

variation 

Trait Units ‘Calprebor’ ‘Calante’ Mean±SEM ‘Calprebor’ ‘Calante’ Mean±SEM CV M CV*M 

Weight g 150.60±5.71 307.01±20.68 241.50±20.89 149.70±6.62 357.10±14.27 444.50±17.83 ** ns *** 

 

Soluble solid content (SSC) 
 

°Brix 
 

17.60 
 

13.80 
 

15.70±1.90 
 

17.65 
 

14.70 
 

18.40±0.91 
 

ns ns 
 

** 

 

Firmness 
 

Newtons 
 

6.65±0.25 
 

5.90±0.20 
 

6.30±0.15 
 

6.37±0.30 
 

5.31±0.41 
 

6.10±0.15 
 

** * 
 

ns 

 

Titratable acidity (TA) 
 

g malic acid/100 g 
 

3.03 
 

3.67 
 

3.32±0.28 
 

8.86 
 

8.16 
 

8.40±0.26 
 

ns ns 
 

ns 

 

L* 
 

Lightness 
 

66.49±0.57 
 

70.10±0.75 
 

69.03±0.46 
 

66.55±0.58 
 

70.24±0.82 
 

68.70±0.37 
 

** ns 
 

ns 

 

a* 
 

Greenness/redness 
 

10.52±0.57 
 

-0.27±0.81 
 

3.53±0.99 
 

13.13±0.78 
 

3.77±0.73 
 

8.20±0.70 
 

** ** 
 

ns 

 

b* 
 

Blueness/yellowness 
 

52.86±0.69 
 

54.18±0.82 
 

53.50±0.49 
 

52.75±0.98 
 

56.05±0.91 
 

53.77±0.64 
 

* ns 
 

ns 

 

Ripeness index (RI) 
 

SSC/TA 
 

1.53 
 

1.62 
 

1.57±0.04 
 

2.00 
 

1.80 
 

1.97±0.09 
 

ns ns 
 

ns 

Sucrose g/100 g fresh weight 8.68±0.17 7.44±0.53 8.06±0.39 8.71±0.28 9.03±0.69 8.92±0.15 ns * *** 

 

Glucose 
 

g/100 g fresh weight 
 

1.26±0.63 
 

0.69±0.11 
 

0.98±0.17 
 

1.37±0.16 
 

0.78±0.07 
 

1.02±0.12 
 

** ns 
 

*** 

 

Fructose 
 

g/100 g fresh weight 
 

1.31±0.14 
 

1.18±0.52 
 

1.25±0.16 
 

1.38±0.05 
 

1.40±0.59 
 

1.39±0.11 
 

ns ns 
 

ns 

 

Sorbitol 
 

g/100 g fresh weight 
 

2.92±0.13 
 

0.86±0.04 
 

1.89±0.60 
 

3.07±0.51 
 

1.11±0.19 
 

2.03±0.38 
 

** ns 
 

* 

 

Total sugars content 
 

g/100 g fresh weight 
 

14.16 
 

10.18 
 

12.17±1.20 
 

14.53 
 

12.32 
 

13.03±0.45 
 

** ns 
 

*** 

 

Total phenolic content 
 

mg GAE/100 g fresh weight 
 

86.60±2.41 
 

44.48±7.87 
 

65.54±12.39 
 

94.49±1.39 
 

75.95±1.04 
 

85.23±4.08 
 

* ns 
 

*** 
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Figure 1. Physiological traits during chilling injury assay. Results are presented as mean ± SD. 

Twelve fruits were measured for weight and firmness, and a composite sample was used for SSC 

and TA measurements. 
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Figure 2. Sugars and phenolic content during chilling injury treatment. Results are presented as 

mean ± SD for two replicates. 
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Figure 3. Chilling injury symptoms during post-harvest conditions at 5°C. Results are presented 

as a mean of 10 samples.  
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Figure 4. Physiological traits during shelf life assay. Results are presented as mean ± SD. Twelve 

fruits were measured for weight and firmness, and a composite sample was used for SSC and TA 

measurements. 
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Figure 5. Sugars and phenolic content in shelf life assay. Results are presented as mean ± SD for 

two replicates. 
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Figure 6. Organoleptic damage during post-harvest conditions at 1°C (SL 20+2), in immature 

(M1) and mature fruits (M2) in cv. ‘Calante’. Results are presented as a mean of 10 samples. 
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Figure 7. Expression levels of selected genes by qRT-PCR in chilling injury and shelf life assays. 

Results are presented as mean ± SEM of three biological replicates.  
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Fig.S1. Kendall’s Rank Correlations for CI and SL treatments (A) and for SL treatment alone (B). 
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