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Abstract
Watercore is a typical physiological disorder of apples and can normally induce the development of related internal
disorders during storage. The aim of this study was to investigate the disappearance of watercore, the development of
internal storage disorders (ISD) and the maintenance of quality traits of ‘Cox Orange Pippin’ apple during 6 months
storage at 3°C (±0.3°C) under the following storage conditions: Regular air (RA); rapid storage at 1.5kPa O2 plus 1.5kPa
CO2; 20d pre-storage in air at 10°C followed by storage at 1.5kPa O2 plus 1.5kPa CO2; 20d delayed in the pull down
of oxygen partial pressure (p) at 3 °C followed by storage at 1.5kPa O2 plus 1.5kPa CO2; and the rapid storage at 3.0kPa
O2 plus <0.2kPa CO2. At storage end, watercore disappeared faster in RA-stored fruit; however, these fruit were softer,
yellower and lower in acidity and showed the highest ISD index (40.0). The rapid storage under 1.5kPa O2 plus 1.5kPa
CO2 resulted in fruit without ISD, higher firmness, higher acidity, greener skin colour, and a watercore index of 7.5at
storage end. Delayed CA-stored fruit did not keep satisfactory quality traits, and resulted in high watercore (7.6) and ISD
indexes (6.9). A similar behaviour to the delayed CA-stored fruit, was observed in apple rapid stored at 3.0kPa O2 plus
<0.2kPa CO2 and in fruit subjected to 20d pre-storage in air at 10°C. The fruit specific weight decreased from 0.89at
harvest time to 0.82at storage end, but no significant differences were observed between treatments. A positive correlation
(r= 0.91) was found between the fruit specific weight and the severity of watercore. In conclusion, the rapid storage of
severe watercored ‘Cox Orange Pippin’ apple at 1.5kPa O2 plus 1.5kPa CO2 maintained higher firmness, higher acidity
and greener skin colour, without occurrence of ISD after 6 months’ storage.

Keywords Fruit quality · Internal storage disorders · Malus domestica · Rapid controlled atmosphere storage · Sorbitol

Glasigkeit schränkt die Lagerfähigkeit der Apfelsorte ‘Cox Orange Pippin’ stark ein

Schlüsselwörter Fruchtqualität · Physiologische Fruchterkrankungen · Malus domestica · Pull down · RA-Lagerung ·
Sorbitol

Introduction

Apples severely affected by watercore are rejected during
market quality control because the fruit can develop al-
coholic off-flavour and internal storage disorders (Neuwald
et al. 2012). Watercore is a physiological disorder especially
of apples, which generally appears only in physiologically
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mature fruit attached to the tree, and in susceptible cultivars,
it has been associated with high source to sink relationship
(Marlow and Loescher 1984; Yamada et al. 1994; Gao et al.
2005). This disorder is characterized by a translucent wa-
ter soaked appearance of the fruit flesh and it is attributed
to the accumulation of sorbitol in the intercellular spaces,
initially associated with the vascular bundles of the core
line, but which can extend from the core region to the skin
surface in severe affected fruit (Faust et al. 1969; Marlow
and Loescher 1984; Melado-Herreros et al. 2013).

Structurally, the intercellular spaces which normally oc-
cupy between 15 and 23% of the total volume of an apple
(Dražeta et al. 2004), have become waterlogged due to high
sorbitol accumulation in the apoplast. The specific weight
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of the affected areas therefore approaches the 1.1 of the cel-
lular tissue, instead of the characteristic 0.85 of a healthy
apple fruit (Marlow and Loescher 1984). An affected apple,
therefore, has a specific weight somewhere between these
two values depending on the severity of the disorder (Fidler
et al. 1973). The affected tissue is normally lower in acid
contents, particularly malic acid, and the accumulations of
ethanol and acetaldehyde have been reported (Marlow and
Loescher 1984). Recently, it was observed higher contents
of dihydrochalcone and higher peroxidase activity in water-
cored apple fruit (Zupan et al. 2016). In high quantities, both
ethanol and acetaldehyde are toxic to apple tissue and may
be involved in the development internal storage disorders
during long-term storage (Meheriuk et al. 1994; Brackmann
et al. 2001; Saquet and Streif 2006; Neuwald et al. 2012).

The accumulation of sorbitol in the intercellular spaces
of affected fruit suggests an interruption of normal meta-
bolism, because in healthy tissues sorbitol is converted to
fructose by the enzyme sorbitol dehydrogenase before its
utilization by cell respiration or starch synthesis. In the
same apple, it has been observed that healthy tissues carry
out this conversion, whereas affected tissue with watercore
does not (Bangerth 1973; Fidler et al. 1973). Faust et al.
(1969) suggested that the failure of the tissue to convert
sorbitol to fructose might be due to the absence or inhibi-
tion of the enzyme sorbitol dehydrogenase, and/or to the
unavailability of its cofactor nicotinamide adenine dinu-
cleotide. However, Marlow and Loescher (1985) showed no
relationship between susceptibility to watercore and the ac-
tivity of sorbitol dehydrogenase. Investigation of Gao et al.
(2005) studying the gene expression of membrane trans-
porters, verified that the sorbitol transporter expression was
evident in all sink tissues tested with the exception of wa-
tercore-affected fruit tissues. Sorbitol accumulation in ap-
ple sink tissues thus was shown to involve an apoplasmic
active membrane transport step and that watercore results
from a defect in that process. The sorbitol transporter ex-
pression was also quite low in watercored apple skin and
cortical tissues and especially when compared to healthy
fruit (Gao et al. 2005).

Watercore becomes usually less severe during storage
and can, according to its severity and storage conditions, in
fact disappear entirely (Fidler et al. 1973; Meheriuk et al.
1994; Brackmann et al. 2001; Neuwald et al. 2012). It is
also important in that it can be a precursor of the abnormal-
ity known as watercore-breakdown, which is a true storage
disorder in the sense that it is a permanent injury observed
during and after storage (Fidler et al. 1973). Flesh brown-
ing and internal breakdown, however, are likely to develop
in severely affected fruit depending on the storage condi-
tions and duration (Bangerth 1973; Argenta et al. 2002).
However, it has been observed, that keeping fruit at warm
temperatures after harvest, before storage, hastens the dis-

appearance of watercore, but it also accelerates ripening
and the possibility of senescent breakdown incidence may
increase (Fidler et al. 1973; Meheriuk et al. 1994).

‘Cox Orange Pippin’ apple is grown commercially es-
pecially in West Europa, especially in England and in Ger-
many. However, it shows frequently high incidence of wa-
tercore depending on climate conditions, seasons and other
pre-harvest factors such as plant nutrition, crop load, fruit
thinning, etc. This situation requires a special attention and
management at harvest time and a carefully decision of pro-
ducers and storage managers. They have to decide if fruit
are able or not to store, according to the incidence of this
physiological disorder at harvest.

Therefore, the main objectives of this study were: a) to
monitor the disappearance of watercore symptoms during
six months’ storage of ‘Cox Orange Pippin’ apple; b) to ver-
ify if watercored apple fruit develop internal storage disor-
ders and; c) to evaluate changes in flesh firmness, titratable
acidity, total soluble solids and skin colour during storage
period.

Material andMethods

Fruit Material, Storage Procedure and Treatments

Fruit of ‘Cox Orange Pippin’ apple were obtained from
experimental orchards of the Competence Center for Fruit
Science Bavendorf, Ravensburg, Germany. The apple fruit
were harvested from external limbs on the sun side in the
middle portion of the apple trees on either east or west expo-
sition to get a greater number of affected fruit. For each stor-
age treatment 200 fruits were used, which were separated
in 4 batches of 50 fruit each for analyses during storage.
At harvest, all fruit were individually identified and ana-
lyzed for specific weight before storage. Three replicates of
15 fruit each were used for analyses of flesh firmness, titrat-
able acidity, skin colour and total soluble solids. Fruit were
then stored at 3°C (±0.3°C) during 6 months considering
the following conditions: a) Regular air (RA), b) rapid stor-
age at 1.5kPa O2+ 1.5kPa CO2; c) rapid storage at 3.0kPa
O2+ <0.2kPa CO2; d) 20d pre-storage in air at 10°C with
subsequently storage at 1.5kPa O2+ 1.5kPa CO2; e) and
20d delayed pull down of pO2 with subsequently storage
at 1.5kPa O2+ 1.5kPa CO2. Samples of pre-storage was
accomplished by keeping the fruit under air conditions at
10°C (±0.3°C) for 20d before CA-storage. Delayed storage
was accomplished by keeping the fruit under air conditions
at 3°C (±0.3°C) for 20d before storage under 1.5kPa O2

plus 1.5kPa CO2. The pull down of pO2 was carried out
in within 20h in all storage conditions. Storage procedures
are described in Saquet et al. (2000). The evaluations were
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carried out at the first, second, fourth and sixth month of
storage.

Measurement of Fruit Specific Weight

At harvest and at each storage sampling interval during
storage, fruit mass and specific weight were determined as
follows: A 500mL volume beaker containing distilled wa-
ter was placed on a balance and tared. Each apple was then
placed into the beaker and its mass recorded. The apple
was then submerged using a probe composed by a sup-
port equipped with a fine wire net and fruit mass recorded
again. Immediately after this non-destructive measurement
of fruit specific weight, all fruit were destructively assessed
for quality traits and watercore incidence.

Measurements of Quality Attributes

The skin colour (SC) was measured in CIE L*a*+ b* colour
space with a tri-stimulus CR-300 colorimeter (Konica Mi-
nolta Inc., Tokyo, Japan). Measurements were made on the
widest and greenest part of the equatorial region of each
fruit in three replicate batches of 15 fruit each. Results
were expressed as L a+ b.

Flesh firmness (FF) was measured after skin removal,
with a penetrometer equipped with a 10mm probe. The
maximum force to insert the probe 10mm into the fruit
flesh was recorded. FF was measured twice in each fruit,
in opposite sides at the equatorial region, in 3 replicated
samples of 15 fruit each.

For the soluble solids (SS) and the titratable acidity (TA)
analyses, same fruit samples used for skin colour and flesh
firmness were cut transversely at the equatorial region and
a disc of 10mm thick was used for juice extraction. SS were
measured directly in the juice with a digital refractometer
(Atago PR 1, Bellevue, USA) and values given in percent.
For TA measurements, an aliquot of 10mL juice was diluted
in 90mL distilled water and the solution titrated with 0.1M
NaOH until pH 8.1. Titratable acidity was expressed as
mval/100mL. The pH change was monitored with WTC
pH meter (Weilheim, Germany).

Watercore Assessment

After determining fruit specific weight and quality pa-
rameters, fruit were cut transversely several times at the
equatorial region and visually scored for watercore severity
according to the following scale: 0%=watercore absent
(healthy fruit); up to 10% of the fruit flesh affected= slight
incidence; between 11 and 30%=moderate incidence; from
31 to 60%= severe incidence; and higher than 60% of the
affected fruit flesh was considered a very severe incidence.

0

5

10

15

20

25

30

35

40

45

50

0 30 60 90 120 150 180 210

W
at

er
co

re
 (

in
d

ex
)

Days of storage

1.5 kPa O2 + 1.5 kPa CO2

1.5 kPa O2 + 1.5 kPa CO2*

1.5 kPa O2 + 1.5 kPa CO2**

3.0 kPa O2 + 0.2 kPa CO2

Regular air

Fig. 1 Watercore disappearance in ‘Cox Orange Pippin’ apple during
six months’ storage period. *20d pre-storage in air at 10°C. **20d
delayed CA in air at 3 °C

Results and Discussion

Watercore Disappearance During Storage and the
ISD Occurrence

The disappearance of watercore during storage of ‘Cox Or-
ange Pippin’ apple is shown in Fig. 1. The faster and largest
differences in watercore disappearance occurred during the
first 60d of storage. Similar behaviour was observed by
Neuwald et al. (2012) with severe watercored ‘Fuji’ apple
in which watercore disappeared very fast during the first
51d of storage. Although the fruit rapid stored at 3.0kPa
O2 plus 0.2kPa CO2 showed the faster disappearance of
watercore symptoms, those fruit which were rapid stored at
1.5kPa O2 plus 1.5kPa CO2 had the slower decreasing rate
during the same period. From the 60th to the 90th d of stor-
age, the rate of watercore disappearance further decreased,
but with minor differences between treatments. After six
months of storage, fruit from all treatments showed very
similar and low indexes of watercore ranging from 4.4 to
7.5. These final values corresponded to 10.6 and 18.1%,
respectively, of the watercore indexes observed at harvest.

From the indexes shown in Fig. 1 were calculated the
rates of watercore disappearance (WD) during the storage
period. The rapid storage of apple fruit at 3.0kPa O2 plus
0.2kPa CO2 allowed the faster disappearance of watercore
during the first 60d of storage period at a rate of 0.43
WD d–1, followed by fruit kept at 1.5kPa O2 plus 1.5kPa
CO2 subjected to 20d delayed CA, RA-stored apple and
those fruit kept at 1.5kPa O2 plus 1.5kPa CO2 subjected
to the pre-storage of 20d in air at 10°C, at rates of 0.30,
0.24 and 0.14 WD d–1, respectively. The slower watercore
disappearance was observed in fruit rapid stored at 1.5kPa
O2 plus 1.5kPa CO2 at a rate of only 0.03 WD d–1 during
the first 60d of storage period. However, from the 60th to
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the 90th d storage period, the apple fruit rapid stored at
1.5kPa O2 plus 1.5kPa CO2 showed a pronounced decrease
in the watercore symptoms by a rate of 0.60 WD d–1 and
coming close to the other storage conditions.

The slowest rate of watercore disappearance measured in
fruit rapid stored at 1.5kPa O2 plus 1.5kPa CO2 coincided
with the lowest incidence of ISD at storage end i.e. 100%
of healthy fruit. The fruit subjected to 20d pre-storage in air
at 10°C and those rapid stored at 1.5kPa O2 plus 1.5kPa
CO2 showed the slower rates of watercore disappearance
and the lowest indexes of affected fruit by ISD of 3.2 and
0.0 after six months’ storage period, respectively. It was
remarkable, that the two above storage conditions, which
could better regulate the apple fruit metabolism regarding
the disappearance of watercore related to the occurrence
of ISD were: 1) The rapid storage under 1.5kPa O2 plus
1.5kPa CO2, and 2) the pre-storage of fruit for 20d in air at
10°C. The first condition allowed 100% healthy fruit and
the second an ISD index of 3.2.

Low levels of watercore may disappear during low tem-
perature storage (Ferguson et al. 1999), but the most apple
cultivars affected by watercore may develop internal disor-
ders and alcoholic off-flavor during mid to long-term CA-
storage (Marlow and Loescher 1984; Ferguson et al. 1999;
Argenta et al. 2002; Dart and Newman 2005). Some ap-
ple cultivars such as ‘Red Delicious’ moderate or severe
affected by watercore at harvest time can develop internal
browning within three months in CA-storage (Kupferman
2002). One of the proposed mechanism in watercore in-
ducing internal disorders during CA-storage is the lower
intercellular air space volume, the reduced permeance to
gas diffusion and the increased internal pCO2 caused by
the accumulation of sorbitol within the apple fruit (Argenta
et al. 2002).

In the present investigation, severe watercored ‘Cox Or-
ange Pippin’ apple at harvest, showed a very different be-
haviour, that all above reported situations and various apple
cultivars, which normally are difficult to keep under long-
term CA-storage due to the development of internal stor-
age disorders associated (or not) to the presence of water-
core within the fruit. The present results are instead near to
those reported by Neuwald et al. (2012) with ‘Fuji’ apple
cultivated in Southern Germany, which watercore did not
increase the occurrence of other internal storage disorders
during long-term CA-storage.

Fruit flesh was found to exert a significant resistance to
molecular O2 diffusion resulting in measurable O2 gradients
between tissues immediately beneath the skin and those at
the apple fruit core (Rajapakse et al. 1990). Gradients of
oxygen and carbon dioxide exist in apple fruit and depend
not only on anatomic fruit diffusion properties, but also on
respiration rates of the different apple cultivars, temperature
and other factors (Rajapakse et al. 1990; Ho et al. 2010).

‘Cox Orange Pippin’ apple in the present investigation
seems to have the ability to metabolize high amounts of
sorbitol, measured at harvest time, even when subjected to
rapid storage at 1.5kPa O2 plus 1.5kPa CO2. Under this CA-
condition was measured the slowest rate of watercore dis-
appearance at the beginning of storage (first 60d), however
decreasing faster from the 60th to the 90th d of storage.
This suggests a possible change in gas diffusion proper-
ties within the fruit during storage, allowing apple tissues
to become more adapted from the middle to late stages of
storage. Park et al. (1993) investigating the diffusion prop-
erties during storage of ‘McIntosh’ apple observed that the
longer the ‘McIntosh’ apple were held in CA-storage, the
lower was the fruit resistance to gas diffusion indicating an
increase in the fruit ability to carry out the gas exchange
even under CA-conditions. ‘Cox Orange Pippin’ apple be-
haved beyond the general role observed in apples affected
by watercore during CA-storage.

The Occurrence of Internal Storage Disorders (ISD)

The browning of the fruit flesh was the ISD identified after
storage of ‘Cox Orange Pippin’ apple. The rapid estab-
lishment of CA conditions at 1.5kPa O2 plus 1.5kPa CO2

was the best storage condition, maintaining 100% healthy
fruit after six months of storage (Fig. 2). Apples maintained
in RA-storage showed the highest ISD index of 40.0. Fruit
rapid stored at 3.0kPa O2 plus <0.2kPa CO2 and those under
1.5kPa O2 plus 1.5kPa CO2 subjected to 20d delayed CA
developed the same severity ISD index of 6.9. A promising
condition for ‘Cox Orange Pippin’ apple regarding disor-
ders occurrence was the pre-storage of fruit during 20d in
air at 10°C before CA-storage, resulting in low ISD index
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Fig. 2 Occurrence of internal storage disorders in ‘Cox Orange Pippin’
apple after six months’ storage. *20d pre-storage in air at 10°C. **20d
delayed CA in air at 3 °C
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of 3.2 after six month of storage (Fig. 2). However, fruit
from this treatment could not keep satisfactory quality at-
tributes after six months’ storage period (discussed in item
3.4.).

‘Cox Orange Pippin’ apple in this study behaved differ-
ent of many other apple cultivars, regarding the occurrence
of ISD. The majority of apple cultivars frequently develop
internal disorders during CA-storage, when fruit are mod-
erate or severe affected by watercore at harvest (Ferguson
et al. 1999; Argenta et al. 2002; Kupferman 2002; Dart and
Newman 2005). A relative positive, but not remarkable ef-
fect of 20d delaying the pull down of pO2 or even the pre-
storage of ‘Cox Orange Pippin’ apple for 20d in air at 10°C
prior to controlled atmospheres establishment was observed
in alleviating the occurrence of ISD after storage period, but
these conditions were not able to keep satisfactory quality
traits. A similar behaviour has been reported by Fidler et al.
(1973) and Meheriuk et al. (1994), who reported that keep-
ing fruit at warm temperatures after harvest, before storage,
hastens the disappearance of watercore, but it also accel-
erates ripening and the possibility of senescent breakdown
incidence may increase. A 21d delayed CA has shown very
positive effect in reducing ISD in apples (Streif and Saquet
2003; Saquet et al. 2003a; Castro et al. 2007; DeEll and
Ehsani-Moghaddam 2012) and in ‘Conference’ pear (Höhn
et al. 1996; Saquet et al. 2003b), but was not effective in
the present research with watercored ‘Cox Orange Pippin’
apple.

Changes in Apple Fruit Specific Weight During
Storage and its Correlation withWatercore

The specific weight of ‘Cox Orange Pippin’ apple decreased
from 0.89at harvest to 0.83 and 0.85 in fruit rapid stored at
3.0kPa O2 plus 0.2kPa CO2 and in RA-stored apple, which
were the lowest and highest values, respectively, but sta-
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Fig. 4 Correlation between specific weight and the severity of water-
core in ‘Cox Orange Pippin’ apple (1= absent; 2= slightly affected;
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tistically not different (Fig. 3). In general, it was verified
the capacity of the apple fruit to metabolize the sorbitol
during storage period even under low temperature and CA.
Furthermore, in fruit, which were rapid stored at 1.5kPa
O2 plus 1.5kPa CO2 the sorbitol in the fruit flesh disap-
peared slowly, but continuously during storage, resulting in
100% healthy fruit after six months of storage (Fig. 2). It
seems that rapid establishment of CA-storage could help
regulating and adjusting sorbitol metabolism to ideal lev-
els, inhibiting the mechanisms leading to other disorders
development in the fruit during storage.

For the correlation study (Fig. 4), the apple fruit were
separated in 5 classes to generate the data: the class 1 was
composed by the fruit absent of watercore (healthy fruit);
the class 2 included fruit slightly affected by watercore (0 to
10% of affected flesh); the class 3 were the fruit moderate
affected (10 to 30% of affected flesh); the class 4 those
fruit severe affected by the disorder (30 to 60% affected
flesh); and the class 5 included the fruit, which were very
severe affected by watercore with more than 60% of the
fruit flesh affected by the disorder at harvest time. In the
latter class, where fruit were very severe affected by the
disorder, it was possible to visualize the damage on the fruit
skin with external water soaked appearance. The lowest
specific weight of 0.83 to 0.85 were measured in fruit of
the class 1, which were the healthy fruit of ‘Cox Orange
Pippin’, while the highest values were measured in very
severe affected fruit with values ranging from 0.93 to 0.98
in specific weight.

Quality Attributes of Apple Fruit During Storage
Period

Changes in flesh firmness of ‘Cox Orange Pippin’ apple
during storage period are shown in Fig. 5. The flesh firm-
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ness of ‘Cox Orange Pippin’ apple at harvest was 91.7N
and decreased to 41.2N in RA-stored apple fruit after six
months of storage. One factor, which contributed to this
high flesh firmness of apples at harvest, was the relatively
small size of fruit (55–65mm diameter). Intermediary firm-
ness values were measured in fruit, which were rapid stored
at 3.0kPa O2 plus 0.2kPa CO2 and those under 1.5kPa O2

plus 1.5kPa CO2 subjected to 20d delayed CA, with values
ranging from 49.5 to 54.2N at storage end. Apple fruit rapid
stored at 1.5kPa O2 plus 1.5kPa CO2 were firmer than fruit
from all treatments keeping the flesh firmness around 67.0N
at storage end. The beneficial effect of the rapid establish-
ment of CA-conditions on quality maintenance of apples
has been frequently reported (Lau et al. 1983; Lau 1985;
Little and Peggie 1987; Brackmann and Saquet 1999). Fur-
thermore, in combination with the rapid establishment of
controlled atmospheres, the pO2 in the range of 1.5kPa or
lower was very effective in firmness retention in various
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Fig. 6 Skin colour changes of ‘Cox Orange Pippin’ apple during six
months under various storage conditions. *20d pre-storage in air at
10°C. **20d delayed CA in air at 3 °C

apple cultivars (Lau 1990; Streif and Saquet 2003; Wright
et al. 2015; Saquet 2016).

The skin colour of ‘Cox Orange Pippin’ apple yellowed
faster in RA-stored fruit (Fig. 6), in which the value of 26.2
(CIE Lab a+ b) measured at harvest time increased contin-
uously to 46.8 after six months’ storage period. Fruit from
all other CA-conditions yellowed slower and remained in
the range from 34.0 to 38.4at storage end, however, sta-
tistically not different among them. Slightly greener, but
statistically not different, was the skin colour of apple fruit
rapid stored at 1.5kPa O2 plus 1.5kPa CO2. The effect of
low or ultra-low pO2 in delaying the yellowing in ‘Golden
Delicious’ (Lau 1990), ‘Granny Smith’ (Zanella 2003) and
‘Jonagold’ (Saquet 2016) apples was shown.

The titratable acidity of ‘Cox Orange Pippin’ apple, at
harvest, was 14.5mval/100mL (Fig. 7), which may be con-
sidered high comparable to various other apple cultivars.
The acidity of apple fruit decreased during storage period
to the half contents of those measured at harvest time in all
storage conditions, except in fruit rapid stored at 1.5kPa O2

plus 1.5kPa CO2, which maintained higher acidity than all
other treatments. Ultra-low oxygen kept higher acidity in
‘Golden Delicious’ apple (Lau 1990). Other apple cultivars
respond positively to low pO2 during CA-storage keeping
higher acidity (Wright et al. 2015). However, some excep-
tions are reported as was the case of ‘McIntosh’ and ‘De-
licious’ apples, which the ultra-low pO2 as low as 0.5kPa
did not influence significantly the juice acidity during CA-
storage (Sitton and Patterson 1992).

At harvest time, ‘Cox Orange Pippin’ apple has 11.4%
total soluble solids (Fig. 8). TSS increased to a maximum
of 14.1% in fruit rapid stored at 1.5kPa O2 plus 1.5kPa CO2

at the fifth month storage period. After this time in storage,
TSS remained stable in fruit from all CA-conditions until
storage end, except the RA-stored fruit, which decreased
to 13.2% at storage end. The increase in TSS of ‘Cox Or-
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Fig. 7 Changes in titratable acidity of ‘Cox Orange Pippin’ apple dur-
ing six months under various storage conditions. *20d pre-storage in
air at 10°C. **20d delayed CA in air at 3 °C
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Fig. 8 Total soluble solids of ‘Cox Orange Pippin’ apple during six
months under various storage conditions. *20d pre-storage in air at
10°C. **20d delayed CA in air at 3 °C

ange Pippin’ apple fruit was relatively sharp, but no signif-
icant differences were found between CA-treatments. Only
the RA-stored apple fruit begun to decrease the TSS from
the fifth to the sixth month storage, certainly associated to
an accelerated metabolism and fruit senescence. TSS are
normally not affected by CA-conditions during storage of
apples. Sitton and Patterson (1992) observed, that low pO2

as low as 0.5kPa or above did not influence significantly
the TSS of ‘McIntosh’, ‘Delicious’ and ‘Golden Delicious’
apples. Harb et al. (2013) could not measure significant dif-
ferences in TSS during long-term CA-storage of ‘Cameo’
apple fruit.

Conclusions

� The rapid pull down in pO2 with subsequently storage of
‘CoxOrange Pippin’ apple at 1.5kPa O2 plus 1.5kPa CO2

allowed the successful storage of severely affected apple
fruit for six months without ISD occurrence;

� The rapid storage of ‘Cox Orange Pippin’ apple at
1.5kPa O2 plus 1.5kPa CO2 allowed higher flesh firm-
ness, higher titratable acidity and greener skin colour of
fruit after six months’ storage period;

� The increase in the fruit specific weight was positive cor-
related with the severity of watercore incidence;
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