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Abstract. Effects of initial controlled atmosphere (CA) treatment on quality maintenance of ‘Fuji’ apples were
assessed and compared with 1-methylcyclopropene (1-MCP) treatment and continuous CA storage. Apples
were harvested twice at different maturity, treated with 1 ML'L_I 1-MCP and then stored for 8 months at
0°C under 3 conditions: air, CA for the first month followed by air (initial CA), and continuous CA (full
CA). CA storage was performed with 1.5 kPa O, and < 1.0 kPa (N, balance). Following long-term storage,
export simulation, refrigerated shipment and local distribution, were performed by holding apples at 0°C for
2 weeks and on the shelf at 20°C for 7 days. Both the application of 1-MCP and CA storage reduced ethylene
production and respiration rates. Initial CA storage was also effective on reducing the metabolism although
the effects were not as noticeable as full CA. Full CA storage with or without 1-MCP treatment maintained
titratable acidity, flesh firmness, and sensory quality at the acceptable to excellent level even after the export
simulation following 8-month storage regardless of harvest maturity. In contrast, effects of initial CA storage
were limited to the maintenance of firmness and texture in early-harvested apples. Overall results indicated
that harvest maturity is the critical factor for export fruit quality after long-term storage when separate treatment
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of initial CA storage or 1-MCP treatment is applied as a postharvest program.
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Introduction

Acceptable eating quality of ‘Fuji’ apples seems to be
maintained for 5 to 6 months when stored under refrigerated
air conditions (Park et al., 2006). Accordingly, export
shipping to Asian countries has been restricted to relatively
a shorter period considering the fruit quality deterioration
during the local distribution in the importing countries (Song
and Kim, 2004).

To increase storage potential and export period, 1-methyl-
cyclopropene (1-MCP) treatment and controlled atmosphere
(CA) storage have been applied. 1-MCP inhibits ethylene
perception (Blankenship and Dole, 2003), thus reducing
ethylene production, respiration, ethylene-induced quality
changes in apples (Choi, 2005; Kweon et al., 2006; Lim
et al., 2007; Mir et al., 2001; Park et al., 2009; Pre-Aymard
et al., 2005) and also alleviate physiological disorders (Fan
et al.,, 1999; Watkins et al., 2000).

CA storage strongly influences the quality changes during
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storage period as well as market quality after a certain
period of shelf life. Acidity and flesh firmness could be
maintained longer in CA storage than in refrigerated air
storage (Lau, 1998; Park and Yoon, 2005; Park et al., 2006;
Saftner et al., 2002). Continued suppression of physiological
metabolism even after storage provides residual effects on
quality maintenance on the shelf (Park and Youn, 1999b;
Park et al., 2006).

From industrial points of view, however, it is not always
feasible to maintain continuous CA conditions from the
time of harvest to the target period of shipment. Various
CA storage procedures can be applied to meet the acceptable
quality level according to the cultivar, harvest maturity, and
shipment schedule. For example, delayed CA to avoid
physiological disorders in ‘Fuji’ (Argenta et al., 2000; Park
and Youn, 1999a), ‘Bramley’s Seedling’ (Colgan et al.,
1999), ‘Braecburn’ (Elgar et al., 1998) apples still provided
potential effects on quality maintenance. Vice versa, apples
may be stored under CA conditions during the early period
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only, i.e. CA storage for first one to four month-period and
then under air storage condition for the remaining period.
The benefit from relatively short CA storage followed by
successive air storage has not been clearly demonstrated.
Determination of storage potential under such circumstances
is sometimes very useful when CA condition is inevitably
destroyed after a certain period of storage by operational
accidents or by prearranged stepwise shipping program.

Another postharvest approach for the extension of storage
potential is the decision of optimum harvest window
according to storage plan (Argenta et al., 2002; Hwang et
al., 1998; Park et al., 1997). However, in ‘Fuji’ apples,
harvest time tends to be delayed beyond the optimum
maturity to enhance coloration and soluble solids content
(SSC). Thus, effects of 1-MCP treatment and practical CA
storage program should be evaluated as countermeasures
against short storage potential in late-harvested ‘Fuji’ apples.

The present study was conducted to estimate the effects
of initial CA environment on storage potential of ‘Fuji’
apples under export simulation. Effects of harvest maturity
and 1-MCP treatment in combination with CA storage were
carefully analyzed to provide practical guidelines for technical
application. Long-term storage as long as 8 months and
two-week shipment period plus 7-day shelf life was taken
into account as an export simulation program.

Materials and Methods

Fruit Source

‘Fuji’ apples were harvested twice at 10-day intervals,
Oct. 21 and 31, from the orchard located in Cheongwon
area, central districts of South Korea. Empirically by the
calendar date, fruit maturity at the first harvest (early
harvest) was supposed to be the optimum stage for long-
term storage, while the second harvest (late harvest) was
supposed to be too late for the purpose of long-term storage.
After each harvest, fruit maturity was estimated experi-
mentally by starch-iodine index method (Park et al., 2005)
using a 6 point scale from score 5.0 (full starch stain
indicating immature) to 0.0 (no starch stain indicating
overmature).

Following 8-month storage under experimental conditions,
fruits were removed from the store and put in the laboratory
for 4-6 h before export simulation. Refrigerated shipment
was simulated by holding apples at 0°C for 2 additional
weeks, while local distribution was performed by putting
fruits on the shelf at 20°C for 7 days.

Experimental Treatments

Immediately after harvest, apples were treated with 1.0

uL-L'1 1-MCP for 16 h at 20°C. Apples were placed in
airtight 1 m’ rigid plastic tent with 70 mg commercial
1-MCP releasing agent (Smart Fresh™, 3.3% active ingredient,
Rohm and Hass, Korea) for treatment or without 1-MCP
releasing agent for control. A diaphragm air-circulation pump
was operated for even distribution of 1-MCP inside the
tent. Control and treated apples were then stored for 8
months under refrigerated air, initial CA, or continuous CA
conditions. For initial CA, first month storage was performed
under CA and the rest of the storage period was performed
under air. To establish CA conditions of 1.4-1.6 kPa O,
(1.5 kPa in average throughout the storage period) with <
1.0 kPa CO», compressed premixed gas (1.6% O + 0%
CO, with N, balance) was intermittently supplied 3-4 times
a day through 1 m’ gas-tight tent structure in which fruit
samples were placed. The number and the amount of gas
flow were adjusted on three-day basis to ensure proper
level of CA. Storage temperature was 0°C with 90-95%
RH.

Measurement of Respiration Rate and Ethylene Production

Respiration rate and ethylene evolution rates were measured
at harvest, after 8-month storage, and after 2-week shipment
simulation. Fruit were transferred into the temperature
equilibrium chamber and held more than 12 h until fruit
temperature reached 20°C. Each fruit was put into a 2.5 L
airtight respirometer and the increases in CO, and C,H4
concentrations during 4-h incubation were measured. Headspace
gas sample was taken using a 1 mL syringe and the concent-
rations of the gases were analyzed by gas chromatography
method (Park and Yoon, 2006). CO, concentrations were
analyzed using a gas chromatograph (model 600D, Young
Lin Instrument Co., Ltd., Anyang, Korea) equipped with a
thermal conductivity detector and a Porapak Q packed
column. Ethylene concentrations were measured using a
gas chromatograph (model GC-17A Shimadzu Corp.,
Tokyo, Japan) equipped with a flame ionized detector and
a Porapak Q packed column.

Assessment of Fruit Quality

After 8-month storage and export simulation period (2-week
shipment plus 7-day shelf life), SSC, titratable acidity (TA),
flesh firmness, and sensory texture were evaluated. To
measure SSC and TA, fruit juice was extracted from the
whole fruit using a kitchen juicer. SSC of the juice was
measured using a digital reading refractometer (model PAL-1,
Atago Co., Ltd.,, Tokyo, Japan) and TA was calculated
from the titration of the juice with 0.1 N NaOH until pH
8.1. Flesh firmness was measured by using a texture analyzer
(model EZ-Test/CE, Shimadzu Corp., Kyoto, Japan) equipped
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with a 5 mm diameter probe. Penetration force at 1 cm
depth into the flesh was converted into Newton (N).

Texture was evaluated by sensory ratings using a 5 point
scale, where 5 = excellent, 3 = fair and acceptable, and 1
= poor. Six trained panels estimated fruit texture and the
scores were averaged for each treatment. Texture rating
score 3 was the least requirement for consumers’ acceptance.

Incidence of internal browning was investigated by
counting the number of suffered fruit over the total fruit
and by the severity of the disorder. Visual investigation was
performed after cutting fruits horizontally along the equator
of fruits. The severity was estimated as the percentage of
suffered area over the cut surface.

Statistical Analysis

Experiments were carried out in a completely randomized
design with 3 treatment factors and 6 replicates. For data
to be arranged in a simple manner, however, effects of
I-MCP and storage procedure were analyzed in 2-way
analysis of variance (ANOVA) (SAS, 1990) on each harvest
date. Effects of harvest date were further analyzed with the

other 2 factors through 3-way ANOVA, and treatment
effects were summarized. Mean separation was obtained by
Duncan’s multiple range test at the 5% level.

Results and Discussion

Quality and Physiological Characteristics at Harvest

As judged by starch-iodine indices (Park et al., 2005),
early-harvested ‘Fuji’ apples were at the optimum maturity,
while late-harvested apples were overmature for long-term
storage although ethylene production rate was lower than
1.0 uL-kg’l-h'1 in the both apples (Table 1). Lower respi-
ration rate in the late-harvested apples than that in the
early-harvested apples suggested that the late-harvested
apples might have been already at the post-climacteric stage.
Extremely low starch index in the late-harvested apples also
supported the idea. In late-harvested apples, SSC was
rather lower and TA was slightly higher as opposed to
expected benefits from late harvest. Flesh firmness was
almost same.

Table 1. Quality and metabolic characteristics of ‘Fuji’ apples at harvest in 2009.

Physiological characteristics

Quality attribute

Harvest

date Respiration rate Ethylene evolution . SSC Acidity Firmness
(COz mL-kg™h™) (CaHe uLkg™h?) ~ Starch index (°Bx) (%) (N/5 mm @)

Oct. 21 10.8 + 0.2° 0.8 +£0.0 22 + 0.1 142 £ 0.2 0.33 + 0.03 148 £ 0.2

Oct. 31 10.0 £ 0.4 0.8 £ 0.1 1.3 £02 13.4 £ 0.3 0.34 + 0.03 147 £ 0.2

*Mean * standard error (n = 6).

Table 2. Ethylene evolution rate of ‘Fuji’ apples after 8-month cold storage and additional 2-week storage simulating shipping condition
as influenced by harvest date, postharvest 1-MCP treatment, and storage method.

Ethylene evolution, 20C (C:Hs pL-kg™-h™)

1-MC_I1D StorageZ Early harvest Late harvest
(L) method After 8-month After 2-week After 8-month After 2-week
storage shipment storage shipment

0 Air 38.3 & 352 a 50.3 a 60.1 a
Initial CA 45b 113 b 64 b 170 b
Full CA 06 c 02c 04 b 25¢

1 Air 06 c 02c 05b 18 c
Initial CA 05¢c 02c 0.7 b 19 ¢
Full CA 05¢c 03c 0.7 b 15¢c

Significance

1-MCP(M) o o * o

Storage (S) - o o -

M xS - o - -

“Air, refrigerated storage; initial CA, 1-month CA + 7-month air storage; full CA, 8-month CA storage at 1.5 kPa O, + < 1.0 kPa

CO; at 0°C.

YMean separation within columns by Duncan's multiple range test at P = 0.05.

“Significant at P < 0.01.
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Metabolic Changes by 1-MCP Treatment and Storage
Methods

Ethylene evolution was significantly reduced by 1-MCP
treatment and CA storage (Table 2). In control apples
without 1-MCP treatment, both initial and continuous CA
effectively reduced the ethylene production after 8-month
storage and following 2-week shipping simulation. Especially
in continuous CA-stored apples, ethylene evolution reduced
even below that at harvest except that the rate increased
a little after 2-week shipping simulation in late-harvested
apples. Compared to continuous CA, initial CA storage
seemed not to completely inhibit ethylene production
showing relatively higher ethylene evolution after storage
and shipping simulation. In 1-MCP treated fruits, in contrast,
effects of initial and continuous CA was not noticeable
because of predominant effects from 1-MCP treatment. In
early-harvested apples, ethylene evolution rates were main-
tained at lower levels during storage and following shipping
period, whereas, in late-harvested apples, the rates slightly
increased during shipping period.

Changing pattern of respiration was similar to that of
ethylene evolution. In control fruits without 1-MCP treatment,
CA significantly suppressed respiration (Table 3), although
the reduction effect of initial CA was not so remarkable
as observed in ethylene evolution.

Effects of 1-MCP on ethylene production and respiration
observed in the present study are well in accordance with
previous researches (Blankenship and Dole, 2003; Lim et

al., 2007; Park et al., 2009). CA storage effects on the
metabolism are also similar to the previous observations in
apples (Park and Yoon, 2006; Park and Youn, 1999a,
1999b). Significant effects even from 1-month initial CA
storage observed in the present study were interesting results
and seemed to be used as a very practical application to
determine storage methods according to exporting program.
Application of initial CA storage seemed to be a better
approach than the application during shipping period after
air storage since no significant effects were obtained from
the CA container shipping simulation (Park et al., 2010).

Quality Changes by 1-MCP Treatment and Storage
Methods

After export simulation, SSC were maintained higher in
1-MCP-treated and CA-stored apples (Table 4). In early-
harvested apples, 1-MCP treatment significantly effective
on maintaining higher SSC, while, in late-harvested apples,
CA storage seemed to be more beneficial. In late-harvested
and CA-stored (full) apples, SSC rather increased after
storage and export simulation compared to that at harvest.
In contrast, 1-MCP treatment alone seemed not to be
enough in maintaining SSC. Although SSC after 8-month
storage tended to be higher in late-harvested apples, the
trend was not consistent by treatments. Thus, the maturity
effects were insignificant (Table 5).

Changes in SSC during storage and shelf life seemed to
be very complicated as influenced by harvest maturity,

Table 3. Respiration rate of ‘Fuji’ apples after 8-month cold storage and additional 2-week storage simulating shipping condition
as influenced by harvest date, postharvest 1-MCP treatment, and storage method.

Respiration rate at 20C
(CO2 mL-kg™h™)

(11/'?13) r?wteot':ogdez Early harvest Late harvest
After 8-month After 2-week After 8-month After 2-week
storage shipment storage shipment

0 Air 10.3 a’ 9.8 a 9.9 & 10.1 a
Initial CA 6.3 b 6.9 b 6.2 b 6.6 b
Full CA 33¢c 24 ¢ 27¢c 34 c

1 Air 36 ¢c 27¢c 56 b 35¢c
Initial CA 35¢c 26 ¢ 32¢ 29c
Full CA 22d 29 ¢ 29 ¢ 27 ¢

Significance

1-MCP (M) o o o o

Storage (S) o o o *

M xS o o o -

“Air, refrigerated storage; initial CA, 1-month CA + 7-month air storage; full CA, 8-month CA storage with 1.5 kPa O, + <1.0 kPa

CO; at 0°C.

YMean separation within columns by Duncan's multiple range test at P = 0.05.

“Significant at P < 0.01.
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Table 4. Soluble solids content of ‘Fuji’ apples after 8-month cold storage and export simulation, additional 2-week shipment +
7-day shelf life, as influenced by harvest date, postharvest 1-MCP treatment, and storage method.

Soluble solids content (°Bx)

1-MC_I13 Storage method? Early harvest Late harvest
(L) After 8-month After export After 8-month After export
storage simulation storage simulation

0 Air 12.8 @’ 127 b 13.5 ab 13.1 ab
Initial CA 12.7 a 13.0 ab 122 b 13.1 ab
Full CA 12.7 a 13.4 ab 14.3 a 13.6 ab

1 Air 13.2 a 13.5 ab 13.5 ab 12.7 b
Initial CA 13.0 a 13.5 ab 139 a 134 ab
Full CA 14.1 a 14.1 a 14.1 a 14.0 a

Significance

1-MCP (M) NS * NS NS

Storage (S) NS NS NS *

Mx S NS NS NS NS

“Air, refrigerated storage; initial CA, 1-month CA + 7-month air storage; full CA, 8-month CA storage at 1.5 kPa O, + < 1.0 kPa

CO. at 0°C.

YMean separation within columns by Duncan's multiple range test at P = 0.05.

NS’*Nonsignificant or significant at P < 0.05, respectively.

Table 5. Three-way analysis of variance on the effects of harvest date, 1-MCP treatment, and storage procedure on fruit quality

of ‘Fuji’ apples after export simulation.

Treatment significance on quality attributes
(after 8-month storage + export simulation)

Factor

SSC Titratable acidity Firmness Texture rating
(°Bx) (%) (N/5 mm ¢)
Harvest maturity NS NS o .
1-MCP * wox . %
Storage method® * o o -

“Air, refrigerated storage; initial CA, 1-month CA + 7-month air storage; full CA, 8-month CA storage at 1.5 kPa O, + < 1.0 kPa

CO; at 0°C.

NS’*’“Nonsigniﬁcant or significant at P < 0.05 or 0.01, respectively.

postharvest 1-MCP treatment, storage method, and shelf
environment (Park and Yoon, 2006; Park et al., 2009). SSC
measured by refractometer could be increased by conversion
of starch into sugars, especially during the early storage
period. SSC could be increased even after long-term storage
by neutral sugars from the cell wall component degradation
regardless of sensorial sweetness (Park and Yoon, 2006) or
by dehydration during the storage (Hwang et al., 1998).
Significant effects of 1-MCP and CA storage observed in
the present study are contradictory to insignificant effects
of 1-MCP (Lim et al., 2007) and CA storage (Park and
Yoon, 2006) on SSC changes in apples.

TA and flesh firmness were also maintained better by
1-MCP treatment and CA storage (Tables 6 and 7). In
control fruit without 1-MCP treatment, even initial CA
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effectively maintained higher TA and firmness. Between
harvest dates, differences in TA after storage plus export
simulation were not significant, while those in firmness
were highly significant (Table 5).

Acceptable TA in ‘Fuji’ apples was proposed as 0.2%
(NFRI, 1985) or 0.24% (Park et al., 2006). When 0.2% TA
was used as a criterion, full CA storage without 1-MCP
treatment or 1-MCP treatment regardless of storage method
can suffice quality requirement after 8-month storage plus
export simulation. When 0.24% TA was considered, in
contrast, only 1-MCP + full CA may provide qualified fruit.
The criteria of TA for export apples should be decided
according to consumers’ preference in importing countries.

Texture rating was also affected significantly by harvest
maturity (Table 5), 1-MCP treatment, and CA storage pro-



Table 6. Titratable acidity of ‘Fuji’ apples after 8-month cold storage and export simulation, additional 2-week shipment + 7-day
shelf life, as influenced by harvest date, postharvest 1-MCP treatment, and storage method.

Titratable acidity (%)

1-MCP Storage Early harvest Late harvest
(L) method* After 8-month After export After 8-month After export
storage simulation storage simulation

0 Air 0.07 ¢ 0.06 c 0.07 a 0.06 e
Initial CA 0.15 b 012 b 019 c 0.15 d
Full CA 0.25 a 0.22 a 0.27 a 0.23 ab

1 Air 0.22 a 0.21 a 0.21 bc 0.21 bc
Initial CA 0.22 a 0.20 a 0.21 bc 0.19 cd
Full CA 0.26 a 0.24 a 0.24 ab 0.26 a

Significance

1-MCP (M) x o o o

Storage (S) o - - o

M x S o o - -

“Air, refrigerated storage; initial CA, 1-month CA + 7-month air storage; full CA, 8-month CA storage at 1.5 kPa O, + < 1.0 kPa
CO, at 0°C.

fj\/lean separation within columns by Duncan's multiple range test at P = 0.05.

Significant at P < 0.01.

Table 7. Flesh firmness of ‘Fuji’ apples after 8-month cold storage and export simulation, additional 2-week shipment + 7-day shelf
life, as influenced by harvest date, postharvest 1-MCP treatment, and storage method.

Firmness (N/5 mm @)

1-MCP Storage Early harvest Late harvest
(L) method” After 8-month After export After 8-month After export
storage simulation storage simulation

0 Air 11.6 b’ 108 ¢ 103 b 99 ¢
Initial CA 12.7 ab 11.6 bc 121 a 11.1b
Full CA 13.7 a 129 a 12.0 a 12.0 ab

1 Air 134 a 12.7 ab 12.0 a 113 b
Initial CA 13.6 a 129 a 12.6 a 11.6 ab
Full CA 13.6 a 13.0 a 126 a 125 a

Significance

1-MCP (M) * x x o

Storage (S) * * * **

Mx S NS NS NS NS

“Air, refrigerated storage; initial CA, 1-month CA + 7-month air storage; full CA, 8-month CA storage at 1.5 kPa O, + < 1.0 kPa
CO, at 0°C.

YMean separation within columns by Duncan's multiple range test at P = 0.05.

NS""Nonsignificant or significant at P < 0.05 or 0.01, respectively.

cedures (Table 8). Initial CA was also effective on main-
taining texture when fruit were stored without 1-MCP
treatment. By initial CA storage, the rating was maintained
at the critical level (score 3.0) in early-harvested apples. In
late-harvested apples, in contrast, the rating was lowered
below acceptable level even in 1-MCP-treated and initial
CA-stored apples indicating that harvest maturity strongly
influenced textural changes during storage and export
simulation. The data suggested that full CA storage retarded

firmness loss and texture deterioration on the shelf as well
as the changes during storage, which were previously
explained by residual effects of CA (Park and Youn, 1999b).

In apples, distinguished effects of 1-MCP treatment on
maintaining flesh firmness and texture were reported (Mir
et al., 2001; Pre-Aymard et al., 2005; Watkins, 2008). By
cultivars, however, CA storage effects seemed to be greater
for long-term storage (Park et al., 2009). In the present
study, effects of CA storage tended to be more distinguished
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Table 8. Texture rating of ‘Fuji’ apples after 8-month cold storage and export simulation, additional 2-week shipment + 7-day shelf
life, as influenced by harvest date, postharvest 1-MCP treatment, and storage method.

Texture rating

1-MCP Storage Early harvest Late harvest
(”L'L-1) method® After 8-month After export After 8-month After export
storage simulation storage simulation

0 Air 24 b’ 21c¢ 22 ¢ 18 ¢
Initial CA 38 a 30b 3.3 ab 27b
Full CA 4.0 a 36 a 3.6 a 33 a

1 Air 40 a 35a 32b 26 b
Initial CA 40 a 35 a 3.3 ab 27b
Full CA 41 a 38 a 36 a 35 a

Significance

1-MCP(M) - - x o

Storage(S) - o x o

M xS - - x -

“Air, refrigerated storage; initial CA, 1-month CA + 7-month air storage; full CA, 8-month CA storage at 1.5 kPa O, + < 1.0 kPa

CO; at 0°C.

fMean separation within columns by Duncan's multiple range test at P = 0.05.

"Significant at P < 0.01.

Table 9. Incidence of internal browning in ‘Fuji’ apples after 8-month storage and export simulation, additional 2-week shipment
+ 7-day shelf life, as influenced by harvest date, postharvest 1-MCP treatment, and CA storage.

Incidence of internal browning

Harvest trl;“{lrggnt riteot?(?d% Fruit basis’ Area basis”
(Suffered/investigated) (%)
Oct. 21 No Air 8/16 8.5
Initial CA 7/16 7.3
Full CA 0/16 0.0
1 Ll Air 0/16 0.0
Initial CA 0/16 0.0
Full CA 0/16 0.0
Oct. 31 No Air 0/16 0.0
Initial CA 0/16 0.0
Full CA 0/16 0.0
1 pL-L” Air 0/16 0.0
Initial CA 0/16 0.0
Full CA 0/16 0.0

“Air, refrigerated storage; initial CA, 1-month CA + 7-month air storage; full CA, 8-month CA storage at 1.5 kPa O, + < 1.0 kPa

CO, at 0°C.
YNumber suffered fruit/number of fruit investigated.
*% injured area over total cut surface in suffered fruit.

than that of 1-MCP treatment although the difference was
statistically insignificant (comparison between 1-MCP untreated
+ full CA vs. 1-MCP treated + air). At the same time,
additive effects on quality maintenance were also observed
from postharvest 1-MCP treatment and CA storage com-
bination as suggested in the previous studies (Bai et al.,
2005; Park et al., 2009; Rupasinghe et al., 2000; Watkins
et al., 2000).

Internal browning disorder occurred only in early-harvested
control fruit stored in air or initial CA (Table 9). The
incidence based on the number of fruit was 50 and 44%
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in air and initial CA, respectively. The symptom based on
the suffered area, however, was not so severe as to influence
marketability. Internal browning in ‘Fuji’ cultivar has been
a potential hazard during CA storage since ‘Fuji’ apples are
susceptible to high CO, injury, especially when harvest is
delayed (Argenta et al., 2002; Hwang et al., 1998). The
occurrence pattern in the present study, on the contrary,
was limited to early-harvested, control without 1-MCP
treatment, and air or initial CA-stored apples. No incidence
of the disorder in full CA-stored apples suggested that the
symptom might have not been due to CA conditions. Visual



assessment of the symptom (picture not presented) suggested
that the disorder resembled watercore-related internal
breakdown (Pierson et al., 1971). High incidence of the
disorder only in early-harvested apples still leaves a contro-
versy since watercore tends to develop more as harvest is
delayed. Watercore may not be always related to harvest
dates since farmers usually pick more colored and mature
fruit first and leave relatively immature fruit for the second
harvest.

In conclusion, initial CA exerted critical effects on
extending storage potential to 8 months for export quality
based on texture, especially when apples were harvested
early and stored without 1-MCP treatment (Table 8). The
storage potential of ‘Fuji’ apples for export consisting of
2-week shipment plus 7-day shelf life appeared to be less
than 8 months when fruit were harvested late and stored
under initial CA conditions even with postharvest 1-MCP
treatment. Only full CA storage could ensure 8-month
storage potential when export program is to be followed.
In order to extend storage potential longer than 8 months,
apples should be harvested early and 1-MCP-treated, or,
without 1-MCP treatment, stored at least under initial CA
conditions. More benefits are expected by extended period
of initial CA application to 4 months until the period of
first shipping of CA-stored apples, thus maintaining quality
throughout the remaining period of storage for export under
air conditions.
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