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The function of 1-methylcyclopropene (1-MCP) in the regulation of quality and antioxidative system of mango fruit was in-
vestigated during storage at ambient temperature. Changes in fruit quality, colour, ethylene production, respiration rate, fruit
softening enzyme activities, and antioxidative enzyme activities were studied in this study. The results demonstrated that 1-MCP
was beneficial for maintaining quality. 1-MCP treatment retarded the decline of firmness, weight, total soluble solid, and titratable
acidity, which served as significant parameters for assessing fruit quality in the process of storage. Compared with the fruit of the
control group, the treatment with 1-MCP dramatically delayed the colour change of both the pulp and peel and suppressed
climacteric peaks of ethylene generation and respiration speed. The significant inducement of peroxidase, catalase, and superoxide
dismutase activities were followed by 1-MCP treatment. The fruit treated with 1-MCP displayed significantly inhibited activation
of enzymes on the cell wall, i.e., pectin esterase (PE), endo-1,4-f-d-glucanase (EGase), exopolygalacturonase (exo-PG), and
endopolygalacturonase (endo-PG), during storage. The results suggested that 1-MCP imposed underlying impact on the

maintenance of the softening and extension of postharvest life of mango fruit.

1. Introduction

As one of the most significant fruits, mango (Mangifera
indica Linn.) is recognized as the “King’s fruit” in tropical
and subtropical regions [1]. Mango contains a great deal of
substantial quantity of distinct appreciable carotene, vitamin
C, dietary fiber, soluble sugars, and diversified minerals,
which are employed as favorable nutrient sources and
readily existing as well as assumable with ease in the bodies
of human beings, thereby making it capable of avoiding
abundant deficiency diseases [2, 3]. Mango is a kind of
climacteric fruit whose ripening is triggered as well as
proceeded by a surge in ethylene generation along with a
significant increase in respiration speed. Generally, the
harvest of the fruit occurs on the green-ripening stage,
followed by the transportation and storage when tempera-
ture is maintained at a low level (10°C-15°C) for the

extension of the expiration date [4]. However, the contin-
uous occurrence of severe postharvest diseases causes
abundant postharvest decay [5]. Every year, postharvest
decay is responsible for the waste of a great deal of fresh
mango fruits [6]. The main elements responsible for the
storage of mango are softening and microbial corruption [7].

Softening, which is partially controlled by endogenous
ethylene biosynthesis, is one of the main factors that reduces
fruit quality and leads to economically important losses [8].
As one of some regulators responsible for plant progress,
ethylene is capable of affecting growth and progressing
processes such as maturity and aging [9]. In the process of
postharvest storage, ethylene is capable of imposing unde-
sirable impacts such as aging, rapid quality loss, decrease in
nutrient composition, increase in fruit pathogen suscepti-
bleness, and physiological disturbance among fruits [10].
Consequently, it is essential to inhibit ethylene biosynthesis


mailto:jiansun@gxaas.net
http://mango
http://mango
https://orcid.org/0000-0001-7977-9632
https://orcid.org/0000-0001-8445-041X
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1155/2020/6090354

or its action to slow down the processes of maturity and step
up the disease resistance of the fruit. 1-Methylcyclopropene
(1-MCP), as an ethylene action inhibitor, has been proven to
be effective in retarding senescence process by binding ir-
reversibly to the ethylene-binding receptor, thereby inhib-
iting the ethylene signal transduction pathway, such as in
mango [11, 12], pear [13], sweet cherry [14], apple [15], and
jujube [16] and is widely used to control ripening and se-
nescence and extend postharvest storage life in climacteric
fruits.

The postharvest employment of 1-MCP which can retard
maturity and keep up quality in mango has been indicated.
For instance, Razzaq et al. reported that 1-MCP inhibited
fruit softening enzyme activities, consequently delaying the
maturity and variations associated with it in “Kensington
Pride” mango [17]. 1-MCP could also play a positive part in
the regulation of the activated oxygen metabolism balance
[18]. However, reports on the mechanisms of 1-MCP which
delays softening and antioxidative system are rare. The main
objectives of this research were to study the impacts of 1-
MCP in regulating fruit softening, its characteristics in
physiology, and antioxidant enzyme activity variations in the
stored mango fruit, so as to investigate the mechanism of 1-
MCP in delaying ripening.

2. Materials and Methods

2.1. Plant Materials and Treatments. Mango fruits (Man-
gifera indica L. cv. Tainong) were reaped from an orchard in
Baise city, Guangxi province of China. Fruits were then
stored, which were about 12 cm in length and 8 cm in width
without any physical injury or infection.

The initial results of our experiments demonstrated that
1 uL/L of 1-MCP (Ethyl Bloc, Rohm and Haas China, Inc.)
played a better role in maintaining mango fruit quality.
Mango fruit were separated into two halves at random,
enclosed in a plastic container, and treated with 1-MCP,
which was prepared from a commercial powder dissolved in
sterile distilled water, and the final concentration was 1 yL/L
equal volume of sterile water which was used as the control.
1-MCP was dissolved in sterile distilled water at a final
concentration of 1 4L/L. The fruit were treated with 1-MCP
for 24 h at 25°C and subsequently stored at 25°C and were
then collected every two days, frozen in liquid nitrogen, and
stored at —80°C until analysis. Three replicates per analysis
were used for all measurements.

2.2. Assessment of Fruit Quality

2.2.1. Firmness and Weight Loss. Firmness of the fruit flesh
was measured using a handheld penetrometer (FT-327;
UCFruit Firmness Tester, Milano, Italy) equipped with a
probe 8mm in diameter. A small slice of fruit skin was
removed, and the firmness was recorded from three different
pieces of fruit with three different points per fruit and then
means were expressed as Newtons (N). The weight loss of
mango fruit was evaluated according to the method by Li
et al. [19]. The initial weight of each tray and the weight at
each sampling interval were measured using an F1004A
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analytical balance (Shanghai ShangTian Precision Instru-
ment, Shanghai, China). The results were expressed as
percentages of the fresh weight (FW).

2.2.2. Contents of Total Soluble Solid and Titratable Acidity.
Total soluble solid (TSS) levels of mango fruit were deter-
mined according to the AOAC method [20], using a hand
refractometer (Atago, Tokyo, Japan). Titratable acidity (TA)
contents were determined using an automatic titrator
(Titroline easy, Schott, Mainz, Germany) by titration of the
sample to pH 8.2 with 0.1 N NaOH. Results were expressed
as percentage of citric acid (grams of citric acid per 100 g
fresh weight).

2.2.3. Colour Measurements. Colour of both peel and pulp
was measured for both the red and green sides of each fruit
immediately after opening each package on each sampling
day during storage. A CR-400 Chroma Meter (Konica
Minolta Sensing Americas Inc., Ramsey, NJ, USA) with an 8-
mm viewing port and an illuminant D65 was used for
measuring CIE a* (redness) and b* (yellowness) values [21].

2.2.4. Rates of Ethylene Production and Respiration.
Postharvest fruit from the 1-MCP-treated and control
groups were placed in pure N, and subsequently stored at
20°C with 90% relative humidity. Three fruits were placed in
a 4.2L airproof glass jar for 2 h at 25°C to determine the rates
of ethylene production at different storage stages. A head-
space gas sample (1 mL) was collected from each jar and
analyzed using a GC-2014C gas chromatograph (Shimadzu,
Kyoto, Japan). Subsequently, a thermal conductivity de-
tector (Shimadzu TCD-2014) with the Porapak N column
was used to detect the concentration of carbon dioxide in the
samples. The levels of ethylene were determined using a
flame ionization detector and an OV-17 capillary column
(Zhonghuida Co., Dalian, China). The rates of ethylene
production and respiration are presented on FW basis as
mentioned above.

2.3. Impacts on Oxidative Stress

2.3.1. MDA Content. The measurement of malondialdehyde
(MDA) level was achieved on the basis of the reported ap-
proach by Sun et al. with a mild alteration [22]. The ho-
mogenization of mango pulp tissues (3 g) were achieved with
10% trichloroacetic acid of 15 mL, followed by centrifugation
at 15000 xg for 20min. The mixture of 1 milliliter of su-
pernatant and 0.5% 2-thiobarbituric acid of 3 mL was made,
followed by heating for 20 min at 95°C and cooling right away
in a basin filled with cold water. The absorbance was spec-
trophotometrically measured at 532nm (UV 1600 PC, Shi-
madzu, Tokyo, Japan) after being centrifuged at 3000 xg for
10 min, along with the subtraction of nonspecific absorbance
values 600 nm. The estimation of the quantity of MDA was
done as follows: (uM/gFW)=[6.45 (ODs3, — ODgg0) — 0.56
ODys0] x 5mL/0.25g.
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2.3.2. Activities of Antioxidative Enzymes. Catalase (CAT)
and peroxidase (POD) were extracted and assayed on the
basis of the improved ways by Vicente et al. and Liu et al.
[23, 24]. 0.1 M sodium phosphate bufter (pH 7.0) of 2.5 mL
was used to draw mango pulp tissues (1 g) for 10 min at 4°C,
with extracting liquid being centrifuged for fifteen min at
12000 xg. The enzymatic activities were determined by
collecting the supernatant. The assay mixture consisting of
15m-M-H,0, of 2.8mL was made by 0.05M sodium
phosphate buffer (pH 7.8) and an enzyme solution of 0.2 mL,
which was used for the determination of CAT activity. The
addition in absorbance at 240 nm for 3 min at 25°C was
recorded. A unit of CAT activity was specified as the enzyme
quantity causing a variation of 0.001 in absorbance every
minute. POD activity was determined by the assay com-
pound containing 0.1 M sodium phosphate buffer (pH 7.0)
of 2.5mlL, 0.46% (v/v) H,O, of 0.2 mL, 4% (v/v) guaiacol of
0.2mlL, and enzyme solution of 0.1 mL. The addition in
absorbance at 470 nm for 3 min at 25°C was recorded. One
unit of POD activity was specified as the enzyme quantity
causing a variation of 0.01 in absorbance every minute.

The extraction and assay were achieved through su-
peroxide dismutase (SOD) based on the improved way given
by Wang and Tian [12]. 0.1% (w/v) polyvinyl pyrrolidone
was contained in 5mL of 0.05 M sodium phosphate buffer
(pH 7.8), with which, mango pulp tissues (1 g) were extracted
for 10 min at 4°C. The extracting solution was centrifuged for
20min at 12000 xg. SOD activity was determined by col-
lecting the supernatant. The SOD activity determination was
achieved through the measurement of its capacity to sup-
press the photochemical reduction of nitro blue tetrazolium
(NBT). 0.05mL of enzyme liquid in all were increased into
three mL of the assay reagent which was composed of 13 mM
methionine, 100 yM EDTA, 63 yuM NBT, and 1.3 uM ribo-
flavin in 0.05M sodium phosphate buffer (pH 7.8). The
reaction solutions were incubated for 10min in the illu-
mination of 4000 lux. The measurement of absorbance of
sample was achieved at 560 nm, with 0.05M of sodium
phosphate buffer (pH 7.8) as the control. 1 unit of enzymatic
activity was specified as the enzyme quantity causing 50%
suppression of NBT reduction.

2.4. Activities of Fruit Softening Enzymes. For enzyme ex-
traction, 150 g of mango pulp tissues were ground in a
homogenizer with 100 mL of cold aqueous solution con-
taining polyethylene glycol 12% and 0.2% sodium bisulfite
for 2 min. After centrifugation at 10,000 xg for 10 min at
5°C, the pellet was collected and separated into four parts for
extraction of each enzyme activity.

2.4.1. Exo-PG and Endo-PG Activity. For exo-PG and endo-
PG, the pellet was incubated in a shaker at 4°C for 1 h in cold
50 mM Na acetate buffer pH 5, 0.5M NaCl. After centri-
fugation was done as mentioned above, the supernatant was
diluted once with 50 mM Na acetate buffer, pH 5, and was
used as the crude extract. For determination of the exo-PG
activity, the enzyme extract (1 mL) was mixed with an equal
volume of 0.5% polygalacturonic acid in 50 mM Na acetate

buffer, pH 4.4, and incubated at 30°C for 18h. For the
determination of galacturonic acid released, 2 mL borate
buffer (0.1 M, pH 9.0) and 0.3 mL 1% cyanoacetamide were
added to the reaction mixture, boiled for 10 min, and then
cooled and read at 274 nm. Galacturonic acid was used as a
standard, and controls of the boiled extract were run. One
activity unit was 1 mg of galacturonic acid released per mg of
protein per h. The endo-PG activity was measured in a
Cannon-Fenske viscometer (Model N.100, USA) by mixing
3mL of the enzyme extract with 4.5mL of 2% poly-
galacturonic acid (Sigma Chemical Company, G-2125, USA)
in 50 mM Na acetate, pH 4.4. Initial viscosity was measured
and also measured after a further incubation for 18 h at 30°C
[25]. One activity unit was defined as the change in viscosity
per g of per mg protein per h.

2.4.2. PE Activity. For PE extraction, the pellet was resus-
pended into 15mL 7.5% NaCl and 0.75% EDTA (pH 6.5)
and incubated at 4°C for 10 min. Following centrifugation as
above, the supernatant was collected. Crude extract (5mL)
was mixed with 20mL 1% citrus pectin and titrated with
0.01 N NaOH to maintain pH 7.4, while incubating at 30°C.
The reaction was found to be linear for 2 h, but normally, the
reaction was measured for 30 min. One unit activity was
calculated as 1 mM NaOH consumed per mg protein per h.

2.4.3. EGase Activity. For EGase activity, the pellet was stirred
in 15mL 0.1 M citrate phosphate buffer, pH 6.0, and 1 M NaCl
at 4°C for 1h and then centrifuged as above. Using the su-
pernatant as the crude extract, enzyme activity was measured
by the change in viscosity as for endo-PG. The reaction
mixture contained 6 mL 0.2% methyl cellulose (CMC) in
citrate phosphate buffer and 3 mL of the supernatant.

2.5. Analysis on Statistics. Every experiment was carried out
three times (n=3), along with comparison of the average
values of every treatment through an ANOVA test (employing
SPSS 13.0 statistical software, SPSS Inc., Chicago, USA). The
LSD test was employed to determine whether the means of
parameters are significantly different (P < 0.05), with conse-
quences demonstrating average + standard error (SE) of de-
terminations three times repeatedly.

3. Results

3.1. Effects of 1-MCP on Fruit Quality. From Figure 1(a), a
decreasing trend in the firmness of mango was observed
during ambient storage in both 1-MCP-treated and control
groups over the first six days during the storage; however,
there was no significant change after the 6-d storage. The loss
of fruit firmness in fruit was significantly delayed (P < 0.05)
in the 1-MCP-treated group compared with that in the
control group. Weight loss is a natural process observed in
the postharvest stage. As shown in Figure 1(b), all the
samples exhibited increased weight loss during storage.
Along with an increase in storage time, weight loss of 1-
MCP-treated mango was significantly lower than the control
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F1Gure 1: Effects of 1-MCP treatment on firmness (a), weight loss (b), TSS (c), and TA (d) of mango fruit during storage at 25°C. The data are

the means of triplicates + standard deviations.

group after 4 days (P <0.05), suggesting that thel-MCP
treatment was much more effective in reducing the weight
loss of mango fruit. From Figure 1(c), the TSS content in the
pulp tissues of both groups was shown to increase as the
storage duration extended. However, the TSS content in the
1-MCP-treated group was significantly lower than that
recorded in the control group, especially on day 4 of storage
(P<0.05). TA decreased with the extend in storage time
(Figure 1(d)). TA in fruit treated with 1-MCP was signifi-
cantly lower (P < 0.05) than that in control on days 4, 8, and
10 of storage (all P <0.05).

3.2. Effects of 1-MCP on Fruit Colour. Changes in colour of
mango peel and pulp during storage are presented in
Figure 2. From Figure 2(a), compared with the control

group, the use of 1-MCP delayed the colour change and
occurrence of deterioration during storage, and fruit
treated with 1-MCP maintained higher overall quality
throughout the storage period of 10 days. The obvious
increase of a* and b* values indicated the senescence of
mango fruit. As shown in Figure 2(b), the a* value of
mango peel increased with storage time, and the a* value of
the 1-MCP-treated group was significantly (P <0.05)
higher than the control group after 6 days. From
Figure 2(c), the b* value increased steadily in both
treatments during the 10-day storage, and the control had
the faster increase rate than the mango treated with 1-
MCP. The changes in a* and b* values of mango pulp were
also analyzed. From Figures 2(d) and 2(e), the a* and b*
values of the 1-MCP-treated group were lower than those
of the control group throughout the storage period of 10
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days. All results demonstrated that 1-MCP treatment had a
good effect on the maintenance of colour of mango fruit
stored at ambient temperature.

3.3. Effects of 1-MCP on Respiration and Ethylene Generation.
Increased respiration rates could be associated with fruit
aging and disease progress over the period of storage. The
respiration rate of mango fruit displayed a representative
climacteric mode over the period of storage (Figure 3(a)).
Respiration rates demonstrated the increasing trends over
the storage of all fruits. It was also found that fruit treated
with 1-MCP demonstrated a lower respiration rate than that
of the control group. Ethylene is naturally produced in
postharvest mango and quickly leads to overripening. Fruit
treated with 1-MCP displayed both retarded and inhibited
ethylene generation over the whole storage period, com-
pared with untreated fruit (Figure 3(b)). The control fruit
displayed climacteric peaks of ethylene generation on day 4
at 25°C, and production of ethylene in the 1-MCP-treated
group peaked on day 6 of storage, 2 days later compared with
the control group. These results indicated that 1-MCP
treatment abolished the onset of respiratory climacteric and
suppressed CO, production during storage.

3.4. Effects of 1-MCP on Oxidative Stress. During fruit aging,
the excessive production of reactive oxygen species (ROS)
was caused by membrane lipids due to peroxidation and the
formation of poisonous products including MDA, which
was a secondary final product of polyunsaturated fatty acid
oxidation [26]. As a demonstrator of the development of
fruit decay, MDA usually symbolized the content of lipid
peroxides and the structural wholeness of cell membranes
[27]. As demonstrated in Figure 4, in both groups, MDA was
increased throughout the entire storage duration. In contrast
with the control group, 1-MCP treatment alleviated the
uptrend of MDA level in mango fruit, and 1-MCP delayed
MDA increase significantly (P <0.05) after day 2 during
storage.

POD activity is related to plant aging and pressure by
membrane alteration and lipid degradation related to se-
nescence. As can be seen from Figure 5(a), POD activity
increased initially and then decreased after day 8. POD
activity in fruit treated with 1-MCP was initially dramatically
higher (P <0.05) when compared to the control group, but
there were no statistically significant differences after day 6.
CAT activity demonstrated a peak on day 6, followed by a
decrease (Figure 5(b)). Fruit treated with 1-MCP and control
had similar CAT activity during the 2-day storage period.
Nevertheless, CAT activity in fruit treated with 1-MCP was
significantly higher (P <0.05) than that in control fruit on
days 4, 6, and 8. CAT activity in all fruits treated with 1-MCP
was also dramatically more elevated than that in the control
group. As can be seen from Figure 5(c), SOD activity in fruit
treated with 1-MCP was significantly higher (P < 0.05) than
that in control on days 2, 4, and 6. The above results in-
dicated that 1-MCP effectively inhibited MDA content in-
crease and enhanced antioxidant enzyme activities so as to
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reduce oxidative damage and alleviate oxidative stress of
mango fruit during storage.

3.5. Effects of 1-MCP on Fruit Softening. As can be seen from
Figure 6(a), PE activity showed an increasing trend during
storage of all mango fruits. Fruits showed significant dif-
ference in PE activity between treatments, and lower values
were presented by 1-MCP treatment for all storage periods.
Mango fruit stored at 25°C showed a typical climacteric peak
in EGase activity, and the fruit displayed a significantly stable
rise in EGase enzyme activity, whereas the activity declined
greatly from day 8 to day 10 (Figure 6(b)). I-MCP played an
effective role in the delay of EGase activity during the entire
storage period, and EGase activity of 1-MCP treatment fruits
was lower and differed significantly from control treatment.
Rapid softening was associated with PG activity which de-
grades the pectin in the cell wall matrix, causing a decrease in
cell wall content and leading to softening. From Figures 6(c)
and 6(d), exo-PG and endo-PG activity in all fruits showed a
linear increase. Compared to the control, treatment with 1-
MCP dramatically reduced exo-PG activity in mango fruit
stored at 25°C (Figure 6(c)). As can be seen from Figure 6(d),
fruit treated with 1-MCP did not exhibit dramatic changes in
endo-PG activity during the first 2 days. However, fruit
treated with 1-MCP displayed lower endo-PG activity after
day 2 than that of untreated fruit.

4. Discussion

1-MCP, extensively applied in postharvest storage, has been
proved to play an extremely effective role in the maintenance
of fruit quality [28, 29]. Previous studies demonstrated the
advantages of 1-MCP treatment in the control of postharvest
pathogens. According to previous reports, 1-MCP treatment
reduced ethylene generation, respiration, and chlorophyll
degradation, in addition to retarding softening and reducing
colour variation [30].

1-MCP treatment can maintain excellent quality in many
fruits. Some reports have indicated that 1-MCP treatment
could maintain excellent quality and increase storage time in
plum [31], apple [32], pear [13], and peach fruit [33]. In the
present study, 1-MCP treatment of mango fruit helped to
maintain greater firmness and weight than in control fruit
during storage (Figure 1). Reduced enzyme activity may be
the reason for the reduction in fruit softening due to 1-MCP
treatment, for fruit firmness is significantly and negatively
correlated with activities of diverse softening enzymes, in-
cluding PE, EGase, exo-PG, and endo-PG [18]. PE removes
methoxyl groups from highly or partially esterified gal-
acturonan and is supposed to play a key part in cell wall
metabolism [34]. Fruit treated with 1-MCP exhibited dra-
matically higher PE activity at both ambient and low tem-
peratures than did control fruit (Figure 6(a)); as a result, 1-
MCP treatment delayed the increase of PE activity, and
Razzaq et al. obtained similar findings [35]. As a cell wall
degrading enzyme, EGase plays a significant part in the
softening of mango fruit [36]. It has been reported that
EGase activity increased over the period of maturity in
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“Samar Bahisht Chaunsa” mango [17]. In the present re-
search, fruit treated with 1-MCP showed complete sup-
pression of EGase enzyme activity compared to the control
(Figure 6(b)). Banana fruit showed a similar trend in EGase
activity because of the gradual increase of enzyme activity up
to the fourth day, followed by a significant decrease until the
seventh day [37]. The present study revealed an increase of
exo- and endo-PG activities over the period of maturity
(Figures 6(c) and 6(d)), which was accelerated by ethylene
treatment and inhibited by 1-MCP treatment and was linked
with decreased loss of firmness. Similar impacts of 1-MCP in

delaying fruit softening have been seen in various fruits,
including tomato, avocado, kiwifruit, peach, plum, and apple
[18, 31].

Previous studies have shown that 1-MCP treatment was
conducive to the maintenance of mango fruit quality over
postharvest storage. In this research, 1-MCP treatment
maintained excellent quality in mango fruit (Figures 1 and
2). Treated with 1-MCP maintained higher TSS levels
(Figure 1(b)). The decrease of TSS in 1-MCP-treated fruit
may be due to decline of the amount of carbohydrates and
pectins, partial hydrolysis of protein, and decomposition of
glycosides into subunits during respiration. In addition, TA
reduction was delayed in fruit treated with 1-MCP compared
to control fruit (Figure 1(c)). 1-MCP treatment delayed the
colour change of both mango fruit peel and pulp (Figure 2),
demonstrating that 1-MCP treatment had a good effect on
the maintenance of colour of mango fruit stored at ambient
temperature. Ethylene is known to play a key role in the
maturity and aging of fruit due to its effect on the expression
of genes associated with ripening. 1-MCP has reduced
ethylene generation in strawberry, apricot, and plum and
suppressed ethylene generation in apple [28]. In this study,
postharvest 1-MCP treatment inhibited the climacteric
peaks of both ethylene generation and respiration rate in
mango fruit over the period of ripening (Figure 3), con-
firming the findings of previous surveys with other plants.
Inhibition of ethylene by 1-MCP is based on the ability of 1-
MCP to irreversibly bind to ethylene receptors, consequently
diminishing the normal increase in ACS and ACO enzyme
activities during ripening and senescence [38, 39].

Antioxidant enzymes, associated with both senescence
and defense responses play a significant role in suppressing
oxidative stress. POD, CAT, and SOD are vital enzymes that
can protect cells from oxidative damage by scavenging ROS
[22]. Accumulation of ROS causes oxidative injury and
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accelerates the development of senescence and various se-
nescence-related disorders. With the increase of ROS, chain
reactions start in which SOD catalyzes the dismutation of the
superoxide radical to molecular O, and H,0,, and H,0, is
then detoxified by CAT and POD [40]. CAT reduces H,0,
into H,0 and O,, whereas POD decomposes H,O, by ox-
idation of cosubstrates such as phenolic compounds. In this
study, the MDA content of fruit treated with 1-MCP was
lower than that in the control fruit after day 2 (Figure 4),
indicating that 1-MCP treatment might somehow be re-
sponsible for controlling the excessive production of ROS
and suppress lipid peroxidation over the period of storage of
mango fruit. Meanwhile, 1-MCP treatment helped to
maintain dramatically high CAT, POD, and SOD activities

during storage (Figure 5). These antioxidative enzymes
could eliminate ROS, which was excessively produced in
fruit, delay the peroxidation of membrane lipids, and relieve
oxidative stress in postharvest fruit, thereby controlling the
ripening and aging over the period of storage to some degree
[41]. Consequently, 1-MCP treatment suppressed oxidative
stress and the excessive production of ROS principally
through maintaining the high activity of antioxidative en-
zymes to limit decay in mango fruit.

In conclusion, treatment with 1-MCP dramatically re-
tarded softening and slowed both senescence and corruption
of mango fruit through protecting membrane structures
from peroxidation. Additionally, ethylene production was
inhibited and the respiration rate reduced in fruit treated
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with 1-MCP. 1-MCP treatment showed complete suppres-
sion of the activities of softening enzymes: PE, EGase, exo-
PG, and endo-PG. These results indicated that 1-MCP
treatment represented an excellent alternative for main-
taining its appearance and nutritional values during storage.
Fruit treated with 1-MCP also demonstrated differential
activities of fruit softening and antioxidant enzymes during
storage, warranting more research studies on the impacts of
1-MCP on the gene expression associated with these en-
zymes. Whether 1-MCP can modify ripening and aging-
related genes needs to be verified in further research.
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