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Abstract

Pre-harvest conditions such as cultivar, cultivation site and planting time could affect the
storability, quality and shelf-life of fruit and vegetables. The influence of onion cultivar,
cultivation site and planting time on the storability and quality of whole fresh and roasted
calcots (Allium cepa L.) was investigated. Moreover, the suitability for fresh-cut processing of
four different calgots was studied. Samples from ‘Montferri” onion cultivar presented the best
storability. Overall, postharvest storage time had no remarkable effect on the quality of whole
calgots but produced an increase on the antioxidant properties of all samples. In relation to the
aptitude to minimal processing, ‘Montferri’ early onion cultivar cultivated at Viladecans in
August showed the best results in terms of quality throughout their postharvest storage time.
Therefore, cultivar and postharvest storage time could have more effect than cultivation site and

planting time on the quality of whole and fresh-cut calgots.

Keywords: Allium; storage; cultivation; planting; fresh-cut; quality.
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1. Introduction

Calcots (Allium cepa L.) are the immature floral stems of second-year onion resprouts of the
‘Ceba Blanca Tardana de Lleida’ onion landrace. The singularity of the production of this
product has helped to confer protected status from the European Union and ‘Calgot de Valls’
being awarded with the Protected Geographical Indication (EC No 905/2002; Sim6 et al., 2013;

Zudaire et al., 2017).

In the last years, the consumption of fresh-cut vegetables has increased in Europe since
consumers demand fresh, healthy and convenient product (Rico et al., 2007). The quality and
safety of fresh-cut vegetables rely on many factors including those affecting the quality of
whole fruit and vegetables (cultivar and pre-harvest practices and conditions) as well as specific
factors such as handling procedures, conditioning, minimal processing, and following storage

conditions (Gil and Allende, 2012; Kader, 2002).

However, calcots are subjected to the limit of seasonality and there is a need to find an adequate
combination of pre-harvest and postharvest factors to prolong their storability. The first step to
increase storage potential of calcots is the selection of the proper onion cultivar (Petropoulos et
al., 2016b). Cultivar choice is the main factor in the quality as the genetic nature of the plant
determines the structural and chemical attributes of the product (Cliffe-Byrnes and O’Beirne,
2005), final product quality and acceptability by consumers (Echeverria et al., 2013). Moreover,
the interaction of cultivar with environmental, agronomic and processing conditions could also
have influence on the level and bioavailability of antioxidant compounds in the final product
(Tiwari and Cummins, 2013). Not all varieties of vegetables are suitable for minimal
processing. The correct choice of variety is particularly relevant for vegetables such as potato or
onion (Laurila and Ahvenainen, 2002). For example, Silveira et al. (2017) demonstrated that
cultivar had effect on the final total phenolic content of fresh-cut potato. ‘Montferri’ is a new
late (usually harvested in January or March) calgot (Allium cepa L.) cultivar, which
considerably increase the mean number of commercial calgots obtained for each plant while

maintaining the sensory characteristics (Simo et al., 2012).
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Similar cultivars grown in two different locations under comparable growing conditions could
also have differences in phytochemical content as a result of variations in prevailing
environmental conditions (Tiwari and Cummins, 2013). Giannino et al. (2018) reported that
growth site variation caused the major differences in the content of flavonols, flavonoids and
chlorophylls of fresh-cut endives and escaroles. Moreover, planting time might have a
significant impact on the characteristics of plants and could affect the mean weight and
marketable yield (Sekara et al., 2017). In the case of onions, the productivity is significantly

affected by both the selection of the cultivar and the planting time (Caruso et al., 2014).

Postharvest storage time of raw material is also important because many biochemical
characteristics change during storage (Chope et al., 2006; Tiwari and Cummins, 2013). Overall,
bunched green onions which are similar to calcot, could be stored 3 to 4 weeks at 0 °C with 95-
98 % of RH and in most European countries, onions are stored in regular storage, using cool and
ambient air (Adamicki, 2016). In recent years, the number of studies focused on the effect of
long-term storage on the overall quality of onions has increased (Petropoulos et al., 2016b).
Petropoulos et al. (2016a) reported that overall quality of ‘Vatikiotiko’ onion bulbs was
maintained after 210 d of storage at 5 + 1 °C. Nevertheless, minimally processed fruit and
vegetables have a short shelf-life principally due to mechanical stresses (Watada et al., 1996).
The minimal processing could also rise microbial spoilage of minimally processed vegetables
due to transmission of microflora from surface or decontamination water to the flesh (Qadri et
al., 2015). Indeed, the following refrigerated storage is essential to ensure acceptable shelf-life

(Garcia and Barrett, 2002).

The objective of this study was to evaluate the effect of cultivar, cultivation site, planting time
and postharvest storage time of raw material on the morphological, physicochemical and
sensorial quality and antioxidant potential of whole calcots. Moreover, their aptitude to be
minimally processed as ‘ready to eat’ or ‘ready to cook’ products was evaluated through

physicochemical, microbiological and sensorial analysis.
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2. Materials and Methods

2.1 Effect of pre-harvest conditions and postharvest storage time on whole calcots

Calcots (Allium cepa L.) grown in the northeast of Spain were provided by ‘Fundacio
Miquel Agusti’ (Sabadell, Spain) at commercial size. They were cultivated during the crop
growing season of 2015 and 2016. To avoid the effect of the first growing cycle conditions
(from November to August, from seed planting to bulb obtaining) on calcots cultivation, bulb
onions used in the experiments were produced in the same field. Bulbs onions were planted at a
density of 32,000 plants per hectare, using a planting pattern of 0.3 x 0.75 m, at two different
times, in mid-August (early planting) and in late September (late planting). Calgots were
harvested in December. The experimental design was three randomized blocks, with 50 plants
per plot. Each experimental field was managed by farmers using their own customary traditional
cultivation techniques. The fertilization, irrigation, weed control and pest management were also

managed using farmer cultivation practices (Sans et al., 2018).

The experiment was carried out with two different cultivars: that differed on its yield: a
traditional landrace (125,403 calgots/ha), which has not undergone any formal scientific
breeding processes, and the improved variety Montferri (164,668 calgots/ha), derived from the
historical landrace by scientific breeding (Sans et al., 2018; Simo et al., 2012) Fraditional
{125,403 ¢calcotstha)and-Meontferri{164,668-calcotstha)(Simé—etal—2012): Those cultivars
were grown in two areas of northeast of Spain: Viladecans (41°17°19.3” N, 2°02°42.5”,
Barcelona province) and La Juncosa del Montmell (41°18°59.4” N, 1°27°07.5”E, Tarragona
province). The climatic conditions and soil characteristics of two cultivation sites were detailed

in Tables 1 and 2. Table 3 shows the combinations tested.

The calcots were harvested at commercial conditions, transported to the laboratory and
immediately cooled to 1 °C at arrival. The time between harvesting and cooling was around 3 h.
Calcots were then stored under air at 1 °C with 85 % of relative humidity (RH) for 30 d. The

morphological, physicochemical and nutritional quality of samples was evaluated at day 0, 15
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and 30. In addition, calcots were roasted as Zudaire et al. (2017) described. Briefly, calcots
were roasted at 270 °C for 8 min and then, cooled into a blast chiller until they reached 3 °C.
After conducting physicochemical assays, both fresh and roasted samples were crushed,

powered and frozen with liquid nitrogen and stored at -80 °C for nutritional analysis.

2.1.1 Morphological and physicochemical quality

The measurements of morphological and quality parameters of raw calcots (whole
samples) were made as Zudaire et al. (2017) described. The length and width of edible part
(white shaft) and weight of the calcots were measured. Color, firmness, soluble solids content
(SSC), titratable acidity (TA), pH and respiration rate were measured. SSC were expressed as
percentage and TA as g of malic acid per liter. Respiration rate was expressed on a fresh weigh
basis as mL of CO, per kg and h. Furthermore, color difference (AE*) of external white shaft
was calculated using the values a*, b* and L* and following the methodology described by

Wibowo et al. (2015).

2.1.2 Consumer assessment

A portion of 3 cm of roasted calgot of each sample and at each storage time was presented to an
untrained panel of 40 consumers immediately after they were heated for 10 s in the microwave
at a 900 W. The assessment was carried out following the same methodology previously
described by Altisent et al. (2014). Briefly, each consumer assessed all samples and was asked
to indicate his/her degree of liking/disliking using a 9-point hedonic scale (1-dislike extremely
to 9-like extremely). A score equal or superior to seven was used as the threshold to analyze the
results. Moreover, the percentage of consumers who evaluated equal or greater than 7 was

calculated.

2.1.3 Antioxidant potential

Antioxidant activity and total phenolic content of raw and roasted calcots were
measured as Zudaire et al. (2017) described. Antioxidant activity was determined by two

different methods: 2,2-diphenyl-1-picrylhydrazyl (DPPH") radical scavenging assay and ferric

7



146

147

148

149

150

151

152

153

154

155

156

157

158

159

160

161

162

163

164

165

166

167

168

169

170

reducing antioxidant power (FRAP) assay. Results were expressed on a fresh weight basis as a
mol of ascorbic acid equivalents per kg. Total phenolic content was determined following the
Folin-Ciocalteu method (Singleton et al., 1999) and results were expressed on a fresh weight

basis as g of gallic acid equivalent per kg.
2.2 Effect of pre-harvest conditions and postharvest storage time on fresh-cut calgots

Minimal processing of calcots stored for 15 and 30 d was conducted according to the study of
Aguil6-Aguayo et al. (2015) which consisted of cutting roots and external leaves from the
edible part as well as removing the outer peel. Fresh-cut calgots were immersed in a 10 L bath
which contained 80 mg L™ peroxyacetic acid (39 %, Sigma-Aldrich, Steinheim, Germany) at
room temperature under continuous agitation for 60 s. All samples were centrifuged at 210 rpm
in a pilot plant centrifuge (Marrodan, Navarra, Spain) for 95 s. Fresh-cut calgots were packaged
in polystyrene trays with retractable film and stored at 4 °C for 10 d. The microbiological and
quality determinations (color, firmness, SSC, TA and pH) were carried out at day 0, 3, 7, and 10
d of shelf-life at 4 °C. Moreover, consumer assessment of fresh-cut and roasted calgots was

carried out at day 0 and 6 of shelf-life at 4 °C.

2.2.1 Microbiological quality

The population of total aerobic mesophilic bacteria (TMB) and yeast and moulds (Y&M) was
determined in triplicate (three different trays) at each sampling date. Two fresh-cut calgots from
each tray were randomly selected, cut in small pieces and 25 g were weighed in a homogenizer
sterile filter bag, diluted in 225 ml of buffered peptone water (BPW, Oxoid) and homogenized
in a blender (UL, Masticator, Spain) at 250 impact s* for 90 s. Serial dilutions of the
suspension were conducted in sterile buffer saline peptone (8.5 g L™ NaCl and 1 g L™ peptone).
Aliquots of duplicate serial dilutions were spread onto plates with PCA (Plate Count Agar,
Biokar) and DRBC (Dichloran Rose Bengal Chlorotetracycline agar, Biokar) for mesophilic

aerobic microorganisms and yeasts and moulds enumeration, respectively. PCA plates were



171

172

173

174

175

176

177

178

179

180

181

182

183

incubated at 30 + 1 °C for 3 d and DRBC plates were incubated at 25 + 1 °C for 5 d. The results

were reported as log colony forming units (cfu) per gram of fresh weight.

2.3 Statistical analysis

Results were expressed as mean * standard deviation. All data was firstly evaluated for
normality (Shapiro-Wilk W Test) and homogeneity of variance (Levene’s Test) of residues.
Significant differences between results were calculated by using one-way analysis of variance
(ANOVA). In case of non-normality or unequal variances the non-parametric equivalents
(Wilcoxon/Kruskal-Wallis Tests) were used. Differences were considered to be significant at
P<0.05 (95 % confidence level). In case of significant differences, multiple comparison of
means was established with the Post Hoc Tukey-Kramer HSD or Student’s test. All statistical

analyses were performed with JMP 8 software (SAS Institute Inc., Cary, NC, USA).
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3. Results and discussion

3.1 Effect of pre-harvest conditions and postharvest storage time on whole cal¢ots

3.1.1 Changes on morphological and quality parameters

Morphological parameters (width, length and weight) of whole calgots are shown in
Table 4. Overall, morphological parameters of all samples were kept constant along postharvest
storage time (30 d). V3 calcots presented the highest morphological values resulting in a more
production yield due to their size. Both V3 and V4 calgots came from ‘Montferri’ onion cultivar
produced in the same place but with different planting time, late and early, respectively,
presented different initial and final values, demonstrating planting time could have influence on
the morphological parameters of calcots. The difference regarding planting time perhaps could
be associated with the minimum and maximum temperature values (differences around 4 °C
between August and September) (Table 2). The planting time is very important inside the
calcot’s cultivation cycle. However, Simé et al. (2015) reported that different planting times
(August and September) had no effect on the length and diameter of calcots, and they reach the
commercial size indicated by PGI. Furthermore, differences in length between V1 and V4
samples could be observed, which just differed in planting location, La Juncosa and Viladecans,
respectively. Those differences could be associated with sodium, nitrogen and phosphorus
concentration in soil, being higher in Viladecans than in La Juncosa. It is known that nitrogen is
an essential elementary constituent of numerous organic compounds of general significance and
its formation of protoplasm and new cells, including, its encouragement for elongation.
Moreover, phosphorus is major essential element required for physiological mechanisms of

plant growth (Aisha et al., 2007).

Browning index and firmness values are shown in Table 5. After harvest, browning index and
firmness values of all calgots were similar without a clear influence of cultivar, planting site and
time. In general, browning index of white shaft increased up to 15 d of postharvest storage and

remained stable until day 30 except for sample V4. However, Zudaire et al. (2017) reported that
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BI of calgots stored under air increased along storage time (60 d). Praeger et al. (2003) reported
that during storage time (6 months) the onion cv. ‘Sherpa’ (type ‘Rijnsburger’) skin became
slightly darker in all atmospheres (controlled atmosphere and air) being more notable in those
stored under air. Moreover, in the study carried out by Fernandez-Leon et al. (2013) a decrease
in green color and an increase in yellow color of broccoli ‘Parthenon’ plants stored under air
was observed after 21 d of storage and those color changes were more remarkable in those

samples stored under air than under controlled atmosphere.

Overall, firmness values were kept constant along storage time (Table 5) except for calgots V3,
since the firmness of those samples decreased as well as they showed a weight lost (Table 4).
Those results were in agreement with those reported by Zudaire et al. (2017) who showed that
firmness of calgots stored under air was maintained during the first 30 d of storage. In
concordance, Melo et al. (2012) reported that the firmness of onion cv. ‘Beta Cristal’ stored
under air remained constant up to 60 d of storage. However, Chope et al. (2007) showed that

firmness of onion cv. SS1 stored under air decreased after 21 d of storage.

After harvest, soluble solid content (SSC) values of samples V1 and V3 were higher than V2
and V4 samples, without the possibility to establish a link between cultivar, cultivation site and
time (Table 5). However, those values were similar in all samples at the end of the storage time
(30 d). Regarding titratable acidity (TA) values, V1 samples presented the highest values after
harvest and at the end of the storage time (30 d), but pre-harvest factors had no a clear influence
as was shown in SSC values. pH values of soil in both La Juncosa and Viladecans were similar
(around 8.40) and that could have influence in pH of samples because all samples presented

similar values at all sampling points.

SSC, TA and pH values of all samples increased along storage time (Table 5). However,
Zudaire et al. (2017) observed an increase in the TA and a decrease in both pH and SSC values
of calcots stored under air up to 60 d of storage. Rodrigues et al. (2012) reported that SSC was
maintained, and pH decreased in ‘Branca da Povoa’ and ‘Vermelha da Povoa’ onion cultivars

after 6 months of storage time under refrigeration conditions. However, Chope et al. (2007)

11
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reported that the total SSC of onions stored under air or controlled atmospheres depended on the
cultivar. The observed increase in SSC could be associated by the metabolization of
carbohydrates during the storage, due to high respiratory activity (Fernandez-Leén et al., 2013)
or caused by the low temperature hydrolysis of fructans which are the major oligosaccharides in

onion bulbs (Benkeblia and Shiomi, 2004).

Respiration rate is usually a good index for the storage life of fresh vegetables; hence, the higher
the rate, the shorter the life and vice versa (Ozden and Bayindirli, 2002). After harvest, V1
samples presented the highest respiration rate values (Table 5). V1 samples were the only which
were planted/cultivated in La Juncosa. Mean maximum and minimum monthly temperatures
were lower (warmer) in La Juncosa than in Viladecans and perhaps temperature could have had
effect on the respiration rate. It has been long recognized that respiration is temperature
sensitive (Atkin and Tjoelker, 2003). For example, Mohammed and Tarpley (2009) reported an
increase in respiration rates in rice plants as a result of an increase in night-time temperature.
Respiration rate of V1-V3 calcots increased along storage time but without significant
differences (P>0.05) respect to day 0, and a maximum respiration rate occurred during the first
15 d of storage. However, respiration rate of V4 sample increased along storage time with a
maximum value at day 30. Moreover, respiration rate tendency observed in those V3 and V4
calcots could be related with the changes observed in SSC along storage time (30 d) because
soluble sugars are used in respiration (Rodrigues et al., 2012). Those results were in agreement
with those reported by Zudaire et al. (2017) where respiration rate of calgots stored under air
conditions increased along storage time (60 d). The respiration rate results obtained in the
present study could be analyzed either by cultivar (V4 vs VV2) or by planting time (V4 vs V3).
On the one hand, the increase in the respiration rate observed could be cultivar-dependent
because V2 (Traditional) and V4 (‘Montferri’) planted at the same place and time presented
different tendency. In concordance, Chope et al. (2007) reported that the respiration rates for
onion cvs. ‘Carlos’ and ‘Renate’ were greater than for SS1 cultivated at the same place and

time. On the other hand, respiration rate could be planting time-dependent because V3 (late) and

12
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V4 (early) came from the same onion cultivar and they were planted at the same place.
However, there is a lack of literature discussing the effect of planting or sowing date on the

postharvest respiration rate of vegetables.

3.1.2 Consumer assessment

The percentage of consumers who evaluated above 7 points decreased along postharvest storage
time for V1 and V2 samples, from 77.8 % to 57.0 % and from 63.0 % to 57.0 %, respectively
(data not shown). However, opposite tendency was observed for V3 and V4 samples, where
percentage increased from 55.6 % to 82.1 % and from 70.4 % to 92.0 %, respectively. Calcots
which came from ‘Montferri’ onion cultivar and planted at the same place (Viladecans)
presented the best scores, indicating that planting time had no effect on the sensorial quality of
those calcots. Zudaire et al. (2017) reported that higher liking degree value was observed in
calgots stored under air during 60 d than 30 d. Besides the differences observed in the tendency
and consumer percentage of traditional and ‘Montferri’ cultivars, Simo et al. (2012) reported
that there were no differences between calgots from the base population, ‘Babosa’ and ‘Nerja’
cultivars and those from the two new cultivars (‘Montferri’ and ‘Roquerola’) in the sensory

analysis (sweetness, fiber and off-flavors).

3.1.3 Antioxidant activity

In the current study, two methods, DPPH" and FRAP, were used to investigate the
changes in total antioxidant activity (AA) of calgots after 30 d of postharvest storage (Figure 1A
and 1B). Moreover, the effect of thermal processing (roasting) was assessed. After harvest, V3
samples presented the lowest antioxidant activity (DPPH" and FRAP). A considerable difference
was observed between V1 and V3 samples which came from the same cultivar and planting at
the same time. The soil properties and temperature could have had influence on the antioxidant
activity of harvested calgots. In addition, Tiwari and Cummins (2013) remarked that
environmental factors including sunshine radiation, temperature variation and climatic

conditions within a geographical location may influence the level of phytochemicals in fruit and
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vegetables. For example, Wang and Zheng (2001) observed that antioxidant capacity of
strawberries (Earliglow and Kent cultivars) increased in those cultivated at day/night
temperatures of 25/22 and 30/22 °C and plants grown in the cool day and night temperatures
(18/22 °C) presented the lowest AA. Overall, AA values of whole raw cal¢ots by DPPH’
method decreased along postharvest storage time with a maximum value at day 15 and
increased by FRAP method. There was no observed a similar tendency in those samples that
came from the same onion cultivar, planted at the same place or time. Petropoulos et al. (2016a)
reported that AA as expressed by DPPH reduced during postharvest storage (139-210 d) under
refrigeration conditions for all onion genotypes. However, Gunes et al. (2002) showed that the

AA of cranberry fruit stored under air increased around 45 %.

Furthermore, AA values were maintained by DPPH method except at day 30 of postharvest
storage and increased by FRAP method after thermal processing (270 °C, 8 min). It was not
observed a clear tendency in those samples that came from the same onion cultivar, planted at
the same place or time. However, Zudaire et al. (2017) reported that AA (DPPH and FRAP) of
all calgots increased after roasting (270 °C, 8 min) regardless of postharvest storage regime and
time. Moreover, Sharma et al. (2015) reported that the DPPH and FRAP values for all studied

onion cultivars were increased after 30 min at 120 °C or 150 °C.
3.1.4 Total Phenolic Content

The total phenolic content (TPC) of raw and roasted calgots is shown in Figure 1C.
After harvest, V2 and V4 samples which were planted at the same location and time, presented
similar TPC values. Those results demonstrated that cultivar (Traditional or Montferri) had no
effect on the TPC of those calcots cultivated at the same location and time. However, Nuutila et
al. (2003) reported that TPC of onions not only vary according to cultivar but also within its
layer. They showed that TPC of dry skin of red and yellow onions were 8000 and 2600 mg
GAE 100 g™ dry weight, respectively, whereas the intermediate levels of onion bulbs and stems
ranged from 80 to 320 mg of GAE 100 g* dry weight. The TPC of raw samples V1 and V2

increased and samples V3 and V4 was maintained after 30 d of postharvest storage. Caruso et

14
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al. (2014) reported that polyphenol content of cured ‘Ramata di Montoro’ onion bulbs was not
significantly affected by the transplanting time. In concordance with the results obtained in the
present study, Zudaire et al. (2017) reported that the TPC of raw calgots increased after 60 d of
postharvest storage at 1 °C without a relation between the AA and TPC. However, Petropoulos
et al. (2016a) showed that the TPC of ‘Sivan F1°, ‘Vatikiotiko’ and ‘Creamgold’ onion cultivars
decreased after 139-210 d at 5 °C. The effects of storage time under air depend on the vegetable
matrix. For example, Singh and Singh (2013) reported that the concentration of total phenolic of
Japanese plums stored under air (0-1 °C) declined after 8 weeks. Nevertheless, Li et al. (2015)
showed that the TPC of kiwifruit increased along storage time (2 + 2 °C) with a maximum value

at day 15, and then decreased drastically by 30 d.

On the other hand, the impact of thermal processing on the TPC of calcots relied on the sample
and postharvest storage date with an overall tendency to increase. The increase observed in TPC
after roasting could be to the liberation by cleaving of the esterified and glycosylated bond or by
the formation of Maillard reaction products (Sharma et al., 2015). In concordance, Zudaire et al.
(2017) reported that the TPC of raw calcots stored under air increased after thermal processing.
However, other authors reported that occurrence of Maillard reactions in roasting process could
contribute to the reduction of polyphenol levels (Palermo et al., 2014). For example, Hwang et
al. (2012) showed that roasting (190 °C; 5, 10 or 15 min) produced a decrease on the TPC of
peppers. Moreover, Rawson et al. (2013) observed that roasting (160 °C; 15 min) produced a

decrease on the TPC of fennel bulbs.

3.2 Effect of pre-harvest conditions and postharvest storage time on fresh-cut calgots

3.2.1 Changes on quality parameters

Overall, color differences (AE*) and firmness retention (%) values of fresh-cut calcots
were higher in those samples stored for 30 d than for 15 d, but without significant differences
(P>0.05) between them (Supplementary Figures 1 and 2). Moreover, those values and weight

values (data not shown) were kept constant in all samples along refrigerated storage time (10 d)
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at 4 °C. However, Zudaire et al. (unpublished data) reported that browning index values of
fresh-cut calgots packaged under MAP system were higher in those previously stored under
controlled atmosphere for 60 d than for 30 d, but firmness and weight values were not been
affected. Odriozola-Serrano et al. (2008) reported that differences in CIELab parameters among
six fresh-cut tomato cultivars appeared to be significant, but those parameters did not vary
significantly during storage time (21 d) at 4 £ 1 °C. In concordance, Simon (2008) showed that
cultivar had effect on the quality parameters of minimally processed cauliflower. For example,
‘Lorien’ cultivar presented very dark cuts or ‘Caprio’ and ‘Cristallo’ cultivars suffered an
important toughness during storage (13 d) at 5 °C. Moreover, Blanco-Diaz et al. (2016) reported
that b* values of fresh-cut zucchinis at day 0 were different among cultivars and those
differences were maintained along storage time (10 d) at 6 °C. However, the cultivar had no
effect on the firmness of those vegetables. Furthermore, Muratore et al. (2015) showed that
browning values of minimally processed artichoke heads were significantly influenced by
cultivar and storage time (16 d). There is a lack in the literature discussing the effect of planting

or sowing date and cultivation site on the overall quality of minimally processed vegetables.

SSC, TA and pH values were similar or higher in those samples previously stored for 30 d than
for 15 d (Table 6). After 15 d of postharvest storage, the SSC and TA values of V2 (Traditional)
and V4 (Montferri) samples which were planted at the same place and time, presented the same
tendency in the following refrigerated storage (4 °C). However, Blanco-Diaz et al. (2016)
reported that SSC values of fresh-cut zucchinis were primarily affected by cultivar. In
concordance, Nogales-Delgado et al. (2014) showed that SSC of fresh-cut nectarines depended
on the cultivar. Moreover, Giné Bordonaba et al. (2014) reported that SSC values in fresh-cut
nectarines were different among cultivars and values of all samples were remained stable during
storage time (12 d) at 5 °C. They also showed that TA was different among the cultivars and
decreased during cold storage. In the current study, after 30 d of postharvest storage and 10 d of

refrigerated storage (4 °C), despite V1 fresh-cut calgots presented the highest SSC and TA
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values due to their high initial values, V3 samples were identified as the best fresh-cut calgots in

preserving those chemical parameters.
3.2.2 Consumer assessment

Overall, the percentage of consumers who evaluated above 7 decreased from day 0 to day 6 in
those samples stored previously for 15 d, except for V3 fresh-cut calcots (increased 1.5 %; final
value of 65.5 %) (Data not shown). Despite of the high initial percentage observed in V3 and
V4 samples (82.1 % and 92.9 %) after 30 d of postharvest storage time, the values were similar
in all fresh-cut cal¢ots at day 6 (around 50 %). Han et al. (2016) reported that fresh-cut Welsh
onions (Allium fistulosum L. cv. Jin) stored at 4 °C presented a slight decrease of sensory
quality in the first 3 d and a moderate reduction was observed from day 3 to 5, but all samples

remained over the limit of usability (score 5) after 5 d of storage.
3.2.3 Microbial quality

The overall shelf life of a fresh-cut vegetable is decided by its physical and chemical
quality as well as its microbial quality (Vandekinderen et al., 2008). Overall, the postharvest
storage time of the raw material (15 or 30 d) had no effect on the total mesophilic bacteria
(TMB), yeast and molds population of fresh-cut calcots (Figures 2-4). Moreover, the population
of TMB was kept constant along refrigerated storage time (10 d) at 4 °C (Figure 2). The results
have shown that disinfection treatment with peroxyacetic acid (80 mg L™) for 60 s was effective
in reducing initial microbial load and maintaining those values along refrigerated storage time
(10 d) at 4 °C. Only slight differences were observed in V3 and V4 fresh-cut calcots previously
stored for 15 d, but without significant differences (P>0.05) among sampling days. In
concordance, Licciardello et al. (2017) reported that TMB population of three different fresh-cut
globe artichoke cultivars was remained constant along storage time (12 d) at 4 £ 0.5 °C.
However, Muratore et al. (2015) reported that TMB of ‘“Tema 2000’ fresh-cut globe artichoke
heads increased rapidly while in ‘Violet de Provence’ the increase was more gradual during 13-

16 d of storage time at 4 °C. Moreover, Cliffe-Byrnes and O’Beirne (2005) observed that using
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OPP film, TMB counts of coleslaw mix were lower up to day 7 for Marathon than for Lennox
cultivar and those values increased along storage time (9 d) at 4 or 8 °C. TMB counts of all
studied fresh-cut calcots not exceeded the recommended limit of 8 log cfu g proposed by
CNERNA-CNRS (1996) and the maximum acceptable contamination value at the end of the
microbiological shelf life fixed by the French regulation (7.7 log cfu g) (Ministere de

I’Economic des Finances et du Budget, 1988).

In general, the population of yeast and molds remained constant along refrigerated storage time
(10 d) at 4 °C (Figures 3 and 4). Only slight differences were observed in the population of
yeasts in V3 fresh-cut calcots stored previously for 15 d and V2 and V4 samples stored
previously for 30 d. In those cases a significant decrease was observed after disinfection, but the
counts were kept constant along refrigerated storage time. Silveira et al. (2017) reported that
postharvest storage length, cut type and variety did not affected the mold growth of fresh-cut
potatoes and yeast growth was only affected by the variety and cut type in those stored
previously for 4 months. Muratore et al. (2015) observed that yeast and mold population of two
minimally processed globe artichoke head cultivars increased progressively along storage time
(13-16 d) at 4 °C. It is noteworthy that any of the studied fresh-cut cal¢ots presented yeast and
mold counts more than 5 log cfu g™ at the end of the refrigerated storage time, which is the limit

proposed by CNERNA-CNRS (1996).
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4, Conclusions

Cultivar, cultivation site and planting time could define the storability and shelf-life of whole
and fresh-cut calcots. On the one hand, postharvest storage time (30 d) had no effect on the
morphological characteristics, color and firmness, but produced an increase in respiration rate,
physicochemical characteristics and antioxidant properties of whole calgots. The obtained
results may explain that cal¢ots came from ‘Montferri’ onion cultivar and planted in Viladecans
in September had higher postharvest storage capacity than the other samples due to their
morphological values (high production yield), low color difference, acceptable respiration rate
and high consumer assessment scores. Hence, ‘Montferri’ improved onion cultivar for calgots
production could have higher postharvest storage capacity than Traditional cultivar. It was not
observed a clear influence by cultivation site or planting time regard to the postharvest storage
capacity. Thermal processing (270 °C; 8 min) produced an increase in antioxidant properties of
whole calgots irrespective of the cultivar, cultivation site and planting time. On the other hand,
postharvest storage time (30 d) had effect on the colour and firmness of fresh-cut calgots, but it
was not observed influence on the chemical, sensory and microbiological quality. Calgots came
from ‘Montferri’ onion cultivar and planted in Viladecans in September maintained the best
physicochemical and sensorial qualities after 30 d of postharvest storage time and 10 d of
refrigerated storage (4 °C). It is noteworthy that total mesophilic bacteria and yeast and molds
counts of all fresh-cut calgots were maintained below 7.7 log cfu g* and 5 log cfu g™
respectively, due to the effectiveness of peroxyacetic acid. Therefore, taking into account
obtained results ‘Montferri’ improved onion cultivar could be a good alternative to Traditional
cultivar in order to improve postharvest storability of whole calcots and shelf-life of fresh-cut

calcots maintaining the best quality.
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FIGURE CAPTIONS

Fig. 1 Antioxidant activity (DPPH and FRAP methods) (A and B) and total phenolic content
(C) of whole calcots after 30 d of postharvest storage time and after thermal processing (270 °C;
8 min). Different capital letters in the sample and state (raw or roasted) indicate significant
differences between postharvest storage times (P<0.05). Different lower-case letters indicate
significant differences between raw and roasted samples at the same postharvest storage time

(P<0.05).

Fig. 2 Total mesophilic bacteria (TMB) counts of fresh-cut calcots along refrigerated storage
time at 4 °C. A: V1 (e), B: V2 (m); C: V3 (¢) and D: V4 (A). The continuous line is for
samples stored for 15 d and the dotted line for those stored for 30 d. BT: Before disinfection

treatment. AT: After disinfection treatment.

Fig. 3 Yeast counts of fresh-cut calgots along refrigerated storage time at 4 °C. A: V1 (e), B:
V2 (m); C: V3 (#) and D: V4 (A). The continuous line is for samples stored for 15 d and the
dotted line for those stored for 30 d. BT: Before disinfection treatment. AT: After disinfection

treatment.

Fig. 4 Molds counts of fresh-cut cal¢ots along refrigerated storage time at 4 °C. A: V1 (e), B:
V2 (m); C: V3 (#) and D: V4 (A). The continuous line is for samples stored for 15 d and the
dotted line for those stored for 30 d. BT: Before disinfection treatment. AT: After disinfection

treatment.

SUPPLEMENTARY DATA

Fig. 1 (Sup) Color difference (AE*) of fresh-cut calgots along refrigerated storage time at 4 °C.
A: V1 (), B: V2 (m); C: V3 (#) and D: V4 (A). The continuous line is for samples stored for

15 d and the dotted line for those stored for 30 d.
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662  Fig. 2 (Sup) Firmness retention (%) of fresh-cut calcots along refrigerated storage time at 4 °C.
663 A: VI (o), B: V2 (m); C: V3 (#) and D: V4 (A). The continuous line is for samples stored for

664 15 d and the dotted line for those stored for 30 d.
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TABLES

Table 1. Soil properties at the two locations.

Trait La Juncosa Viladecans
Soil pH 8.40 8.43
Electrical conductivity 25 °C (ds m™) 0.174 0.275
Organic matter (%) 1.30 1.10
Calcium carbonate equivalent (%) 47 32
Nitrogen (mg N-NO3 kg™) 14 47
Phosphorus (mg kg™) 36 49
Potassium (mg kg™) 626 293
Calcium (mg kg™) 6,828 6,863
Magnesium (mg kg™) 531 337
Sodium (mg kg™) 17 104
Cation exchange capacity (cmol kg™) 15.7 9.9

Data provided by Sans et al. (2018).

31



668

669

Table 2. Climatic data (°C) of the two locations.

Location August September October November December

Mean min. Mean max. Mean min. Meanmax. Mean min. Mean max. Mean min. Mean max. Mean min. Mean max.
La Juncosa 17.0 29.6 135 24.2 10.9 20.4 8.5 18.1 7.1 15.6
Viladecans 20.2 30.6 16.8 26.1 13.2 22.6 8.9 19.6 7.2 17.1

Data provided by Sans et al. (2018). Mean min.: mean of monthly minimum temperatures; Mean max.: mean of monthly maximum temperatures.
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Table 3. The combinations tested.

Samples Cultivar Cultivation site Planting time
V1 Montferri La Juncosa Early

V2 Traditional Viladecans Early

V3 Montferri Viladecans Late

V4 Montferri Viladecans Early
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Table 4. Morphologic parameters of calcots at harvest and after 15 and 30 d of postharvest

storage at 1 °C.

Samples Time (days) Width (mm) Length (cm) Weight (g)

V1 0 269+6.3A 82+09A 825+229A
15 258+58A 86+0.7A 776+£21.8A
30 26.2+52A 89+0.7A 69.7+19.1A

V2 0 235+6.1A 101+£13A 86.6 +33.6 A
15 22.7+58A 109+11A 824+328A
30 226 £5.7A 104+06 A 72.1+29.0 A

V3 0 30.0+£39A 127+£19A 1225+ 16.7 A
15 29.6+27A 128+09A 116.8 + 15.5 AB
30 29.2+27A 12.7+0.7A 104.0+13.3B

V4 0 22.3+40A 115+10A 85.2+28.1A
15 221+37A 127+09A 82.1+233A
30 225+38A 116 £0.8 A 744 +213A

For each sample, different capital letters in the same column indicate significant differences between
postharvest storage times (P<0.05) for each sample.
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Table 5. Quality parameters of calcots at harvest and after 15 and 30 d of postharvest storage at 1 °C.

. Firmness SSC TA Respiration rate
Samples  Time (days) Bl (N) (%) (g malic acid L) pH (mL CO, kg™ h)
V1 0 6.3+£18B 1234+246 A 125+03B 27+0.0B 57£00C 164+24A
15 79+35A 1099+343A 121+00C 25+0.2B 59+00B 29.0+x02A
30 84x16A 89.1+28.2A 16.0+0.1A 38x02A 6.1£00A 255+52A
V2 0 6.2+16B 98.3+17.1A 106+02B 15x02B 57£00C 119+148B
15 76+£25A 76.6 £29.3 A 106+0.1B 17x01B 58+£00B 247+42A
30 74£20A 86.3+20.0 A 159+01A 22x01A 6.1£00A 174+x14AB
V3 0 48+09B 127.3+£253A 126x04B 15+£0.1B 56£00C 101+148B
15 6.1£25A 90.6+21.3B 11.4+00C 18x0.2AB 58+£00B 274+42A
30 6.9+£17A 80.9+156B 16.0+x0.1A 19%x01A 6.0£00A 183+24B
V4 0 83x£36A 107.8+£228A 106x00C 19+£0.1B 57£00C 119+148B
15 58+21B 116.3+405A 111+01B 19+0.1B 58+£00B 136+1.4AB
30 64+£56 AB 86.4+20.1A 159+01A 22x00A 59+00A 256+50A

Values are expressed as mean + standard deviation. For each sample, different capital letters in the same column indicate significant differences between postharvest storage

times (P<0.05).
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680  Table 6. Quality parameters of fresh-cut calgots after refrigerated storage (10 d) at 4 °C. Values

681  are expressed as mean  standard deviation.

Postharvest

Storage Samples Time (d) SSC (%) TA(gL™Y pH
15 days \Vl 0 145+0.0 Aa 3.9+0.2Aa 5.9 +0.0 Ab
3 14.6 +0.1 Aa 3.1+0.2Bb 5.9+0.0 Aa
7 14.2 +0.1 Ab 2.7+0.1Cb 5.7+0.0Bb
10 14.6 +0.4 Aa 34+0.1Ba 5.8 +0.0 Ab
V2 0 9.9+0.1Bb 2.7+0.0 Aa 5.9 +0.0 Ab
3 9.8+0.0Bb 2.0+0.0Cb 5.8+0.0Cb
7 9.8+0.0Bb 1.9+0.2 Ca 5.8 +0.0 Db
10 11.7+0.1 Aa 2.3+0.1Ba 5.9+0.0Bb
V3 0 12.3+0.0 Ab 1.6 +0.1 Ab 5.8+ 0.0 ABb
3 11.9+0.1Bb 1.6 +0.0 Ab 5.8 +0.0Bb
7 11.2+0.0Cb 1.7+0.2 Aa 5.7+0.0 Bb
10 10.7 0.2 Db 1.8+0.0 Ab 5.8 +0.0 Ab
V4 0 10.9+ 0.1 Bb 2.3+0.1Aa 5.8 +0.0Bb
3 10.9+ 0.0 Bb 2.1+0.2 Aa 5.8 +0.0 Ba
7 10.0+ 0.0 Cb 1.6 +0.2Bb 5.8+0.0Cb
10 11.6+0.1 Aa 2.0+0.2 ABb 6.0+0.0 Aa
30 days V1 0 13.9+ 0.0 Bb 4.0+0.2 ABa 6.0+0.0 Aa
3 13.3+0.1Cb 3.7+0.3Ba 5.8+ 0.0 Db
14.4+0.1 Aa 43+0.1Aa 5.9+0.0Ca
10 13.4+0.0 Cb 36+0.1Ba 5.9 +0.0 Ba
V2 0 10.1+0.1Ca 2.4+0.3Aa 6.0 +0.0 Aa
3 11.3+0.1 Aa 2.4+0.2 Aa 5.9+0.0 Ba
7 10.4+0.1 Ba 2.1+0.1Aa 5.9+ 0.0 Ba
10 10.4+0.0Cb 2.4+0.2 Aa 6.0+ 0.0 Ba
V3 0 11.3+0.1 Da 1.9+0.1Ba 5.9+ 0.0 ABa
3 12.4+0.0 Aa 2.0+0.1Ba 5.8+0.0Ca
7 11.8+0.1Ca 1.9+0.1Ba 5.8+0.0 BCa
10 12.2+0.0 Ba 2.3+0.0Aa 5.9+0.0 Aa
V4 0 11.8+0.1 Aa 2.0+0.0 Ab 6.0+0.0 Aa
3 11.2+0.1Ba 25+0.4 Aa 5.9+0.0 Ba
7 10.4+0.0 Ca 2.3+0.3Aa 5.9+ 0.0 Ba
10 11.1+0.1Bb 25+0.2 Aa 5.9 +0.0 Bb

682 Different capital letters in the same column and sample indicate significant differences between
683 refrigerated storage times (P<0.05) for each sample. Different lower case letters in the same refrigerated
684  storage day indicate significant differences between postharvest storage times (P<0.05) for each sample
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