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Abstract. Orange [Citrus sinensis (L.) Osbeck] and grapefruit (Citrus paradisiMacfad) citrus
fruits are prone to develop different peel physiological disorders caused by storage at both
chilling and nonchilling temperatures. The effect of galacturonic acid oligosaccharides
(GAOs) and pectic oligosaccharides (POs) in reducing postharvest nonchilling peel pitting
(NCPP), decay, and chilling injury (CI) in orange cv. Navelina and the effect of POs in
reducing CI in grapefruit cv. Rio Red, were investigated. The incidence of these disorders
was examined in fruits stored at chilling and nonchilling temperatures and at 90% to 95%
relative humidity (RH). POs showed a better efficacy than GAOs in reducing postharvest
losses in orange. The POs were able to reduce NCPP and decay in ‘Navelina’ fruits stored at
20 8C, irrespective of the fruit maturity stage. The application of 10 g·LL1 POs also reduced
CI and the chilling-induced ethylene production in oranges and grapefruits maintained at
the chilling temperature. Likewise, the decrease in ethylene production found in ‘Navelina’
fruits that developed NCPP during storage at the nonchilling temperature was related to
lower peel damage.Moreover, results showed that POs do not induce an increase in ethylene
when fruit are stored under conditions that do not cause stress-related injury to fruit.
Therefore, POs efficacy in reducing postharvest physiological disorders is not likely
mediated by ethylene. Overall results indicate that the application of POs may be an
acceptable alternative to mitigate postharvest losses of citrus fruits.

Citrus are the first fruit crop in interna-
tional trade in terms of economic value
(FAOSTAT, 2014). Citrus grow not only in

areas with Mediterranean-type climates but
also in areas with tropical and subtropical
climates; often facing severe abiotic and
biotic stresses. Important economic losses
occur during postharvest handling and stor-
age of this horticultural crop due to such
stresses, which may end in fruit quality loss
or in decay caused by pathogenic fungi. Peel
blemishes or physiological peel disorders are
key factors affecting external fruit quality for
fresh consumption. Different postharvest
peel disorders have been described in citrus
fruit. However, the responsible causes
for many of them are not well understood,
their incidence being erratic, and showing
high variability among orchards and from year
to year (Lafuente and Zacarías, 2006). Like-
wise, the susceptibility of citrus fruit to post-
harvest physiological disorders may depend

on the cultivar, the fruit maturity stage, and
also on preharvest weather conditions
(Gonzalez-Aguilar et al., 2000; Lafuente
and Zacarías, 2006; Martínez-T�ellez and
Lafuente, 1997). NCPP, also known as rind
staining, and CI are two main postharvest
disorders in citrus fruit (Lafuente and Zacarías,
2006). CI develops during fruit storage at
temperatures ranging between 1 and 12 �C,
depending on the citrus cultivar, whereas
NCPP develops at higher temperatures. Sweet
oranges from the Navel group are prone to
develop NCPP, whereas grapefruit is very
susceptible to CI (Lafuente and Zacarías,
2006; Mulas and Schirra, 2007). In grape-
fruits, CI is manifested as small brown pitting
on the flavedo (outer colored part of the peel)
(Fig. 1), which increases in size and num-
ber with prolonged storage time (Lado
et al., 2015). However, CI may be also
manifested as superficial scalding or fla-
vedo bronze nondepressed areas in other
citrus cultivars (Lafuente and Zacarías,
2006; Mulas and Schirra, 2007). NCPP
manifests as irregular colorless depressed
areas on the peel affecting both the inner
part of the peel (albedo) and the flavedo
that increase in number and extension and
may turn brown over time (Alf�erez et al.,
2003; Lafuente and Sala, 2002; Lafuente
et al., 2014).

Efforts have focused on determining the
causes of different physiological disorders in
citrus fruit and developing new methods to
control them. However, no proven strategy
currently exists to reduce their incidence.
Most studies have been related to methodol-
ogies aiming at reducing CI, whose effect on
citrus fruit quality has been well character-
ized (Mulas and Schirra, 2007; Schirra et al.,
2004; Schirra and Mulas, 1995). Condition-
ing mature citrus fruit with ethylene has been
shown to be effective in reducing NCPP in
fruit harvested through different citrus sea-
sons (Cajuste et al., 2010; Lafuente and Sala,
2002; Lafuente, et al., 2014; Vicente et al.,
2013). However, the mode of action of
ethylene increasing the tolerance of citrus
fruit to NCPP and also the mechanisms
involved in the development of this physio-
logical disorder are still poorly understood.
Citrus fruits produce small amounts of eth-
ylene although the production of this plant
hormone increases markedly in citrus fruits
in response to chilling (Martínez-T�ellez and
Lafuente, 1997) or to conditions favoring the
development of NCPP (Alf�erez et al., 2003).
In the context of the present work, it is also
noticeable that ethylene, besides of reducing
NCPP, plays a protective role against CI
(Lafuente et al., 2001) and pathogens invasion
in citrus fruit (Cajuste et al., 2010).

Previous investigations indicate that the
ethylene-induced modifications in cell wall
might participate in the beneficial effect of
the hormone reducing NCPP in citrus fruits
(Cajuste et al., 2011) and it has encouraged
understanding whether ethylene-induced cell
wall–derived oligomers (OGs) may play
a role reducing the disorder (Vicente et al.,
2013).
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OGs are carbohydrate fragments resulting
from the hydrolysis of the main cell wall
polymers cellulose, hemicellulose, and pec-
tin (Ochoa-Villarreal et al., 2012). A role for
pectic substances in the acclimation of other
fruits to low temperature stress causing peel
collapse has been also suggested (Balandr�an-
Quintana et al., 2002), although the involve-
ment of OGs in the tolerance of citrus fruit to
chilling remains unknown. The perception of
the cell wall as a solely rigid structure pro-
viding mechanical support is long past. Now,
it is accepted that it has a key role in a plant’s
interactions with responses to abiotic stresses
and pathogens (Sasidharan et al., 2011).
Dynamic modifications in wall polymers
occur in response to environmental condi-
tions and hormones like ethylene, and wall

turnover may generate active OGs that may
trigger defensive responses (H�ematy et al.,
2009). These reasons, in addition to the facts
that: 1) OGs are able to induce ethylene
biosynthesis in climacteric fruits like tomato
(Ma et al., 2016), 2) OGs induce the synthesis
of secondary metabolites with antioxidant
activity, possibly by activation of the phenyl-
propanoid pathway (Ochoa-Villarreal et al.,
2011), and 3) the phenolic metabolism and
the antioxidant enzymatic system are impor-
tant in the protection of citrus fruit against
conditions causing NCPP, CI, and decay
(Ballester et al., 2011; Cajuste and Lafuente,
2007; Martínez-T�ellez and Lafuente, 1997;
Lafuente et al., 2001),make citrus fruit a good
experimental system to study whether OGs
are able to reduce the incidence of different

postharvest physiological disorders and de-
cay. Therefore, the aim of this study has been
to evaluate the effect of OGs on the incidence
of postharvest NCPP, CI, and decay, which
are caused by different environmental factors
in citrus fruit, with and whether these effects
can be mediated by ethylene.

Materials and Methods

Fruit material. Fruits from full mature
‘Navelina’ sweet orange (C. sinensis) were
harvested after color break, color a:b of 0.36
and 0.72, and with maturity index of 6.9 and
9.4 in December and January, respectively,
from the same orchard at Lliria (Valencia,
Spain), which has a Mediterranean climate.
During these months the average tempera-
tures ranged between 12 and 15 �C. ‘Rio Red’
grapefruits (C. paradisi) were harvested at
the beginning of November at the breaker
maturity stage, color a:b of –0.066, and
maturity index of 5.9 from adult trees in an
experimental orchard located in La Costa of
Hermosillo, Sonora, Mexico, which is a hot
desert region whose annual average tem-
perature in November is around 21 �C. Fruit
from all cultivars were immediately delivered
to the laboratory after harvest. They were
visually inspected to be free of damage and
defects, selected on the basis of uniform size,
randomized, washed, disinfected with a so-
dium hypochlorite solution (Ballester and
Lafuente, 2017) and rinsed with tap water
before being allowed to air-dry at room
temperature.

Preparation of cell wall derived OGs.
The POs and the GAOs mixtures with a de-
gree of polymerization (DP) from 3 to 20
were respectively obtained by enzymatic
hydrolysis of either low methoxyl pectin
(Grindsted� LC-950; Danisco Mexicana,
Colima, M�exico) or polygalacturonic acid
(Sigma-Aldrich, St. Louis, MO) using a pecti-
nase fromAspergillus niger (Sigma) for 15min
at 23 �C. The POsmixture also included 0.94%
arabinose, 0.18% galactose, and 1.1% glucose.
Aliquots were analyzed by high-performance
anion exchange chromatography with pulsed
amperometric detection (Dionex, Sunnyvale,
CA). The DP was calculated according to the
trigalacturonic acid standard from sigma
(Ochoa-Villarreal et al., 2011) and the total
carbohydrates contentwas analyzed according
to the ISO 11292 method (1995).

Treatments and storage conditions. The
disinfected fruits were divided into different
groups, each containing three replicates of 23
fruits, which were exposed to different treat-
ments and/or temperatures. All the treatments
were performed in triplicate. The first exper-
iment was performed using ‘Navelina’ sweet
oranges harvested in December. This culti-
var was selected because it is very prone to
develop NCPP. Three groups containing
three replicates with the same number of
fruits were prepared. One group was treated
with 2.5 g·L–1 of POs (pH; 5.5), one with
2.5 g·L–1 of GAOs (pH; 5.5), and the third
group was used as control and treated with
water. All fruit in this experiment were stored

Fig. 1. Symptoms of chilling injury in (A, B) ‘Rio Red’ grapefruits and (C,D) ‘Navelina’ oranges stored at
2 �C and symptoms of nonchilling peel pitting in (E, F) ‘Navelina’ oranges stored at 20 �C and 90% to
95% relative humidity.
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for 16 d at 20 �C and 90% to 95% RH to
determine the effect of both oligosaccharides
on NCPP and the incidence of natural decay
caused by pathogenic fungi.

On the basis of results obtained in the first
experiment, the effects of 10 g·L–1 of POs
(pH; 5.5) on decay, external quality, and on
the physiology of ‘Navelina’ fruits were
evaluated in a second experiment. The effect
of applying 10 g·L–1 of POs in fruit of the
same cultivar (Navelina) harvested in Janu-
ary was studied during a 45-d storage period
at 20 �C, which causes NCPP, and at 2 �C that
may induce CI. Thus, six groups of fruit were
prepared in this experiment; three groups
were stored at 20 �C, and three at 2 �C.
Considering the high susceptibility of grape-
fruit to CI, we further examined in a third
experiment the effect of applying 2.5 and 10
g·L–1 of POs in ‘Rio Red’ grapefruit cultivar,
which was stored for 42 d at 2 �C (chilling
temperature) and at 13 �C (control nonchil-
ling temperature that delays fruit senes-
cence). Therefore, fruit were divided in six
independent groups containing the same
number of fruit, three groups for fruit stored
at 2 �C and three that were stored at 13 �C. By
this approach we checked the effect of POs

on two different citrus cultivars at different
maturity stages and subjected to different
preharvest conditions, which may influence
the susceptibility of citrus fruit to develop
postharvest physiological disorders (Dou
et al., 2005; Lafuente and Zacarías, 2006;
Ritenour et al., 2003). All treatments were
applied by spraying each fruit with either
distilled water or OGs solutions.

The effects of the OGs on external fruit
quality, as determined by the incidence of CI
and NCPP, on the natural decay development
(noninoculated fruits), and on the fruit phys-
iology were evaluated every 7 d during
storage. A total of 20 fruit per replicate were
used to assess physiological disorders; in
each sampling date three fruit were used per
replicate to evaluate ethylene production.

Fruit color and maturity index. Fruit color
and the maturity index were analyzed as pre-
viously reported by Lafuente et al. (2014).
Color was measured by using a Minolta CR-
300 Chromameter (Konica Minolta Inc.,
Tokyo, Japan) at four locations around the
equatorial plane of the fruit and expressed as
the a:b ratio that is classically used for color
measurement in citrus fruit (Stewart and
Wheaton, 1972). This ratio is negative for

green fruit and positive for orange fruit,
whereas zero value corresponds to yellow
fruit at the midpoint of color break period.
The maturity index was assessed by dividing
the soluble solids contents (Brix) of the pulp
by its acids content. Acids content was ti-
trated with 0.1 N NaOH using phenolph-
thalein as indicator, with a pH at endpoint
in a range of 8.25 to 8.34. Results were ex-
pressed as g of anhydrous citric acid in 100
mL of juice.

Estimation of postharvest physiological
disorders severity and incidence. Since
NCPP and CI symptoms were different
(Fig. 1), the severity and/or incidence of
these physiological disorders were evaluated
independently during fruit storage at the
different temperatures selected in the present
study. NCPP, occurring in ‘Navelina’ or-
anges at 20 �C, manifested as collapsed
surface areas that affected to the albedo and
the flavedo, which may become dark brown
in fruit showing severe damage. CI occurred
both in oranges and grapefruit fruit at 2 �C. In
oranges, CI manifested as bronzed nonde-
pressed areas (scalding) of the fruit surface,
whereas in grapefruit brown, pit-like depres-
sions on the fruit surface was the main CI
symptom. A rating scale from 0 (no damage)
to 4 (severe damage) was used to determine
CI and NCPP indexes as previously described
(Lafuente et al., 2014). The same fruit were
used at the various evaluations dates. The
severity indexes were calculated by adding
up the products of the number of fruit in each
category multiplied by its score, and then
dividing the total obtained by the number of
fruit evaluated. The incidence of each disor-
der and of decay was determined by calcu-
lating the percent of fruit showing damage or
rots. The results are the means of three
replicate samples of 20 fruits each ± SE.

Sensory evaluation. Sensory evaluation
was performed by eight-semitrained panel-
lists using a rating scale from 1 to 10, where
10 = excellent flavor and 1 = extremely
unpleasant (Sdiri et al., 2012).

Ethylene production. Ethylene production
from whole fruits of each citrus cultivar was
measured periodically during storage. At
least three fruit per replicate were incubated
in sealed glass containers. Orange fruit were
incubated at the corresponding storage tem-
perature. In grapefruits, ethylene production
of the fruits stored at low temperature was
determined in fruits incubated at 20 �C to
magnify the effect of chilling. After 4 h of
incubation, a 1-mL gas sample was with-
drawn from the headspace of the container
and injected into a gas chromatograph equip-
ped with a HayeSep N column (2 m, 1/8 inch
ID) and a flame ionization detector. The
temperatures of the injector and of detector
were held at 100 �C and 120 �C, respectively.
Nitrogen was used as a carrier gas, and the
temperature of the column was maintained at
80 �C. Ethylene concentrations were deter-
mined by comparison with standards. The
results are the mean of three replicates and
are expressed on a fresh weight basis as
nL C2H4·g

–1·h–1.

Fig. 2. Effect of treating ‘Navelina’ oranges harvested in December with 2.5 g·L–1 pectic oligosaccharides
(POs) or galacturonic acid oligosaccharides (GAOs) on nonchilling peel pitting (NCPP) index and on
decay incidence of fruit stored at 20 �C. Different letters indicate significant differences (P < 0.05)
among treatments for the same storage period.
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Statistical analysis. The data were sub-
jected to analysis of variance using SAS
software (Statistical Analysis System Insti-
tute, Cary, NC). A mean comparison using
Tukey’s test (P < 0.05) was performed to
determine differences between treatments
and storage conditions on NCPP index, %
decay, % CI, and ethylene production.

Results

As indicated in the introduction, OGs play
defensive roles in plants against biotic and
abiotic stresses that promote injury and de-
cay. However, their involvement in the sus-
ceptibility of citrus fruit to develop NCPP,
CI, or decay remains unknown. In the present
work, we have first examined the effect of
two types of OGs; POs and GAOs applied at
the same concentration, on the susceptibility
of ‘Navelina’ oranges to develop NCPP and
fruit decay when the fruit were stored at
a nonchilling temperature. Results showed
that the GAOs initially reduced the develop-
ment of NCPP, but its efficacy was lost by
day 8. However, GAOs promoted decay
(Fig. 2). In contrast, POs significantly re-
duced NCPP along the whole storage period

and decay for up to 9 d. Thereafter, decay was
still lower in the POs-treated fruits although
differences were not statistically significant.
Considering these results, the POs treatment
was selected for subsequent experiments.

On the basis of the results obtained in the
first experiment, we increased the POs con-
centration from 2.5 to 10 g·L–1 and also
examined the effect of POs for longer storage
periods on NCPP in ‘Navelina’ fruit stored at
20 �C, which favor the development of this
disorder; and at 2 �C since refrigerated
storage is required to extend fruit storage
life. Results showed that the efficacy of the
POs decreasing NCPP persisted for up to 40 d
for fruit kept at 20 �C (Fig. 3). The incidence
of NCPP at 2 �C was very low. By day 40 the
NCPP index was �0.3 at this temperature
where the rating scale ranged from 0 to 4,
whereas an index of 1 makes the fruit un-
marketable. No effect of the POs on NCPP
severity was observed at 2 �C. No decay
occurred at 2 �C either in the control or the
POs-treated fruit (data not shown). As shown
in Fig. 4, the incidence of decay was reduced
at 20 �C when the fruit were treated with the
POs. Furthermore, the POs reduced the per-
cent of fruits showing CI in ‘Navelina’ fruits

stored at 2 �C. The efficacy of applying
10 g·L–1 on reducing CI was further confirmed
in ‘Rio Red’ grapefruits held at 2 �C (Fig. 5).
At this concentration, the POs significantly
reduced the incidence of the disorder till the
end of the storage period. Fruit treatedwith 2.5
g·L–1 had no difference in CI. On the other
hand, a very low percent of grapefruit stored at
13 �C developed CI and the severity of injury
was negligible. By day 42, they showed a CI
index of �0.3, in a rating scale from 0 to 4,
and no differences were found between con-
trol and POs-treated fruits. Along with these
external quality attributes, a sensory evalu-
ation was performed and no relevant differ-
ence between the control and the treated fruit
was detected (data not shown). Similarly,
POs had no relevant effect on fruit color (data
not shown).

The OGs may increase ethylene produc-
tion in different crops but its effect on the
hormone production in citrus fruits its un-
known. Ethylene production transiently in-
creased in ‘Navelina’ fruits held at 20 �C and
showed little changes in fruits stored at 2 �C
(Fig. 6). The maximum ethylene production
was observed by day 24, when visible injury
was evident in fruit held at 20 �C. By this
period fruit reached a NCPP index of �1,
which is indicative of slight but observable
injury. POs did not increase ethylene pro-
duction, compared with the controls, at this
temperature. In fact, the transient increase
in the hormone production was significantly
lower in the POs-treated samples, which
showed lower NCPP at 20 �C. The severity
of injury in ‘Navelina’ fruit stored at 2 �Cwas
very low by day 21 (�0.8 and 0.5, in a rating
scale from 0 to 4, in the control and the POs-
treated fruits, respectively). Therefore, little
CI-induced ethylene production was ob-
served either in the control or the POs-
treated samples. Only by 42 d ethylene did
increase and the increase was also lower in
the samples treated with POs, which showed
lower CI [CI of �0.9 (POs treated) and 1.5
(control)] (Fig. 6).

Ethylene production of grapefruit stored
at 13 �C was very low as compared with that
of fruit stored at the chilling temperature
(2 �C). By day 42, ethylene increased and
POs-treated fruits showed significant lower
production than the control fruits (Fig. 7).
Although ethylene production of POs-treated
fruits was higher than that of control samples
by day 28 in grapefruit stored at 2 �C, after
30 d the fruits treated with POs produced
much less ethylene (Fig. 7), and this occurred
when differences in CI was very evident
(Fig. 5).

Discussion

OGs have been related to a number of
signal transduction pathways involved in
growth (Hern�andez-Mata et al., 2010), and
development and defense responses (Ferrari
et al., 2013) of higher plants. In this study, we
found that the efficacy of the POs and GAOs
in reducing decay and NCPP development
in ‘Navelina’ oranges was different. Such

Fig. 3. Effect of treating ‘Navelina’ oranges harvested in January with 10 g·L–1 POs on nonchilling peel
pitting (NCPP) index of fruit stored at 20 and 2 �C. Asterisks indicate significant differences (P < 0.05)
between POs and their respective control samples for the same storage period.
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difference could be related to variations
between the oligosaccharides properties,
such as the chemical composition and the
structure of hydrolyzed fragments. GAOs are
lineal OGs of galacturonic acid, whereas POs
are a mixture of pectic OGs that besides the
galacturonic acid core may include different
oligomeric carbohydrates like arabinans and
galactans which exerts striking differences
on the activity and specificity to regulate
some physiological processes in plants
(Ochoa-Villarreal et al., 2012). OGs concen-
tration, polymerization degree, and structural
features determine the kind of biological
responses induced at the plant cell surface
(Mathieu et al., 1991; Ochoa-Villarreal et al.,
2012). In addition, we demonstrated the
efficacy of POs reducing CI in two different
citrus cultivars and harvested at two different
maturity stages, which is in concordance with
results suggesting that POs may act as early
defense signals for protecting tissues against
chilling in zucchini squash (Balandr�an-
Quintana et al., 2002). We also found that
POs were effective in reducing NCPP regard-
less of the orange maturity stage although this

factor may have an important effect on the
efficacy and on the changes induced by post-
harvest treatments (Lafuente and Zacarías,
2006).

The mode of action of the OGs in plants is
still not fully understood, although a number
of biochemical and molecular mechanisms
operating at the cell surface and the sub-
sequent signaling events are already known
(Larskaya and Gorshkova, 2015). In the
context of the present work it is important
to mention that OGs are recognized by re-
ceptor(s) in the cell wall and plasma mem-
brane, which elicits biological responses via
a signal transduction cascade (Ridley et al.,
2001). Some of these responses have been
related to the susceptibility of citrus fruit to
develop postharvest physiological disorders
or decay. Thus, theOGsmay lead to amassive
but transient accumulation of reactive oxygen
species,which togetherwith the production of
specific signalingmolecules, such as ethylene
and other hormones, can contribute to the
induction of secondary metabolite biosyn-
thetic genes such as phenylalanine ammonia
lyase of the phenylpropanoids pathway

(Ochoa-Villarreal et al., 2011, 2012; Ridley
et al., 2001; Zhao et al., 2005); as well as of
the antioxidant enzymatic system (Camejo
et al., 2012). Likewise, it has been shown the
relevance of the plasma membrane and oxi-
dative stress in the susceptibility of citrus
fruit to develop NCPP (Alf�erez et al., 2008;
Establ�es-Ortiz et al., 2016; Sala and
Lafuente, 2004) as well of the antioxidant
enzymatic system for protecting citrus fruit
against CI (Sala and Lafuente, 2000) and
decay (Ballester at al., 2006). Within the
antioxidant system, catalase plays a key role
in the induced tolerance against CI in citrus
fruit (Sala and Lafuente, 2000), and this
enzyme may be induced by OGs (Camejo
et al., 2012). In addition, it has been shown
that phenylpropanoids play important roles in
the defense of citrus fruit against conditions
causing CI, NCPP, and postharvest decay
(Ballester et al., 2011; Lafuente et al., 2001;
Martínez-T�ellez and Lafuente, 1997). Results
from this research should encourage future
work to understand the involvement of phe-
nylpropanoids and the antioxidant system in
the beneficial effect of POs reducing post-
harvest physiological disorders and decay in
citrus fruits.

The link between ethylene and the OGs-
induced defense response in a different plant
system has also been proposed (Larskaya and

Fig. 4. Effect of treating ‘Navelina’ oranges with 10 g·L–1 POs on the incidence of natural decay in fruit
stored at 20 �C and on the incidence of chilling injury (CI) in fruits stored at 2 �C. Asterisks indicate
significant differences (P < 0.05) between POs and their respective control samples for the same
storage period.

Fig. 5. Effect of treating ‘Rio Red’ grapefruits with
2.5 and 10 g·L–1 POs on chilling injury (CI)
index of fruit stored at 13 and 2 �C. Asterisks
indicate significant differences (P < 0.05)
between POs and their respective control sam-
ples for the same storage period.
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Gorshkova, 2015; Ma et al., 2016). Ethylene
reduces physiological disorders (Lafuente and
Sala, 2002; Lafuente et al., 2004; Salvador
et al., 2006) and decay (Marcos et al., 2005) in
citrus fruit and it has an important effect on
inducing relevant changes in the antioxidant
system and phenylpropanoid metabolism
when applied under conditions favoring
NCPP or CI (Cajuste and Lafuente, 2007;
Establ�es-Ortiz et al., 2016; Lafuente et al.,
2004; Sala and Lafuente, 2004). Previous
results from our group showed that the in-
crease of this hormone is a citrus fruit
physiological response to conditions favoring
the development of CI (Martínez-T�ellez and
Lafuente, 1997) and NCPP (Alf�erez et al.,
2005). In this study, we have shown that
ethylene transiently increased with the de-
velopment of NCPP, which is in concordance
with previous findings in oranges exposed to
water stress favoring the disorder (Alf�erez
et al., 2003), and that such increment was
reduced by applying POs (Fig. 6, 20 �C) at
a concentration that reduced the disorder
(Fig. 3, 20 �C). Similarly, we demonstrated
that applying POs reduced CI and the
chilling-induced ethylene production in both
oranges and grapefruits. Such increase was
associated with peel injury in both CI and

NCPP. Findings of the present workmay well
indicate that such reduction should be related
to the lower NCPP or CI incidence in the
POs-treated fruits. The OGs induce ethylene
biosynthesis in climacteric tomato fruit (Ma
et al., 2016). Results from this work showing
that applying POs did not increase, or even
reduced, ethylene production when the fruits
were stored under conditions that did not
induce relevant damage, further suggest that
the hormone is not likely mediating the
beneficial effects of POs in citrus fruits.
Moreover, the specific POs obtained in the
present work appear not to be able to induce
ethylene in citrus fruit.

In summary, the POs mixture was more
effective than that derived from polygalac-
turonic acid reducing NCPP and decay in
citrus fruits, although they were not able to
avoid them. POs treatment was able to reduce
decay and also postharvest physiological
disorders, irrespective of the fruit maturity
stage without inducing relevant changes in
fruit color or flavor. The effect of POs on
ethylene production of citrus fruit was more
likely related to the reduction of injury asso-
ciated with NCPP or CI than to its effect on
modifying ethylene biosynthesis. That is, the
beneficial effects of POs on the postharvest

performance of citrus fruit appear not to be
mediated by ethylene. Thus, the understand-
ing of the mechanisms induced by POs may
help to reduce postharvest losses in citrus
fruit.
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