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a b s t r a c t

The microbiological, physiological and sensory characteristics of ready-to-use globe artichoke slices
subjected to a shelf life study are reported. The traits of three genotypes (‘Apollo’, ‘Exploter’ and ‘Spinoso
di Palermo’), grown in an experimental field, were monitored for 11 d at 4 �C. Significant variations due
to genotype, harvest time, storage time and their interactions were found. The selected packaging system
allowed the generation of a passive atmosphere, which did not affect the produce metabolism. Microbial
populations, with the exception of yeasts and moulds, did not exceed the limits suggested for minimally
processed vegetables. Sliced artichoke heads from early and late harvests showed a shelf life of 11 and
7 d, respectively. The ‘Exploter’ proved to be the most suitable genotype for minimal processing as it
received the highest overall sensory score at the end of the storage period.

© 2016 Elsevier Ltd. All rights reserved.
1. Introduction

Minimal processing of fruits and vegetables undoubtedly rep-
resents a paradox in food science, since the aim of making available
fresh, ready-to-use produces is achieved by operations (washing,
peeling, cutting and slicing) that give rise to microbiological and
enzymatic changes and determine a metabolic response of the
vegetable, with increased respiration and transpiration
(Ahrenainen, 1996): the combination of both factors is responsible
for the rapid loss in quality (Nguyen-the & Carlin, 1994). It also
represents a challenge for scientists and for food companies,
continuously seeking for solutions meant to slow down the quality
decay, to offer consumers nutritive and appealing products with
the longest shelf life possible. The spoilage kinetics can be slowed
down through the use of sanitizing and antioxidant washing so-
lutions and by applying suitable packaging technologies and ma-
terials. Low O2 and elevated CO2 atmospheres combined with
refrigerated storage temperature are well known strategies to
reduce the product respiration rate (Watada, Ko, & Minott, 1996;
Del Nobile, Licciardello, Scrocco, Muratore, & Zappa, 2007) and
the microbial growth (Gim�enez et al., 2003). Packaging films with
controlled permeability, appropriate packaging size and produce
weight, are all key parameters to achieve optimum equilibrium gas
concentrations in the package. Suitable headspace packaging at-
mospheres can be the result of the balance between produce
respiration and gas permeation through the film (Licciardello et al.,
2013; Muratore et al., 2015). Globe artichoke heads are character-
ized by a high respiratory activity (Muratore et al., 2015; Restuccia
et al., 2014), which requires the use of films with high permeability
to O2 and CO2 to ensure sufficient residual O2 levels to avoid the
onset of anerobic metabolism. The respiratory activity of vegetables
is an indirect measure of tissue metabolism and is inversely
correlated with postharvest durability of products (B€ottcher,
Günther, & Kabelitz, 2003; Del Nobile et al., 2009): hence, the
reduction of respiration through suitable packaging technologies is
essential to extend the produce shelf life.

The preservation of the sensory characteristics of food is often
perceived as a guarantee of its microbiological quality, as an
excessive microbial growth is associated, together with the
biochemical processes, to changes in food color, odor and/or
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texture.
Among vegetable crops, globe artichoke [Cynara cardunculus

var. scolymus (L.) Fiori] has been attracting great scientific interest
because due to its appealing nutritional and antioxidant properties
(Lattanzio, Kroon, Linsalata, & Cardinali, 2009; Lombardo et al.,
2012). The nutritional importance of globe artichoke heads
(immature inflorescences) is mainly connected to its high poly-
phenol content (Brat et al., 2006; Pandino, Lombardo, Williamson,
& Mauromicale, 2012a), which, at the same time, makes it very
susceptible to browning. Most studies on minimally processed
globe artichoke heads have been focused on efficient ways to
reduce such phenomenon and the growth of microrganisms, as
well as on the use of innovative packaging (Amodio, Cabezas-
Serrano, Peri, & Colelli, 2011; Restuccia et al., 2014; Sanz,
Gim�enez, Olarte, Lomas,& Portu, 2002; Del Nobile et al., 2009), but,
to the best of our knowledge, none has studied ready-to-use globe
artichoke head slices. Such product could be used directly as an
ingredient in fresh salads, boiled, fried, and could be exploited to
increase the consumption of globe artichoke over the Mediterra-
nean basin. The genotype selection and choice is one of the most
important pre-harvest factors determining the suitability of globe
artichoke for fresh cut processing (Cefola et al., 2012). Other factors,
such as harvest time, environmental conditions and agronomic
management (Lombardo, Pandino, Mauro, & Mauromicale, 2009;
Pandino, Lombardo, Mauro, & Mauromicale, 2012b; Pandino,
Lombardo, Lo Monaco, & Mauromicale, 2013; Pandino, Lombardo,
Mauromicale, & Williamson, 2011; Pandino et al., 2015) deter-
mine the level of phytochemicals, which contribute to the overall
nutritional quality of this crop. The activity of polyphenoloxidase is
one of the main factors determining the enzymatic browning and
reducing the overall quality of minimally processed artichoke slices
(Gim�enez et al., 2003; Del Nobile et al., 2009; Ricceri & Barbagallo,
2016), which has been addressed in Pandino et al. (2016).

In this work the influence of genotype, harvest and storage time
on the shelf life of ready-to-use globe artichoke slices has been
analyzed, with a special focus on the physiological, microbiological
and sensory changes.

2. Materials and methods

2.1. Experimental field and management practices

The experimental field was conducted at the farm of the Uni-
versity of Catania located in the Plain of Catania (Sicily, Italy), which
is a vocated area for globe artichoke cultivation in the Mediterra-
nean Basin. Globe artichoke genotypes studied were: ‘Apollo’
(Patent EU n� 13,972 Vitroplant Italia Srl), 'Exploter' (Patent EU n�

13,972 Vitroplant Italia Srl), 'Spinoso di Palermo'. A detailed
description of the genotypes' characteristics, type of soil and
climate, as well as management practices and head harvest have
been reported in Pandino et al. (2016).

2.2. Post-harvest treatments and sampling

Approximately 100 heads for each genotype and replicate were
harvested in early March and early April at marketable stage
(Mauromicale & Ierna, 2000) and transported to the laboratories of
the University of Catania under refrigerated conditions to be pro-
cessed. All the inedible parts (leaves, floral stem and outer bracts)
and the heads' tips (about 2 cm) were first removed. The globe
artichoke heads were cut into 5 mm thick slices by using a manual
cutting machine. The slices were then immersed in a sanitizing
sodium hypochlorite solution (active chlorine 0.23 g/L) for 5 min,
rinsed with tap water at 12 �C for 1 min and immersed for 5 min in
an acidic solution containing 2 g ascorbic acid and 5 g citric acid in
100 mL of water. The excess solution was then eliminated by
manual centrifuging.

Twelve slices (10 ± 1 g for each one) were put into PET trays
(23� 17.5� 2 cm) and packaged into a semi-permeable polyolefine
film (SP/BY - System Packaging s.r.l., Siracusa, Italy; thickness:
19 mm; oxygen permeability: 3700 cm3/m2/24 h; carbon dioxide
permeability:11100 cm3/m2/24 h). The bags were hermetically
sealed by a sealing bar. All samples were stored at 4 ± 0.5 �C and
90e95% relative humidity (RH) up to 12 d and analyzed after
0 (processing day), 4, 7 and 11 d of storage. At each storage time, the
following determinations were conducted: fresh weight loss,
packaging headspace composition, microbiological and sensory
parameters.

2.3. Headspace gas composition and fresh weight loss
determination

The quantification of carbon dioxide and oxygen in the package
headspace was performed by using a CheckPoint portable gas
analyser (PBI Dansensor, Denmark) and in accordance to the
manufacturer's instructions. The headspace gas composition was
analyzed on three replicate packages at each sampling time. For the
determination of fresh weight loss, each package was labeled and
weighed at the beginning of the storage period. Then, three repli-
cate packages for each cultivar and treatment were selected at each
sampling time (after 4, 7, 11 d of storage) and weighed before
opening the container for further analytical determinations. Fresh
weight loss was expressed as % of the initial sample weight at the
moment of packaging.

2.4. Microbiological analyses

An aliquot (10 g) of globe artichoke slices was sterilely sampled
from each package and homogenized with 90 mL of sterile quarter-
strength Ringer Solution (BR0052, Oxoid, Basingstoke, UK) in a
Stomacher (Lab-Blender 400, Brinkmann, Westbury, NY, USA) for
2min. The same diluent was used for subsequent decimal dilutions.
The total mesophilic bacteria (TMB) count was performed on Plate
Count Agar (PCA, CM325 Oxoid Ltd., Basingstoke, UK) with cyclo-
heximide 0.1% solution (OXOID, SR0222), incubated at 32 �C for
24e48 h; the total psychrotrophic bacteria (TPB) count was per-
formed on PCA with cycloheximide 0.1% solution (OXOID, SR0222),
incubated at 22 �C for 5 d; the total enterobacteria (TEB) were
determined on Violet Red Bile Glucose Agar (VRBGA, CM0485,
Oxoid) incubated at 32 �C for 24e48 h; yeast and mold (YM) count
was carried out on Sabouraud Dextrose Agar supplemented with
chloramphenicol (0.1 g/L) (SDA, CM0041, Oxoid) incubated at 25 �C
for 48e72 h; Pseudomonas spp. (Ps) were determined on Pseudo-
monas Agar Base (CM0559, Oxoid), supplemented with Pseudo-
monas CFC selective agar supplement (SR0103, Oxoid) and
incubated at 25 �C for 48 h.

The microbiological counts, performed in triplicate, were
expressed as log10 CFU/g of globe artichoke slices.

2.5. Sensory analysis

The UNI 10957 (2003) sensory profile method was used to
measure any change in sensory characters of the three artichoke
genotypes over the cold storage period. Eleven panelists (six fe-
males and five males) were trained in 4 sessions using both com-
mercial and experimental samples (fresh artichokes and artichokes
subjected to 11 d of cold storage) to develop a common vocabulary
for the description of sensory attributes and to familiarize with
scales and procedures. All panelists had a wide expertise in sensory
evaluation of foods and, in particular, of fruits and vegetables. Four
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relevant sensory attributes were selected to assess the product's
shelf life: browning, off-odor, off-flavor, and overall. In each session,
panelists tested all the studied genotypes; randomized samples
were evaluated by assigning a score between 1 (absence of sensa-
tion) and 9 (extremely intense sensation) in the sensory laboratory
of the Di3A, built according to the UNI EN ISO 8589 (2014). A
computerized data collection software was used (FIZZ, Software
Solutions for Sensory Analysis and Consumer Tests, Biosystemes,
Couternon, France) to process the results. Tasting sessions were
suspended, and shelf life was considered exceeded, when the
average score for the overall attribute was lower than 4.5, which
corresponds to the mean point of the evaluation scale.

2.6. Statistical analysis

Qualitative (headspace gas composition, fresh weight loss and
microbiological parameters) data were evaluated in a three way
factorial study, as a combination of 3 genotypes � 4 storage
time � 2 harvest time, and subjected to analysis of variance
(ANOVA).

Means were separated by a least significance difference (LSD)
test, when the F-test was significant. Percent values were trans-
formed to arcsin √x (Bliss transformation) prior to analysis and
then subjected to ANOVA; raw data were reported and discussed.
Calculations and analyses were performed using the CoStat® soft-
ware (CoHort Software, Monterey, CA, USA - version 6.003). Sen-
sory data were submitted to one-way ANOVA by the software
package IBM® SPSS® Statistics 13.0 (Armonk, NY, USA).

3. Results and discussion

3.1. Headspace gas composition and fresh weight loss

As shown in Fig. 1, the headspace O2 and CO2 concentrations
changed rapidly during the first 4 d of storage, with samples har-
vested in March reaching equilibrium values comparable to our
previous study (Lombardo et al., 2016) in which similar packaging
conditions were used; thus, the results confirm that the selected
film properties and sample amount were suitable for the packaging
of minimally processed artichokes, as a favorable passive modified
atmosphere was generated. For samples harvested in March,
equilibrium concentrations were reached after 7 d, with values of
Fig. 1. Headspace gas composition of globe artichoke slices ( CO2-March harvest; C
time � storage time’ interaction.
16% CO2 and 4% O2; on the other hand, samples harvested in April
showed a slower respiration rate, and reached similar headspace
gas concentrations after 11 d of storage. As shown in Table 1, ge-
notype had no significant effect on the respiration rate, and such
result is in agreement with a previous study on different globe
artichoke cultivars (Muratore et al., 2015). Conversely, the head-
space gas composition was significantly (P � 0.001) affected by the
‘harvest time � storage time’ interaction.

The respiratory quotient (RQ), which is the ratio between the
produced CO2 and the consumed O2, was calculated at different
sampling times (data not shown), showing values around unity in
the first stage of the storage period and in agreement with previous
findings (Lombardo et al., 2016). The RQ values decreased only
slightly after 7 and 11 d, demonstrating that the selected storage
conditions did not cause any significant changes in the metabolism
of the vegetable. One of our previous studies (Lombardo et al., 2016)
proved the effect of nitrogen fertilization (200 and 400 kg/ha) on
the RQ of globe artichoke heads, and in particular a 2e2.5 fold
reduction compared to the non-fertilized control due to an imbal-
ance in the metabolism of the N-fertilized produce.

One of the main functions of the packaging is to reduce the fresh
vegetable moisture loss by respiration and surface evaporation
mechanisms, which determines the produce withering. The fresh-
ness of vegetables is generally regarded as dependant on the pro-
duce moisture retention that, in turn, is influenced by both storage
conditions (temperature and RH) and extent of metabolic activity
(Del Nobile et al., 2009). As observed for the metabolic activities of
the vegetable tissues, the produce cutting process promotes the
respirationmechanism due to the higher exposed surface (Nguyen-
the & Carlin, 1994). However, as demonstrated in a previous
research work (Muratore et al., 2015), the moisture loss is strongly
dependant on the permeability of the packaging films. Semi-
permeable plastic films, characterized by low water vapour trans-
mission rates can contribute to the achievement of a maximum-1%
fresh weight loss in refrigerated storage conditions. As reported in
Table 1, fresh weight loss was significantly affected by the storage
time, genotype and ‘harvest time � storage time’ interaction. Fig. 2
shows that the fresh weight loss (FWL) of globe artichoke slices is
affected by the ‘harvest time � storage time’ interaction, with
values that do not exceed 0.35% of initial weight. ‘Exploter’ had
marginally higher FWL values than the other investigated geno-
types, although the recorded value was still negligible (0.23%,
O2-April harvest; O2-March harvest; O2-April harvest) as affected by ‘harvest



Table 1
Mean square per each source of variation (percentage of total) resulting from analysis of variance.

Source of variation Degree of freedom Qualitative trait

FWL O2 CO2 TPB TMB TEB YM Ps

Harvest time (H) 1 0.1NS 4.3*** 7.1*** 8.0*** 55.2*** 35.7*** 23.7*** 25.8***

Genotype (G) 2 3.4*** 0.3NS 0.9NS 26.1*** 1.2*** 27.2*** 6.3*** 9.0***

Storage time (S) 3 82.7*** 93.3*** 88.5*** 5.6*** 14.9*** 5.5*** 26.1*** 9.6***

(H) � (G) 2 0.0NS 0.1NS 0.0NS 17.6*** 2.9NS 9.7NS 13.0*** 31.9***

(H) � (S) 3 6.9*** 1.8*** 2.9*** 22.1*** 7.5*** 12.6*** 5.5NS 8.4NS

(G) � (S) 6 3.4NS 0.1NS 0.4NS 7.3NS 4.8NS 3.3NS 6.8NS 7.1NS

Total mean square 0.29 1047.52 752.6 59.42 138.61 64.26 70.99 35.94

FWL: fresh weight loss; TPB: total psychrotrophic bacteria; TMB: total mesophilic bacteria; TEB: total enterobacteria; YM: yeasts andmoulds; Ps: Pseudomonas spp. ***, ** and *

indicate significant at P � 0.001, P � 0.01 and P � 0.05, and NS, not significant.
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Table 2). The results demonstrate the suitability of the selected
packaging system for sliced globe artichoke heads, since it allows
the accumulation of CO2 and reduction of O2 in the headspace at
levels that are still compatible with the normal metabolism, while
minimizing the moisture loss throughout the commercial life.
Fig. 2. Fresh weight loss (FWL) of globe artichoke slices ( March harvest; April
harvest) as affected by ‘harvest time � storage time’ interaction.
3.2. Microbiological parameters

All the three considered factors (genotype, harvest time and
storage) affected the microbiological quality of ready-to-use globe
artichoke slices, showing high percentages of total variation for the
five considered groups (Table 1). Harvest time significantly
(P � 0.001) affected TPB, TEB, YM and Ps plate counts; also the
genotype and storage time significantly (P � 0.001) influenced the
studied microbiological parameters (Table 1). In particular, harvest
time accounts for more than of 50% of the total variation in TMB
(Table 1), which, differently from the other microbial groups, had
statistically higher counts in globe artichoke slices harvested in
March than those in April (3.97 and 1.20 log CFU/g, respectively)
(Table 2). In general, the average microbial count values of globe
artichoke slices harvested in March were about 1 log CFU/g lower
than the ones harvested in April (Table 2). In particular TPB, TEB and
YM had the lowest values in ‘Spinoso di Palermo’, Ps in ‘Exploter’
and TMB in ‘Apollo’. The TMB counts at time 0 were lower than
those observed in previous studies aimed at evaluating the effects
of ozonised water and gaseous ozone exposure on the microbio-
logical and qualitative parameters of different Sicilian globe arti-
choke genotypes, while comparable contamination by yeasts and
moulds was observed (Lombardo et al., 2015; Restuccia et al., 2014).
After 4 d, only aerobic TPB and TMB experienced a significant
reduction, likely imputable to the rapid decrease in O2 and increase
in CO2. As expected, a growth of all the consideredmicrobial groups
was observed until the end of the storage period, with the excep-
tion of TMB, which remained constant. It is noteworthy that TEB
contamination, for all genotypes and harvest times, was below 2 log
CFU/g during the entire period, indicating good agricultural prac-
tices and hygienic handling conditions. In no instance TMB counts
exceeded the recommended limit of 8 log CFU/g proposed by
CNERNA-CNRS (1996) for fresh-cut vegetables and of 7.7 log CFU/g
imposed by the French regulation for fresh-cut vegetables
(Ministere de l’Economie des Finances et du Budget, 1988). On the
contrary‘ YM counts marginally exceeded the relative recom-
mended limit of 5 log CFU/g (CNERNA-CNRS, 1996); however,
exceeding this microbiological limit does not always result in the
occurrence of visual defects as both microbiological and physio-
logical activities play a role in the spoilage of these products
(Ragaert, Devlieghere, & Debevere, 2007; Scuderi et al., 2011).

As shown in Table 1, the analysis of variance revealed a not
significant influence of the “genotype � storage time” interaction
for all of the considered microbiological parameters.
On the contrary, the “harvest time� genotype” interaction had a
high statistical significance for TPB, YM and Ps (Table 1); higher
count values were recorded for both ‘Apollo’ and ‘Exploter’ globe
artichokes harvested in April rather than in March, while an
opposite trend was observed for the ‘Spinoso di Palermo’ (Fig. 3). A
possible explanation for such observation could be attributed to the
higher sugar content (glucose, fructose, sucrose and inulin) of globe
artichokes harvested in April (Pandino et al., 2016) compared to the
ones harvested in March that can favour microbial growth over
storage period.

Also the “harvest time � storage time” interaction showed high
statistical significance for TPB, TMB and TEB (Table 1). In particular,
TMB count values throughout the storage time were significantly
higher in globe artichokes harvested in March, while TEB were
significantly higher in globe artichokes harvested in April (Fig. 4).

3.3. Sensory evaluation

Table 3 and Table 4 report the four most significant sensory
attributes for the produce shelf life after 0, 4, 7 (and 11, for the
March harvest) d of cold storage. Sensory trials were suspended
when the overall parameter reached the average value of 4.5
among the 11 panelists. Specifically, tests were carried out for 11 d
for globe artichokes harvested in March, since the overall param-
eter was still above the threshold by that time. Differently, samples
harvested and processed in April exceeded the limit value after 7 d
of storage.

Sliced artichokes from different genotypes received similar
scores on all the four considered attributes at the beginning of the
storage life, with the exception of the browning at the April harvest,
which was significantly higher for the ‘Apollo’ (Table 4). Sensory
parameters significantly changed during the storage period:
browning increased more rapidly in ‘Apollo’ artichokes harvested



Table 2
Qualitative traits of minimally processed globe artichoke heads as affected by main factors.

Qualitative trait

FWL (%) O2 (%) CO2 (%) TPB (log CFU/g) TMB (log CFU/g) TEB (log CFU/g) YM (log CFU/g) Ps (log CFU/g)

Genotype
Apollo 0.18b 11.81a±1.3 8.46a±1.2 4.73a±0.7 2.20c±0.4 1.57b 4.80a±0.3 5.46a±0.8
Exploter 0.23a 11.13a±1.6 9.70a±1.4 4.97a±0.9 2.35b 1.98a 4.49b ± 0.4 4.59c±0.7
Spinoso di Palermo 0.18b 11.72a±1.5 8.74a±1.8 3.16b ± 0.6 2.82a±0.2 0c 3.77c±0.6 4.84b ± 0.7
Storage time (days)
0 0d 20.80a±1.0 0.10d± 4.90a±0.5 3.38b ± 0.5 0.51d 2.81d ± 0.2 4.69c±0.6
4 0.25b 15.67b ± 1.1 6.00c±0.4 3.76c±0.5 0.94d 1.08c 4.93b ± 0.7 4.80b ± 0.5
7 0.20c 7.04c±0.8 13.35b ± 1.3 4.54b ± 0.3 1.80c 1.32b 3.98c±0.5 4.60d ± 0.3
11 0.33a 2.71d ± 0.1 16.42a±0.7 3.94c±0.6 3.71a±0.5 1.82a 5.70a±0.8 5.76a±0.9
Harvest time
March 2014 0.20a 10.68b ± 1.9 10.00a±1.2 3.97b ± 0.7 3.72a±0.6 0.49b 3.76b ± 0.3 4.52b ± 0.8
April 2014 0.19a 12.43a±0.8 7.93b ± 0.2 4.60a±0.2 1.20b ± 0.1 1.87a 4.95a±0.9 5.40a±0.5

FWL: fresh weight loss; TPB: total psychrotrophic bacteria; TMB: total mesophilic bacteria; TEB: total enterobacteria; YM: yeasts and moulds; Ps: Pseudomonas spp.
Different letters within the same parameter and main effect show significant differences (LSD test, P < 0.05).

Fig. 3. Microbiological traits of globe artichoke slices ( March harvest; April harvest) as affected by ‘harvest time � genotype’ interaction. (TPB: total psychrotrophic bacteria;
YM: yeasts and moulds; Ps: Pseudomonas spp.).
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in March (Table 3), reaching the average score of 6.36 already after
4 d of storage, but not changing significantly for the rest of the
study. ‘Spinoso di Palermo’ and ‘Exploter’ showed a slower
browning ramp, but the scores reached after 11 d were not signif-
icantly different from the other genotype (Table 3). The early
browning of ‘Apollo’ globe artichokes is in accordance with the
results reported by Pandino et al. (2016), who evidenced for this
genotype higher content of endogenous PPO enzyme than ‘Spinoso
di Palermo’ and ‘Exploter’ in a dynamic relationship with the
phenols and, therefore, with color parameters. Off-odors and off-
flavors increased significantly during the storage period; however
their respective scores remained low up to 11 d. The overall value
started from 6.64 to 7.00 and decreased over time: ‘Exploter’ was
the best in sensory qualities after 11 d, followed by ‘Apollo’ and
‘Spinoso di Palermo’ which, however, were still considered
acceptable (Table 3). Samples harvested in April showed a different
trend, with ‘Spinoso di Palermo’ showing the highest browning
increase after 4 and 7 d and the lowest scores (browning, off-odors
and off-flavors) after 7 d, corresponding to the lowest overall value
(Table 4).
It can be concluded that ‘Exploter’ had the best performance in
the March harvest, while the general quality perceived by the
panelists was not significantly different among the three genotypes
harvested in April.

4. Conclusion

Minimally processed globe artichoke slices require suitable
treatments and packaging systems to retain the hygienic and sen-
sory quality. The headspace gas composition demonstrated the
suitability of the selected packaging system, allowing the genera-
tion of a passive atmosphere which did not determine any alter-
ation in the producemetabolism. The “harvest time� storage time”
interaction influenced the microbial counts in minimally processed
artichokes, confirming the need for advanced procedures to pre-
vent the contamination of rawmaterial and to slow downmicrobial
proliferation in the processed produce in the storage period. Mi-
crobial counts did not exceed the recommended limits for mini-
mally processed vegetables, with a marginal exception for YM.
However, the negligible intensities of the off-odors and off-flavors



Fig. 4. Microbiological traits of globe artichoke slices ( March harvest; April harvest) as affected by ‘harvest time � storage time’ interaction. (TPB: total psychrotrophic bacteria;
TMB: total mesophilic bacteria; TEB: total enterobacteria).

Table 3
Sensory attributes (browning, off-odors, off-flavors, overall) of sliced globe arti-
chokes from three genotypes harvested in March, during storage time.

Storage time (d) Genotype

Spinoso di Palermo Exploter Apollo

Browning
0 3.73 ± 0.75c 3.64 ± 1.23b 3.18 ± 1.02b

4 4.82 ± 1.60bcB 4.73 ± 1.34abB 6.36 ± 1.25abA

7 5.36 ± 1.10abB 4.82 ± 1.60abB 6.88 ± 1.85abA

11 6.36 ± 1.55a 5.55 ± 1.05a 6.3 ± 0.90a

Off-odors
0 1.73 ± 0.25b 2.09 ± 1.03 2.00 ± 0.75
4 2.55 ± 0.70ab 2.73 ± 1.10 2.00 ± 0.75
7 2.73 ± 0.82ab 2.82 ± 1.05 2.75 ± 0.90
11 3.09 ± 1.10a 2.73 ± 0.90 3.55 ± 1.10
Off-flavors
0 1.64 ± 0.72b 1.55 ± 0.40b 2.18 ± 0.90b

4 2.18 ± 0.54ab 2.45 ± 0.78ab 1.91 ± 0.74ab

7 2.45 ± 0.80a 2.55 ± 0.77ab 2.63 ± 0.83ab

11 2.82 ± 0.75a 3.00 ± 1.00a 2.82 ± 0.90a

Overall
0 7.00 ± 1.30a 6.73 ± 1.10a 6.64 ± 0.88a

4 6.09 ± 0.98a 6.18 ± 0.50ab 6.00 ± 0.75ab

7 5.09 ± 1.00b 6.00 ± 0.75ab 5.13 ± 0.68ab

11 4.58 ± 1.00bB 5.27 ± 0.88bA 4.64 ± 0.72bAB

Values followed by different lower case letters in column, and upper case letters in
row, indicate significant differences (P < 0.05).

Table 4
Sensory attributes (browning, off-odors, off-flavors, overall) of sliced globe arti-
chokes from three genotypes harvested in April, during storage time.

Storage time (d) Genotype

Spinoso di Palermo Exploter Apollo

Browning
0 3.91 ± 0.58bAB 3.27 ± 0.63bB 4.82 ± 0.80A

4 6.45 ± 0.50aA 4.36 ± 0.48abB 5.00 ± 0.83AB

7 5.09 ± 0.62aB 4.82 ± 0.70B

11
Off-odors
0 1.36 ± 0.40b 1.55 ± 0.38b 1.82 ± 0.41
4 3.82 ± 0.52aA 2.55 ± 0.35aB 2.36 ± 0.32B

7 3.64 ± 0.50aA 3.00 ± 0.63aAB 2.64 ± 0.9B

11
Off-flavors
0 1.82 ± 0.77b 1.55 ± 0.23b 1.82 ± 0.64b

4 2.55 ± 0.90ab 3.00 ± 0.30a 3.00 ± 0.78a

7 3.00 ± 0.87a 2.64 ± 0.36a 2.91 ± 0.92a

11
Overall
0 5.73 ± 1.05a 6.36 ± 0.75a 5.82 ± 0.88
4 5.27 ± 1.61ab 5.09 ± 1.20b 5.18 ± 0.79
7 4.66 ± 0.85b 4.82 ± 0.68b 4.91 ± 1.00
11

Values followed by different lower case letters in column, and upper case letters in
row, indicate significant differences (P < 0.05).
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sensory descriptors, generally associated with microbial growth,
confirmed that the marginal excess of YM counts at the end of
storage period does not play a primary role in the spoilage of
minimally processed artichoke slices. Overall, sliced globe arti-
choke heads from the early and late harvest had a shelf life of
respectively 11 and 7 d; ‘Exploter’ proved to be the most suitable
genotype for minimal processing, in agreement with findings re-
ported in Pandino et al. (2016)‘ since this genotype showed the
lowest degree of browning in refrigerated storage conditions and
received the highest overall sensory score at the end of its shelf life.

The results of this work aim to make a contribution to the
identification of the most suitable globe artichokes’ genotypes and
harvest times for the minimal processing uses, while providing
relevant guidelines for the fresh-cut industry.
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