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Abstract

‘Canino’ apricots and ‘Royal Zee’ plums were treated with 1000 nl l−1 1-methylcyclopropene (1-MCP) at 20 °C for
20 h following harvest before 0 °C storage. After 5 days storage for apricots and 10 days for plums and after 30 days
storage for both, fruit were moved to 20 °C for ripening. In addition, apricots were stored for 20 days and then
treated with 1-MCP concentrations of 10, 100 and 1000 nl l−1 at removal and held for ripening. Ethylene production
and respiration rate, as well as fruit quality of apricots varied with treatment. Ethylene production was efficiently
inhibited by 1000 nl l−1 1-MCP in fruit treated after storage but not in fruit treated before storage. Fruit softening
was associated with ethylene production and affected by 1-MCP in a concentration dependent manner when treated
after storage, while 1-MCP did not affect softening in prestorage treated fruit. The color change of fruit was
ethylene-independent and not affected by 1-MCP. Internal flesh browning was decreased by 1-MCP regardless of the
concentration when treated after storage, while it was enhanced in fruit treated before storage. Decay development
in apricots was decreased by 1-MCP in a concentration dependent manner. Ethylene production and respiration in
‘Royal Zee’ plums was greatly inhibited by 1-MCP during ripening after both short-term (10 day) and long term (30
day) storage. Parameters associated with ripening processes were decreased significantly by 1-MCP, including
softening, color change, and loss of titratable acidity. These data demonstrate that 1-MCP has potential to delay
ripening of apricots and plums, but the cultivar, maturity of fruit, and time of application must be chosen carefully.
It is suggested that 1-MCP is more efficient for extending the shelf life and improving the quality of ‘Canino’ apricots
directly marketed or after storage, whereas it might be a potent compound for extending both storage period and
shelf life of ‘Royal Zee’ plums. © 2002 Elsevier Science B.V. All rights reserved.
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1. Introduction

Apricots and plums are stonefruit, which have a
limited postharvest life. Both fruit are climacteric
and undergo rapid ripening, including softening.
The fruit are picked at a preclimacteric stage in
order to be firm enough to withstand packing-
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house handling and marketing. In many cases this
fruit does not reach full flavor and aroma after
harvest. A treatment to inhibit the rapid softening
after harvest would allow harvest to be delayed
and for the fruit to be harvested at a tree-ripe
stage.

Apricots can be divided into three groups ac-
cording to low, medium and high levels of ethyl-
ene production (Manolopoulou and Mallidis,
1999). ‘Canino’ apricots fall into the medium
ethylene producing category. Ethylene emission in
apricots starts relatively early and autocatalytic
production may begin before other ripeness
parameters are well advanced. Plums can be di-
vided into two groups according to their respira-
tion and ethylene production (Abdi et al., 1997).
Some cultivars show ripening patterns typical of
climacteric fruit with a distinct rise in ethylene
and CO2 production. ‘Royal Zee’ falls into this
category. Others show a suppressed climacteric
wherein ethylene production increases very late in
the ripening process (Abdi et al., 1997; Dong et
al., 2001a).

Ethylene is known to trigger many, though not
all, aspects of fruit ripening. Fruit softening is
partially controlled by ethylene, and exogenous
ethylene or propylene cause faster softening. In
addition, within a fruit species such as plum, high
ethylene producers will soften and ripen faster
than low ethylene producers (Abdi et al., 1997,
1998). Ethylene inhibitors might be expected to
have a greater effect on ripening of medium and
high ethylene producing cultivars than on low and
suppressed-climacteric cultivars.

Apricots and plums are stored at 0 °C to slow
the ripening process, but are limited to a few
weeks of storage, because of the appearance of
storage disorders. Apricots and plums develop
two main types of physiological storage disorders,
internal browning and gel breakdown (Taylor et
al., 1993a,b, 1994; Jooste and Taylor, 1999). In-
ternal browning manifests itself as a browning of
the flesh due to the enzymic oxidation of polyphe-
nols and tannins (Dodd, 1984). Gel breakdown is
a gelatinous appearance of the flesh occurring
near the fruit pit. It is thought to be due to an
unbalanced activity of cell wall hydrolytic en-
zymes, which leads to the accumulation of un-

methylated high molecular weight pectins that
have the ability to bind extracellular juice (Ben-
Arie and Sonego, 1980; Zhou et al., 2000).

Removing ethylene from storage rooms is gen-
erally beneficial in maintaining fruit quality and
extending storage. However, peaches and nec-
tarines were found to benefit from the presence of
ethylene during storage (Sonego et al., 1999; Zhou
et al., 2001). Ethylene did not cause the fruit to
soften during storage, but did maintain its ability
to ripen normally after storage, thereby prevent-
ing gel breakdown. Therefore, inhibitors of ethyl-
ene may have detrimental effects on stonefruit
during storage.

The ethylene action inhibitor 1-methylcyclo-
propene (1-MCP) (Sisler and Serek, 1997), has
been shown to delay ripening and improve post-
storage quality of climacteric fruit (Abdi et al.,
1998; Golding et al., 1998; Fan et al., 1999a,b,
2000). The present study was performed to char-
acterize the physiological responses of ‘Canino’
apricots and ‘Royal Zee’ plums to 1-MCP treat-
ment and to examine if 1-MCP will enable the
extension of the storage period or shelf life of
these two fruit, in addition to shedding light on
the role of ethylene in the ripening process.

2. Materials and methods

2.1. Plant material and treatment

‘Canino’ apricots and ‘Royal Zee’ plums were
harvested from a commercial orchard in Israel.
Harvest was according to peel color and size.
‘Canino’ apricots still had some green color at the
suture, while ‘Royal Zee’ plums did not have a
full red cover of the peel. Treatments were con-
ducted as follows. (1) Following harvest, fruit
were incubated with 1000 nl l−1 1-MCP at 20 °C
for 20 h, then stored at 0 °C together with un-
treated (control) fruit. Apricots and plums were
removed after 5 and 10 days operative storage,
respectively, and at the end of 30 days storage,
kept at 20 °C for ripening. Ethylene production
and respiration rates were followed during ripen-
ing. Firmness, color change, soluble solids content
(SSC) and titratable acidity (TA) were determined
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during and/or after ripening. Fruit were halved
for quality evaluation at the end of shelf life. (2)
Fruit of apricot from the same harvest were
stored immediately for 20 days at 0 °C. Then fruit
still having a greenish–yellow color at the suture
were chosen for 1-MCP treatment with concentra-
tions of 0 (control), 10, 100, 1000 nl l−1 at 20 °C
for 20 h. Following treatment, fruit were held at
20 °C for ripening. Firmness was determined at 4
days of ripening, and color change and fruit qual-
ity were checked after 6 days of ripening.

2.2. Application of 1-MCP

Fruit were enclosed in 15 l glass jars. 1-MCP
was obtained from Biotechnologies for Horticul-
ture, Inc. as a commercial powder (EthylBloc)
and prepared as a 500 �l l−1 concentrated stock
in a 1 l sealed bottle. 1-MCP was released from
357 mg of powder (0.14% a.i.) to the vapour
phase by adding 10 ml of 1% KOH. The required
concentrations of 1-MCP were obtained by inject-
ing 30, 3 or 0.3 ml for 1000, 100 or 10 nl l−1,
respectively, of the stock into the jars via a port
on the cover.

2.3. Ethylene production and respiration rate
determination

Five pairs of fruit (two fruit per jar) from each
treatment were enclosed in 600 ml airtight jars for
1 h at 20 °C, then a 5 ml gas sample was taken
and injected into gas chromatographs with FID
and TDC detectors, respectively, for ethylene and
CO2 detection.

2.4. Firmness, soluble solids content (SSC) and
titratable acidity (TA) measurement

Firmness was measured on the opposite pared
cheeks of each fruit with a penetrometer (Hunter
Spring, Hatfield, PA) incorporating a 8 mm di-
ameter probe. At least 30 fruit were measured for
each treatment.

A wedge-shaped slice of flesh was taken from
each fruit, ten fruit wedges were pooled and
juiced. SSC was determined by a digital refrac-
tometer (Atago, Tokyo, Japan), and TA by titra-

tion of 2 ml juice with 0.1 N NaOH and expressed
as % (W/V) malic acid.

2.5. Color assessment

Thirty fruit from each treatment were used for
color measurement. For apricots, the color was
measured on the opposite pared cheeks along
their equatorial axes, and for plums, on the cheek
of the redder side of the fruit, using a Minolta
Chromo Meter, model CR-200. The parameters
of ‘a ’ and ‘b ’ were measured and the final results
were expressed as hue angle (h°) according to
McGuire (1992).

2.6. Internal quality e�aluation

At the end of shelf life, fruit were halved and
estimated visually for decay and storage disorders.
Decay was recorded as percentage of rotten fruit.
The severity of storage disorders was evaluated as
an index as follows: ((% fruit with slight disorder
×1)+ (% fruit with medium disorder ×2)+ (%
fruit with severe disorder ×4))/4. At least 70
apricot fruit and 40 plum fruit in each treatment
were used for quality evaluation.

3. Results

3.1. Ethylene production

In ‘Canino’ apricots, ethylene production in-
creased rapidly over 7 days ripening, when fruit
were removed from storage after 5 days (Fig. 1A).
Ethylene production was much lower during
ripening following 30 days of storage (Fig. 1B).
The effect of 1-MCP was different between the
two storage periods. Following 5 days storage,
ethylene evolution was not affected by 1-MCP for
the first 4 days of ripening, though it began to be
inhibited later on, whereas it was slightly en-
hanced by 1-MCP after 30 days storage. Fruit
treated with 1-MCP after 20 days storage and
then ripened at 20 °C had a higher initial ethylene
production at 1 day of ripening, tenfold higher
than in fruit subjected to 5 or 30 days storage
after treatment. Ethylene production in 1000 nl
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l−1 1-MCP-treated fruit was greatly inhibited
during the first 4 days of ripening, while no
differences were found between control fruit and
the two treatments with lower concentrations of
1-MCP (Fig. 1C).

‘Royal Zee’ plums showed a typical pattern of
ethylene production and a much higher level of
ethylene during ripening than apricots (Fig. 2).
Ethylene production in control fruit increased
rapidly and reached a peak at 5 days of ripening,
both after 10 or 30 days storage. With extension

Fig. 2. Ethylene production of ‘Royal Zee’ plum during ripen-
ing at 20 °C. (A) After 10 days storage at 0 °C following
treatment with 1000 nl l−1 1-MCP at harvest; (B) After 30
days storage at 0 °C following treatment with 1000 nl l−1

1-MCP at harvest. Data were means of five replicates with two
fruit each. LSD represents the least significant difference at 5%
level of Duncan’s multiple range test.

Fig. 1. Ethylene production of ‘Canino’ apricot during ripen-
ing at 20 °C. (A) After 5 days storage at 0 °C following
treatment with 1000 nl l−1 1-MCP at harvest; (B) After 30
days storage at 0 °C following treatment with 1000 nl l−1

1-MCP at harvest; (C) Ripened directly after treatment of
different concentrations of 1-MCP following 20 days storage
at 0 °C. Data were means of five replicates with two fruit each.
LSD represents the least significant difference at 5% level of
Duncan’s multiple range test.

of storage, the magnitude of the ethylene climac-
teric was slightly decreased. 1-MCP not only de-
layed the onset of the ethylene climacteric, but
also enhanced its magnitude, which was shown
clearly after 30 days storage when observation
was prolonged to 13 days (Fig. 2B). The ethylene
production was inhibited dramatically by 1-MCP,
irrespective of storage duration. At 5 days of
ripening, ethylene production in 1-MCP-treated
fruit was inhibited to about 2 and 10% of that in
control fruit, after 10 and 30 days storage respec-
tively (Fig. 2A and B).

3.2. Respiration rate

Following 5 days storage of apricots, the respi-
ration rate was quite even and not affected by
1-MCP over 7 days ripening. Nor was an appre-
ciable effect of 1-MCP found after 30 days stor-
age (Fig. 3A and B). The respiration rate in
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apricots treated after 20 days storage showed a
similar pattern with little climacteric rise and with
no effect of the 1-MCP on respiration (data not
shown).

The respiration rate of ‘Royal Zee’ plums,
which also peaked at 5 days ripening, corre-
sponded very well to their ethylene production,
irrespective of storage duration (Fig. 4). With
extension of storage, the magnitude of the climac-
teric was slightly lower in control fruit. 1-MCP
delayed the onset of the respiratory climacteric
and inhibited considerably the preclimacteric res-
piration rate, following both storage durations,
although it did not affect the magnitude of the
respiration rate (Fig. 4A and B).

3.3. Softening

‘Canino’ apricots soften very quickly during
ripening. In fruit stored for 5 days, firmness de-
creased from 37 to 5 N during 5 days of ripening. Fig. 4. Respiration rate of ‘Royal Zee’ plum during ripening at

20 °C. (A) After 10 days storage at 0 °C following treatment
with 1000 nl l−1 1-MCP at harvest; (B) After 30 days storage
at 0 °C following treatment with 1000 nl l−1 1-MCP at
harvest. Data were means of five replicates with two fruit each.
LSD represents the least significant difference at 5% level of
Duncan’s multiple range test.

Fig. 3. Respiration rate of ‘Canino’ apricot during ripening at
20 °C. (A) After 5 days storage at 0 °C following treatment
with 1000 nl l−1 1-MCP at harvest; (B) After 30 days storage
at 0 °C following treatment with 1000 nl l−1 1-MCP at
harvest. Data were means of five replicates with two fruit each.
LSD represents the least significant difference at 5% level of
Duncan’s multiple range test.

The loss of firmness was not affected by 1-MCP,
regardless of storage duration (Fig. 5A and B).
During ripening of fruit treated after storage,
1-MCP affected the softening in a concentration
dependent manner. Fruit treated with 1000 nl l−1

1-MCP remained significantly firmer compared to
control fruit. Differences in firmness between con-
trol and the two lower concentrations of 1-MCP
were not significant (Fig. 5C).

‘Royal Zee’ plums had a longer shelf life than
apricot. Within 5 days of ripening following both
storage durations, the untreated fruit lost about
40% of their original firmness; from then on, the
loss of firmness slowed. Fruit still retained 50% of
the initial firmness at 12 days of ripening, the end
of our observations following 30 days storage.
1-MCP delayed the softening process strikingly,
regardless of storage duration. At 5 days ripening,
the time when the biggest difference appeared,
1-MCP-treated fruit only lost 8 and 2% of their
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initial firmness, and were 20 and 23 N firmer than
the untreated fruit, after 10 and 30 days storage
respectively. Later, the difference became smaller
and eventually reached the same level at 12 days
ripening. There was a 5 day delay in softening
with the 1-MCP treatment (Fig. 6A and B).

Fig. 6. Firmness of ‘Royal Zee’ plum. (A) At harvest and 1, 3,
5, 8 days ripening after 10 days storage at 0 °C following
treatment with 1000 nl l−1 1-MCP at harvest; (B) At harvest
and 1, 3, 5, 7, 12 days ripening after 30 days storage at 0 °C
following treatment with 1000 nl l−1 1-MCP at harvest. Data
are means of at least 30 fruit for each treatment. Bars show the
standard error.

Fig. 5. Firmness of ‘Canino’ apricot. (A) At harvest and 1, 3,
5 days ripening after 5 days storage at 0 °C following treat-
ment with 1000 nl l−1 1-MCP at harvest; (B) At harvest and
1, 3, 5 days ripening after 30 days storage at 0 °C following
treatment with 1000 nl l−1 1-MCP at harvest; (C) Before
treatment of 1-MCP when fruit were stored for 20 days at 0
°C, and after 4 days ripening following treatment of 1-MCP
with concentrations of 0 (control), 10, 100, 1000 nl l−1. Data
are means of at least 30 fruit for each treatment. Bars show the
standard error. Letters indicate significant difference at 5%
level amongst treatments.

3.4. Color change

Apricots were harvested at a stage when the
peel still had some green color and they changed
quickly to yellow when fruit were held at 20 °C
(Table 1). In prestorage treated fruit, the dramatic
change happened after 1 day ripening, during
which the hue angle decreased from 88.59 to
82.74°; later on the change slowed and the hue
angle was 80.76° at the end of 6 days ripening in
control fruit. The color development in fruit
treated after storage was similar. 1-MCP did not
have any effect on the color change in either of
the treatments.

‘Royal Zee’ plums change to deep purple from
a red color during the ripening process. 1-MCP
retarded the decrease of hue angle when com-
pared to control. After 8 days ripening following
10 days operative storage, the hue angle decreased
from 24.26° (at harvest) to 6.28 and 9.90°, respec-
tively in control and 1-MCP-treated fruit. Follow-
ing 30 days storage, the hue angle changed in a
similar pattern. The inhibition of color change by
1-MCP was maintained until 12 days of ripening
(Table 2).



L. Dong et al. / Posthar�est Biology and Technology 24 (2002) 135–145 141

3.5. Fruit quality

During ripening of ‘Canino’ apricot, there was
little change in SSC, but an appreciable decrease in
TA (Table 1). However, neither of these parameters
were affected by 1-MCP. Extended storage at 0 °C
increased internal browning and decay. At the end
of shelf life, the internal browning in control fruit
increased from 3.3 to 35% when storage was
extended from 5 to 30 days. 1-MCP increased
internal browning significantly when fruit were
treated prior to storage. In contrast, when fruit
were treated after storage and ripened directly,
1-MCP decreased the internal browning by almost
50%, regardless of the concentration. Decay devel-
opment was also decreased by 1-MCP. After ripen-

ing following 30 days storage, decay was decreased
by 1-MCP from 74 to 47%. Moreover, in the
poststorage treated fruit, 1-MCP affected the inci-
dence of decay in a concentration-dependent pat-
tern. While 100 nl l−1 of 1-MCP decreased decay
considerably, 1000 nl l−1 completely prevented
decay (Table 1).

In ‘Royal Zee’ plums, SSC remained relatively
stable over the poststorage ripening, both in 1-
MCP treated and untreated fruit. TA decreased
considerably during ripening in control fruit and
1-MCP inhibited this decrease. This inhibition
continued over the whole period of ripening. Fruit
treated with 1-MCP ripened normally, although the
flesh developed more reddening than the control
fruit (Table 2).

Table 1
Quality assessment parameters of ‘Canino’ apricot

Parameters Stage Control 1-MCP

88.59�0.86Harvest 88.59�0.86Hue angle (h°)a

1 day ripening after 30 day storage 82.74�1.23 84.24�0.74
6 day ripening after 30 day storage 80.76�1.00 80.11�0.51

Harvest 13.06�0.67SSC (%)b 13.06�0.67
1 day ripening after 30 day storage 12.83�0.3513.05�0.01

12.57�0.066 day ripening after 30 day storage 12.67�0.06

TA (%)b Harvest 2.09�0.10 2.09�0.10
1 day ripening after 30 day storage 1.46�0.10 1.49�0.03
6 day ripening after 30 day storage 1.00�0.04 1.11�0.02

7 day ripening after 5 day storageInternal browning (%)c 3.33 39.17
6 day ripening after 30 day storage 35.00 51.00

39.29 21.67e6 day ripening after poststorage treatment

7 day ripening after 5 day storage 0.00 0.00Percentage of decay (%)d

6 day ripening after 30 day storage 74.00 47.00
0.00f10.716 day ripening after poststorage treatment
3.23g

17.24h

a Average of 30 fruit.
b Average of three replicates of ten fruit each.
c Determined by the method described in the text.
d Determined by percentage of decay fruit in total at least 70 fruit.
e Result of 1000 nl l−1 1-MCP treatment. There is no significant difference amongst three concentrations of 1-MCP at 5% level.
f Result of 1000 nl l−1 1-MCP treatment.
g Result of 100 ppb nl l−1 1-MCP treatment.
h Result of 10 nl l−1 1-MCP treatment.
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Table 2
Quality assessment parameters of ‘Royal Zee’ plum

Parameters ControlStage 1-MCP

24.26�1.54Harvest 24.26�1.54Hue angle (h°)a

6.28�0.26 9.9�1.348 day ripening after 10 day storage
10.48�0.447 day ripening after 30 day storage 13.64�1.32
5.30�0.16 7.85�0.1312 day ripening after 30 day storage

11.58�0.28SSC (%)b 11.58�0.28Harvest
11.13�0.06 11.07�0.217 day ripening after 30 day storage
11.13�0.42 11.10�0.1012 day ripening after 30 day storage

TA (%)b Harvest 1.49�0.03 1.49�0.03
0.99�0.107 day ripening after 30 day storage 1.24�0.09

12 day ripening after 30 day storage 0.65�0.10 0.88�0.11

Internal reddening (%)c 13 day ripening after 30 day storage 9.00 16.25

a Average of 30 fruit.
b Average of three replicates of ten fruit each.
c Determined by the method described in the text.

4. Discussion

4.1. Effect of 1-MCP on ripening of ‘Canino’
apricot

4.1.1. Effect of 1-MCP on ethylene production
‘Canino’ apricots are classified as medium eth-

ylene emitting fruit (Manolopoulou and Mallidis,
1999), and the present study demonstrated that
ethylene production of this apricot increased rela-
tively quickly during ripening (Fig. 1A). However,
ethylene production was affected by both storage
duration and postharvest stage. Fruit treated be-
fore storage were harvested at yellow peel color
with green along the suture line. Although the
initial rates of ethylene production after 5 and 30
days storage were similar (0.40 and 0.30 nl g−1

h−1, respectively), the rise in ethylene production
was greatly inhibited after extended storage (Fig.
1A and B). The higher initial ethylene found in
fruit removed from 20 days of storage for treat-
ment might result from the different physiological
stage of the fruit. Although color and firmness
were similar to fruit treated before storage, the
capacity for initiating ethylene production might
be increased during storage without treatment.
These ethylene specific characteristics of the apri-
cots might be a critical factor affecting their
storability and response to the ethylene inhibitors.

The results presented in this study support this
hypothesis.

The different relationship between ethylene pro-
duction and 1-MCP treatment in apricots from
different storage durations and stages of treat-
ment might be explained by different ethylene
characteristics of fruit as mentioned above. 1-
MCP is thought to bind irreversibly to ethylene
receptors (Sisler et al., 1996). In fruit stored 5
days after treatment, the ethylene production, un-
affected by 1-MCP during the first 4 days of
ripening, probably resulted from the inability of
these fruit to respond to 1-MCP or a lag of
1-MCP diffusion and binding to the receptors
when fruit were held at a chilling temperature
immediately after treatment. With extension of
storage to 30 days, the enhanced ethylene produc-
tion by 1-MCP could be a result of the stress
caused by low temperature or its combination
with 1-MCP treatment. It seems that these fruit
were sensitive to cold storage or its combination
with 1-MCP treatment, because even control fruit
suffered physiological disorders, and 1-MCP
treatment made this damage more severe (Table
1). In fruit treated after storage and ripened di-
rectly following treatment, the pattern of inhibited
ethylene production by 1-MCP was similar to that
found in other studies (Fan et al., 1999a, 2000;
Feng et al., 2000). The effectiveness of 1000 nl l−1
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1-MCP and the failure of the two lower concen-
trations to inhibit ethylene production indicated
that sufficient concentration is necessary in order
to competitively bind to enough receptors so as to
block the autocatalytic synthesis of ethylene pro-
duction, since fruit in this treatment had relatively
high initial ethylene production. Chahine et al.
(1999) reported that 1-MCP efficiently inhibits
ethylene production of ‘Moniqui’ apricot in the
preclimacteric stage only. The present results sug-
gest that this might be the situation if treated fruit
are not subjected to cold storage. For prestorage
treatment in order to inhibit ethylene, the fruit
maturity or the physiological stage of ethylene
production will be crucial.

4.1.2. Effect of 1-MCP on fruit softening and
quality of apricot

In general, the loss of firmness and color
change of ‘Canino’ apricot occurred rapidly, in
agreement with the finding of Chahine et al.
(1999). Fruit softening is known to be one of the
ripening processes that is sensitive to ethylene
(Lelievre et al., 1997). Delaying softening of apri-
cot by 1-MCP has been reported previously (Fan
et al., 2000). However, in the present study, 1-
MCP treatment at different stages of ripeness
resulted in different effects on softening. The inhi-
bition of firmness loss in fruit ripened directly
following treatment (Fig. 5C), indicated that soft-
ening was indeed affected by 1-MCP as shown in
other studies (Jiang et al., 1999; Fan et al., 1999a,
2000; Feng et al., 2000) and in a concentration-
dependent pattern. The correspondence of the
lowest ethylene emission and the highest firmness
of fruit further confirmed the role of ethylene on
softening of climacteric fruit. The failure of 1-
MCP to inhibit softening of fruit treated before
storage (Fig. 5A and B), appeared to be related to
ethylene production, which was high enough to
trigger the softening of treated fruit similarly to
that of untreated fruit.

The association between color changes and eth-
ylene varies with the type of pigment, the species
and the tissue in which the pigment is being
produced (Abdi et al., 1997). Therefore, color
development can be either ethylene-dependent or
-independent (Lelievre et al., 1997). The lack of

difference in color change between 1-MCP treat-
ment and control after ripening in apricot fruit
treated either before or after storage (Table 1),
indicated that once the ripening began, the color
change of apricot was independent of ethylene,
and therefore, not affected by 1-MCP. This agrees
with the findings of Fan et al. (2000).

Concerning fruit quality, although there was
little difference in SSC and TA, the internal
browning and percentage of decay were affected
by 1-MCP. The decreased incidence of internal
browning in fruit ripened immediately following
poststorage treatments of all three concentrations
of 1-MCP, indicated that 1-MCP is capable of
alleviating the flesh browning of apricot even at
low concentrations. However, the increased inter-
nal browning by 1-MCP in fruit treated prior to
storage highlighted the decisive effect of interac-
tion between the physiological stage of the fruit
and the storage environment. It is suggested that
the fruit might suffer severe disorder when treated
at an improper maturity and held at low tempera-
ture, and the longer the storage duration, the
more severe the damage. The decreased incidence
of decay in both treatments of 1-MCP, and the
complete control of decay by 1000 nl l−1 1-MCP,
when treated after storage, showed that decay
was affected by 1-MCP in a concentration-depen-
dent manner. The level of ethylene emission
seems not to be related to the occurrence of
decay.

Collectively, it is concluded that although
‘Canino’ apricot did not favorably respond to
1-MCP when treated prior to storage, 1-MCP did
delay the ripening and improved the quality of
fruit when ripened directly after poststorage treat-
ment. The results suggest that the proper fruit
maturity or physiological stage must be carefully
chosen for 1-MCP treatment. 1-MCP therefore is
considered more efficient for extending the shelf
life of fruit directly marketed or after storage,
instead of extending the storage period, which
will challenge further studies attempting to find
the proper stage of fruit maturity, the optimum
concentration of the compound and duration of
treatment, as well as combination with the opti-
mum temperature.
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4.2. Effect of 1-MCP on ripening of ‘Royal Zee’
plums

4.2.1. Effect of 1-MCP on ethylene production
and respiration rate of ‘Royal Zee’ plums

‘Royal Zee’ plums are characterized by a typi-
cal climacteric ethylene and respiration pattern
(Figs. 2 and 4), which is different from our previ-
ous finding in ‘Red Rosa’ plums (Dong et al.,
2001a). The rapid rise and relatively short period
to reach the climacteric no doubt contributed to
the rapid ripening of the fruit. The greatly inhib-
ited ethylene production by 1-MCP, no matter
how long the fruit were stored, indicated that
1-MCP efficiently bound to the receptors and
blocked the autocatalytic synthesis of ethylene,
thereby suppressing the positive feedback regula-
tion of ethylene production. This suppression
might occur at the enzymic level, since it has been
reported that 1-MCP inhibited ethylene produc-
tion in ripening tomatoes by strongly inhibiting
the normal increase in activity of ACS and ACO
during ripening (Nakatsuka et al., 1997). Our
previous study of nectarine has shown that 1-
MCP inhibited the transcription of the ACO gene
during poststorage ripening (Dong et al., 2001b),
indicating that 1-MCP might regulate ethylene
synthesis at the gene level. The advent of the
ethylene climacteric in 1-MCP-treated fruit, al-
though delayed, indicated that the fruit eventually
overcame the inhibition of 1-MCP by making new
receptors (Golding et al., 1998).

The increase in respiration rate and ethylene
emission of ‘Royal Zee’ plums, as well as the
similar pattern of inhibition by 1-MCP confirmed
the effect of 1-MCP on respiration rate which has
been found in other studies (Golding et al., 1998;
Fan et al., 1999a; Jiang et al., 1999).

4.2.2. Effect of 1-MCP on ripening and quality
of ‘Royal Zee’ plums

The softening of ‘Royal Zee’ plums correlated
well with the ethylene emission. Control fruit lost
most of their firmness within 5 days of ripening,
during which period the ethylene production rose
rapidly. 1-MCP-treated fruit lost most of their
firmness at 7–8 days of ripening, when the ethyl-
ene production increased dramatically. The effec-

tiveness of 1-MCP on delaying softening of plums
agrees with other reports (Fan et al., 1999a; Jiang
et al., 1999; Feng et al., 2000).

The color change in ‘Royal Zee’ plums during
ripening was not as dramatic as that of apricot,
although it was retarded by 1-MCP treatment.
Nevertheless, the relationship of ethylene with
color change is not clear, because the hue angle
was still higher in treated fruit until 12 days of
ripening, which was 2 days after ethylene produc-
tion in treated fruit exceeded that in control fruit.
Studies of climacteric and suppressed-climacteric
plums showed that skin color changes in both
types of cultivars started before ethylene produc-
tion could be detected and it was suggested that in
plums, the role of ethylene seems to be that of a
catalyst hastening and coordinating pigment pro-
duction and chlorophyll loss (Abdi et al., 1997).
The present data agree with this. The inhibition of
color development by 1-MCP, might be achieved
either by strongly inhibited ethylene or by means
other than regulation by ethylene.

The pattern of TA reduction and the effect of
1-MCP was similar to that of color change. En-
hanced flesh reddening in 1-MCP-treated fruit
might be ascribed to the prolonged storage and
shelf life, and possibly contribute to the enhanced
ethylene production during the latter period of
fruit ripening. It has been reported that some fruit
develop disorders after treatment with 1-MCP
(Golding et al., 1998; Porat et al., 1999). How-
ever, the flesh reddening here was not a disorder,
but is what occurs naturally in this cultivar when
ripened after storage. The reason for the redden-
ing and the relationship between the inhibited and
enhanced development, respectively, in skin and
flesh color needs to be studied further.

It is concluded that ripening of ‘Royal Zee’
plums is coupled with climacteric ethylene pro-
duction and respiration. 1-MCP inhibited the
ripening process manifested as greatly delayed
softening, color change and reduction of TA, via
delaying the onset of climacteric and blocking
ethylene production, without any unfavourable
effect on fruit quality under the applied concen-
trations. This suggests the potential of 1-MCP for
extending both storage and shelf life of this plum.
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