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Abstract

Firm-breaker (FB) and firm-mature (FM) peaches cv. ‘Paraguayo’ were either stored for 4 weeks at 2°C or
subjected to three cycles of 1 day of intermittent warming (IW) at 20°C every 6 days at 2°C. Normal postharvest
ripening and post-storage ripening at 20°C were also studied in order to relate postharvest physiology with the onset
of chilling injuries (CI) (woolliness, gel breakdown and scald). As far as we know, both gel breakdown and scald have
been described and reported on peaches for the first time. FB peaches were more sensitive to CI than FM ones. A
high respiration rate and ethylene production in conventionally stored fruit after 2 weeks of storage, followed by a
drop in ethylene production, was accompanied by the development of CI in fruit of both maturity stages. IW strongly
reduced CI during storage. Periodic warming acclimatised chilled fruit to subsequent periods of chilling by allowing
them to ripen due to the production of a suitable amount of ethylene, depending on their maturity stage at harvest.
The increase in ethylene production during post-storage ripening could be related to the development of over-ripeness.
© 1998 Elsevier Science B.V. All rights reserved.
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1. Introduction

Chilling injury (CI) is a limiting factor in the
shelf life of peaches stored at low temperatures
(Lill et al., 1989; Luza et al., 1992; Artés et al.,
1996). Low temperatures of around 2.5°C (Von
Mollendorff and De Villiers, 1988a,b) normally
exacerbate CI. Immature peaches are usually
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more susceptible to woolliness (internal break-
down) according to Kailasapathy and Melton
(1992). Intermittent warming (IW) has been
demonstrated to be a good method for alleviating
CI during storage (Lill et al., 1989; Artés et al.,
1996).

Slight but consistent differences have been
found in the respiration rate between chilling-
damaged and sound peaches (Ben-Arie and Lavee,
1972). In nectarines, ethylene production increased
after transfer to ripening temperatures when stor-
age at 0°C progressed. However, the loss of
ethylene production capacity after prolonged stor-
age could be influenced by CI (Brecht and Kader,
1984; Valero et al., 1997). The firmness and the
respiration rate of peaches decreased at the onset
of woolliness, while woolly peaches had a low
ethylene production throughout the storage and
ripening periods (Von Mollendorff and De Vil-
liers, 1988a).

In a non-melting flesh clingstone peach cultivar,
the development of CI during cold storage has
been related to continuous activity of pectin-
methylesterase (PME) during storage and inhibi-
tion of endo-polygalacturonase (endoPG) activity
after the second week of storage. The exoPG
activity did not seem to affect the development of
CI (Artés et al., 1996). In melting flesh clingstone
peaches, one of the questions is the possible link-
age between the decrease in flesh firmness and the
onset of a respiration increase, ethylene emission
and pectolytic enzyme activities during ripening,
and the usefulness of these physiological responses
either to measure or to predict the effect of CI on
fruit metabolism.

In the present work the extent of some physio-
logical changes, particularly those related to the
development of CI, both in conventionally or
intermittently-warmed stored peaches, harvested
at two stages of maturity, and in subsequently
ripened peaches, has been determined.

2. Materials and methods

2.1. Plant material and experimental design

Firm-mature (FM) and firm-breaker (FB)

peaches (Prunus persica L. Batsch cv. ‘Paraguayo’)
were harvested on the 5th July at two different
stages of maturity according to their skin ground
colour (see below) from a commercial orchard in
Cieza (Murcia). Fruit was transported by venti-
lated car 5 km to a packing house, where they
were sorted and selected for uniform size, maturity
and appearance and freedom from defects. Sound
fruit were quickly transported by ventilated car in
about 40 min to the laboratory, where they were
immediately forced-air precooled to reach 5°C
(stone temperature) 5 h later, and 2°C 12 h later.
Other fruit were subjected to normal ripening at
20°C. Temperatures were recorded at 15-min in-
tervals with an LCD portable thermometer (Digi-
Thermo, Tecnoquim, Spain) with an external
sensing probe inserted beside the stone of each of
five fruits. The following morning, peaches were
randomly divided into batches of 32 fruits each
and put in clean plastic boxes with the fruit
touching. The mean measurements (9S.E.) of the
FM fruit were: axial diameter 36.090.4 mm;
longitudinal diameter 62.490.6 mm; weight
82.992.6 g. For FB fruit these were: axial diame-
ter 36.990.9 mm; longitudinal diameter 61.59
1.0 mm; weight 83.894.5 g. Measurements of
ground colour at harvest were recorded using
standard C.I.E. L*a*b* colorSpace coordinates on
three equidistant points of the equatorial zone of
15 fruits (Minolta CR-300 colorimeter, 8 mm f

viewing aperture, white plate reference plate, D65
standard C.I.E. illuminant, 2° observer). Hue an-
gle [H*= tan−1(b* ·a*−1)] values of FB and FM
fruit at harvest were 100.491.2 and 94.992.5
units respectively.

To induce CI, the peaches were placed in a cold
room at 2.090.5°C and 90–95% RH. IW was ac-
hieved by transferring the boxes to a room at 20°C
and 95% RH. After 1 day of warming, the fruit
were returned to 2°C (Artés and Escriche, 1994).

Treatments were: normal postharvest ripening
for 11 days at 20°C and 90–95% RH; conven-
tional storage for 1, 2, 3 or 4 weeks at 2°C as
control; IW, storage at 2°C with four cycles of IW
of 1 day at 20°C every 6 days of storage. The
samples of IW and control fruit taken for analysis
at weekly intervals were subjected to 3 days of
post-storage ripening at 20°C and 70–75% RH,
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simulating the normal period of retail sale, to
measure the effects on the CI index (see below).
Different samples of control or IW fruit stored for
2 and 3 weeks, or control fruit stored for 4 weeks,
were then left for another 4 days in the same
conditions to enable measurement of respiration
and ethylene production.

2.2. Quality analysis

Quality measurements were made on three
replicates of five fruits each, and included firmness
(Fruit Pressure Tester Effegi 327 penetrometer,
7.9-mm probe tip, readings at 20°C), soluble
solids content (Atago N1 hand refractometer,
readings at 20°C), titratable acidity (Artés et al.,
1996) (mmol H+ l−1) and extractable juice (Von
Mollendorff and De Villiers, 1988a). The mea-
surements were made at harvest, after 3 days of
ripening at 20°C and 90–95% RH, and after 3
weeks of storage at 2°C and 95% RH plus 3 days
of post-storage ripening at 20°C and 70–75% RH.

2.3. Chilling injury indices

The degree of CI was assessed by eye and fruit
were divided into five classes (0: absent (A); 1:
very slight (VS), 2: slight (S); 3: moderate (M); 4:
severe (E)). Symptoms are described in the Re-
sults section.

Moderate to severe injured fruit were not com-
mercial since these disorders affected \20% of
the mesocarp surface in a double cut parallel to
the axial diameter and between themselves (oppo-
site sides of the stone). Very slight or slight
woolliness resulted in visible juice on the cut
surface of the fruit, but with slight pulp disruption
and pastiness. In the cut surface of the fruit with
moderate or severe woolliness, flesh appeared dry
on the cut, pulp was mealy and with evident
disruption, and free juice was barely detectable or
even undetectable (Rushing and Dinamarca,
1993).

The CI index recording the extent of damage
on a 0–100 scale was calculated as follows: CI
index= (1�NVS+2 �NS+3�NM+4�NE)/4 where
NVS, NS, NM and NE were the percentages of fruit
showing the different degrees of CI. The CI index

was evaluated weekly in three replicates of 32
fruits during storage and after further 3 days of
ripening at 20°C. The severity of the damage was
expressed by CI losses recorded as the percentage
of fruit on a fresh weight basis with moderate and
severe symptoms.

2.4. Respiration rate and ethylene production

For CO2 and C2H4 measurements, five repli-
cates of two fruits each were held in 620 ml
gas-tight jars for 1 h at 2°C or 20 min at 20°C,
prior to gas sampling. The gas samples collected
were 1 ml for CO2 and 5 ml for C2H4. Measure-
ments of C2H4 were made with a Perkin Elmer
gas chromatograph with FID detection. For CO2,
a Hewlett Packard 5730A gas chromatograph was
used.

The measurement error was about 0.1% for
CO2 and 1.5% for C2H4, with a detection limit of
0.01 ppm of C2H4 and 0.01% of CO2. With this
method ethylene production levels of up to 0.025
m l C2H4 kg−1 fruit were detected.

2.5. Pectolytic enzyme acti6ities

Pectolytic enzymes during ripening were ex-
tracted by homogenising peach flesh in an
aqueous solution containing 0.5 M NaCl and 1%
polyvinylpyrrolidone. The homogenates were cen-
trifuged at 12000 rpm for 10 min, filtered and
used for the assays (Artés et al., 1996). ExoPG
and endoPG (PG, EC 3.2.1.15) activities were
determined according to Artés et al. (1996). PME
(EC 3.1.1.11) activity was evaluated according to
Hagerman and Austin (1986).

2.6. Statistical analysis

Experiments were carried out in a completely
randomized design. A 2-way analysis of variance
(ANOVA) was carried out on quality parameters
with maturity and storage treatments as factors.
Firmness was transformed to their respective log
for anova according to their normal probability
plot. LSD or Duncan’s multiple range test were
used to compare treatment means (Snedecor and
Cochran, 1980).
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Table 1
Chilling injury index of firm-mature (FM) and firm-breaker (FB) peaches after storage at 2°C with or without 3 days of post-storage
ripening at 20°C

Chilling injury indexTreatments and maturity stage

Continuous storage (weeks) Intermittent warming (weeks)

3 41 2 3 4 1 2

End of cold storage
1a 10bFM 0a1a* 0a2a 9b 12b

0a 0a 3bFB 3b1a 0a 16c 40d

End of post-storage ripening
0a 10bFM 0a0a 0a14b 69c 71c

0a 1a 2a 7b*FB 0a 34b 82c 74c

* Mean separation within rows by Duncan multiple range test (P=0.05).

3. Results

3.1. Chilling injury and senescence symptoms

CI was mainly developed as woolliness (dry and
mealy tissues) and to a lesser extent gel break-
down and scald. Gel breakdown developed pri-
marily around the stone, reaching in some cases, a
large part of the mesocarp. The disorder was
characterised by gelatinous texture, a typical wa-
ter-soaked and vitreous appearance and dark
olive-green colour accompanied by slight redden-
ing to browning. Scald was identified by dry and
brown tissues forming a crown in the cortical part
of the mesocarp (subepidermal tissues). As far as
we know, both CI symptoms have not been
previously described in the scientific literature
on peaches, separately from woolliness (or in-
ternal breakdown). When woolliness progre-
ssed (after 2 weeks of storage), gel breakdown or
scald were frequently indistinguishable from
woolliness.

Early symptoms of CI during the first week of
storage were negligible (B1 unit of CI index).
After 1 week of storage of control fruit, early CI
symptoms such as slight brown punctures in the
subepidermal tissues appeared. With increasing
time, damaged tissues became slightly brown and
dry, accompanied by a cork-like texture starting
at the cortical tissue near the skin (woolli-
ness), which progressed until reaching the pit cav-

ity. In FM fruit, very slight symptoms of dam-
age in the cortical tissue (scald) also appeared
after 1 week of storage, but these primary symp-
toms disappeared after 3 days of post-storage
ripening, showing that the injury was still re-
versible.

Gel breakdown symptoms were not visible until
after 2 weeks of storage in FM fruit. After 2
weeks of storage plus post-storage ripening, all CI
losses in control FM fruit (Table 2) were caused
by gel breakdown, which did not appear in fruit
subjected to IW at any time. After 2 or 3 weeks
plus post-storage ripening (in control FB and FM
fruit respectively), losses due to woolliness in con-
trol fruit ranged from 23 to 69% for FB fruit or
from 46 to 55% for FM fruit. In IW fruit, losses
from woolliness appeared to a lesser extent
(around 3.1% after 4 weeks plus post-storage
ripening). Losses from gel breakdown ranged
from 9 to 20% (FM control fruit) or 7 to 24% (FB
control fruit), while in the IW treatment, gel
breakdown only appeared in FB fruit at less than
3.1%. Losses from scald only appeared in FB fruit
after 2 weeks plus post-storage ripening ranging
from 2 to 7%, although under IW this disorder
did not cause losses.

FB peaches were generally more sensitive to CI
than FM peaches (Tables 1 and 2). IW fruit at
both stages of maturity were free from woolliness
up to 3 weeks of storage with or without post-
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Table 2
Chilling injury losses of firm-mature (FM) and firm-breaker (FB) peaches after storage at 2°C with or without 3 days of post-storage
ripening at 20°C

Treatments and maturity stage Losses (% on a fresh weight basis)

Continuous storage (weeks) Intermittent warming (weeks)

1 2 31 42 3 4

End of cold storage
0a 0aFM 0a* 2.2b 7.2c 8.3c 0a 0a

0a 0aFB 0a 4.1b0a 4.1b8.2b 26.4c

End of post-storage ripening
3.0b0aFM 0a 8.7b 64.4c 63.4c 0a 0a

0a 3.2b*FB 0a 1.0a8.6b 0.9a80.1c 71.8d

* Mean separation within rows by Duncan multiple range test (P=0.05).

storage ripening. However, IW induced shrivelling
and over-ripeness (senescence symptoms) after 4
weeks of storage, causing 7.5% losses in FB
peaches and 12% in FM peaches. Compared with
IW fruit, control fruit only showed slight symp-
toms of senescence.

3.2. Respiration rate and ethylene production

A characteristic climacteric onset was found in
fruit at 20°C as well as in those undergoing
post-storage ripening (Figs. 1 and 2). Compared
with fruit under normal postharvest ripening at
20°C, the climacteric rise during subsequent post-
storage ripening was earlier and more pro-
nounced. Ethylene production in fruit during
normal postharvest ripening at 20°C and during
post-storage ripening of control and IW fruit at
the different times assayed followed the typical
pattern, with a maximum peak almost coincident
with the respiratory peak, although the preclimac-
teric phase was longer in fruit ripened after
harvest.

The slightly less pronounced ethylene peak in
FM fruit compared with FB fruit could be related
to the development of over-ripeness in the former,
as occurred in IW fruit ripened after 3 weeks of
storage (Fig. 1).

After 2 weeks of storage, respiration and

ethylene production in control FM fruit were
higher than in IW fruit (Fig. 1), although the
differences were more pronounced for ethylene. In
FB fruit ripened after 2 weeks of storage, these
differences were only detected in respiration. The
maximum CI levels observed in the third week of
storage were followed by a loss of ethylene pro-
duction in control fruit at this time and during the
post-storage ripening after 4 weeks at 2°C (Figs. 1
and 2).

The higher incidence of CI (mainly woolliness)
in control fruit of both maturity stages after 4
weeks of storage was accompanied by a sharp
decrease in ethylene production rather than by a
high respiration rate during post-storage ripening
(Figs. 1 and 2). The higher the incidence of CI (in
FB control fruit), the lower the ethylene produc-
tion during post-storage ripening will be.

IW fruit of both maturity stages showed a high
level of ethylene production for 6 days after the
third warming period, whereas in control fruit,
this rapidly decreased. Such behaviour might be
associated both with the normal ripening and
senescence of IW fruit and with CI in control
fruit.

3.3. Quality measurements

As can be expected, all parameters changed



J.P. Fernández-Trujillo et al. / Posthar6est Biology and Technology 13 (1998) 109–119114

Fig. 1. Respiration rate (A) and ethylene production (B) during postharvest ripening at 20°C, conventional storage at 2°C (control)
or storage at 2°C with intermittent warming cycles of 1 day at 20°C every 6 days (IW) in firm-mature peaches (n=5). Arrows
indicate IW. Dashed lines represent ripening at 20°C. Bars represent9S.E.

compared with values at harvest. Flesh firmness
and titratable acidity were lower in FM than in
FB fruit (PB0.01), while total soluble solids
(TSS) values were higher in FM fruit (Table 3).

Compared with fruit at 20°C, IW fruit showed
normal quality parameters after storage mainly
due to the maintenance of extractable juice (Table
4). In general, abnormal ripening of control fruit
resulted in reduced flesh firmness. TSS slightly
increased in both treatments during storage, al-
though variability of the results in FM fruit sub-
jected to ripening for 3 days at 20°C or IW was
higher. Compared with control fruit, IW fruit
after two warming periods plus 3 days at 20°C
maintained an acceptable flesh firmness and total
acidity (TA) during storage.

3.4. Pectolytic enzyme acti6ities and flesh
firmness during normal posthar6est ripening

A significant difference in exoPG activity was
observed in FM fruit compared with the firmest
FB ones (Fig. 3C and D). In this cultivar, PME
activity was considerably higher in both stages of
maturity when compared with that in a clingstone
cultivar (Artés et al., 1996) (Fig. 3A).

In FM ‘Paraguayo’ peach, the climacteric phase
and the upsurge in ethylene production after 4 days
of storage was accompanied by an increase in PME
and endoPG activities and a subsequent but not
equivalent response in exoPG activity (Figs. 1 and
3). However, in FB peaches these changes were
relatively lower, particularly with PG isoenzymes.
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Fig. 2. Respiration rate (A) and ethylene production (B) during postharvest ripening at 20°C, conventional storage at 2°C (control)
or storage at 2°C with intermittent warming cycles of 1 day at 20°C every 6 days (IW) in firm-breaker peaches (n=5). Arrows
indicate IW. Dashed lines represent ripening at 20°C. Bars represent9S.E.

4. Discussion

Compared with FM fruit, the higher suscepti-
bility of FB fruit to CI confirmed previous re-
ports in other cultivars (Lill et al., 1989;
Kailasapathy and Melton, 1992). The main effect
of IW was the reduction of losses due to moder-
ate and severe symptoms of CI until the fourth
week of storage by promoting a gradual ripening
of the fruit, thus confirming previous reports
(Wang, 1993; Dawson et al., 1995; Artés et al.,
1996). In fruit subjected to IW, the symptoms
that appeared at the end of 4 weeks of storage
were probably caused by the failure of a few
fruit to ripen (a typical CI in peaches) as re-
ported by Wang (1993), and/or by variations in

the degree of maturity at harvest and/or by the
variable effect IW can have on some fruit (as
shown in TSS measurements).

The lower extractable juice confirmed the
woolliness in FB control fruit, as was the case
with juice content of mealy nectarines when al-
lowed to ripen (Harker and Sutherland, 1993).
However, in FM fruit the lack of correlation
between CI (Tables 1 and 2) and extractable
juice (interaction maturity×storage conditions
significant at PB0.001, Table 4) could be related
to the onset of gel breakdown (index of 12) and
scald (index of 2), being particularly higher at
this time (all CI losses due to gel breakdown),
without any symptom of woolliness in the meso-
carp.
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Table 3
Fruit quality of firm-mature (FM) and firm-breaker (FB) peaches after 3 days at 20°C, or 3 weeks of storage at 2°C plus 3 days of
post-storage ripening at 20°C

Flesh firmness Extractable juiceTreatments and maturity at Titratable acidity Total soluble solids
(% fw)(mmol H+ l−1)harvest (N) (°Brix)

3491 65.99114.390.25293At harvest FM
73.09313.390.2FB 9594 4291

3191 14.090.8Normal ripening FM 47.8913892
4091 48.29213.290.25991FB

63.59115.590.330911291Conventional storage (2°C) FM
2392 3591 14.990.2 34.694FB

60.49415.19126911991Intermittent warming FM
2891 3592 14.190.3 49.395FB

8.0 5 0.8LSD (P=0.01) 10.1

Data are means9S.E. of three (titratable acidity and total soluble solids), 15 (flesh firmness) and four (extractable juice)
replications. Mean separation within columns by LSD test.

The reduction in CI and respiration after 2
weeks of storage induced by IW agrees with data
of Anderson (1982). When control and IW fruit
were compared, the higher respiration rate ob-
served in the former during ripening after 2 weeks
of storage suggested the development of an irre-
versible metabolic pathway. This fact is often
correlated with poor keeping quality (Lill et al.,
1989), and is accompanied by the appearance of
CI symptoms. The lower respiration of IW fruit
compared with control fruit contrasted with find-
ings in delayed storage of peaches (Ben-Arie and
Lavee, 1972; Von Mollendorff and De Villiers,
1988a), who reported higher respiration rates in
warmed peaches than in control ones during stor-
age and after post-storage ripening.

Peach pericarp tissue is known to be an-
isotropic (Luza et al., 1992), with differences in
the ultrastructural composition of the cell wall of
the outer and inner tissues of the mesocarp, as has
also been reported in plums (Taylor et al., 1995).
In peaches, a gradient between the epicarp and
mesocarp tissue in terms of firmness (highly culti-
var dependent), and in ethylene biosynthesis capa-
bility between pulp and peel (ACC concentration,
efficiency in converting ACC to ethylene and
ethylene production), has been reported (Amorós
et al., 1988; Maness et al., 1992; Tonutti et al.,
1996). These facts, and the relationship between

CI and ethylene production observed in this ex-
periment, support the hypothesis that CI in the
form of scald and gel breakdown, is strongly
associated with maturity, as are other disorders
previously reported for stone fruit such as peeling-
injury in peaches (Sharkey and Peggie, 1984) and
gel breakdown in plums (Taylor et al., 1995).

The reduced ethylene production during the
post-storage period of FB control fruit compared
with IW fruit after 2 or 3 weeks of storage could
be related to the immature stage of these fruits (as
also occurred in FB fruit subjected to normal
postharvest ripening), since the exposure to IW
brought forward ripening. However, this was
matched by a greater increase in the CI of FB
fruit compared with that showed by FM fruit
(Table 1).

The reduced ethylene production in control
peaches was probably due to damage in the
ethylene synthesising system at temperatures
which cause a high incidence of CI, confirming
previous reports on ethylene production changes
in peaches (Wade, 1981; Sharkey and Peggie,
1984; Von Mollendorff and De Villiers, 1988a;
Valero et al., 1997) and nectarines (Brecht and
Kader, 1984). Also the deterioration of ethylene
production after 3 or 4 weeks of storage in both
maturity stages could be associated with a possi-
ble accumulation of polyamines at low tempera-
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Table 4
Analysis of variance (in percentage of the total sum of squares and probabilitya) of fruit quality of firm-mature and firm-breaker
peaches (maturity stage) at harvest, after 3 days at 20°C or after 3 weeks of storage at 2°C plus 3 days of post-storage ripening at
20°C (control or intermittent warming)

Extractable juice Total soluble solidsFlesh firmnessSource of variation Titratable aciditydfb

3.1 ns 57.2****Maturity (M) 1 12.7**** 29.0***
27.2***42.6****55.3****84.5****Storage condition (S) 3

1.0 n.s.30.5***M�S 3 1.0** 2.5 n.s.
14.623.8Residual 16a 1.8 13.2

a n.s. not significant.
b Degrees of freedom. For extractable juice (n=4), df=31 for residual.
** PB0.01.
*** PB0.001.
**** PB0.0001.

tures (Artés et al., 1996). In fact, polyamines
inhibited ethylene production in peaches (Biggs et
al., 1982) and an increase in putrescine with accu-
mulation of spermidine during storage at 5°C was
concomitant with the onset of woolliness, particu-
larly in unripe fruit (Valero et al., 1997).

Levels of exoPG and flesh firmness were not
strongly associated in ‘Paraguayo’ either, because
FB fruit were unable to reach the same level as
FM fruit at the same softening stage. In FB
peaches, exoPG activity was lower than in FM
peaches because of the known accumulation of
exoPG in very soft (less than 30 N) peaches, as a
response to an increase in endoPG activity
(Downs et al., 1992; Artés et al., 1996). According
to the results obtained by Orr and Brady (1993)
and Tonutti et al. (1994) in other peach cultivars,
endoPG activity and textural changes in
‘Paraguayo’ are not closely linked.

In ‘Paraguayo’ peaches subjected to normal
postharvest ripening the ethylene increase to 20 m l
C2H4 kg−1 h−1 took place relatively at about the
same time in both types of fruit (Figs. 1 and 2),
and preceded the climacteric peak. Only a slight
rise in ethylene production was concomitant with
a strong decrease in flesh firmness in FB fruit (loss
of 45 N), the flesh firmness being lower than 70 N
when the strong upsurge in ethylene production
appeared. These results agree with those Tonutti
et al. (1994, 1996) and Valero et al. (1997) who
suggested that the initial decrease in flesh firmness

occurred without any change in ethylene produc-
tion and before an increase in PG activities.
Bonghi et al. (1992) showed that an exogenous
treatment with ethylene of 0.8 l air min−1 con-
taining 100 m l C2H4 l−1 in abscising fruit explants
during 5 days at room temperature, which caused
an increase in mRNA encoding endoPG, prefer-
entially activating this isoenzyme and the basic
exoPG, although acid exoPG activity was
depressed.

On the other hand, PG activity was lower dur-
ing storage in fruit more susceptible to CI (Von
Mollendorff and De Villiers, 1988b; Artés et al.,
1996). However, PG activity increased sharply
during post-storage ripening at 10°C in peaches
which developed woolliness with similar levels to
those in sound fruit after 1 week at 10°C (Von
Mollendorff and De Villiers, 1988b; Lill et al.,
1989). EndoPG activity was not deactivated in IW
cycles which alleviated CI (Artés et al., 1996). The
higher PME activity in both types of ‘Paraguayo’
peaches compared with other clingstone cultivars
(Artés et al., 1996) could be the cause of rapid
woolliness development in ‘Paraguayo’, as has
also been shown in chilled tomatoes (Marangoni
et al., 1995). According to Artés et al. (1996),
continuous PME activity causing the accumula-
tion of de-esterified pectate during storage and a
possible deterioration of endoPG activity would
result in faster CI development and lower flesh
firmness in control fruit.
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Fig. 3. Pectolytic enzyme activities (mean9S.E., n=2) and flesh firmness (n=3) in firm-breaker (�) and firm-mature (�) peaches
during normal postharvest ripening at 20°C. (A) PME activity, PEu is defined as milliequivalents of H+ ml−1 h−1. (B) endoPG
activity and (C) exoPG activity, PGu is defined as mM ml−1 h−1. (D) Flesh firmness.
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