Refrigeration affects the postharvest behavior of 1-methylcyclopropene-
treated cape gooseberry (Physalis peruviana L.) fruits with the calyx

La refrigeracion afecta el comportamiento poscosecha de frutos de uchuva
(Physalis peruviana L.) con caliz y tratados con 1-metilciclopropeno

Helber Enrique Balaguera-Lopez', Claudia Andrea Martinez? and Anibal Herrera A.2

Cape gooseberry fruits are highly perishable with a limited
shelf-life. The objective of this study was to evaluate the effect
of refrigeration on the postharvest behavior of 1-methylcy-
clopropene-treated cape gooseberry fruits with the calyx. A
completely randomized design with six treatments was used.
The treatments were three storage temperatures (2, 6 and
16°C [ambient temperature]) and the application or absence
of 1-methylcyclopropene (1-MCP; 1 pL L). The fruits were
stored for 35 days. The fruits without refrigeration lasted 21
days. During the 35 days of refrigerated storage, the fruits at 2°C
with 1-MCP showed a significantly lower respiration rate, color
index and total soluble solids content and a higher firmness
value and total acidity. Storage at 6°C also generated a favorable
effect on the postharvest preservation of cape gooseberry fruits.

Keywords: keeping quality, cold storage, ripening, ethylene,
respiration rate, Andean region.

Los frutos de uchuva son altamente perecederos con limitada
vida util. El objetivo de esta investigacion fue evaluar el efecto
de la refrigeracién sobre el comportamiento poscosecha de
frutos de uchuva con caliz tratados con 1-metilciclopropeno. Se
utiliz6 un disefio completamente al azar con seis tratamientos,
correspondientes a tres temperaturas de almacenamiento (2, 6
y 16°C [ambiente]), y la aplicacién o no de 1-metilciclopropeno
(1-MCP; 1 pL L™). Los frutos fueron almacenados por 35 d. Se
encontro que los frutos sin refrigeracion tuvieron una duracién
de 21 d. Durante los 35 dias de almacenamiento refrigerado, los
frutos a 2°C con 1-MCP presentaron significativamente menor
tasa respiratoria, indice de color y sélidos solubles totales,
mayor firmeza y acidez total titulable. El almacenamiento a
6°C también generd un efecto favorable en la conservacion
poscosecha de los frutos de uchuva.

Palabras clave: capacidad de conservacion, almacenamiento
en frio, maduramiento, etileno, tasa de respiracion, Andes.

Introduction

Novoa et al. (2006) mentioned that Colombia is the biggest
producer of cape gooseberries (Physalis peruviana L.) in the
world. The Colombian ecotype has excelled in the world
market because of its characteristic sweet taste, aroma and
shiny color (Galvis et al., 2005). In 2013, Colombia had a
production of 12,873 t over an area of 880 ha, giving a yield
of 14.6 t ha!, with the Boyaca Department being the biggest
producer, followed by the departments of Antioquia, Cun-
dinamarca and Narifio (Agronet, 2015). The cape goose-
berry is considered a “Superfruit” because of its functional
and medicinal properties (Fischer et al., 2011). These fruits
are appreciated for their organoleptic properties, they are
commercialized at national markets and exported as well
to countries such as the United States, Canada, Holland,
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Germany, Belgium, Luxembourg and France, among others
(Garcia et al., 2008; Fischer et al., 2011).

The cape gooseberry is a perishable fruit with a limited
shelf-life that exhibits a climateric behavior (Novoa et al.,
2006; Gutiérrez et al., 2008) with an increase in ethylene
synthesis at the climaterium stage (Gutiérrez et al., 2008;
Valdenegro et al., 2012). Therefore, the evaluation of dif-
ferent technologies such as refrigeration and 1-methylcy-
clopropene (1-MCP) is necessary in order to preserve fruit
quality for a longer time (Balaguera-Lopez et al., 2014a).
In this regard, losses in quality and quantity between the
moment of harvest and consumption affect the profitability
of horticultural production. Postharvest losses in tropical
countries have been estimated to exceed 50% of production
(Paliyath et al., 2008).
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Ethylene has an important role in the maturation and se-
nescence processes of agricultural products that, depending
on the case, produce desirable (faster and more uniform
maturation) or undesirable effects (accelerated maturation
and senescence that reduces shelf-life) (Balaguera-Lopez et
al., 2014a). Different studies have indicated that ethylene
could accelerate certain processes during the maturation
of cape gooseberry fruits such as softening, antioxidant
activity, and color change, among others (Trinchero et
al., 1999; Majumder and Mazumdar, 2002; Gutiérrez et
al., 2008; Valdenegro et al., 2012). Serek et al. (2006) and
Watkins (2006) mentioned that 1-MCP is highly effective
in protecting many agricultural species from the action of
ethylene. 1-MCP occupies ethylene receptors in the mem-
brane and thus prevents the binding of ethylene with the
receptor and its action (Serek et al., 2006). In cape goose-
berry fruits, the application of 1-MCP has shown to reduce
ethylene production and respiration rates (Gutiérrez et al.,
2008; Valdenegro et al., 2012).

In the same way, storage at low temperatures is the most im-
portant option for decelerating fruit deterioration (Téllez et
al., 2007). Refrigeration is used to reduce respiration rates,
which preserves fruit quality and delays senescence because
respiration reductions also reduce the fruit metabolic and
enzymatic activity (Silva et al., 2013). Refrigerated preser-
vation under optimal conditions allows for the reduction
of qualitative and quantitative losses due to physiological
disorders or diseases, delaying maturation and senescence
and extending the shelf-life of horticultural products with
suitable quality for fresh consumption or industrial use
(Paull, 1999; Martinez-Javega, 1997). The correct use of
refrigeration is one of the most effective ways of maintain-
ing fruit quality (Kader, 2008). However, many tropical
and subtropical fruits are sensitive to low temperatures,
which becomes evident through different alterations and
marks on the skin, generally known as lesions or chilling
injuries, which can cause a big loss in commercial quality
(Martinez- Javega, 1997). In the cape gooseberry, studies
on storage have been conducted at temperatures of 12°C
(Novoa et al., 2006), 7°C (Lanchero et al., 2007) and 1.5°C
(Alvarado et al., 2004), in which the importance of refrig-
eration in the postharvest preservation of this species has
been highlighted.

According to Fischer et al. (1997; 2014), cape gooseberry
fruits are harvested with a calyx that protects them, acting
as a natural package. During the growing and maturation
stage, the calyx protects the fruit from radiation and phy-
tosanitary problems, acting as well as a mechanical barrier.
After harvest, the calyx gives protection to the fruit against
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mechanical and pathogenic damage and reduces ethylene
production and weight loss, extending the postharvest
life, which is significant in relation to fruits without calyx
(Fischer et al., 1997; Balaguera-Lopez et al., 2014b). In
Colombia and the United States, consumers prefer fruits
without the calyx, while exporting to Europe and Canada
requires the presence of the calyx. Given that the condi-
tions and requirements set forth for exporting to Europe
and the United States are different, the special conditions
at the moment of harvest, postharvest handling and com-
mercialization have to be taken into account for each of
these two markets (Garcia et al., 2008).

In light of the above, the objective of this study was to
evaluate the effect of refrigeration on the postharvest be-
havior of 1-methylcyclopropene-treated cape gooseberry
(P. peruviana) fruits with the calyx.

Materials and methods

Cape gooseberry fruits of the ecotype Colombia were har-
vested from a commercial plantation in the municipality
of Ventaquemada, Boyaca-Colombia, located at 2,630 m
a.s.l., with an ambient temperature of 12°C. Fruits of a
homogeneous size and in good phytosanitary and quality
conditions were harvested at the green-yellow maturity
stage, with a color index (CI) = 2.37, total soluble solids
(TSS) = 13.37 Brix degrees and total titratable acidity
(TTA) = 2.78%.

A completely randomized design with six treatments was
used. The treatments were three storage temperatures (2,
6°C and ambient temperature (16°C)) and the application
or absence of 1-methylcyclopropene (1-MCP; 1 uL L™). Each
treatment had four repetitions. Each of the 24 experimental
units was composed of 125 g of fruits with the calyx. 1-MCP
(Rohm and Haas, Bogota) was weighted in a beaker, which
was placed inside a hermetic 20L chamber together with
the fruits and hot water (45-50°C) was injected using a
septa. The dissolution of 1-MCP in hot water liberated the
gaseous 1-MCP to the headspace. The fruits were exposed
to the treatment for 12 h at ambient temperature. When
all the treatments had been applied, all of the fruits were
packed in thermoformed polyethylene terephthalate (PET)
packages and stored for 35 d at the chosen temperatures.
The relative humidity was 90+5%.

The respiration rate was calculated for approx. 100 g of fruit
ina 2 L hermetic chamber using a CO,infrared sensor and
a Labquest data collection device (Vernier, Beaverton OR).
The CO, values were registered every 4 s for 5 min. These
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values were used to calculate the slope that corresponded
to the respiration rate and, in order to convert the data to
CO, kg"' h'', the fruit weight and chamber volume were
taken into account. The color was measured using the
CIELab system parameters L*, a* and b* with a Minolta
digital colorimeter (Konica Minolta, Hong Kong). These
data were used to calculate the color index applying the
following equation: CI = (1000 x a*)/(L* x b*). The firmness
of the fruits (N) was determined using a Lloyd LS1 digital
texture analyzer (Lloyd LS1, Bognor Regis, UK) witha 1 KN
load cell, 3 mm cylindrical die and Nexygen Plus software.
The weight loss (%) was calculated from a fruit sample of
100 g, with which the fresh weight was determined using
a 0.001 g precision scale. The total soluble solids (TSS)
were determined by measuring the Brix degrees using a
Hanna digital refractometer (Hanna, Woonsocket, RI)
with a range of 0 to 85% and 0.1°Brix precision. The total
titratable acidity (TTA) was determined using a 916 Food
Ti-Touch 120 automatic titrator (Metrohm, Herisau, Suiza).

For the extraction and quantification of carotenoids, ap-
prox. 1 g of pulp was weighed, then 5 mL of acetone were
added and the ingredients were mixed in a vortex for 1
min, after which the mixture was centrifuged for 10 min
at 4,000 rpm. Then the supernatant was poured into a 25
mL volumetric flask, after which the acetone again was
added to the pellet and the components were mixed again
in a vortex and subsequently centrifuged. This procedure
was repeated three times. The obtained supernatant was
brought to 25 mL using acetone and the absorbancy was
determined using a spectrophotometer at 450 nm. The
quantification was done using a calibration curve with dif-
ferent concentrations of p-carotene. The total carotenoids
were expressed as (1g p-carotene/g FW (fresh weight).

The obtained data underwent normality tests (Shapiro-
Wilk test) and homogeneity of variance (Levene’s test).
Then an analysis of variance and Tukey’s multiple com-
parison test (P<0.05) were performed using the SAS V.
9.4 software.

Results and discussion

Respiration rate: the lowest respiration rate was obtained
with the refrigeration at 2°C and application of 1-MCP. As
the refrigeration temperature decreased, the respiration
rate decreased. Even at 2°C, the respiration rate was close
to zero until 26 days after harvest (dah), after which the
respiration rate increased until 35 dah. Furthermore, the
fruits left at the ambient temperature had a shorter post-
harvestlife of 21 d (Fig. 1). In line with this, the refrigerated
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storage of the cape gooseberry fruits at 7°C resulted in a
longer shelf-life of more than 40 days (Garcia et al., 2014).
Similarly, Alvarado et al. (2004) subjected cape gooseberry
fruits to a temperature of 1.5°C for 16 d. The results of this
showed that the fruits extended their postharvest shelf-
life because, during the cold treatment, the fruits had a
very low metabolic activity, which notoriously delays the
normal processes that lead to advance in maturity. Stud-
ies conducted by Parra-Coronado et al. (2008) on plums
made it possible to determine that respiration is related to
temperature, where low temperatures inhibit respiration;
this agrees with the results obtained for the cape goose-
berry fruits.

—— 2°C + 1-MCP
—&— 6°C + 1-MCP
—e— 16°C + 1-MCP

—o— 2°C-1-MCP
—— 6°C-1-MCP
—0— 16°C - 1-MCP

NS
*

0 5 10 15 20 25 30 35
Days after harvest

FIGURE 1. Respiration rate (RR) of the cape gooseberry fruits with the
calyx stored at different temperatures, with and without the application
of 1-methylcyclopropene (1-MCP). * significant at P<0.05; ** signifi-
cant at P<0.01; ns, no significant.

Barry and Giovannoni (2007) mentioned that ethylene has
a close relationship with the respiration rate of fruits, which
is why applications of 1-MCP are effective at reducing the
respiration rate in different fruits, as has been reported
for the tomato (Choi et al., 2008) and guava (Cerqueira
et al., 2009), among others. The obtained results coincide
with what has been reported for cape gooseberry fruits
in previous studies, where the application of 1-MCP no-
tably reduced the respiration rate (Gutiérrez et al., 2008;
Valdenegro et al., 2012). Taking into account the fact that
the respiration rate has a direct relationship with fruit
perishability, refrigeration together with an application of
1-MCP could become a viable alternative for improving
the preservation of cape gooseberry fruits with the calyx.

Skin color: The calyx had a CI value of -7.45 at the begin-
ning of storage. This value became more negative with time
in all the treatments, with the highest CI value observed at
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FIGURE 2. Color index (CI) of A. Calyx, B. Skin of the cape gooseberry fruits with the calyx stored at different temperatures, with and without the appli-
cation of 1-methylcyclopropene (1-MCP). The bar indicates the least significant difference (LSD) for comparing averages according to the Tukey’s
test. If the difference between the two averages at each sampling point is greater than the LSD, then there is a difference P<0.05. * significant at

P<0.05; ** significant at P<0.01.

21 dah in the fruits stored at 16°C without 1-MCP. At 35
dah, the fruits at 6°C without 1-MCP showed the highest
calyx CI value (1.69), while the lowest calyx CI value dur-
ing the entire storage was obtained in fruits refrigerated
at 2°C+1-MCP with a value of -0.78 (Fig. 2A). In this same
treatment, the lowest fruit skin CI value was obtained,
where the CI value was always positive and continuously
increased until the end of storage (Fig. 2B).

The results show that, during storage, the green color of
the calyx diminished and developed a brownish color, just
asitis reported by Balaguera-Lopez et al. (2014b), possibly
due to chlorophyll degradation (Taiz and Zeiger, 2006). In
this respect, Ligarreto et al. (2005) mentioned that, when
the calyx matures, it gains a texture similar to parchment
paper and becomes “straw-colored.” Fischer et al. (2011)
stated that the change in the calyx and fruit color is syn-
chronic, which agrees with the results of this study because
the general tendency in relation to the color change of the
calyx and skin was similar (Fig. 2).

Color changes of cape gooseberry fruits are due to chlo-
rophyll degradation and accumulation of carotenoids in
plastids (Trinchero et al., 1999), mainly B-carotene (Fischer
etal.,2000), and they are related to the presence of ethylene
(Gutiérrez et al., 2008; Valdenegro et al., 2012). It is possible
that the lower CI value in the fruits refrigerated at 2°C+1-
MCP may have been due to a lower carotenoid accumula-
tion as a result of a slower maturation process. Gutiérrez
et al. (2008) reported that 1-MCP delays color change in
cape gooseberry fruits, mainly in green-yellow fruits, which
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coincides with the results of this study. Several studies have
shown that applications of 1-MCP reduce the chlorophyl-
lase activity and loss of chlorophyll (Watkins, 2006; Sun
et al., 2012). Tomatoes treated with 1-MCP showed a low
lycopene accumulation and slower color change (Zhang
et al., 2009). In addition, it is possible that refrigeration in
cape gooseberry also may reduce the enzymatic activity
related to color changes. In tomatoes, refrigerated storage
was found to reduce the color change, expressed as Hue
angle, which was due to a lower carotenoid accumulation
(Rugkong et al., 2011).

Weight loss: A continuous increase in weight loss was
observed, which was greater during the 1%t d of storage,
after which the loss rate became smaller, mainly under
refrigeration conditions. The calyx can be considered a
gas exchange organ, as has been reported by Kitagawa and
Glucina (1984) for Japanese persimmon fruits (Diospyros
kaki Thunb.). This is why, during the first days of storage,
weight loss in fruits with the calyx depends more on the
calyx than on the fruit, but, when the calyx is already dry,
weight loss is almost entirely due to the fruit (Balaguera-
Lépez et al., 2014b). Statistical differences were obtained
at all samplings, except at 35 dah. A bigger weight loss
was observed in fruits stored at the ambient temperature
(11.65%), while a smaller weight loss was obtained with
refrigeration at 6°C without 1-MCP (Fig. 3A).

Atalower temperature water, loss is smaller, which becomes
evident through a low reduction in fresh weight and in ap-
pearance and quality properties, just as was found in this
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FIGURE 3. A. Weight loss and B. Firmness of the cape gooseberry fruits with the calyx at different temperatures, with (+1-MCP) and without (-1-
MCP) application of 1-methylcyclopropene. The bar indicates the least significant difference (LSD) for comparing averages according to the Tukey’s
test. If the difference between the two averages at each sampling point is greater than the LSD, then there is a difference P<0.05. * significant at

P=<0.05; ** significant at P<0.01; Ns, no significant.

study. 1-MCP is able to reduce ethylene action (Serek et
al., 2006) and, as a result, fruit degradation is slower and
respiration and transpiration decrease. Therefore, the cape
gooseberry fruits with 1-MCP and refrigeration (2 or 6°C)
have a smaller chance of losing weight through respiration
and transpiration, which in turn indicates that the fruits
can exhibit a good postharvest behavior. Refrigeration also
reduced weight loss in tomatoes (Javanmardi and Kubota,
2006) and banana passion fruits (Passiflora tripartita var.
mollissima Bailey) (Téllez et al., 2007).

Chiabrando and Giacalone (2011) obtained similar results,
with a smaller weight loss with the application of 1-MCP in
blueberry fruits without generating undesirable changes in
quality properties. Carrillo et al. (2011) found that 1-MCP
(1 pL L") combined with storage at 7°C reduced weight loss
in araza (Eugenia stipitata Mc Vaug) fruits.

Firmness

A continuous reduction in firmness was observed. Signifi-
cant differences were observed at all sampling points. The
biggest softening occurred when the fruits were stored at
the ambient temperature without 1-MCP. In turn, the fruits
stored at 2°C and treated with 1-MCP showed the highest
firmness value during the entire storage (Fig. 3B).

It is well known that one of the main causes of loss of firm-
ness in fruits is the activity of enzymes that hydrolyze struc-
tural and reserve polysaccharides (Kays and Paull, 2004).
In the cape gooseberry, the activity of polygalacturonases,
pectin methylesterases and some glycosidases appears to
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be related to the loss of firmness in fruits (Majumder and
Mazumdar, 2002). The depolymerization of pectins and
xyloglucans has been found to be regulated by the presence
of ethylene (Nishiyama et al., 2007; Pech et al., 2008). In
the cape gooseberry, the PG enzyme (polygalacturonase)
correlates with the presence of ethylene in fruits (Majum-
der and Mazumdar, 2002), which indicates the probable
relationship that exists between the presence of ethylene
and the loss of firmness in cape gooseberry fruits. In line
with the abovementioned, tomatoes treated with 1-MCP
were firmer and the polygalacturonase (PG) activity was
suppressed (Choi and Huber, 2008). A smaller loss of firm-
ness in cape gooseberry fruits as a result of the application
of 1-MCP was also found by Gutiérrez et al. (2008).

Osterloh et al. (1996) stated that a high reduction in fruit
firmness is due to a high metabolism and accelerated
maturation derived from high temperatures. As a result,
the genes related to the cell wall, PG (polygalacturonase),
PE1 (pectin methylesterase 1), TBG4 (B-galactosidase 4),
LeExpl (expansinl), and XTHS5 (xyloglucan endotrans-
glucosilase/hydrolase 5) degradation in tomatoes were
found to have a lower expression as a consequence of low
temperatures (Rugkong et al., 2011). This shows the im-
portance of refrigeration in maintaining firmness in cape
gooseberry fruits.

Total carotenoids: Statistical differences were found at 20
dah in fruits with the calyx. Refrigeration at 2°C with and
without applications of 1-MCP and refrigeration at 6°C with
1-MCP resulted in cape gooseberry fruits with the lowest
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total carotenoid content and the highest carotenoid content
was obtained in the fruits stored at 16 °C without 1-MCP. In
turn, at 35 dah, the fruits with 1-MCP at 2 or 6°C showed
the lowest concentration of total carotenoids (Fig. 4).
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FIGURE 4. Total carotenoids of the cape gooseberry fruits with the calyx
stored at different temperatures, with and without the application of
1-methylcyclopropene (1-MCP). Means with different letters indicate
significant differences according to the Tukey’s test (P<0.05).

Refrigeration affects the reduction in carotenoid synthesis
(Javanmardi and Kubota, 2006). In the tomato, refrigera-
tion was found to decrease the synthesis of carotenoids,
such as lycopenes and phytoenes, as a result of the
lower expression of the genes PSY1 (phytoene synthase),
CRTISO (carotenoid isomerase), GGPPS2 (geranylgeranyl
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pyrophosphate synthase 2), and DXS (xylulose 5-phosphate
synthase) (Rugkong et al., 2011). Many of these enzymes are
also involved in B-carotene synthesis, the main carotenoid
in cape gooseberry fruits (Fischer et al., 2000), which would
explain the reduction in synthesis of this carotenoid in the
cape gooseberry.

Additionally, in oranges (Citrus sinensis L. Osbeck) var.
Navelate, ethylene increased the total carotenoid content
in the skin because it takes part in the expression of genes
that codify for the synthesis of these pigments (Rodrigo
and Zacarias, 2007). It is possible that carotenogenesis in
cape gooseberry fruits also may be regulated by ethylene,
which is why the application of 1-MCP reduced carotenoid
synthesis. Similar results were observed in tomatoes, where
1-MCP significantly delayed lycopene accumulation (Choi
et al., 2008). However, the highest reduction in carotenoid
accumulation occurred when 1-MCP was combined with
refrigeration at 2°C.

Total soluble solids: The TSS increased as a function of
storage time. Statistical differences were found at 14 and 35
dah. At21 dah, the fruits stored at the ambient temperature
without 1-MCP showed the highest TSS content and, at 35
dah, the same was observed in fruits refrigerated at 6°C
without 1-MCP. On the contrary, during the entire stor-
age, the lowest TSS content was observed in the fruits with
1-MCP and stored at 2°C (Fig. 5A).

As fruits mature, part of the reserve polysaccharides are
transformed into simple sugars such as glucose, fructose
and sucrose, probably due to an increase in the activity of
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FIGURE 5. A. Total soluble solids (TSS) and B. Total tritatable acidity (TA) of cape gooseberry fruits with the calyx stored at different temperatures,
with and without the application of 1-methylcyclopropene (1-MCP). The bar indicates the least significant difference (LSD) for comparing averages
according to the Tukey’s test. If the difference between the two averages at each sampling point is greater than the LSD, then there is a difference
P=<0.05. * significant at P<0.05; ** significant at P<0.01; Ns, no significant.
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starch hydrolase enzymes (Kays and Paull, 2004; Paliyath
et al., 2008), generating an increase in the TSS content.
With refrigeration and 1-MCP, the increase in the TSS was
lower because it was delayed by the maturation process.
In pears, a lower increase in the total sugar content was
also found using refrigeration and 1-MCP. The favorable
effect of low temperatures on the TSS has been reported
by Getinet et al. (2008) in the tomato and by Téllez et al.
(2007) in banana passion fruits. Similarly, Marin et al.
(2009) mentioned that 1-MCP can affect the metabolism
of carbohydrates, just as was observed in this study. In
turn, Singh and Pal (2008) found in “Safed” guava fruits
that treatment with 1-MCP reduced the increase in the
TSS. However, a greater response was expected with the
application of 1-MCP and refrigeration, which may have
been due to the fact that low temperatures can reduce the
affinity or interaction of 1-MCP with ethylene receptors or
maybe because the solubility of 1-MCP in the cytoplasm is
reduced, as has been suggested by some studies (Mir et al.,
2001; Villalobos et al., 2011).

Total tritatable acidity: The TTA diminished continu-
ously. However, the general reduction was slower in fruits
treated with 1-MCP and refrigerated at 2°C, while fruits
without refrigeration and 1-MCP showed a greater reduc-
tion in the TA (Fig. 5B).

The organic acids are the second most important energy
deposit for fruits, after carbohydrates (Osterloh et al., 1996).
In this way, acidity is reduced because organic acids are
respiration substrates (Kader, 2008) and/or are converted
into sugars by means of gluconeogenesis (Paliyath et al.,
2008). Taking into account the fact that refrigeration and
the use of 1-MCP reduced the respiration rate in the cape
gooseberry fruits (Fig. 1) and that Silva et al. (2013) men-
tioned that, with respiration reductions, both the fruit
metabolic and enzymatic activity are reduced, it is possible
to state that the reduction in the TA in this study was lower
because the consumption of organic acids in respiration
was probably lower. In this respect, Zhang et al. (2009)
observed that 1-MCP delayed the reduction in the TA in
tomatoes, while refrigeration did the same in curuba fruits
(Téllez et al., 2007).

Conclusions

During the 35 d of storage, refrigeration at 2°C and the ap-
plication of 1-MCP was the best preservation alternative for
the cape gooseberry fruits with the calyx. With this treat-
ment, the cape gooseberry fruits showed a lower respiratory
rate, lesser loss of firmness, weight and total acidity, lower
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increase in total soluble solids, total carotenoids and color
index in comparison with the control fruits. The storage
at 6°C also enhanced the postharvest behavior of the cape
gooseberry fruits.
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