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The effect of 1-methylcyclopropene (1-MCP) on ripening and chilling injury in sapodilla fruits was
investigated. Sapodilla fruits were treated with four different concentrations of 1-MCP (0.0, 0.2, 0.5 or 1.0
pL/L) and two exposure times (12 or 24 h) in sealed chambers under different temperatures (15 and
25°C). Following the previous treatment, fruits were stored at 25°C with 85 to 95% relative humidity (RH)
for ripening assessment. Subsequently, we evaluated the effect of 1-MCP (1.0 pL/L for 24 h at 25°C) on
chilling injury when fruits were stored at 6°C, and matured afterwards at 25°C. 1-MCP treatment delayed
the ripening of sapodilla fruits (from 4 to 11 days). Ethylene and carbon dioxide production were
reduced and delayed significantly (P<0.05) by 1-MCP treatment. In general, all quality characteristics of
fruits were maintained. Sapodilla fruit stored at 6°C for 3, 10 and 14 days developed chilling injury.
These chilling injury symptoms were reduced by 1-MCP treatment.

Key words: 1-methylcyclopropene (1-MCP), sapodilla, chilling injury, postharvest.

INTRODUCTION

Sapodilla tree (Manilkara zapota (L.) P. Royen) is native
to tropical America and very widespread in southern
Mexico. The fruit production is mainly consumed locally.
However, this fruit could be exported either in fresh or
processed form, due to its sweet taste and unique aroma,
highly appreciated by consumers (Balerdi and Shaw, 1998;

Ma et al., 2003; Sauri-Duch et al., 2010). Worldwide, one
of the major producers of sapodilla fruit is India, with a
production of 1,346,000 tons (Indian Horticulture
Database, 2010). In Mexico, the production has been
estimated at 20,000 tons produced principally in the
States of Campeche, Yucatan and Veracruz (SAGARPA,
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2011). Sapodilla fruits are climacteric (Lakshminarayana,
1979); its ripening is rapid and is characterized by a
significant increase in respiration and ethylene
production, which makes this fruit highly perishable, and
consequently very difficult to preserve and commercia-
lize. The fruits ripen between 3 to 7 days after harvesting
at 25°C and although it can be stored under refrigeration
(15°C) (Broughton and Wong, 1979), the use of low
temperatures is restricted as it can cause a physiological
dysfunction referred to as “chilling injury” which leads to
deterioration and loss of quality (Saltveit, 2002). Because
sapodilla fruits are highly perishable, it became
necessary to study its conservation, handling and
postharvest methods, which may extend its shelf life in
order to promote sales abroad (Ganjyal et al., 2003;
Sauri-Duch et al., 2010).

To prolong the postharvest life of fruits, a promising
solution is the use of chemical compounds in order to
delay the ripening process and maintain quality. In this
regard, 1-methylcyclopropene (1-MCP) is a compound
that blocks the ethylene receptor sites, avoiding the
physiological actions of this phytohormone by delaying
ripening and senescence (Sisler and Serek, 1997). This
chemical compound has been studied in various fruits
and vegetables, finding a significant decrease in the
production and action of ethylene. The effective
concentrations used vary between 0.0025 and 1.0 yL/L at
temperatures between 20 and 25°C for 12 or 24 h
(Blankenship and Dole, 2003). The action of 1-MCP is
affected by various factors, such as the species and
treated variety, treatment conditions and the stage of fruit
maturity or level of ethylene production at the moment of
treatment (Blankenship and Dole, 2003).

The effect of 1-MCP has been evaluated in a broad
variety of fruits in order to delay the ripening process,
prolong shelf life and maintain quality, such as in papaya
(Hofman et al., 2001; Manenoi et al., 2007), avocado
(Adkins et al., 2005), pear (Liu et al., 2005; Calvo and
Sozzi, 2009), plum (Manganaris et al., 2008; Luo et al.,
2009), apple (Kashimura et al., 2010) and sapodilla
(Qiuping et al., 2006; Kunyamee et al., 2008). It has also
been reported that treatment with 1-MCP reduces
symptoms of damage by chilling, such as internal
browning, rot and superficial scald in pineapple, pear and
apple (Selvarajah et al., 2001; Argenta et al., 2003;
Sabban-Amin et al., 2011). The evidence supports that 1-
MCP treatment could potentially represent a promising
technology to extend the postharvest life of sapodilla
fruits and to maintain quality for longer periods, however,
the suitable conditions (doses, treatment duration and
temperature) for commercial use of 1-MCP on sapodilla
are far from being standardized, and there are several
concerns regarding quality and appearance of the treated
fruit. As far as we know, this is the first time 1-MCP is
reported for reducing symptoms of damage by chilling on
sapodilla fruits. Therefore, the objective of this work was to
evaluate the influence of different treatments with 1-MCP on
the ripening and chilling injury of sapodilla fruits, thereby

Moo-Huchin et al. 1051

increasing their commercial and economic viability.

MATERIALS AND METHODS

Harvested sapodilla fruits were collected in an orchard located in
the rural community of “Cansahcab”, in the State of Yucatan,
Mexico.

This study was conducted in two steps: The first experiment was
carried out in order to evaluate the influence of various treatments
with 1-MCP on the quality of sapodilla fruit during ripening; the
second experiment was performed in order to evaluate the effect of
treatment with 1-MCP on the onset of symptoms of chilling injury.

First experiment

640 sapodilla fruits were harvested in February of 2009. The fruits
were identified according to quality based on the stage of
physiological maturity and determined by the absence of latex
(Sulladmath and Reddy, 1990). The fruits were weighed and
measured, representing an average of 200 g, 10 cm of length, 176
N of firmness and 0.27 g of malic acid/100 g of fresh pulp at the
time of harvest.

Treatment with 1-MCP

The fruits were divided into 32 lots of 40 fruits; each lot received a
single treatment. The doses applied of 1-MCP in each treatment
were as follows: 0 (control), 0.2, 0.5 or 1.0 pL/L of 1-MCP for 12
and 24 h. Treatments were applied in closed containers (0.07 m®) at
15 and 25°C. Each treatment was performed twice. The commercial
product SmartFresh® (Rohm and Haas, USA) in powder form
(0.14% of the active ingredient), was the source of 1-MCP. The
doses were calculated based on fruit weight and volume of the
container, taking into account that 1.6 g of powder provides 1.0
uL/L of 1-MCP at 1.0 m®. The chemical compound was dissolved in
a pre-weighed flask with 25 mL of distilled water at 40°C (Akbudak
et al., 2009). Subsequently, each flask was placed alongside the
fruit, inside a sealed container. The period between harvest and the
initiation of treatment was two days. During this period the fruits
were stored at 25°C.

After treatments, the fruits of each lot were removed from the
containers and maintained, until ripening, at 25°C and 85 to 95%
RH. During the ripening process, certain parameters were
measured as follows: Respiration rate, production of ethylene,
percentage of mature fruits and percentage of weight loss. When
the fruits reached ripeness-consumption stage (this being
characterized by the time the fruits were soft to the touch), five fruits
per treatment were removed from the containers in order to
measure whole fruit firmness, titratable acidity, total soluble solids,
reducing sugars and color of the pulp.

Respiration and ethylene production rates

Respiration and ethylene production were measured daily using the
same fruits of each treatment. Three fruits from each replication
were sealed for 2 h at 25°C in 2 L plastic containers prior to
sampling. A 2 mL gas sample was withdrawn by a syringe through
a rubber septum and analyzed by a gas chromatograph (Varian
Star model 3400, Walnut Creek, CA, USA). Carbon dioxide and
ethylene were determined using a thermal conductivity detector
(TCD) and flame ionization detector (FID) respectively, with a
Porapak Q column. Injector and detector temperatures were both
set at 250°C, and an isothermal program was run at 30°C. Helium
was used as the carrier gas at a flow rate of 1 ml/min. Based on
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Figure 1. Ethylene production in sapodilla fruits treated with
varying concentrations of 1-MCP with subsequent fruit ripening
at 25°C. Average value of three determinations * standard
deviation. (A) Treated fruit at 25°C; (B) Treated fruit at 15°C.

areas of standard gases, concentrations of carbon dioxide and
ethylene were calculated. Respiration rate was expressed as
mL/kg/h while ethylene production rate was expressed as pL/kg/h.

Ripening and physicochemical characteristics

In order to determine the degree of ripeness in which the fruits
reach the best edible quality, at each day of evaluation five fruits
from each treatment were evaluated by a non-trained panel.
Panelists were volunteers experienced in fruit tasting and selected
from among the staff that work at the institute.

The accumulated weight losses were measured in percentage
with respect to the initial weight of the fruits; ten individually
weighed fruits were used each day after treatment. The
measurement was made with a digital balance (OHAUS, Adventure
Pro AV3102, USA) and results were expressed as percentage.

For determination of soluble solids content (SSC), titratable
acidity (TA) and reducing sugar, five ripe fruits per replication were
homogenized and the homogenates filtered through a cheese cloth
to obtain clear juice. SSC was determined by a digital refractometer

(Model PR-1, Atago, Tokyo, Japan) and expressed as °Brix. TA
was determined by titrating 5 mL of juice with 0.1 N NaOH, to pH
8.1 and expressed as grams of malic acid per 100 g. Reducing
sugars were determined following the colorimetric method
described by Nelson (1944) and Somogyi (1952) and expressed as
grams of glucose per 100 g of pulp.

Pulp color was measured with a Minolta portable colorimeter CR-
200 (Minolta Co; Ltd., Osaka, Japan). Two measurements in the
equatorial area of the pulp fruit were carried out, using ten fruits
from each treatment. The parameters ‘L*, ‘a® and ‘b* were
measured and the final results were expressed as hue angle (h=
arctan[b*/a*]) (McGuire, 1992).

The fruit firmness was determined on whole, unpeeled and full-
ripe stage fruit using an Instron Universal Testing Instrument (Model
4422, Canton, MA, USA) fitted with a flat-plate probe (5 cm
diameter) and 50 kg load cell. The force was recorded at 5 mm
deformation and was determined at two equidistant points on the
equatorial region of each fruit. Ten fruits per treatment were used.
The mean values of the firmness were expressed as Newton (N).

This experiment demonstrated that 1.0 pL/L treatment of 1-MCP
at 25°C for 12 or 24 h, significantly delays the fruit ripening (4 to 11
days); however, the lower production of ethylene and carbon
dioxide in the fruit was achieved at 24 h (Figures 1 and 2). This
criterion was taken into account for choosing 1.0 pL/L treatment of
1-MCP, 25°C and 24 h, for the second experiment.

Second experiment

Based on the results of the first experiment and in order to evaluate
the effect of 1-MCP in the chilling injury during ripening under
refrigeration conditions of sapodilla fruit, a second experiment was
designed. Sapodilla fruits were randomly divided into 8 lots of 30
fruits each with two replications; four of these lots were randomly
selected as control (0 pL/L of 1-MCP for 24 h at 25°C) and four
treated with 1-MCP (1.0 uL/L for 24 h at 25°C). Following treatment,
the fruits were stored at 6°C, 80-90% RH for 3, 10 and 14 days and
subsequent to each period of cooling the fruits of each batch were
matured at 25°C for 10 days and 50 to 60% RH. During ripening,
the symptoms of chilling injury were visually evaluated in the pulp.
The fruits were cut longitudinally in order to identify symptoms of
tissue browning and watery areas in the pulp, lignification of
vascular bundles and irregular softening of fruit (Téllez et al., 2009).
Data were reported as percentage of fruits that had shown the
indicated symptoms.

Statistical analysis

Statgraphics® Plus, ver. 2.1 (Manugistic, Inc., Rockville, Md., USA)
was utilized for the analysis of variance (ANOVA) between
treatments. When the significant mean was obtained, comparison
test was performed by using Tukey (P<0.05) (Montgomery, 2005).
Analysis was carried out in triplicate.

RESULTS AND DISCUSSION
Effect of 1-MCP in ethylene production rates

Accordingly to the results obtained, the maximum
ethylene production rates achieved by the fruits treated
with 1-MCP (0.2, 0.5 and 1.0 pL/L), at 25°C and two
exposure times evaluated, with a subsequent ripening
25°C), were significantly lower (4.0-6.0 pL/kg/h) (Figure
1A) when compared to the untreated fruits (0 pL/L of
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Figure 2. Carbon dioxide production in sapodilla fruits treated
with varying concentrations of 1-MCP with subsequent fruit
ripening at 25°C. Average value of three determinations +
standard deviation. (A) Treated fruit at 25°C; (B) Treated fruit at
15°C.

1-MCP) (9.9-12.0 pL/kg/h). There is evidence indicating
that this effect may be due the 1-MCP is an inhibitor of
ethylene perception in plant tissues; it is thought that it
binds irreversibly to ethylene receptors (Sisler et al.,
1996), reducing the production of ethylene in treated
fruits (Moya-Leobn et al., 2004). According to figure 1B,
the maximum ethylene production was similar in control
and 1-MCP treated fruits at 15°C. This behavior may be
because the lower temperatures might decrease the affinity
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of the binding site for 1-MCP (Blankenship and Dole,
2003). Also, fruits treated with 1-MCP at 25 and 15°C
achieved climacteric peak between 4 and 7 days,
whereas normally untreated fruits reach this peak at 2
days. This result indicates that 1-MCP treatment at two
temperatures delayed the ethylene peak in sapodilla fruit.

Several studies also have shown that 1-MCP delays
the onset of ethylene peak such as in banana (Zhang et
al., 2006), persimmon (Luo, 2007) and Hami melon (Li et
al.,, 2011). It has also been shown that 1-MCP not only
delayed the ethylene peak but also caused a decrease in
ethylene production; this behavior has been observed in
other fruits such as in pineapples (Selvarajah et al.,
2001), kiwi (Boquete et al., 2004) and fresh-cut melon
(Guo et al.,, 2011). There were no significant statistical
differences due to the dose, exposure time and
temperature in the treated fruits. Furthermore untreated
fruits, stored in closed containers at 25°C and transferred
for ripening at the same condition (25°C), showed an
increase in the production of ethylene (9.9 uL/kg/h for 12
h and 12.0 pL/kg/h for 24 h), unlike the untreated fruits,
stored and matured at 15°C (6.6 pL/kg/h for 12 h and 6.1
pL/kg/h for 24 h). This indicates that storing fruits in
closed containers at temperatures lower than room
temperature, leads to a decrease in production of
ethylene. In relation to this fact, Bron et al. (2005)
observed that guava fruit stored at a relatively low
temperature (11°C) produced significantly less ethylene
than guava fruit stored at a temperature above 21°C,
approximating room temperature.

Based on these results, post-harvest application of 1-
MCP on sapodilla fruit significantly decreased and
delayed the climacteric peak, retarding ripening when
compared to untreated fruits.

Effect of 1-MCP on respiration rates

1-MCP treatment (Figure 2A) (0.2, 0.5 and 1.0 pL/L) at
25°C and two exposure times with the subsequent
ripening of sapodilla fruits (25°C) showed a significant
reduction in the maximum respiratory rate (30.7 - 43.8
mL/kg/h carbon dioxide) when compared to the untreated
fruits (O pL/L of 1-MCP) (47.3 - 62.7 mL/kg/h carbon
dioxide). No statistically significant differences were
found due to doses of 1-MCP, temperature and exposure
time between treated sapodilla.A reduction of maximum
respiratory rate (30.7-37.0 mL/kg/h carbon dioxide) was
observed in treated fruits exposed to 15°C for 12 h
(Figure 2B) and matured afterwards (25°C), when
compared to untreated fruits (47.3 mL/kg/h carbon
dioxide). However, this effect was not observed in fruits
treated for 24 h, which suggests that treatment time
influences respiration rate. The action of 1-MCP delayed
in all treatments the increase of the respiratory peak (3-7
days) when compared to untreated fruits (two days).

The reduction in respiration rate in fruits and
vegetables due to the action of 1-MCP has also been
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Table 1. Ripening percentage, time to ripen and firmness when sapodilla fruits reached their ripening at 25°C after treatment with 1-MCP.

Doses of 1-MCP  Treatment temperature Treatmenttime Ripening percentage* Time to ripen Firmness*
(uL/L ) %) (h) (%) (days) (N)
0 15 12 91.6 7 11.85
0 25 24 91.6 4 11.85
0 25 12 91.6 4 11.85
0 15 24 91.6 7 11.95
0.2 15 12 91.6 8 11.85
0.2 25 24 91.6 10 11.95
0.2 25 12 91.6 7 11.85
0.2 15 24 91.6 8 11.85
0.5 15 12 91.6 8 11.85
0.5 25 24 91.6 10 11.85
0.5 25 12 95.8 7 11.85
0.5 15 24 91.6 9 11.85
1.0 15 12 95.8 9 11.95
1.0 25 24 91.6 11 11.85
1.0 25 12 91.6 11 11.85
1.0 15 24 95.8 9 11.85

*There was no significant difference at P<0.05 (Tukey test). The values are averages of three determinations.

observed in several other studies, such as in tomato
(Choi and Huber, 2008), banana (Zhang et al., 2006) and
persimmon (Luo, 2007). It has been suggested that
changes in the respiratory rate in fruits is due to the
action of ethylene (Golding et al., 1998), which causes
the deterioration of horticultural products; consequently
the delay in respiration rate could increase or decrease
the shelf life of fruits (Perera et al., 2003).

These results indicates that application of 1-MCP on
sapodilla fruit after harvest decreased and delayed
maximum respiratory rate when compared to untreated
fruit, which represent a noteworthy effect in delaying fruit
ripening.

Effect of 1-MCP on ripening of sapodilla fruit

Fruits treated with 1-MCP took longer to reach an edible
maturity (7-11 days), providing an increase in sapodilla
fruit shelf life at 25°C. No significant changes were found
in the percentage of maturation in treated fruits (91.6-
95.8%) and non-treated fruits (91.6%) (Table 1). In this
sense, it is known that 1-MCP blocks ethylene action and
delays fruit ripening (Blankenship and Dole, 2003).
Posteriorly following the inhibitory action of ethylene the
fruits ripen. This effect could be explained on the basis
that new ethylene receptors are constantly formed in the
fruit during storage (Liu et al., 2005). The effectiveness of
1-MCP in delaying fruit ripening has also been observed
in several studies, such as in banana (Pelayo et al.,
2003), plums (Salvador et al., 2003), papaya (Moya-Le6n
et al., 2004), pears (Liu et al., 2005) and sapodilla fruit

(Morais et al., 2006).

It should be noted that treated and untreated fruits
demonstrated similar firmness when mature for
consumption (11.85-11.95 N) with no significant
difference between them. This data corresponds to the
firmness when sapodilla fruit normally matures (data not
shown). In this regard, Morais et al. (2006) found that
when sapodilla fruits treated with 1-MCP reach ripeness,
firmness values are similar to control fruits without
significant differences between them. With respect to this
matter, evidence suggests that the characteristic firmness
value of a mature fruit is achieved because the ethylene
stimulates the activity of enzymes that degrade the cell
wall (Abeles et al., 1992), which explains why the treated
sapodilla fruit had a normal maturation.

It is worth mentioning that when treated and untreated
fruits reached their maturity, the fruits showed a normal
pulp with the characteristics appreciated by consumers,
such as color brownish-orange, soft and smooth texture,
juicy and sweet taste.

On the other hand, fruits exposed to 1-MCP at the
evaluated temperatures (25 and 15°C) (Figure 3A and
3B) showed an increase in weight loss when exposed to
ripen at 25°C. Furthermore, fruits treated at 25°C,
showed more weight loss than those treated at 15°C.

In relation to time of treatment, fruits at 25°C, exposed
to 0.2 and 0.5 pL/L of 1-MCP for 24 h, showed a loss of
weight (15.7-17.0%) at maturity, significantly greater than
those treated for 12 h (10.2-12.0%), indicating that longer
treatment times causes greater weight loss. In this sense,
Calvo (2004) suggested that the effect of 1-MCP in
weight loss has not been entirely elucidated and Porat et
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Figure 3. Weight loss (%) in sapodilla fruits treated with
varying concentrations of 1-MCP with subsequent fruit
ripening at 25°C. Average value of three determinations +
standard deviation. (A) Treated fruit at 25°C; (B) Treated fruit
at 15°C.

al. (1999) found that 1-MCP had no effect on weight loss
in fruits such as orange, whereas Cao et al. (2012) found
that 1-MCP reduced weight loss in green bell peppers.
One of the most important findings, after analyzing the
results, is that treatments with 1.0 pL/L of 1-MCP at 25°C
for 12 or 24 h significantly increased the time to ripen of
sapodilla fruit up to 11 days, while fruits not treated under
the same conditions had a time to ripen of 4 days only.

Effect of 1-MCP on the physicochemical properties of
mature sapodilla fruit

The physicochemical characteristics of fruits at maturity
at 25°C following treatment did not demonstrate
significant differences in titratable acidity (0.12-0.13 g of
malic acid/100 g), reducing sugars (9.9-10.0 g/100 gq),
pulp color measured as hue angle (79.5-80.3 °hue) and
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lightness (50.0-50.8 L*) (Table 2).

The total soluble solids content of treated fruit with 0.5
and 1.0 pL/L of 1-MCP, at the times and temperatures
evaluated, was significantly higher (16.6-17.1 °Brix) when
compared to untreated fruit (15.8 °Brix), except the dose
of 0.5 pL/L at 15°C for 12 h (16.3 °Brix). This increase in
the content of soluble solids due to the effect of 1-MCP
has been also observed in apples (Fan et al., 1999) and
papaya (Hofman et al., 2001). However, Watkins et al.
(2000) observed that 1-MCP treatment did not influence
the sugar content in apples, which indicates that
exposing fruits to 1-MCP does not affect the metabolism
of sugars (Salvador et al., 2003). These results indicate
that the effect of 1-MCP on the total soluble solids
content is variable. Consequently, it has been suggested
that this effect in treated fruits could be attributed to low
respiration rates; however, it may also depend on the
type of crop and storage conditions (Watkins et al.,
2000).

Other studies have demonstrated that 1-MCP does not
affect the development of acidity in fruits such as plums
(Menniti et al., 2004), peach and apple (Mir et al., 2001,
Salvador et al., 2003). In addition, significant differences
in color of treated apricots were not detected (Fan et al.,
2000; Botondi et al., 2003).

The results obtained in this study indicate that
postharvest application of 1-MCP on sapodilla fruit only
produced a significant effect when high doses were used,
which increased total soluble solids (°Brix), without
modifying the other physicochemical characteristics of
the pulp. The similarity in the results between mature
fruits treated and untreated indicates that although 1-
MCP delays the physiological ripening of sapodilla fruit,
the characteristics of a mature fruit are practically
unmodified, producing fruits with highly valued
characteristics of quality.

Effect of 1-MCP on the development of chilling injury
symptoms

Fruits treated and untreated with 1-MCP stored at 6°C for
short periods of time (3 days) showed chilling injury
(6.67% of fruits) (Figure 4). The damages found were as
follows: Irregular pulp softening, hardening and browning
of vascular tissue in various areas of the pulp. The fruits
treated with 1-MCP (6.67 and 20% for 10 and 14 days,
respectively) and refrigerated for a longer period of time
thereafter (10 and 14 days) at 6°C showed a significant
reduction of chilling injury symptoms when reached
maturity, compared to refrigerated (6°C) and untreated
fruits (20 and 30% for 10 and 14 days), which
demonstrates the effectiveness of 1-MCP in reducing
chilling injury in sapodilla fruit. It has also been suggested
that chilling injury symptoms are less, as 1-MCP causes
a lower production of ethylene in treated fruits, such as
found in apple, avocado and pineapple (Watkins, 2006).
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Table 2. Effect of 1-MCP in the physicochemical characteristics of ripe sapodilla fruits.

Doses of . . .

1-MCP tg%e;égfg:e Treatment time  Titratable acidity Reducing Soluble solids  Color  Lightness

(L) °C) (h) (g malic acid/100 g) sugars (g/100 g) content (°Brix)  (°hue) (L%
0 15 12 0.13% 10.0° 15.8% 79.9% 50.0°
0 25 24 0.13% 9.9 15.8% 80.0° 50.8°
0 25 12 0.12% 9.9 15.8% 80.0% 50.1%
0 15 24 0.12% 9.9 15.8% 79.9% 50.0°
0.2 15 12 0.12° 10.0% 15.5% 79.6% 50.2°
0.2 25 24 0.12% 9.9 15.7% 80.0% 50.3%
0.2 25 12 0.13% 9.9% 15.5% 80.3% 50.5%
0.2 15 24 0.12% 9.9 15.7% 79.7% 50.2°
0.5 15 12 0.12° 9.9 16.3> 79.6° 50.7%
0.5 25 24 0.13% 10.0° 16.7¢ 80.0% 50.7%
0.5 25 12 0.13% 9.9 16.6™ 80.1% 50.2°
0.5 15 24 0.13% 10.0° 16.6™ 79.7% 50.6°
1.0 15 12 0.13% 10.0° 16.9% 79.5% 50.8°
1.0 25 24 0.13% 10.0° 17.0¢ 79.7% 50.5°
1.0 25 12 0.13% 10.0° 17.1¢ 79.9% 50.2°
1.0 15 24 0.13% 10.0° 16.8% 79.7° 50.8%

a.b.c.dpjfferent letters in column show significant difference at P<0.05 (Tukey test). The values are averages of three determinations.

40 0 pL/L 1-MCP + 3DREF
2 1.0 uL/L 1-MCP + 3DREF
354 EZA0 pL/L 1-MCP + 10DREF
= 1 E31.0 uL/L 1-MCP + 10DREF [
é 30 Mo uL/L 1-MCP + 14DREF
- 1 1.0 pL/L 1-MCP + 14DREF J
= 254 T -
= ]
& 204
A \\
— 154 ’
S 7
&£ 104
< ; T
5 -
0 T T | T T T

1-MCP treatment

Figure 4. Chilling injury severity in fruits of sapodilla treated with
1-MCP, stored at 6°C for 3, 10 and 14 days and ripens at 25°C.
Average value of three determinations + standard deviation.
DREF: Days of refrigeration.

Conclusions

This study demonstrates that using 1-MCP significantly
reduces and delays maximum production of ethylene and
carbon dioxide in sapodilla fruits. As a result of the effect
of 1-MCP, fruit ripening was delayed by an average of 4
to 11 days, which represents a significant 7 day increase
in shelf life at room temperature (25°C). Also, fruits
treated with 1-MCP showed a normal ripeness, with no
significant differences in quality parameters between

treated and untreated fruits; excepting for some
treatments where a slight increase of total soluble solids
content and weight loss were found. According to the
results, it is possible to infer that the use of 1-MCP is a
suitable alternative to extend the shelf life of sapodilla
fruits, which in turn, could greatly facilitate its
commercialization. In this regard, the recommended
doses of 1-MCP in sapodilla fruits are as follows: 1.0 yL/L
of 1-MCP at 25°C for 12 or 24 h of treatment. In addition,
treatment with 1-MCP could reduce the symptoms of
chilling injury when sapodilla fruits are going to be stored
at 6°C for 10 and 14 days, which represents a beneficial
effect of 1-MCP in sapodilla fruit conservation and
ensuing positive economic implications.

ACKNOWLEDGMENTS

The authors express their gratitude to the General
Directorate of Higher Education and Technology and
Foundation Pablo Garcia of the State of Campeche for
the support provided.

REFERENCES

Abeles FB, Morgan PW, Saltveit JR ME (1992). Ethylene in plant
biology. San Diego, California: Academic Press. pp. 63-222

Adkins MF, Hofman PJ, Stubbings BA, Macnish AJ (2005).
Manipulating avocado fruit ripening with 1-methylcyclopropene.
Postharvest Biol. Technol. 35:33-42.

Akbudak B, Ozer MH, Erturk U, Cavusoglu S (2009). Response of 1-
methylcyclopropene treated “Granny smith” apple fruit to air and



controlled atmosphere storage conditions. J. Food Quality 32:18-33.

Argenta LC, Fan XT, Mattheis JP (2003). Influence of 1-
methylcyclopropene on ripening, storage life, and volatile production
by ‘d’Anjou’ cv. pear fruit. J. Agric. Food Chem. 51:3858-3864.

Balerdi CF, Shaw PE (1998). Sapodilla, sapote and related fruit. In:
Shaw PE, Chan HT, Nagy S (Eds) Tropical and subtropical fruits,
Auburndale: AgScience pp. 78-136.

Blankenship SM, Dole JM (2003). 1-Methylcyclopropene: a review.
Postharvest Biol. Technol. 28:1-25.

Boquete EJ, Trinchero GD, Fraschina AA, Vilella F, Sozzi GO (2004).
Ripening of “Hayward” kiwifruit treated with 1-methylcyclopropene
after cold storage. Postharvest Biol. Technol. 32:57-65.

Botondi R, Desantis D, Bellincontro A, Vizovitis K, Mencarelli F (2003).
Influence of ethylene inhibition by 1-methylcyclopropene on apricot
quality, volatile production, and glycosidase activity of low and high
aroma varieties of apricots. J. Agric. Food Chem. 51:1189-1200.

Bron U, Ribeiro RV, Cavalini FC, Jacomino AP, Trevisan MJ (2005).
Temperature-related changes in respiration and Qi coefficient of
guava. Sci. Agric. (Piracicaba, Braz.) 62:458-463.

Broughton WH, Wong HC (1979). Storage conditions and ripening of
chiku fruits (Achras zapota). Sci. Hortic. 10:377-385.

Calvo G (2004). Efecto del 1-metilciclopropeno en peras cv. Williams
cosechadas con dos estados de madurez. RIA, Rev. Investig.
Agropec. 33: 3-26.

Calvo G, Sozzi G (2009). Effectiveness of 1-MCP treatments on
“Bartlett” pears as influenced by the cooling method and the bin
material. Postharvest Biol. Technol. 51:49-55.

Cao S, Yang Z, Zheng Y (2012). Effect of 1-methylcyclopropene on
senescence and quality maintenance of green bell pepper fruit during
storage at 20 °C. Postharvest Biol. Technol. 70:1-6.

Choi ST, Huber DJ (2008). Influence of aqueous 1-methylcyclopropene
concentration, immersion duration, and solution longevity on the
postharvest ripening of breaker-turning tomato (Solanum
lycopersicum L.) fruit. Postharvest Biol. Technol. 49: 147-154.

Fan X, Argenta L, Mattheis JP (2000). Inhibition of ethylene action by 1-
methylcyclopropene prolongs storage life of apricots. Postharvest
Biol. Technol. 20:135-142.

Fan X, Blankenship SM, Mattheis JP (1999). 1-Methylcyclopropene
inhibits apple ripening. J. Am. Soc. Hort. Sci. 124:690-695.

Ganjyal GM, Hanna MA, Devadattam DSK (2003). Processing of zapota
(sapodilla): Drying. J. Food Sci. 68:517-520.

Golding J, Shearer D, Wyllie S, Mcglasson W (1998). Application of 1-
MCP to identify ethylene-dependent ripening processes in mature
banana fruit. Postharvest Biol. Technol. 14:87-98.

Guo Q, Cheng L, Wang J, Che F, Zhang P, Wu B (2011). Quality
characteristics of fresh-cut ‘Hami’ melon treated with 1-
methylcyclopropene. Afr. J. Biotechnol. 10:18200-18209.

Hofman PJ, Jobin DM, Meiburg GF, Macnish AJ, Joyce DC (2001).
Ripening and quality responses of avocado, custard apple, mango,
and papaya fruit to 1-methylcyclopropene. Aust. J. Exp. Agr. 41: 567-
572.

Indian Horticulture Database (2010). National Horticulture Board.
Ministry of Agriculture, Government of India 85, Institutional Area,
sector 18, Gurgaon-122015 India. pp. 118-123.

Kashimura Y, Hayama H, Ito A (2010). Infiltration of 1-
methylcyclopropene under low pressure can reduce the treatment
time required to maintain apple and Japanese pear quality during
storage. Postharvest Biol. Technol. 57:14-18.

Kunyamee S, Ketsa S, Imsabai W, Van Doorn W (2008). The transcript
abundance of an expansin gene in ripe sapodilla (Manilkara zapota)
fruit is negatively regulated by ethylene. Functional Plant Biol.
35:1205-1211.

Lakshminarayana S (1979). Sapodilla and pickly pear. In: Magy S,
Shaw PE (Eds) Tropical and subtropical fruits, AVI Publishing
Connecticut Inc. Wesport.

Li XW, Jin P, Wang J, Zhu X, Yang HY, Zheng YH (2011). 1-
methylcyclopropene delays postharvest ripening and reduces decay
in Hami melon. J. Food Quality 34:119-125.

Liu H, Jiang W, Zhou L, Wang B, Luo Y (2005). The effects of 1-
methylcyclopropene on peach fruit (Prunus persica L. Cv. Jiubao)
ripening and disease resistance. Int. J. Food Sci. Tech. 40:1-7.

Luo Z (2007). Effect of 1-methylcyclopropene on ripening of postharvest

Moo-Huchin et al. 1057

persimmon (Diospyros Kaki L.) fruit. LWT—Food Sci. Technol.
40:285-291.

Luo Z, Xie J, Xu T, Zhang L (2009). Delay ripening of “Qingnai” plum
(Prunus salicina Lindl.) with 1-methylcyclopropene. Plant Sci.
177:705-709.

Ma J, Luo XD, Protiva P, Yang H, Ma CY, Basile MJ, Weinstein 1B,
Kennelly EJ (2003). Bioactive novel polyphenols from the fruit of
Manilkara zapota (sapodilla). J. Nat. Prod. 66:983-986.

Manenoi A, Bayogan ER, Thumdee S, Paull RE (2007). Utility of 1-
methylcyclopropene as a papaya postharvest treatment.
Postharvest.Biol. Technol. 44:55-62.

Manganaris GA, Crisosto CH, Bremer V, Holcroft D (2008). Novel 1-
methylcyclopropene immersion formulation extends shelf life of
advanced maturity ‘Joanna Red’ plums (Prunus salicina Lindell).
Postharvest. Biol. Technol. 47:429-433.

Mcguire RG (1992). Reporting of objective color measurements.
HortScience 27:1254-1255.

Menniti AM, Gregori R, Donati (2004). 1-methylcyclopropene retards
postharvest softening of plums. Postharvest Biol. Technol. 31:269-
275.

Mir NA, Curell E, Khan N, Whitaker M, Beaudry RM (2001). Harvest
maturity, storage temperature, and 1-MCP application frequency alter
firmness retention and chlorophyll fluorescence of “Redchief
delicious” apples. J. Amer. Soc. Hort. Sci. 126:618-624.

Montgomery D (2005). Disefio y analisis de experimentos. Segunda
edicion, LimusaWiley, México. pp. 194-201

Morais PLD, Oliveira LC, Alves RE, Alves JD, Paiva A (2006).
Amadurecimiento de sapoti (Manilkara zapota L.) submetidoao 1-
metilciclopropeno. Rev. Bras. Frutic. (Jaboticabal) 28:369-373.

Moya-Ledn MA, Moya M, Herrera R (2004). Ripening of mountain
papaya (Vasconcellea pubescens) and ethylene dependence of
some ripening events. Postharvest Biol. Technol. 34:211-218.

Nelson NJ (1944). A photometric adaptation of the Somogyi method for
the determination of the glucose. J. Biol. Chem. 153:375-380.

Pelayo C, Vilas BE, Benichou M, Kader A (2003).Variability in
responses of partially ripe bananas to 1-methylcyclopropene.
Postharvest. Biol. Technol. 28:75-85.

Perera CO, Balchin L, Baldwin E, Stanley R, Tian M (2003). Effect of 1-
Methylcyclopropene on the Quality of Fresh-cut Apple Slices. J. Food
Sci. 68:1910-1914.

Porat R, Weiss B, Cohen L, Daus A, Goren R, Droby S (1999). Effects
of ethylene and 1-methylcyclopropene on the postharvest qualities of
shamouti oranges. Postharvest Biol. Technol.15: 155-163.

Qiuping Z, Wenshui X, Jiang Y (2006). Effects of 1-Methylcyclopropene
treatments on ripening and quality of harvested sapodilla fruit. Food
Technol. Biotechnol. 44:535-539.

Sabban-Amin R, Feygenberg O, Belausov E, Pesis E (2011). Low
oxygen and 1-MCP pretreatments delay superficial scald
development by reducing reactive oxygen species (ROS)
accumulation in stored ‘Granny Smith’ apples. Postharvest Biol.
Technol. 62:295-304.

Sagarpa (2011). Sistema de informacién agroalimentaria de consulta
(SIACON). Centro de Estadistica Agropecuaria (CEA). Version 1.1.
D.F., México.

Saltveit ME (2002). The rate of ion leakage from chilling-sensitive
tissues does not immediately increase upon exposure to chilling
injury. Postharvest Biol. Technol. 26:295-304.

Salvador A, Cuquerella J, Martinez-Javega JM (2003). 1-MCP
treatment prolongs postharvest life of santa rosa plums. J. Food Sci.
68:1504-1510.

Sauri-Duch E, Centurién-Yah AR, Vargas-Vargas L (2010). Alternative
tropical fruits in order to increment the offer to European market.
Acta. Hort. 864:305-316.

Selvarajah S, Bauchot AD, Jhon P (2001). Internal browning in cold
stored pineapples is suppressed by a postharvest application of 1-
methylcyclopropene. Postharvest. Biol. Technol. 23:167-170.

Sisler EC, Dupille E, Serek M (1996). Effect of 1-methylcyclopropene
and methylenecyclopropane on ethylene binding and ethylene action
on cut carnations. Plant Growth Regul. 18:79-86.

Sisler EC, Serek M (1997). Inhibitors of ethylene responses in plants at
the receptor level: Recent developments. Plant Physiol. 100:577-582.

Somogy M (1952). Notes on sugar determinations. J. Biol. Chem. 195:



1058 Afr. J. Agric. Res.

19-23.

Sulladmath UV, Reddy NMA (1990). Sapota. In: Bose TK, Mitra SK
(Eds) Fruits: Tropical and Subtropical, Naya Prokash, Calcutta, India.

Téllez PP, Saucedo VC, Arévalo GML, Valle GS (2009). Ripening of
mamey fruits (Pouteria sapota Jacq.) treated with 1-
methylcyclopropene and refrigerated storage. CyTA-J. Food 7:45-51.

Watkins CB (2006). The use of 1-methylcyclopropene (1-MCP) on fruits
and vegetables. Biotechnol. Adv. 24: 389-409.

Watkins CB, Nock JF, Whitaker BD (2000). Response of early, mid and
late season apple cultivars to postharvest application of 1-
methylcyclopropene under air and controlled atmosphere storage
conditions. Postharvest Biol. Technol. 19:17-32.

Zhang M, Jiang Y, Jiang W, Liu X (2006). Regulation of ethylene
synthesis of harvested banana fruit by 1-methylcyclopropene. Food
Technol. Biotechnol. 44:111-115.



