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ABSTRACT

The effect of 1-methylcyclopropene (1-MCP) on the ripening of a native variety of
soursop (Annona muricata L.) under refrigerated storage was evaluated. Control
fruits were stored at 25 and 16C, and a group of fruits was exposed to 200 or
400 nL/L of 1-MCP and then stored at 16C. The effect of 1-MCP on soursop fruits
stored at 16C (6 days) and then at 25C was also studied. Fruits stored at 25C
ripened after 4–6 days. Fruits held at 16C ripened after 8–9 days; however, chilling
injury symptoms were observed. 1-MCP caused a reduction in respiration and
ethylene production rates and there was no visible chilling injury to the fruit pulp.
In conclusion, application of 200 or 400 nL/L of 1-MCP on refrigerated soursop
delayed ripening for 7 days, which should provide additional time to handle the
fruit at least in the domestic market.

PRACTICAL APPLICATIONS

Annonaceas are highly perishable fruits, and further investigation on postharvest
handling is necessary because there is no postharvest treatment or technology
available to preserve the fruits for more than 9 days. There are several studies on
the application of 1-methylcyclopropene (1-MCP) in Annonaceas, but not all
species have responded acceptably to 1-MCP. Thus, more research on the applica-
tion of 1-MCP on unstudied varieties of Annonaceas is needed in order to explore
the potential for the use of 1-MCP. This study revealed that the application of
1-MCP, followed by refrigerated storage, can lead to a 7-day delay of the ripening
process in the variety of soursop fruit grown in Nayarit, Mexico. This may con-
tribute to an increase in availability and consumption, a reduction in postharvest
losses and an increase in distribution of the soursop fruits in the national markets.

INTRODUCTION

Soursop (Annona muricata L.) are grown in countries like
Angola, Brazil, Colombia, Costa Rica, Cuba, Jamaica, India,
Panama, Peru, Puerto Rico, Venezuela and Mexico. Mexico
is currently the largest producer, with the highest number
of hectares cultivated and a production of 17,419.37 tons/
year (SAGARPA 2011). The state of Nayarit is Mexico’s
largest producer of soursop, with an annual production
of 13,021.37 tons and a corresponding production value of
$4.6 million dollars. However, up to 60% of postharvest
losses have been reported (SAGARPA 2011).

To date, there is no available postharvest method or tech-
nology capable of extending the shelf life of the soursop
fruits to more than 9 days. The shelf life of Annona cheri-
mola (chirimoya), Annona squamosa (sugar apple) and
Annona muricata (soursop) is 4–9 days, if the fruits are
stored at a temperature between 15 and 20C (Pareek et al.
2011). However, at 12–16C, soursop fruits are sensitive to
chilling injury (Castillo et al. 2005).

1-Methylcyclopropene (1-MCP) is a compound that can
block ethylene action at concentrations of 1 mL/L and is
therefore potentially capable of extending the shelf life of
fruits (Blankeship and Dole 2003). Benassi et al. (2003)
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studied the effect of 1-MCP on sugar apple fruits (Annona
squamosa L.) treated with 1-MCP (0, 30, 90, 270 or
810 nL/L) for 12 h at 25C and then stored at 25C for 4 days.
The fruits treated with 810 nL/L of 1-MCP were firmer than
the ones treated with lower concentrations. Li et al. (2009)
studied the effect of 1-MCP on the softening of “African
Pride” cherimoya fruits (Annona cherimola Mill.) and found
that the application of 1-MCP considerably delayed ethyl-
ene production and fruit softening during storage at 20C.
In “Morada” soursop fruit (Annona muricata L.), the appli-
cation of 1-MCP at 200 nL/L and storage of the fruit at
15.4 � 1.1C did not extend the shelf life for more than
8 days, although the authors did not mention whether the
fruit developed chilling injury symptoms (Lima et al. 2004,
2010).

The importance of studies on the effect of 1-MCP on
the physiology and biochemistry of exotic fruits is of great
interest. The objective of the present work was to evaluate
the physiological and physicochemical behavior of the
native variety of soursop grown in Nayarit, Mexico, when
refrigerated at 16C and after the fruits were transferred to
25C after 6 days of refrigeration at 16C, with or without the
application of 1-MCP.

MATERIALS AND METHODS

Plant Material

Mature soursop fruits were obtained from an orchard
located in the village of El Tonino, municipality of Compos-
tela, Nayarit, Mexico. The characteristics of the harvested
fruits were as follows: light green skin, separated tan-
colored spines and uniform in size. After harvest, the fruits
were washed and immersed for 5 min in a solution of 2-(4-
thiazolyl)-1H-benzimidazole (20 mg/L) to prevent fungal
growth. Fruits were air-dried at 25C and a relative humidity
(RH) of 85–90%.

Fruit Storage

Lots of 50 fruits were used for each of the treatments
described below:

1. Fruits stored at 25C.
2. Fruits stored at 16C.

3–4. Fruits treated with 200 or 400 nL/L of 1-MCP for 24 h
at 20C and then stored at 16C.

5. Fruits stored at 16C for 6 days and then transferred to
25C (RT fruits).
6–7. Fruits treated with 200 or 400 nL/L of 1-MCP for 24 h
at 20C, then stored at 16C for 6 days and then transferred to
25C (RT200 and RT400 fruits).

All fruits were kept at an RH of 85–90% until ripened.

The 1-MCP treatment was applied at 20C on the same
day the fruits were harvested. Exposure to 1-MCP (200 and
400 nL/L diluted in distilled water) was performed in
a 225-L sealed chamber fitted with a fan (SmartFresh
Technology, AgroFresh, Inc., Philadelphia, PA). A device for
releasing 1-MCP was placed at the bottom of the chamber.
The chamber was kept sealed for 12 h and a fan was used to
homogenize the liberation of 1-MCP.

Analytical Procedures

Respiration Rate (RR) and Ethylene Production
Rate (EPR). RR and EPR were estimated daily by the
method previously reported by Tovar et al. (2001). Three
fruits from each treatment were used and each fruit was
placed inside a 5-L glass container fitted with a septum.
Each fruit was kept sealed for 1 h and 1 mL samples was
withdrawn from the headspace and injected into a gas chro-
matograph (HP model 6890, Hewlett Packard, Palo Alto,
CA). A HP-plot capillary column (15 m ¥ 0.53 mm, 40-mm
film thickness) was used to detect both CO2 and ethylene,
and N2 was used as a carrier gas at a rate of 7 mL/min.
Flame ionization detector and thermal conductivity detec-
tor were used in series for determination of ethylene and
CO2. Injector ports and detectors were maintained at 250C,
while oven temperature was programmed at 50C for 30 s
and then heated at 30C/min to 80C. Air and H2 flows were
400 and 30 mL/min, respectively. Results were reported as
mL CO2/kg h and mL ethylene/kg h, respectively.

Firmness Measurements. Firmness was measured at
nine different areas of each fruit using three fruits per treat-
ment. Penetration resistance was measured manually with
a Shimpo penetrometer (Lincolnwood, IL), fitted with a
10-mm-diameter cylindrical probe and a penetration depth
of 1 cm. Results were reported in N (Zamora et al. 2004).

Total Soluble Solids (TSS), Titratable Acidity (TA),
pH and Weight Loss (WL). TSS were determined with a
refractometer (Bellingham Stanley Ltd., Kent, U.K.) and
corrected for a temperature of 20C (Section 22.024, AOAC
1984). TA as meq malic acid/100 g fresh weight (FW) was
measured on 5 g of pulp mixed with 25 mL of water and
titrated with 0.1 N NaOH using phenolphthalein as an indi-
cator (Section 22.058, AOAC 1984). Pulp pH values were
taken directly with a Jenco pH meter model 1671 (Section
10.041, AOAC 1984). All analyses were carried out in tripli-
cate. WL data were obtained daily by weighing 10 fruits per
treatment using an Ohaus balance and the results were
expressed as percent (Mata et al. 2007).

Color and Chilling Injury. The color change of the fruit
was measured at five points around the skin and fruit pulp
was sliced in parallel. Three measurements were made for
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each side (pedicel, equatorial and close to the apex)
(Zamora et al. 2004). A Minolta CR300 colorimeter
(Marunouchi, Chiyoda, Tokyo, Japan) with illuminant C
(6,774 K) was used, and the results were expressed as hue
angle. Chilling injury was visually measured by identifying
hardened areas of the fruits, darkening of the skin, central
axis and pulp (Castillo et al. 2005). The percentage of fruit
with chilling injury symptoms was calculated from a batch
of 20 fruits per treatment.

Statistical Analysis

All the experiments were carried out in duplicate. Data were
analyzed by analysis of variance, and mean differences
between treatments were determined by least significant
difference (P < 0.05), using the statistical package SAS (SAS
Institute, Inc., Cary, NC).

RESULTS AND DISCUSSION

Ethylene Production Rate

Figure 1a shows that ethylene production in fruits at 25C
was detected on day 3 of storage and reached its peak
production on day 6 with a value of 16.32 mL/kg h. Worrell
et al. (1994) reported that ethylene production increased
24–48 h after the climacteric period of the fruit initiated.
Similarly, according to Lima et al. (2010), “Morada” soursop
fruits reached maximum ethylene production within 4 days
postharvest. The time in which the maximum production of
ethylene was detected in the soursop fruit is similar to other
reports, but the amount of ethylene produced was not com-
parable. This might be attributed to the differences among
the varieties studied.

In the fruits stored at 16C (Fig. 1a), the EPR was detected
on day 4 of storage and was lower than in fruits maintained
at 25C for that same day. This is attributed to the fact that
low temperatures can reduce and delay the binding of ethyl-
ene receptors. Thus, the effect is a delay of the autocatalytic
ethylene production (Jiang et al. 2004). At day 7 of storage,
EPR increased and reached 16.53 mL/kg h, which means that
after a storage period at 16C, normal autocatalytic ethylene
biosynthesis can be carried out (Lelièvre et al. 1997). Ethyl-
ene production depends on the storage temperature. In
cherimoya fruit stored at 15 and 20C, the maximum EPR
was 46 mL/kg h, and 1.91 mL/kg h when fruits were stored at
10C (Lahoz et al. 1993).

Ethylene was detected after 5 days of storage without sig-
nificant differences between treatments (P > 0.05) for fruits
treated with 200 and 400 nL/L of 1-MCP (Fig. 1b), and is
probably because of the saturation of ethylene receptors,
which occurs at these concentrations of 1-MCP (Jiang and
Joyce 2000). EPR peak production of 3.5 mL/kg h was

recorded until day 13, a much lower value compared with
fruits stored at 25 and 16C. The delay and reduction in ethyl-
ene production by the effect of 1-MCP has also been reported
in other climacteric fruits such as “Booth 7” avocado (Persea
americana) (Zhang et al. 2011), arazá (Eugenia stipitata)
(Carrillo et al. 2011) and mangosteen (Garcinia mangostana)
(Piriyavinit et al. 2011). For the “Morada” soursop, Lima et al.
(2010) reported that wax was a more efficient treatment than
1-MCP for maintaining better fruit quality. This means that
the variety studied in this experiment has a different response
to 1-MCP than the “Morada” variety.

In RT fruits (Fig. 1c), EPR increased after the fruits were
transferred to 25C, which may be attributed to stress gener-
ated in the fruits by the temperature change, as ethylene
production reached a peak of 28.6 mL/kg h on day 7.
Two days after the transfer to 25C, R200T and R400T
fruits (Fig. 1c) displayed a maximum EPR of 16.40 mL/kg h
(R200T) and 15.22 mL/kg h (R400T). Ethylene production
in RT fruits was statistically higher (P < 0.05) than in fruits
treated with 1-MCP but lower than in fruits stored at 16C.
This means that although fruits were transferred to 25C,
1-MCP continued its ethylene synthesis blocking effect, but
only for a short period. Similar results were also obtained in
nontropical fruits. Villalobos et al. (2011) reported that eth-
ylene production was lower in pears (Pyrus sp.) treated with
1-MCP stored for 45 days at 5C and then at 20C than in
control fruits stored under the same conditions.

Respiration Rate

The climacteric peak for fruits stored at 25C (Fig. 1d) was
recorded after 4 days of storage with 127.34 mL CO2/kg h.
Lima et al. (2010) reported a maximum RR of 150 mL CO2/
kg h during the ripening process of “Morada” soursop.
Although the reported data are similar to our measure-
ments, it has been confirmed that several variables can
influence respiration, such as fruit species, harvest time and
ecological conditions. When fruits were stored under refrig-
eration (Fig. 1d), the RR increased slowly and the climac-
teric was recorded on day 7 with 107.09 mL CO2/kg h.
The lower RR in the fruits stored at 16C is due to the fact
that refrigeration temperatures produce a decrease in fruit
metabolism because of a lower oxidative capacity of the
mitochondria (Kader 1992).

There were no statistically significant differences
(P > 0.05) in the RR of fruits treated with 200 or 400 nL/L
of 1-MCP (Fig. 1e), which coincides with the results of EPR.
1-MCP reduced the RR from day 3 to day 10 of storage with
respect to the control fruit (25 and 16C). The highest RR
was observed on day 11 with 76.98 and 77.11 mL CO2/kg h,
for fruits treated with 200 and 400 nL/L, respectively.
Lelièvre et al. (1997) mentioned that ethylene triggers the
reactions involved in respiration and the RR increases only
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FIG. 1. ETHYLENE PRODUCTION RATE (A–C), RESPIRATION RATE (D–F) AND FIRMNESS (G–I) OF SOURSOP STORED AT 25C, 16C, WITH 200 OR
400 nL/L OF 1-METHYLCYCLOPROPENE (1-MCP) AND STORED AT 16C; 16C FOR 6 DAYS AND THEN TRANSFERRED TO 25C WITHOUT (RT) AND
WITH 1-MCP (RT200, RT400)
Data points represent the mean of three replicates and their corresponding standard deviation.
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after ethylene production increases. The climacteric respira-
tion peak was also delayed as 1-MCP delayed the EPR in
these fruits (Fig. 1b). There are many reports about the
effect of 1-MCP on RR and these studies have shown that
1-MCP reduces or inhibits the respiratory metabolism for a
period of time (Carrillo et al. 2011; Zhang et al. 2011).

Figure 1f shows that RR was low during storage at 16C
and when fruits were transferred to 25C on day 7, RR
rapidly increased, reaching a maximum respiratory rate of
257.06 mL CO2/kg h on that same day. Upon ripening, skin
discoloration was observed. This is attributed to the tem-
perature change that accelerated the respiratory metabolism
of the fruits and the discoloration of the skin was probably
caused by an increase in polyphenoloxidase activity (Pareek
et al. 2011). For R200T and R400T fruits, the RR was statis-
tically lower (P < 0.05) than in RT fruits (Fig. 1f), with a
maximum CO2 production of 209.52 and 208.24 mL/kg h
(day 9), respectively. 1-MCP reduced the RR and delayed
the climacteric, even after the fruits were transferred to 25C.
This result coincides with the EPR evolution (Fig. 1c) and is
consistent with the findings of Villalobos et al. (2011) in
pears. The effect of 1-MCP was reduced significantly when
pears were stored at 10C for 45 days (10 or 5 compared with
0C) and then stored at 20C.

Firmness

On the day of harvest, fruit firmness was 313 N (Fig. 1g);
however, at 25C, firmness decreased rapidly, and between 4
and 5 days, the fruits had a firmness of 5.3 N and could be
consumed. The loss of fruit firmness is attributed to the
degradation of cellulose, pectins and other carbohydrate
polymers involved in the cell wall structure (Gutierrez et al.
2007). Lima et al. (2006) reported that in “Crioula” soursop
stored at 26.3 � 0.6C, most of the fruit softening occurred
from the second to the fourth day of storage and coincided
with the increased activity of amylase, pectin methyl-
esterase, polygalacturonase and cell wall b-galactosidase. It
is possible that the increased activity of these enzymes also
occurs in the soursop variety studied in this research.

The firmness of the refrigerated fruits (Fig. 1g) was
higher than in fruits stored at 25C, except at day 9 of storage
(5.1 N), as the fruits were ripe and could be consumed.
Refrigeration reduces cellular degradation by decreasing the
enzymatic activity and similar results were reported for
custard apple, sugar apple and cherimoya. The loss of firm-
ness was gradual during 6 days of storage at 15 and 10C
(Bolívar et al. 2009; Shen et al. 2009).

Fruits treated with 1-MCP (Fig. 1h) showed values of 151–
165 N starting from day 7, while the firmness of the control
fruit at 16C was 84 N. At the end of storage, when fruits were
ripe, the firmness was 11 N (day 13). The delay in the loss of
firmness for fruits treated with 1-MCP can be attributed to a

temporary decrease in the activity of the enzymes that
degrade the cell wall (Jeong et al. 2002). Application of
1-MCP in “Morada” soursop delayed the loss of pulp firm-
ness because it decreased the activity of b-galactosidase (Lima
et al. 2010). The data suggest that application of 1-MCP can
decelerate the loss of firmness in this variety.

The firmness of refrigerated fruits transferred to 25C
(RT, R200T and R400T) decreased rapidly (Fig. 1i) to 5.5 N
for RT fruits (day 7) and 5.4 N for R200T and R400T fruits
(day 11). The results coincided with the rapid increase in
RR and EPR. It can be proposed that the loss of firmness
was caused by the reactions and enzymes responsible for
fruit softening, which increase reaction rates with increased
temperature, although it was slightly slower than in the
fruits treated with 1-MCP.

Total Soluble Solids

TSS increased during the ripening process of soursop. The
control fruits (25C) reached a maximum of 20 °Brix after
5 days, while the fruits stored at 16C reached 18 °Brix on
day 10 (Fig. 2a). The increase in TSS is caused by starch
hydrolysis, sucrose, pectins and other soluble compounds
such as organic acids or amino acids. Lima et al. (2006)
found an increase in the hydrolysis of starch and pectins of
“Crioula” soursop after 3 days of storage at 26.3 � 0.6C. A
value of 17.65 °Brix is reported for soursop when fully ripe
(FAO 2006). Paull (1982) also noted that TSS of soursop
increased to about 16 °Brix when fully ripe (day 3).

Fruits treated with 1-MCP reached 20 and 19.9 °Brix
until day 13 (Fig. 2b). The delay in the production of TSS in
these fruits is attributed to the effect of 1-MCP, which coin-
cides with lower RR and EPR (Fig. 1). Blankeship and Dole
(2003) mentioned that 1-MCP might increase, reduce or
leave the development of soluble solids unchanged, depend-
ing on fruit species. Recent studies, however, have shown
that 1-MCP intervenes in the regulation of gene expression
of carbohydrate metabolism (Tiwari and Paliyath 2011).

Refrigerated storage for 6 days (RT) (Fig. 2c) rapidly
increased the TSS to 19.5 °Brix and fruits ripened the
following day after being transferred to 25C. In R200T
and R400T fruits (Fig. 2c), the increase of TSS was delayed
for 2 days compared with RT fruits, although no differences
were observed at the end of storage. Temperature change
may have accelerated carbohydrate metabolism, as it was
observed with the increase of RR (see Fig. 1f).

Titratable Acidity

The TA of the fruit at 25C (Fig. 2d) increased during the
storage period from 0.09 meq of malic acid/100 g FW to
0.85 meq malic acid/100 g FW. Paull et al. (1983) reported
that in ripe soursop, malic acid increased sevenfold and

CONSERVATION OF SOURSOP FRUIT WITH 1-MCP I. ESPINOSA ET AL.

14 Journal of Food Quality 36 (2013) 10–20 © 2012 Wiley Periodicals, Inc.



8

10

12

14

16

18

20

22

0 2 4 6 8 10 12 14

T
o
t
a
l
 
s
o
l
u
b
l
e
 
s
o
l
i
d
s
 
(
º
 
B
r
i
x
)

0 2 4 6 8 10 12 14

0

0,2

0,4

0,6

0,8

1

1,2

0 2 4 6 8 10 12 14

T
i
t
r
a
t
a
b
l
e
 
a
c
i
d
i
t
y

 
(
m
e
q
 
m
a
l
i
c
 
a
c
i
d
 
/
1
0
0
 
g
 
F
W
)

0 2 4 6 8 10 12 14

3

3,5

4

4,5

5

5,5

6

0 2 4 6 8 10 12 14

pH

0 2 4 6 8 10 12 14

Days of storage

0 2 4 6 8 10 12 14

16 C 25 C

0 2 4 6 8 10 12 14

16 C 25 C

0 2 4 6 8 10 12 14

16 C 25 C

200 nL/L

400 nL/L

RT

RT200

RT40025 C

16 C

a b c

d e f

g h i

FIG. 2. TOTAL SOLUBLE SOLIDS (A–C), TITRATABLE ACIDITY (D–F) AND pH (G–I) OF SOURSOP STORED AT 25C, 16C, WITH 200 OR 400 nL/L OF
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Data points represent the mean of three replicates and their corresponding standard deviation.
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citric acid increased threefold between days 3 and 4 posthar-
vest, and then decreased. Another acid that can intervene in
soursop acidity is ascorbic acid, as it has been reported to
increase 11-fold during the ripening process (Paull 1982).
According to the FAO (2006), the acidity of soursop when
ripe is 0.85 meq malic acid/100 g FW and coincides with
our results. Figure 2d shows that the fruits stored at 16C
contained 0.67 meq malic acid/100 g FW on day 10. There-
fore, the TA was lower in refrigerated fruits than in fruits
stored at 25C.

In fruits with 200 and 400 nL/L of 1-MCP (Fig. 2e), the
TA rose slowly to 0.98 meq malic acid/100 g FW and
1.0 meq malic acid/100 g FW, respectively, until day 13. It is
likely that the 1-MCP treatment could favor the accumula-
tion of organic acids, and this result coincided with a lower
RR of the fruits (see Fig. 1f). Refrigeration for 6 days
delayed the increase of TA in fruits (Fig. 2f); however, by
transferring the fruits to 25C, TA increased rapidly as the
ripening process was accelerated.

pH Value

The pH value decreased in all fruits and coincided with
the increase in TA. The initial pH of soursop was 5.45 and
decreased to 3.12 (Fig. 2g). A similar trend was also reported
by Paull (1982) for soursop. The decrease in pH values in
these fruits is attributed to an accumulation of H+ ions due to
the larger quantity of supplemental organic acids which can
be found in non-ionized form, and when released from the
vacuole, remain in the cytoplasm and are measured as free
H+- ions in the fruit pulp (Gutierrez et al. 1994).

In fruits stored at 16C (Fig. 2g), a minimum pH value of
3.7 was recorded after 8 days and this can be related to the
delay in the increase of TA in the refrigerated fruits. In the
fruits treated with 1-MCP (Fig. 2h), the pH was higher
up to day 3, but on the last day of analysis, the pH reached
3.3–3.2. The same fruits had lower TA, RR and EPR, which
probably delayed the synthesis of organic acids that are
directly related to the pH values in those fruits. A decrease
in pH was also delayed in kiwi fruits treated with 1-MCP
(Blum and Ayub 2009).

In the case of RT, R200T and R400T fruits (Fig. 2i), pH
decreased slowly when refrigerated, and when fruits were
stored at 25C, pH was 3.2; however, a drastic decrease was
not observed. It is possible that although there was an
increase in TA, the synthesized acids could be rapidly used
for respiration, as shown in Fig. 1f.

Weight Loss

The WL increased during storage days, reaching a final
value of 7.9% in the fruits at 25C (Fig. 3a). According to
Cohen et al. (1994), the difference between RH of the envi-

ronment and the internal part of the fruit is the cause of
WL. If the RH of the environment is high, WL reduces and
vice versa. In this experiment, RH did not remain constant
(85–90%) and was very likely the reason for the increased
WL.

In fruits stored at 16C, WL was slightly lower (6.9%
during day 10) compared with the fruits at 25C (7.9%
during day 6) (Fig. 3a). This may be because refrigeration
decreased RR, EPR and transpiration; besides, the RH
could be controlled near 90% in the refrigeration chamber
(Cohen et al. 1994). Fruits treated with 1-MCP (Fig. 3b)
had 5.4 and 4.3% WL, respectively, during 13 days of
storage, probably because the treatment with 1-MCP com-
bined with refrigeration maintained low RRs and decreased
WL. Similar results were reported in pear fruit (Baritelle
et al. 2001) and “Hass” avocado (Osuna et al. 2005) treated
with 1-MCP. WL increased in RT, R200T and R400T fruits
(Fig. 3c) when they were removed from refrigeration and
transferred to 25C. This is because the temperature change
caused an increase in respiration and transpiration.

Color and Chilling Injury

The hue angle value of the soursop skin decreased during
the fruit storage, as the green skin color turned brown
during the ripening process (Fig. 3). Figure 3d shows that
the hue angle decreased to 110 (day 6) in fruits stored at
25C when fruits were fully ripened, while the hue angle of
the fruits stored at 16C had a value of 104 (day 10). This
means that at 25C, skin color of fruits developed brown
areas, while the majority of fruits stored at 16C showed
a light brown color (Fig. 5). Chilling injury symptoms in
soursop included abnormal hardening of the fruit and a
grayish-brown discoloration at the central axis, which
intensifies and extends toward the pulp, then toward the
skin, which eventually turns black (Castillo et al. 2005).
Fruits treated with 200 and 400 nL/L MCP at 16C (Fig. 3e)
had slightly lower hue angle values in the skin than in
control fruits. It is proposed that pulp and skin darkening is
a symptom of chilling injury, which is due to increased
activity of polyphenoloxidases on phenolic compounds that
exist in skin and pulp (Lima de Oliviera et al. 1994). Thus,
fruits stored at 16C suffered less severe chilling injury, as the
fruits were neither firm (see Fig. 1g) nor turned black.

In fruits exposed to 200 and 400 nL/L of 1-MCP at 16C
(Fig. 3e), the hue angle values of the skin were slightly lower
than those of the control fruit (25C). Massolo et al. (2011)
studied the effect of 1-MCP (1 mL/L, 12 h at 20C) on egg-
plant (Solanum melongena) a nonclimacteric fruit, stored at
10C for 21 days and subsequently maintained at 20C for
2 days. These authors reported that pulp browning was
prevented by 1-MCP and this was associated with a lower
accumulation of total phenolics, and a reduced activity of
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FIG. 3. WEIGHT LOSS (A–C), SKIN COLOR (D–F) AND PULP COLOR (G–I) OF SOURSOP STORED AT 25C, 16C, WITH 200 OR 400 nL/L OF
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(RT200, RT400)
Data points represent the mean of three replicates and their corresponding standard deviation.
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polyphenoloxidase and peroxidase, which are involved in
the oxidation of phenolic compounds. Therefore, the theory
that 1-MCP may inhibit the activity of polyphenoloxidase is
also proposed in soursop. In addition, 1-MCP is considered
to reduce structural changes in the cell wall, although this
process is unknown in climacteric fruits and requires
further investigation.

In RT fruits, the transfer to 25C intensified the darkening
of the skin with hue angle values of 107 one day after been
transferred (Fig. 3f). This is because of the drastic storage
temperature change, which triggered an acceleration of
chilling injury symptoms (Saucedo et al. 1977). However,
the darkening of the skin was slightly less in RT200 and
RT400 fruits than in RT fruits, probably because of the
effect of 1-MCP.

Regarding the color of the pulp, the hue angle value in
fruit ripened at 25C (Fig. 3g) decreased slightly upon ripen-
ing. This is because the white tone of the pulp of an unripe
fruit changes to a translucent white color when fruits are
ripe. The pulp color of the fruit stored at 16C was white
with brown-colored spots, the central axis turned to an
intense brown color (see Figs. 3g and 5), and the hue angle
decreased to 75. Therefore, chilling injury in these fruits was
confirmed.

In the fruits stored with 200 and 400 nL/L of 1-MCP, the
hue angle value remained at 88–90, and no symptoms of
chilling injury in the pulp were observed; however, there
was a slight darkening in the central axis (see Figs. 3h and
5). In the RT, RT200 and RT400 fruits, the transfer to 25C
intensified the darkening of the pulp and the central axis.
Likewise, hue angle value of 80 was recorded in the skin one
day after transfer (Fig. 3i). It was evident, however, that

there were fewer symptoms of chilling injury in the pulp of
RT200 and RT400 fruits (Fig. 3i) than in the pulp of RT
fruits (see Fig. 5).

It can be observed in Fig. 4a,b that 100% of the control
fruits that were stored at 16C, and fruits transferred to 25C
(RT) developed symptoms of chilling injury. In the fruits
stored at 16C with 1-MCP (200 or 400 nL/L), only 20% dis-
played symptoms of chilling injury on the skin and central
axis (see Fig. 5). In RT200 and RT400 fruits, chilling injury
symptoms were only observed when fruits were transferred
to 25C, with a smaller percentage of fruits showing chilling
injury symptoms (day 10: 60 and 50%, respectively) than in
RT fruits.

CONCLUSIONS

The 1-MCP was effective in reducing RRs, EPRs, physiolo-
gical WL and loss of firmness. Similarly, 1-MCP exerted a
positive effect by inhibiting chilling injury in delaying the
values of TA, TSS, pH and firmness, all of which had visual
impact on fruit pulp. Fruits fully ripened between day 11
and day 13. Therefore, the ripening process in soursop was
delayed for 7 days, compared with the fruits stored at 25C,
and 2–4 days compared with fruits stored at 16C. Transfer
of soursop from 16 to 25C after 7 days in refrigeration
accelerated the ripening process of the fruit.
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