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‘Longyan Mei’, a Japanese apricot species, was used to investigate the effect of 1-methylcyclopropene
treatment on the browning index, soluble solid content (SSC), titratable acidity (TA) and enzyme activity
of active oxygen-related metabolism of post-harvest Japanese apricot. The results show that 1-MCP
inhibited the browning rate, maintained a high content of SSC and TA, controlled the increase of
superoxide dismutase (SOD), peroxidase (POD), and catalase (CAT) activity at prophase of storage, and
increased the enzyme activities of SOD, POD and CAT at the end of the storage.
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INTRODUCTION

1-methylcyclopropene (1-MCP), an ethylene inhibitor,
combined with ethylene receptors inhibited the role of
ethylene in plants, increased the post-harvest life of fruits
and vegetables and provided more flexibility during
storage, distribution and retail. Several studies have
shown the usefulness of 1-MCP in maintaining the quality
of and delaying the ripening of fruits (Blankenship and
Dole, 2003; Kahl et al., 2000). When 1-MCP was applied
to Pyrus communis prior to cold storage, the synergistic
interaction of cold temperatures and 1-MCP resulted in
an extended post-harvest life after transfer to room
temperature. In contrast, the application of 1-MCP after
cold storage did not affect most indices of ripening
(Trinchero et al., 2004). The browning rates of peach
(Prunus persica) flesh treated by 1-MCP were largely
depressed (Yin et al., 2002). The respiratory peak values
of 1-MCP-treated persimmon (Diospyros kaki) were lower
than that of controls, while the treated group was more
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Abbreviations: PODs, Peroxidases; SODs, superoxide
dismutases; CAT, catalase; SSC, soluble solids content; TA,
titratable acidity; NBT, nitroblue tetrazolium.

effective than the control group at retarding the decrease
in hardness and slowing down the increase in membrane
permeability. In addition, the 1-MCP-treated fruit retained
a high content of vitamin C (ascorbic acid) and retarding
the decrease in pectin levels (Zhuang et al., 2007). 1-
MCP has also been applied to the storage of Actinidia
(Boquete et al., 2004). Fragaria ananassa (Li et al., 2006;
Tian et al., 2000) Prunus avium (Gong et al., 2002; Liu et
al.,, 2005) and Citrullus lanatus (Mao et al., 2004).
Recently, the research fields of 1-MCP have been
extended to cover molecular biology (Cools et al., 2011;
Huber et al., 2010; Kita et al., 2007).

Superoxide dismutases (SODs), including copper-zinc
superoxide dismutase (Cu/ZnSOD), manganese super-
oxide dismutase, and extracellular superoxide dismutase,
play a crucial role in scavenging O, (Miao et al., 2009).
The peroxidase (POD) enzyme is a major chemical
component that causes changes during the maturation of
fruits influencing the final quality of vegetable products
(Vanini et al., 2010). Plant peroxidases (PODs) have
been ascribed a variety of biological functions, including
hydrogen peroxide detoxification, lignin biosynthesis,
hormonal signaling, and stress response (Gao et al.,
2010). Catalase (CAT) as the important biological
substance; its main function is to participate in active
oxygen metabolism process and play significant roles
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in getting rid of the oxygen free radicals and H,O, and
preventing hydroxyl radicals forming (Spanou et al.,
2011).

Japanese apricot (Prunus mume Sieb. et Zucc)
originated from China and belongs to the Rosaceae
family of fruits. The fruit are mainly used in the
preparation of preserved fruit and wine, but can also be
used as a diet ingredient which has high nutritional and
economic value (Chu, 1999; Xia et al., 2011). Meanwhile,
there is a traditional custom of eating the Japanese
apricot in Japan and Korea. Therefore, the Japanese
apricot is a significant exported commercial fruit (Wang et
al., 2008). Temperature is usually high in the ripening and
picking seasons of the Japanese apricot, which easily
causes the browning and rotting of fruits and the lack of
raw material processing. It is a climacteric fruit that
produces large amounts of ethylene as it ripens (Mita et
al., 1999, 2006). Consequently, the storage of the
Japanese apricot has become a serious problem (Xia et
al., 2010). The hot water treatment could delay the
ripening of post-harvest Japanese apricot fruit and the
onset of the climacteric peaks of CO, and ethylene
production (Luo, 2006). Only few researches have been
published that analyses the influence of 1-MCP treatment
on apricot fruit (Botondi et al., 2003; Cao et al., 2009;
Dong et al., 2002; Kita et al., 2007; Luo et al., 2006) but
scarcely involved in the activity changes of antioxidant
enzymes. In this study, the effect of 1-MCP treatment on
the quality changes and other antioxidant enzymes of
Japanese apricot fruit during refrigerated storage were
evaluated.

MATERIALS AND METHODS

'‘Longyan mei' were picked from the Genebank Field of Japanese
apricot in the Nanjing Agricultural University, China on June 19"
2010 and 2011. The selected fruit was neat, of average size and
shape, no mechanical injury or plant diseases and insect pests, and
was of medium to increased maturity. Fruits were divided into two
groups with one group being the control while the other underwent
treatment.

1-MCP treatment

A few improvements were made to Egea's methods (Egea et al.,
2010). Fruit was treated with 500 pl-L™ 1-MCP after one day
harvested, and processed for 24 h at 10°C. After treatment with 90
to 95% RH, fruit was stored at 10°C and the relevant index
determination was performed regularly. The group without 1-MCP
treatment was the control. 1-MCP was supplied by the Jiangsu
Academy of Agricultural Sciences.

Investigation of browning index

The browning situation of fruit was evaluated once in every two
days. Samples were cut along the surface near the Japanese
apricot core according to the browning proportion of the longitudinal
section. Browning levels were divided into the following four levels;
level 0 was with no browning; level 1 was 0 to 30%; level 2 was 30

to 60%; and level 3 was more than 60%. The formula of browning
index depended on the description as published by Yin et al.
(2002).

Soluble solids content (SSC) and titratable acidity (TA)

The content of SSC and TA was investigated once in every six
days. Juice was squeezed from fruit pulp, centrifuged for 10 min at
12,000 and the supernatant was retrieved in order to investigate the
content of SSC and TA. The PR-201 handheld brix metre was used
to determine the content of SSC. An acid-base titration method was
utilized to investigate the value of TA (Guo et al., 2010).

Enzyme activity related to active oxygen

The enzyme activity related to active oxygen was investigated once
in every six days. First, the SOD activity assay was based on the
method described by Beauchamp et al. (1971) which measured the
inhibition of the photochemical reduction of nitroblue tetrazolium
(NBT) spectrophotometrically at 560 nm. One unit of enzyme
activity was defined as the quantity of SOD required to produce a
50% inhibition of the reduction of NBT, and the specific enzyme
activity was expressed as U g™ . Secondly, the POD activity was
based upon the method described by Herzog et al. (1973), which
measured the increase in absorbance at 470 nm by the rate of
formation of the oxidized 3,3'-diaminobenzidine (DAB) in 0.15 M of
sodium phosphate citrate buffer. The reaction mixture contained
DAB solution and 0.6% H,0-. The increase in As7o was followed for
2 min. One enzyme unit was defined as U g that destroyed H,0;
per min and thirdly, the CAT activity was performed according to the
method described by Bergmeyer (1965), which measured the
decline of the extinction of H,O, at the maximum absorption of 240
nm. The decrease in the absorption was followed for 3 min and U g’
! H,0; destroyed per min was defined as one unit of CAT.

RESULTS
Effect of 1-MCP treatment on the browning index

The browning phenomenon in the control and treated
groups occurred after 24 and 30 days of storage,
respectively (Figures 1c and d). This shows that the
browning of the control group occurred much earlier than
that of the treated group, and the browning index was
significantly higher than that of the treated group. The
final browning index was 75.7 and 31% in the control and
treated groups, respectively (Figure 2).

Effect of 1-MCP treatment on the content of SSC and
TA

Figure 3 indicates that the content of SSC in the control
group appeared to decrease from the 12" day after
storage, while the treated group almost maintained the
same for 18 days and appeared to show a rising trend
from the 18" day. In general, the SSC of the control
group was slightly less than that of the treated group.
These results suggested that 1-MCP treatment could
repress the decrease in the content of SSCin the
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Figure 1. The browning feature of Japanese apricot treated with 1-MCP; a-d: Longyan Mei; a: first day treatment; b: 12 days after
treatment; c: 24 days after treatment; d: 30 days after treatment; left is control and right is treated in every photo.
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Figure 2. The browning index of Japanese apricot stored after 36 days. The ck is the control group.
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Figure 3. Changes in the SSC content of Japanese apricot treated with 1-MCP. The ck is the control group.
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Figure 4. Changes in the SOD activity of Japanese apricots treated with 1-MCP. The ck is the control group.
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Figure 5. Changes in the POD activity of Japanese apricots treated with 1-MCP. The ck is the control group.

Japanese apricot fruit pulp. The value of TA in the control
group remained stable during all stages of cold storage.
However, the value for the treated group was slightly
increased. In summary, the value of TA in the control
group was less than that of the treated group. Therefore,
1-MCP treatment could promote the TA value in the
Japanese apricot fruit pulp, but the effect of this
repression was not significant (Data not shown).

Effect of 1-MCP treatment on the activity of SOD

With the extension of the storage period, there was an
upward trend of SOD activity. From the 12" day after
storage, the SOD activity was significantly higher in the
treated group. On the 18" day of storage, the activity in
the control group showed the highest value of 16.5U-g™,
and then began to show a slow downward trend.
Similarly, the peak of SOD activity of the treated group
also emerged on the 18" day, which was remarkably
higher than that of the control group. The SOD activity of

the treated group was relatively higher than that of the
control group for the entire storage period (Figure 4).

Effect of 1-MCP treatment on the activity of POD

As is shown in Figure 5, there was a rise in the POD
activity in the six days from the start of storage. However,
the activity declined from the 6™ to the 12" days. There
was a dramatic increasing trend from the 12" day, and
the highest value was seen on the 24™ day in both
groups. The POD activity in the treated group was higher
than that of the control group, which indicates that 1-MCP
might contribute to the increase in POD activity.

Effect of 1-MCP treatment on the activity of CAT
Figure 6 shows that the CAT activity of the control group

remained relatively constant throughout the entire storage
period. Interestingly, the activity of the treated group rose
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Figure 6. Changes in the CAT activity of Japanese apricot treated with 1-MCP. The ck is the control group.

sharply from the 12" to the 18" day and showed the
highest value on the 18" day, with a gradual decrease
from the 18" day. The CAT activity of the treated group
was higher than that of the control group, which indicates
that 1-MCP could stimulate the CAT activity.

DISCUSSION

According to the analysis of physiological and organo-
leptic indices of Japanese apricots with 1-MCP treatment,
1-MCP delayed the change of the content of SSC and
TA, retarded the rotting process in Japanese apricot fruit,
enhanced the effect of cold storage and increased the
storage value. 1-MCP could decrease the glycol-
metabolism through repressing the respiration while the
polysaccharides hydrolysed to soluble sugar. Therefore,
the SSC content in treated fruit increased during the
storage (Nufez-Elisea et al., 1999). At the same time, 1-
MCP was found to control the activities of some enzymes
related to active oxygen, such as SOD, POD and CAT, in
the earlier periods of storage, and to increase their
activities in the later periods. 1-MCP was effective at
decreasing the rate of active oxygen production and
delaying the senescence of the fruit. In addition, 1-MCP
delayed the process of fruit browning. Therefore, the
effect of prolonging the acceptable time of appearance
was obvious.

Egea et al. (2010) treated apricots (Prunus armeniaca
L. cv. B ulida) with a concentration of 1 mL-L™ of 1-MCP,
which was significantly higher than that in previous
reports of other species. An example of this is eggplant
(Solanum melongena L.), which was treated with a
concentration of 1 uL-L™" of 1-MCP (Massolo et al.,
2011). In addition, different concentration treatments were
tested and 500 pL-L™* was identified as the most suitable
concentration for Japanese apricots.

There was a close relationship between the style of

antioxidant enzymes and the ripening and senescence of
the fruits. Reactive oxygen could lead to membrane lipid
peroxidation, which caused severe injury to the cell
membrane and resulted in the senescence, but 1-MCP
had the ability to influence the activities of the enzymes
which eliminated active oxygen (Li et al., 2007). There
were many protective enzymes that eliminated active
oxygen in plant tissues, such as SOD, POD and CAT,
which played a significant role in keeping the balance of
oxygen metabolism (Jiao et al., 2008; Xie et al., 2004). It
was also reported that 1-MCP repressed the increase of
SOD and POD activities in the early stages and the
decrease of the same in late stage (Aryanpooya et al.,
2010), which was shown to be similar by the results of
this study. However, 1-MCP was not shown to affect SOD
and POD activities in Litchi chinensis (Pang et al., 2001).
1-MCP also had no effect on CAT and POD in the
strawberry plant (Li et al., 2006), but distinctly influenced
SOD activity. These results indicated that 1-MCP had
different effects on eliminating active oxygen in the
different species. On one hand, POD was one of the main
enzymes eliminated by active oxygen in the plant cell,
which hydrolyzed H,O, to obtain detoxification. On the
other hand, POD was also a key enzyme involved in
plant tissue browning, and an increase of POD activity
easily caused fruit browning. The browning phenomenon
is usually attributed to enzymatic browning. POD is
responsible for enzymatic browning by oxidizing some
phenolic substrates (Lee et al., 1995). POD has many
roles in plant growth and development. It was reported
that POD was associated with chlorophyll degradation
and lipid peroxidation in senescent plant tissues (Campa,
1991). This might be the reason for large-scale browning
in both of the groups after the 24" day of storage.

In general, 1-MCP was a highly effective anti-browning
agent for horticultural produce (Watkins, 2006). It has a
definite effect in the application of storing Japanese
apricots and the prolongation of the storage time by
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enhancing the activities of SOD, POD and CAT.
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