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Abstract: Superficial scald (SS) is one of the main physiological disorders affect-
ing postharvest of pears. Its onset is linked to oxidative processes. Antioxidant
compounds such as ascorbic acid and phenolics could play a key role in pre-
venting SS. Growing environment and fruit quality also have an influence on SS
symptoms occurrence. The aim of this project is to understand the relationship
between antioxidant activity, phenolic content, and development of SS in
‘Abate Fétel’ pear. Moreover, the effect on SS of fruit maturity at harvest was
assessed using multivariate statistical approach. Data were collected in thirty
orchards in the Emilia-Romagna region (Italy) in three seasons (2018, 2019 and
2020), and the fruit were stored in a regular atmosphere for 120 days.
Antioxidant capacity was determined by 2,2-diphenyl-1-picrylhydrazy (DPPH)
method and total phenol content by Folin-Ciocalteau colorimetric protocol. The
results showed that 340 mg of ascorbate/100 g of FW and 300 mg of gallic
ac./100 g of FW at least provide good protection against SS. Multivariate analy-
sis indicated that pulp firmness and index of absorbance difference (I, ) seem
to keep low the SS occurrence, when at harvest are higher than 6.3 kg and 1.9,
respectively. In conclusion, it would be possible to build a forecasting model to
control SS that considers pre-harvest data and content of antioxidants in differ-
ent orchards, to improve the postharvest management of ‘Abate Fétel’.

1. Introduction

Superficial scald (SS) is one of the main physiological storage disorders
of European pears (Pyrus communis L.). SS is a skin disorder that appears
as brown or black patches on the fruit. SS is considered a chilling injury
which induces a damage and death within the surface layers of cells in
localized regions (Lurie and Watkins, 2012). During SS development
necrosis of the hypodermal cortical tissue seems to be induced by oxida-
tion products of the sesquiterpene (E, E)-a-farnesene (Bain and Mercer,
1963; Rowan et al., 2001). a-farnesene, accumulates at a relatively high
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level in the fruit peel during low-temperature storage
(Whitaker et al., 2009; Yazdani et al., 2011; Lu et al.,
2013; Calvo et al., 2015). The observation that SS
could be inhibited by certain antioxidant treatments
and low oxygen in the storage rooms atmosphere has
provided evidence that development of the disorder
was associated with oxidative processes (Huelin and
Coggiola, 1970; Whitaker, 2004; Vanoli et al., 2015).
Thus, the conjugated trienols (CTols) that result from
the oxidation of a-farnesene are assumed to play a
causal role in the occurrence of SS (Whitaker, 2007;
Giné Bordonaba et al., 2013). Nevertheless, it is gen-
erally accepted that the accumulation of both a-far-
nesene and CTols may be mediated by ethylene
which is effectively correlated with SS development
(Bai et al., 2009; Lu et al., 2013; Xie et al., 2014;
Yazdani et al., 2011). Therefore, it has been suggest-
ed that a-farnesene oxidations is a direct conse-
guence of free radical reactions occurring during
chilling injury and a-farnesene is not always required
for the induction of SS but rather in aggravating the
symptoms in fruit already compromised by oxidative
stress (Rao et al., 1998; Rupasinghe et al., 2000). In
this context, it has been suggested that superficial
scald mainly results from an imbalance between the
fruit capacity to generate antioxidants and the reac-
tive oxygen species (ROS) produced during cold stress
(Ahn et al., 2007; Guerra et al., 2012; Ju and
Bramlage, 2019). Nevertheless, the antioxidant sys-
tem in fruit includes an enzymatic and a non-enzy-
matic component that play an important role modu-
lating oxidative damage to cell walls (Ahn et al.,
2007; Lurie and Watkins, 2012; Li et al., 2016).
Furthermore, non-enzymatic antioxidants can pre-
vent oxidation-linked damages responsible for super-
ficial scald through biosynthesis of phenolics that are
involved in protective redox-linked pathways under
cold stress (Larrigaudiere et al., 2016; Sarkar et al.,
2018). The nonenzymatic scavengers of reactive oxy-
gen species include low molecular mass antioxidants
with high-reducing potentials, such as ascorbic acid
(AA) and glutathione (GSH). Ascorbic acid acts as an
antioxidant compound since it can protect fruit mem-
branes from lipid peroxidation (Shewfelt and Del
Rosario, 2000) and acts against reactive O, species in
concert with a-tocopherol (Jimenez et al., 1997).
Nevertheless, AA tends to decrease during storage
and processing of fruit and vegetables (Haffner et al.,
1997). A relationship was found between AA content
and the susceptibility to browning during experimen-
tal storage under various brown core-inducing condi-

tions (Pintd et al., 2001). In pears the antioxidant
capacity is well explained by phenolics content
(Galvis Sanchez et al., 2003). Several studies have
demonstrated that these compounds are associated
with resistance to SS development in apples and
pears (Ju et al., 1996; Zhao et al., 2016). Phenolic
compounds are particularly sensitive to storage fac-
tors such as controlled atmosphere (Amiot et al.,
1993). Variability of phenolics in plant tissues
depends on many pre-harvest factors, such fruit
maturity and environmental conditions, including
temperature, UV light, and nutrition (Markham et al.,
1998; Rivero et al., 2001; Rihmann et al., 2002).
Casero et al. (2004) used the partial least squares
regressions (PLS), a multivariate technique, and
found correlations between fruit quality attributes,
such as fruit acidity and firmness, and storage disor-
ders with nutrients such as calcium, potassium and
phosphorus, both in the leaf and fruit. Moreover,
PCA biplots were helpful in showing the segregation
between SS classes and their associations with the
various physicochemical attributes (Cronje et al.,
2015). In pear, pulp firmness is one of the most rele-
vant quality parameters (Saquet, 2019). Softer fruit
had rounder cells separated by larger intercellular
spaces than firmer fruit. On the other hand, firmer
fruit have smaller cells with less interspace which
means denser tissues and longer storage than soft
fruit (Johnston et al., 2002). Moreover, the DA-
meter, a handheld device that measures chlorophyll
concentration several millimetres into the flesh of
fruit providing the index of absorbance difference
(1,5) (Ziosi et al., 2008), can discriminate the ripening
stage of climacteric fruit for postharvest tailored cold
storage (Bonora et al., 2013; Gagliardi et al., 2014;
Sadar and Zanella, 2019). Fruit ripeness is also well
predicted by starch degradation using a multivariate
statistical approach (Zude-Sasse et al., 2002).
Conversely, in ‘Abate Fétel’ pear fruit the starch
index is not always employed even if some studies
have reported the use of this procedure to predict
pear storability and postharvest issues (Kingston,
1992; Le Lezec and Belouin, 1994; Agar et al., 1999;
Calvo et al., 2011). In pears starch pattern degrada-
tion can be influenced by environmental and man-
agement factors such as temperatures, harvest date
and deficit irrigation affecting the kinetics of starch
accumulation and degradation (Watkins et al., 1982;
Kramer, 1983; Lopez et al., 2013; Lindo-Garcia et al.,
2019). Total sugar content is an internal fruit quality
trait that is crucial for consumer acceptance (Osorio
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and Fernie, 2014). Total soluble solids in ‘Abate Fétel’
and ‘Forelle’ pear are mainly fructose, glucose and
sucrose (Mesa et al., 2016), and they increase in con-
centration after storage since starch is converted via
hydrolysis into sugars over time (Visser et al., 1968;
Crouch and Huysamer, 2011; Rizzolo et al., 2015).
Additionally, sorbitol accumulates in the fruit still
attached to the tree (Mesa et al., 2016), acting as cry-
oprotectant in cellular structures during cold storage
by preventing dehydration of membranes and pro-
teins through an osmotic adjustment process
(Busatto et al., 2018). Therefore, the aim of this work
was to research relations between antioxidant activi-
ty, phenolic content, and SS development on ‘Abate
Fétel’ pears. Furthermore, preharvest maturity and
non-destructive postharvest quality parameters, as
well as antioxidant activity and phenolic content,
influencing the occurrence of superficial scald using
multivariate analysis and regression trees were inves-
tigated to develop new reliable hypotheses of their
effects in SS development, without compromising
consumer acceptance and nutritive value.

2. Materials and Methods

Fruit material and superficial scald evaluation

Fruit were harvested during three consecutive
seasons (2018, 2019 and 2020) from different ‘Abate
Fétel’ orchards located in the Emilia-Romagna
Region, Italy. Fruit from 30 and 23 farmers were col-
lected and their maturity assessed in 2018 and in
seasons 2019 and 2020, respectively. The farmers
were indicated by three digit-numbers. In all seasons,
two orchards with historical higher SS and two with
lower SS were subjected to biochemical analysis at
harvest and during storage. In 2018, eighteen 15 kg
boxes for each farm were placed in a regular atmo-
sphere (0.5°C and >90% of relative humidity - RH).
After 3 (T1), 4 (T2), and 5 months (T3) of storage, the
room was opened, following the calendar normally
applied by the company. In 2019 and 2020 only six 15
kg boxes per orchard were harvested and placed with
a regular atmosphere in a cold room which was
opened after 4 months (T2). Afterwards, the pres-
ence of superficial scald was assessed in 30 fruits per
farm. We defined four classes depending on the
severity of symptoms in the skin of pears: class 0
where there was no peel browning, class 1 from 0%
to 25% fruit peel showing SS, class 2 from 25% to
50% SS, and class 3 over 50% SS after shelf life. A SS

index was computed as follows (Bonora et al., 2021):

4 . .
sSindex=3 (index level) x (fruit at this level)

0 Total number of fruit

Analysis of the physical characteristics

In all seasons, 30 fruits per orchard at harvest (TO)
were subjected to qualitative analysis such as fruit
size, index of absorbance difference (l,;), pulp firm-
ness, soluble solid content and starch content.
Moreover, non-destructive fruit quality such as size
and |, after 4 months (T2) of cold storage were con-
sidered. Weight and dimensions (diameter and
height) of each fruit were measured with an auto-
matic caliper (S_Cal WORK, Sylvac, Switzerland) and
an electronic balance (KB 1200-2N, KERN, Germany)
connected to a notebook. Individual fruit ripeness
expressed as |, was measured with the DA-meter
53500 (Sinteleia, Bologna, Italy) on the fruit side
most exposed and less exposed to the sun. Individual
fruit flesh firmness (FFF) was determined by FTA
(Fruit Texture Analyser, Glss Instruments, Strand,
Western Cape, South Africa) fitted with an 8 mm
diameter tip, after removing the fruit peel from
opposite sides at 180°. The mean value of fruit
ripeness and firmness, from the two sides, was calcu-
lated. Soluble solid concentration (SSC;°Brix) was
determined by measuring the refractive index of the
juice for each fruit with a digital refractometer (PAL-
1, Atago). The stage of starch hydrolysis was deter-
mined by dipping half-cut pears into a Lugol solution
and scoring the fruit according to the Ctifl-EUROFRU
scale (1-10; 1 = minimum, 10 = maximum starch
hydrolysis) (Planton, 1995). Finally, at harvest (T0)
and during storage (T1, T2, T3) pieces of the same
size with pulp and peel of fruit from all the orchards
in 2018 and from four representative farmers in 2019
and 2020 were frozen in liquid nitrogen and stored at
-80°C. These plant materials have been used for
quantification of antioxidant activity and total pheno-
lic content.

Quantification of antioxidant activity

To estimate the antioxidant activity, the 2,2-
diphenyl-1-picrylhydrazy (DPPH) method was used
(Adapted from Brand-Williams et al., 1995). The
DPPH working solution was prepared in 70% acetone
(v/v), with a final concentration of 0.02 mg/mL (w/v)
and stored at 4°C until needed. Afterwards, antioxi-
dant compounds from 0.5 g of pear (flesh and peel)
were extracted in 10 mL of acetone 70%. The frozen
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material (0.5 g of pear) was homogenised in a
Ultraturrax (IKA T25 digital ULTRA-TURRAX) with 10
mL of extraction solution (acetone 70%) for 2 min-
utes on ice. After vortexing, the tubes were sonicated
in a bath-type sonicator for 15-20 minutes and the
homogenates were centrifuged at 1,500 x g for 20
minutes at 5°C. Fruit extracts (0.1 mL) were allowed
to react with 3.9 mL of the DPPH solution for 30 min-
utes in the dark, and the absorbance at 515 nm by
UV-VIS spectrophotometer (Libra SSOPC VBW UV/Vis,
Biochrom), was measured. The DPPH working solu-
tion was considered as the blank and the calibration
curve was made using ascorbic acid.

Total phenolic content

Phenolic compounds quantification was per-
formed using the Folin-Ciocalteau colorimetric
method (Adapted from Vieira et al., 2009). Total phe-
nolics from 0.5 g of pear (flesh and peel) were
extracted in 10 mL of 70% acetone. The frozen mate-
rial (0.5 g of pear) was homogenised in a Ultraturrax
(IKA T25 digital ULTRA-TURRAX) with 10 ml of extrac-
tion solution (acetone 70%) for 2 minutes on ice.
After vortexing, the tubes were sonicated in a bath-
type sonicator for 15-20 minutes. The homogenates
were centrifuged at 1,500 x g for 20 minutes at 5°C.
250 pL of supernatant were added to 2 mL of deion-
ized water and 250 pL of Folin reagent. After mixing,
samples were incubated for 5 min and 5 mL of sodi-
um carbonate (Na,CO,) and 5 mL of distilled water
were added. Following 1 h incubation in the dark,
absorbance was measured at 750 nm by UV-VIS spec-
trophotometer (Libra SSOPC VBW UV/Vis, Biochrom).
The phenolic concentrations were determined using
gallic acid as a standard.

Data treatment and statistical analysis

All the results of antioxidants and phenolics were
statistically evaluated by analysis of variance
(ANOVA). Furthermore, these data were presented
considering four key producers at harvest (T0), after
3(T1), 4 (T2) and 5 months (T3) of regular air storage.
These producers were selected according to the inci-
dence of SS: two had a high incidence of SS (131 and
432) and the others had a low development of SS
(272 and 351). Moreover, the fruit quality data were
subjected to multivariate analysis to highlight which
among the factors considered appears to be more
related to the onset of superficial scald. Multivariate
statistical analyses, such as canonical correspon-
dence analysis (CCA) and recursive partitioning and
regression trees (rpart) analysis, were performed

using the statistical software R (R core team, 2020),
by addition of packages “vegan” (Oksanen et al.,
2019) and “rpart” (Therneau and Atkinson, 2019).
CCA was used to estimate the interactions between
the frequencies of SS classes and the numeric vari-
ables. The blue vector indicates the increase of the
factors in a certain direction (SS class). Finally, we
considered the total variability explained by two
components (CCA1 and CCA2) and how each variable
affects the first and the second component.
Therefore, maturity data at harvest and SS after 4
months in all seasons were considered to elaborate
the overall picture. Finally, rpart analysis was applied
to detect which factors could contribute more to SS
and to understand their thresholds. Green and red
lights indicate a decrease or an increase in SS index,
respectively.

3. Results

In 2018 antioxidant capacity in fruit during stor-
age decreased significantly (Fig. 1 and Table 1).
Regarding phenolic compound content in fruit of dif-
ferent producers, the differences were not statistical-
ly significant at harvest and during conservation
(Table 1). This can be explained looking at the differ-
ent producers’ behaviour (Fig. 2). Indeed, two differ-
ent trends can be observed during the first 3 months
of storage: in 272 and 351 phenols tend to increase,
while in 131 and 432 they decrease. Thereafter, phe-
nols in 131, 432 and 351 increase from T1 to T2

Fig. 1- Evolution of antioxidant capacity in season 2018 (mg
ascorbic acid/100 g of fresh fruit) of four farmers (131,
272, 351, 432) and their average trend. Bars represent
standard error of the mean (+SEM). Points followed by
the same letter in every sampling point are not signifi-
cantly different from each other. Mean separation by
LSD test (P<0.05).
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Table 1- Mean and standard error of the mean (SEM) of SS index, antioxidant capacity, total phenolic content in season 2018 at harvest
(TO), after 3 months (T1), 4 months (T2), 5 months (T3) in cold storage

Antioxidant capacity Total phenolic content

Epochs SS index (mg ascorbic acid/100 g of (mg gallic acid/100 g of
fresh fruit) fresh fruit)

TO

Mean / 480.92 a 281.99
SEM / 19.04 15.91
T1

Mean 5.89b 370.40b 312.62
SEM 0.80 11.62 17.85
T2

Mean 35.46a 300.38 ¢ 299.37
SEM 2.52 7.85 12.90
T3

Mean 43.08 a 26441 c 263.16
SD (%) 2.66 13.05 18.95
Significance (p<0.05) ok ok NS
Levene test NS NS NS

Data represent the average of fruit quality of 30 producers between epochs for each variable. Values followed by the same letter in colu-
mns are not significantly different from each other. Means separation by LSD test (P<0.05).

*** Significant at P<0.001; Ns = not significant.

before decreasing notably again. On the other hand,
in 272 we note only a slightly decrease from T1 to T2.

In our study there is a clear distinction between
T1, T2 and T3 in terms of SS occurrence in the first
season (Table 1). In addition, figures 3, 4, and 5 con-
firms the great variability of the incidence of SS
among the different producers in T2 in all seasons.
The evolution of SS index in 2018 of the 30 producers
is also shown in Table 1. At T1 the index is low while

Fig. 2 - Evolution of total phenolic content in season 2018 (mg
gallic acid/100 g of fresh fruit) of four selected farms
(131, 272, 351, 432) and their average trend. Bars repre-
sent standard error of the mean (+SEM). Values followed
by the same letter in every sampling point are not signifi-
cantly different from each other. Mean separation by
LSD test (P<0.05).

Fig. 3- Evolution of superficial SS index of four selected farms
(131, 272, 351, 432) and their average trend during stor-
age in 2018. Bars represent standard error of the mean
(+£SEM). Values followed by the same letter in every sam-
pling point after harvest are not significantly different
from each other. Mean separation by LSD test (P<0.05).

there is a considerable increase of SS incidence at T2
and at T3, while antioxidants decrease significantly.
Among the key producers of the first season in figure
3, two farmers had a higher SS index (131, 432),
while two producers had a lower SS index (272, 351).
In detail, the results show that the producers with
the lowest SS (351, 272) are those in which phenols
increase during the first three months of storage (Fig.
2). Therefore, has been hypothesized that fruit were
able to initially react and use these substances to
protect themselves from oxidative stress.
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Particularly, 351 accumulated phenols till 4 moths
which drop from T2 to T3 even below 431, probably,
consuming their reducing power instead of antioxi-
dants avoiding polyphenol oxidase activity and
browning. On the other hand, the producers (131,
432) with the greatest SS are those in which the phe-
nols drop during the first three months of storage,
even if they rise again in the following months (Fig.
2). Probably, the damage caused by oxidative stress
is already underway. Notably, we found a drastic
decrease of antioxidants between T1 and T2 in pro-
ducer 272, even if denoted the highest initial antioxi-
dant values at harvest (Fig. 1). Nevertheless, 272 had
a low incidence of SS and this could be explained by
the fact that during the first three months the antiox-
idants were high, and phenols increase reaching and
keeping a certain threshold value till T3.

Weather and physiological factors in the second
and the third season appear to also influence the
average nonenzymatic scavengers’ level and the SS
occurrence (Fig. 4 and Fig. 5). Thus, we found a gen-
eral high presence of antioxidants and low SS in
2019, characterized by a rainy and cold season. On
the contrary, the protective compounds decreased,
and SS increased in all producers in 2020 when the
temperatures and yields were higher. Moreover, the
data shows that antioxidants drop in the first three
months of storage in all the four producers consid-
ered (Fig. 4 and Fig. 5). However, in both seasons the
incidence of SS in producers 131 and 432 was higher

Fig. 4 - Evolution of antioxidant capacity (mg ascorbic acid/100 g
of fresh fruit) and SS index after 4 months of cold storage
(T2) in seasons 2019 of four farmers (131, 272, 351, 432)
and their average trend. Bars represent standard error of
the mean (xSEM). Values followed by the same letter
between four producers are not significantly different
from each other considering DPPH values at TO and T1 or
SS index during storage. Mean separation by LSD test (P
<0.05).

Fig. 5- Evolution of antioxidant capacity (mg ascorbic acid/100 g
of fresh fruit) and SS index after 4 months (T2) of cold
storage in seasons 2020 of four farmers (131, 272, 351,
432) and their average trend. Bars represent standard
error of the mean (+SEM). Values followed by the same
letter between four producers are not significantly differ-
ent from each other considering DPPH values at TO and
T1 or SS index during storage. Mean separation by LSD
test (P<0.05).

when the antioxidants decrease drastically after 3
months of cold storage, regardless of the level at har-
vest.

In figure 6 and figure 7, CCA and rpart analysis are
applied to study the effects of maturity of ‘Abate
Fétel’ pear at harvest and during storage against SS
development at T2 during three consecutive seasons
(2018, 2019 and 2020). The multivariate model

Fig. 6 - Canonical correlation analysis (CCA) of superficial scald
classes in ‘Abate Fétel’ pear after 4 months of cold stor-
age (clas0 0%, clasl 1%-25%, clas2 26-50%, and clas3 51-
100% of peel symptoms) against qualitative orchard fea-
tures at harvest during three seasons 2018, 2019 and
2020 (blue vectors) and the scores of producers (black
circles). Total variability explained (53%): CCA1 (90%);
CCA2 (8%). The following abbreviations have been used:
weight of the fruit at harvest (SIZEhrv), weight of the
fruit after 4 months of cold storage (SIZEt2sl), pulp firm-
ness at harvest (FIRMhrv), soluble solid content at har-
vest (BRIXhrv), IAD-meter values at harvest (IADhrv), IAD
values after 4 months of cold storage (IADt2sl), starch
pattern index at harvest (SPIhrv).
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Fig. 7 - Recursive partitioning and regression tree (rpart) analy-
sis, correlation between quality factor and Scald Index.
Towards green point hypothesis (FIRMhrv> 6.1;
FIRMhrv>6.3; IADhrv>1.9) is confirmed, to red point is
not satisfied. Numbers in the circle represent Scald Index
and the percentage of producer that are included in that
value of scald index. The colour of the boxes represents
the severity of SS: low SS (scald index: 0-15; most fruits
do not show SS or show slight symptoms), medium to
severe SS (scald index: 16-30; occurrence of progressive-
ly more severe symptoms), severe SS (scald index: >30;
most fruit show severe symptoms and other very severe
symptoms). The following abbreviations have been used:
pulp firmness at harvest (FIRMhrv), index of absorbance
difference at harvest (IADhrv).

explains 27% of the observed SS variability (CCA1
89% and CCA2 7%). In our study we found that flesh
firmness at harvest can prevent SS after cold storage
considering all seasons and its contribution to com-
ponent 1 is 0,95 against SS (Fig. 6). The orchards
(23%) with pulp firmness at harvest higher than 6.3
Kg developed low SS (7.2 SS index), while the SS
index increased three times in the farms (67%)
which, at harvest, scored less than 6.1 Kg of firmness
(Fig. 7). However, in figure 6 we noted that bigger
fruit at harvest and after storage are more prone to
SS (its contribution to principal component is 0.11 at
harvest and 0.40 after storage towards SS). In our
research starch content at harvest in different pro-
ducers and seasons influences SS during cold storage
with an important contribution to component 1 and
component 2 (0.43 and 0.51 respectively towards
class 3 after 4 months). The non-destructive |, -
meter values also contribute to preventing SS (Fig. 6),
although its contribution to component 1 is lower
than firmness and SPI (0.30 and 0.25, at harvest and
during storage respectively against SS). Furthermore,
in figure 7 we found a specific value of |, | which con-
tributed to SS occurrence for three consecutive
years. Among the farms which scored firmness value
lower than 6.1 (67%), a fraction (13%) with |, higher

than 1.9 developed an average SS index of 17. The
54% with firmness and |, lower than 6.1 and 1.9
respectively denoted a SS index higher than 33.
Moreover, we found that °Brix promotes resistance
to SS during storage of ‘Abate Fétel’ pears in Emilia
Romagna (Fig. 6) and Its contribution to component 1
is remarkable (0.20 against SS).

4. Discussion and Conclusions

As shown in our research, several studies confirm
that antioxidant capacity, in particular ascorbic acid,
drops during storage (Lee and kader, 2000; Franck et
al., 2003), promoting a variable SS development in
pear between orchards located in different environ-
ment (Bonora et al., 2021). Indeed, Silva et al. (2010)
reported that storage reduced differences in antioxi-
dant capacity between producers at harvest. About
phenolic content, fruit may react and produce more
phenols when stored for few months. This behaviour
is reported in apples by Leja et al. (2003) who
showed that phenolic compounds are synthesised
during storage. Moreover, Calvo et al. (2015) high-
lighted that in addition to the initial value of antioxi-
dants, it is important the level of protective com-
pounds be maintained.

Regarding quality factors affecting SS, Wang and
Arzani (2019) also reported a good and negative cor-
relation between high flesh firmness at harvest and
SS development in ‘d’Anjou’ pears. Nevertheless,
fruit with a high flesh firmness are more unripe
(Stow, 1988) and more prone to contain less antioxi-
dants (Kaur et al., 2021). Furthermore, larger fruit
generally ripe faster and are characterised by lower
firmness and dry matter after storage, by probably
increased respiration rate, oxidative stress, and
water loss as consequence (Gwanpua et al., 2013).
Accelerated senescence, and increased susceptibility
to chilling injury have been reported to result from
weight loss (Prange and Wright, 2023). On the other
hand, the higher surface-volume ratio of larger fruit
seems to prevent SS by a reduced evapotranspiration
and weight loss during storage (Pasquariello et al.,
2013). Although Stow (1988) described starch pattern
index as an unreliable method to determine opti-
mum harvesting date of pears, Szczesniak and Ilker
(1988) reported that parameters influencing storabil-
ity and fruit textural characteristics of ‘Forelle’ pears
include the starch content. In contrast with our
study, the incidence of superficial scald in apple
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declines when the starch pattern index advances
(Watkins et al., 1982; Mditshwa et al., 2015).
Concerning |, meter values, a three-year study by
Delong et al. (2014) to develop optimal harvest time
for ‘Honeycrisp’ in Nova Scotia (Canada) led to fruit
with a low incidence of disorders after 3 months of
storage. Indeed, ‘Abate Fétel’ pears with higher | |
values at harvest ripen less over 6 months of cold air
storage (Rudell et al., 2017). In fact, the content of
primary photoassimilates certainly supports the pro-
duction of secondary metabolites such as antioxi-
dants (Mellidou et al., 2021).

To conclude, the development of SS seems to be
the consequence of the occurrence of many quality
and biochemical traits. Therefore, it is important to
highlight that it is not possible to consider only one
variable at a time to find a solution in pears. We
explored the possibility to use multivariate analyses
to help understand the relationships between all the
factors that may influence SS. Antioxidant capacity is
essential in ‘Abate Fétel’ pear to prevent SS occur-
rence. Moreover, good pulp firmness, increased |,
values, high total soluble solids and low starch degra-
dation at harvest seems to have a positive impact on
SS development. Furthermore, rpart analysis of fruit
maturity at harvest confirms the importance of
reaching threshold values, as indicators of potential
fruit susceptibility to SS during storage, in addition to
the absolute trends in multivariate analysis.
Therefore, pre-harvest quality and antioxidant values
at harvest can be compared with threshold values to
discriminate batches of fruit based on their potential
to develop SS symptoms. However, it is important to
consider that for application purposes it would be
necessary to develop faster systems for the quantifi-
cation of fruit maturity and antioxidant capacity at
harvest in the orchards or during storage, using reli-
able, non-destructive methods. Accordingly, the fruit
industry may consider a predictive software to help
manage the storage, minimising SS in pears and
improving cold room fulfiiment and energy efficiency,
by recording at harvest antioxidant data and fruit
maturity indexes in different ‘Abate Fétel’ orchards.
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