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Ethylene and 1-MCP affect the postharvest behavior of yellow 
pitahaya fruits (Selenicereus megalanthus Haw.)

Etileno y 1-MCP afectan el comportamiento poscosecha de frutos 
de pitahaya amarilla (Selenicereus megalanthus Haw.)

Yuli Alexandra Deaquiz1,3, Javier Álvarez-Herrera1,3, and Gerhard Fischer2

ABSTRACT RESUMEN

The pitahaya or dragon fruit is one of the most representative 
exotic fruits that Colombia has, with an important, growing 
international market, but the cultivation and postharvest 
of this fruit lack sufficient technological support to be more 
competitive. Therefore, alternatives that provide good-quality 
products that meet market requirements are very important. 
Therefore, the objective of this research was to determine the 
effect of a ripening retardant and ethylene application on the 
conservation and quality of pitahaya fruits and the possible 
changes during ripening associated with ethylene, for which a 
completely randomized design with three treatments was used, 
corresponding to the application of ethylene (ethephon, 3 mL 
L-1), 1-methylcyclopropene (1-MCP, 600 mg L-1) and a control, 
with four replications, for a total of 12 experimental units. 
The fruits were stored at 18°C with 75% relative humidity. The 
1-MCP application significantly decreased the loss of firmness, 
total soluble solids, loss of fresh mass and respiratory rate. 
Fruits from the control and ethylene treatment tended toward 
a climateric respiratory behavior. The total carotenoid content 
of the fruits was significantly higher in the ethylene applica-
tion and the control treatment, which was consistent with the 
color change of the fruits. It can be concluded that the 1-MCP 
application reduced the ethylene action, slowing the ripening 
of the dragon fruits.

La pitahaya es uno de los frutos exóticos más representativos 
que tiene Colombia, con un importante y creciente mercado 
internacional, sin embargo el cultivo de este frutal carece del 
suficiente respaldo tecnológico para ser más competitivo. Por 
lo tanto, se requiere buscar alternativas que permitan ofrecer 
un producto de buena calidad con el fin de cumplir con las 
exigencias comerciales. Debido a lo anterior, esta investigación 
buscó determinar el efecto de la aplicación de un retardante 
de madurez y etileno en la conservación y calidad de frutos de 
pitahaya y los posibles cambios durante la maduración asocia-
dos a etileno, para lo cual se utilizó un diseño experimental 
completamente al azar con tres tratamientos, que correspon-
dieron a la aplicación de etileno (ethephon, 3 mL L-1), 1-me-
tilciclopropeno (1-MCP) (600 mg L-1) y un testigo, con cuatro 
repeticiones, para un total de 12 unidades experimentales. Los 
frutos fueron almacenados a 18°C con una humedad relativa 
del 75%. La aplicación de 1-MCP disminuyó significativamente 
la pérdida de firmeza, los sólidos solubles totales, la pérdida 
de masa fresca y la tasa respiratoria. Los frutos control y los 
tratados con etileno tendieron a un comportamiento respira-
torio climatérico. El contenido en los carotenoides totales en 
los frutos fue significativamente para la aplicación de etileno 
y el tratamiento control lo que es consistente con el cambio en 
la coloración de los frutos. Se puede concluir que la aplicación 
de 1-MCP reduce la acción de etileno, lo cual reduce el proceso 
de maduración en los frutos de pitahaya.

Key words: 1-methylciclopropene, quality, ripening, climacteric, 
cactus. 
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POSTHARVEST PHYSIOLOGY AND TECHNOLOGY

Introduction 

The yellow pitahaya or dragon fruit (Selenicereus mega-
lanthus Haw.; syn. Hylocereus megalanthus [K. Schum. 
ex Vaupel] Ralf Bauer); Corredor, 2012) is a cactus that is 
cultivated in countries such as Colombia, Ecuador, Israel 
(Corredor, 2012), Vietnam, Malaysia, Mexico, Costa Rica 

and Nicaragua, which, 15 years ago, was virtually unknown 
in the international markets (Le Bellec and Vaillant, 2011).

The fruit is an ovoid berry with scales or helically distrib-
uted clusters of deciduous spines, weighs between 120 and 
250 g, and has epidermis that in immature states, is green 
and, when ripe, is yellow, while the pulp is white with 



45Deaquiz, Álvarez-Herrara, and Fischer: Ethylene and 1-MCP affect the postharvest behavior of yellow pitahaya fruits (Selenicereus megalanthus Haw.)

black seeds (Corredor, 2012; Le Bellec and Vaillant, 2011). 
The pitahaya is an exotic fruit with high demand due to 
its nutritional value, flavor, aroma and medicinal proper-
ties (Dueñas et al., 2008). The fruit is consumed fresh due 
to its refreshing pulp, which has a texture close to that of 
kiwi (Le Bellec and Vaillant, 2011). Colombia has 478 ha 
planted, with the Boyaca department being the largest 
producer with 221 ha and an annual production of 1,688 t 
(ICA, 2010). 

To maintain the market position of the fruit, it is vital that 
techniques of storage and ripening retardant applications 
be used, which reduce the effect of ethylene (Watkins, 2008) 
and conserve a longer postharvest quality (Magaña et al., 
2004; Andrade et al., 2006). Ethylene is a natural gaseous 
hormone (Martínez-Romero et al., 2007) that regulates the 
processes related to fruit ripening and senescence (Binder, 
2008). The action of ethylene results from the binding of 
molecules to receptors located in the cell membrane of the 
endoplasmic reticulum (Serek et al., 2006). This binding 
activates the receptors, which send transduction signals, 
generating a gene expression and physiological response 
(Pereira et al., 2008). For this reason, the endogenous and/
or exogenous presence of this hormone accelerates ripen-
ing and creates desirable senescence effects (fast, uniform 
ripening) or undesirable effects, such as reductions in the 
fruit’s life (Giovannoni, 2004). 

There is a group of compounds called analogues of ethylene 
that competes for membrane receptors and inhibits the ef-
fect of this hormone, within which 1-methylcyclopropene 
(1-MCP) is notable, which has been widely used in various 
fruits and vegetables (Nanthachai et al., 2007; Watkins, 
2008), generating changes in multiple metabolic processes, 
such as decreases in respiratory rates, ethylene production 
and volatile degradation of chlorophylls, changes of color, 
sugars, acidity and softening, which vary depending on the 
fruit, concentration and exposure time (Watkins, 2006). 
Serna et al. (2011) applied aqueous solutions of 1-MCP to 
yellow dragon fruits, reducing changes in acidity, respira-
tory rate and color.

In this sense, the employment of technologies such as 
1-MCP applications has a potential use in the reduction of 
changes associated with quality losses during postharvest, 
which would extend the shelf-life of fruits and vegetables 
(Vilas-Boas and Kader, 2007); so the greater exposure time 
of the product, the lower the needed concentration will be 
in order to obtain the desired effect (Bassetto, 2002). 

In the dragon fruit, changes during ripening associated 
with the presence of ethylene are not well-known and 
this knowledge can be a useful parameter for increasing 
the postharvest life of this fruit with the use of ethylene 
action inhibitors. Therefore, the objective of this study 
was to evaluate the effect of applications of ethylene and 
1-MCP on the ripening and postharvest behavior of yellow 
dragon fruits.

Materials and methods 

The study was conducted in the postharvest laboratory 
of the Faculty of Agriculture Sciences of the Universidad 
Nacional de Colombia, Bogota. The fruits were collected 
from a commercial orchard (Piedras Verdes farm) in the 
municipality of Miraflores (Boyaca, Colombia), located at 
1,600 m a.s.l., latitude 5°11’ and longitude 73°08’, with an 
average annual rainfall of 2,500 mm, a temperature rang-
ing between 18 and 24°C and an average relative humidity 
of 87%.

The plant material used was yellow dragon (or pitahaya) 
fruits (Selenicereus megalanthus Haw.), which were col-
lected in maturity grade 3 (4580 norm of Icontec, 1996). 
The fruits presented uniform size, no mechanical damage 
and good phytosanitary condition. 1-MCP (powdered form 
from Rohm and Haas, Bogota) and ethylene (Ethrel® 48 
SL from Bayer CropScience, Bogota) were used.

The experimental design was completely randomized with 
three treatments that corresponded to the application of 
ethylene (3 mL L-1), 1-MCP (600 mg L-1) and a control with 
four replications, for a total of 12 experimental units (EU). 
Each EU was composed of six fruits. The fruits were stored 
at an average temperature of 18°C and a relative humidity 
of 75%. The fruits were disinfected with a solution of 2% 
NaCl and washed with distilled water, then subjected to 
the treatment applications.

The 1-MCP was vaporized according to the methodology 
of Herrera (2007), where 600 mg L-1 of 1-MCP was weighed 
in a 10 mL glass tube, which was sealed with a rubber stop-
per, through which the hot water (45-50°C), provided by 
the manufacturer, was injected. The dissolution of 1-MCP 
in the hot water generated the release of gaseous 1-MCP in 
the headspace of the tube. This was introduced into a 2 L 
sealed chamber containing the fruits; then the chamber was 
opened to release the compound and immediately sealed for 
24 h. The Ethrel® was dissolved in 10 L of water, in which 
the fruits were submerged for 15 min. Measurements were 
taken every 3 days after storage (das) for the variables of 
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fresh mass loss and respiration rate and every 6 das for the 
other evaluated variables, described below. The fruits were 
stored until they lost organoleptic quality.

The evaluated variables were: fruit firmness (N), deter-
mined with a digital PCE-PTR200 penetrometer (PEC 
Ibérica SL, Albacete, Spain); fresh mass loss (%), by measur-
ing the fresh weight of the fruits with a 0.0001 g precision 
balance (Ohaus, Ohio, OH); total titratable acidity (TTA; 
% citric acid), using the formula: % Acidity = (A * B * C) * 
100/D, where: A = volume of NaOH used, B = normality of 
NaOH (0.097), C = equivalent weight in g of predominant 
acid in the fruit (citric acid 0.064 meq g-1), D = weight in 
grams of the sample used (5 g); total soluble solids (TSS), 
using a digital Hanna refractometer (Hanna Instruments, 
Woonsocket, RI), 0 to 85% range at 20°C. The maturity 
index (MI) was calculated with the TSS/TTA ratio. 

For the extraction and quantification of chlorophyll and 
carotenoids, approximately 1 g of pulp was weighed, 5 mL of 
acetone was added, vortexed for 1 min and then centrifuged 
for 10 min at 4,000 rpm. The supernatant was poured into 
a 25 mL flask; acetone was added to the pellet, vortexed 
and then centrifuged. This procedure was repeated three 
times. Acetone was added to the obtained supernatant to 
obtain a volume of 25 mL. The absorbance was measured 
in a spectrophotometer at 450, 663 and 645 nm. 

For the determination of the respiratory rate, approxi-
mately 300 g of fruit were placed in an airtight 2 L chamber, 
in which an infrared CO2 sensor was located, which was 
connected to a LabQuest (equipment for data capture). 
Every 4 sec for 5 min, CO2 values were recorded. With these 

values, the slope was calculated, which corresponded to 
the respiration rate. Also, the fruit weight and volume of 
the chamber were taken into account to convert the data 
to mg CO2 kg-1 h-1.

Normality tests were carried out to determine the dis-
tribution of the data; afterwards, an analysis of variance 
(ANOVA) was conducted to determine statistical differ-
ences between the treatments and to classify them with a 
least significant difference (LSD) test (P≤0.05). Analyses 
were performed using SAS statistical software v. 9.1e (SAS 
Institute Inc., Cary, NC).

Results and discussion 

Firmness 
There were significant differences between the 1-MCP and 
the ethylene treatment but not with the control treatment 
(Fig. 1A). Lower values   of firmness were measured in the 
fruits treated with ethylene (8.13 N at 15 das). In the loss 
of firmness behavior, apparently, the action of hydrolase 
enzyme is involved, which is induced by ethylene (Sañudo et 
al., 2008); enzymes such as polygalacturonase (PG), pectin 
methyl esterase (PME), β-galactosidase and pectate lyase 
(PL) degrade the polymeric carbon hydrates, especially 
those of pectic and hemicellulosic substances (Giovannoni, 
2004; Goulao et al., 2007), through which the cell walls and 
the tensile force, which hold the cells together, are weakened 
(Wills et al., 2007) and the softening of the dragon fruit may 
have been accelerated. Similar cases of decreasing firmness 
were presented in Hylocereus undatus fruits stored at 20°C 
when they reached consuming maturity (To et al., 2002). 
Also in avocado fruits exposed to ethylene, firmness was 

FIGURE 1. A, firmness behavior; B, loss behavior in the fresh mass of the yellow dragon fruits subjected to applications of ethylene (3 ml L-1) and 
1-MCP (600 mg L-1). The bar indicates the least significant difference test, LSD (P≤0.05). If the difference between the two averages at each sam-
pling point is greater than the LSD, then there is a difference P≤0.05. *, 5% statistical differences; NS, no differences.
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quickly lost in the first 5 d of storage (Feng et al., 2000). 
Similarly, ethylene concentrations between 0.5 and 100 mL 
L-1 significantly reduced the firmness of strawberry fruits 
after 3 d at 20°C (Tian et al., 2000). Contrary to ethylene, 
the 1-MCP application delayed softening in apple, pear and 
melon fruits (Hiwasa et al., 2004). Also, in yellow dragon 
fruits, applications of 400 mg L-1 of 1-MCP slowed the loss 
of firmness due to a decreased activity of the enzymes: 
exo-PG, endo-PG and PME (Serna et al., 2011).

Loss of fresh mass 
The postharvest life of the yellow dragon fruits with and 
without ethylene treatments (control) was 15 das, as com-
pared to fruits treated with 1-MCP, which showed a 28 
das postharvest life. The cumulative loss of fresh weight 
presented significant differences at 15 das between the 
ethylene (19.60%) and 1-MCP treatments and the control, 
however, the latter two did not differ from each other (10. 
33 and 12.16%, respectively, Fig. 1B).

Increased exogenous ethylene may decrease fruit quality 
(Wills and Warton, 2004), caused by the degradation of the 
cell wall, which accelerates the physiological processes of 
transpiration and respiration, causing major losses of water, 
substrates (Kader, 2002) and antioxidants (Rodríguez et al., 
2006) and finally affecting the organoleptic characteristics 
of the fruit, so that a loss of fresh mass greater than 5% 
may be sufficient to reduce the quality of fruits (Wills et 
al., 2007). In this experiment, fresh weight loss was slightly 
higher than that found by Nerd et al. (1999) for pitahaya 
fruits, with 4.2% after 1 week at 20°C.

According to Dueñas et al. (2009), the loss of fresh mass 
during fruit development is a normal response to increased 
transpiration and respiration, so it is important to mini-
mize these losses. The 1-MCP application decreased mass 
losses in the dragon fruits, which agrees with Mata-Montes 
et al. (2007) for Artocarpus heterophyllus, Allium tuberosum 
(Wu et al., 2009), tomato (Guillén et al., 2007) and plum 
fruits, during storage (Valero et al., 2003); contrary to Serna 
et al. (2011), who found that 1-MCP applications showed 
the highest mass loss of yellow dragon fruit.

Total soluble solids (TSS)
There were significant differences between the ethylene and 
other treatments. The 1-MCP treatment showed the highest 
values   (19.30, 19.29 and 19.48 °Brix) for all the measure-
ments during the fruit storage (Fig. 2A). The amount of 
TSS in the pitahaya progressively increased for the 1-MCP 
treatment and the control; while at 15 das, the TSS in the 
ethylene treated fruits decreased (17.65°Brix).

This increase of TSS in the dragon fruits can be explained 
by the hydrolysis of various structural polysaccharides, 
such as starch, pectins and other oligosaccharides in the 
cell wall, which, when solubilized in the aqueous phase, 
become part of the cellular juice (Menéndez et al., 2006). 
Similarly, starch accumulation during fruit maturation 
will be degraded in sugars through the enzymatic action of 

FIGURE 2. A, performance of total soluble solids (TSS); B, behavior of 
total titratable acidity (TTA); C, behavior of maturity index (MI) in the 
yellow dragon fruits subjected to applications of ethylene (3 mL L-1) 
and 1-MCP (600 mg L-1). The bar indicates the least significant differen-
ce test, LSD (P≤0.05). If the difference between the two averages at 
each sampling point is greater than the LSD, then there is a difference 
P≤0.05. *, 5% statistical differences; NS, no differences.
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α-amylase, β-amylase and starch phosphorylase, increasing 
TSS (Kays, 1997).

The obtained results agree with Rodríguez et al. (2006), 
who reported an increase in the TSS of pineapple guava, 
followed by a decrease that may be associated with high 
respiratory rates. Similarly, as the storage became more 
prolonged, the TSS decreased in guava (Mercado et al., 
1998) and mango fruits (Jha et al., 2006); this decrease may 
be associated with a loss of taste. However, the application 
of 1-MCP on the dragon fruits increased the TSS at 22 daa, 
contrary to that found with guava fruit cv. Safed (Singh and 
Pal, 2008) and with kiwi (Mao et al., 2007).

Total titratable acidity (TTA)
No significant differences were seen for the TTA content of 
the dragon fruits during storage (Fig. 2B); however, the TTA 
declined throughout the post-harvest period. This occurs 
because organic acids are respiratory substrates (Rodríguez 
et al., 2005) and, at this time, the fruit is transpiring rapidly 
by increasing metabolic processes and, thus, the respiratory 
rate (Wills et al., 2007). Marin et al. (2009) mentioned that 
1-MCP may affect the metabolism of carbohydrates. The 
above mentioned behavior is similar to that found in tomato 
(Beckles, 2012) and strawberry (Hernández-Muñoz et al., 
2006). Although the effect of 1-MCP was not significant, 
the tendency was for a reduction in the TTA decline, which 
coincides with that observed in guava (Bassetto et al., 2005), 
pineapple (Selvarajah et al., 2001) and plum fruits (Dong 
et al., 2002).

Maturity index (MI)
This variable was not significantly different (Fig. 2C); 
however, at 15 das, the ethylene treatment had a significant 

decrease of 13.15% in the MI, just as the point of greatest 
fruit ripening was observed with 1-MCP at 28 das. This 
was probably due to an increase in the concentration of 
TSS and a diminishing of the organic acid content (Kays, 
2004; Taiz and Zeiger, 2006).

According to Kays (2004), increased MI occurs when fruits 
have reached their maximum respiratory rate, which in-
creases metabolism by stimulating enzyme activity that 
quickly degrades organic acids, similar to what happened 
in the ethylene treatment. Therefore, this index can be used 
to measure the organoleptic quality (Rodríguez et al., 2006) 
of dragon fruits because of the very low acid content. The 
organoleptic quality was obtained with an MI of 157.80, 
where the best expression of the taste quality of the fruit 
is presented (Campana, 2007).

The behavior of the MI during the postharvest phase 
showed a progressive increase during fruit storage, which is 
consistent with the findings of Rodríguez et al. (2005), who 
obtained yellow dragon fruits with a high IM in ripening 
stage 3. Also, in passion fruits, a high TSS/TTA ratio tends 
to generate a pleasant taste (Téllez et al., 2007).

Pigment content
The total chlorophyll content showed significant differen-
ces at 7 das (Fig. 3A). The control and ethylene treatments 
generated the highest values   of total carotenoids during 
storage (Fig. 3B), which may have occurred because the 
ethylene produced by both, endogenously as well as exoge-
nously applied, accelerated the degradation of chlorophyll 
and the appearance of red, yellow and orange pigments, 
which are involved in the expression of gene coding for 
the synthesis of carotenoids (Kazokas and Burns, 1998; 
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Rodrigo and Zacarias, 2007). This shows that only a small 
amount of exogenous ethylene is necessary to begin the 
process of chlorophyll degradation (Vendrell et al., 2001), in 
accordance with Grierson and Tucker (1983) who reported, 
for the tomato, that an exogenous application of ethylene 
generated an increase in the synthesis of pigments, but 
Mostolfi et al. (2003) found the opposite effect from 1-MCP 
applied to tomato fruits.

The total carotenoids had no significant differences be-
tween the treatments; however, the 1-MCP treatment, at 7 
das, generated the lowest levels of total carotenoids in the 
dragon fruits, which were stable over the rest of the storage 
time, contrary to the control, in which the total carotenoids 
increased throughout the postharvest phase, reaching b-
carotene values   of 182.03 mg g-1 fresh weight. The ethylene 
treatment increased the total carotenoid content of the 
yellow pitahaya, which is consistent with reports for the 
orange and papaya ‘Golden’ (Fabi et al., 2007).

Respiration rate
This variable was not significantly affected by the 
treatments; however, it is worth noting that the 1-MCP 
application presented the lowest respiration rates relative to 
the ethylene and the control treatments up to 15 das, which 
subsequently increased. This behavior probably occurred 
because the cells synthesized more ethylene receptors and 
the fruits continued their maturation processes. Similarly, 
the delay in ripening was associated with a decrease in 
ethylene production and climacteric respiration peak 
(Hershkovitz et al., 2005).

According to this respiration behavior, especially in fruits 
of the control and ethylene treatments (Fig. 4), the yel-
low dragon tended to be a climacteric fruit or one with 
an intermediate climateric behavior, which is contrary to 
the findings of Nerd et al. (1999) and To et al. (2002), who 
affirmed that the respiration rate varies between 50 and 
120 mg CO2 kg-1 h-1 in Hylocereus. The climacteric peak 
of yellow pitahaya is reported by Dueñas et al. (2009) 
and Serna et al. (2011). This behavior would indicate that 
the fruit continues to mature even after being harvested 
(Narváez and Restrepo, 2002). On this point, Kader and 
Saltveit (2003) affirmed that fleshy fruits release ethylene 
to reach maturity, with a proportional increase in respira-
tion to meet the energy requirements of enzymes, which 
contribute to senescence. Therefore, the 1-MCP application 
was important because the application of this acid in stor-
age has been found to decrease the ethylene production 
and respiration rate in bananas (Lohani et al., 2004) and 
plums (Khan and Singh, 2007).

Conclusions 

Exposure of yellow dragon fruits to exogenous ethyl-
ene (ethephon) accelerates maturation, which generates 
metabolic processes that reduce postharvest fruit life. 
The 1-MCP treatment extended the postharvest life of the 
dragon fruits, slowing the metabolic processes of pigment 
degradation and loss of firmness and likewise decreased 
the respiration rate and carotenoid content.

Literature cited

Andrade, J.L., E. Renfigo, M.F. Ricalde, J.L Simá, J.C. Cervera, and 
G. Vargas-Soto. 2006. Microambientes de luz, crecimiento y 
fotosíntesis de la pitahaya (Hylocereus undatus) en un agro-
sistema de Yucatán, México. Agrociencia 40, 687-697.

Bassetto, E. 2002. Conservação de goiabas ‘Pedro Sato’ tratadas com 
1-metilciclopropeno: concentrações e tempos de exposição. 
M.Sc. thesis. Escola Superior de Agricultura “Luiz de Queiroz”, 
Universidade de São Paulo, Piracicaba, Brazil. 

Bassetto, E., A.P. Jacomino, A.L. Pinheiro, and R.A. Kluge. 2005. 
Delay of ripening of ‘Pedro Sato’ guava with 1-methylcyclo-
proprene. Postharv. Biol. Technol. 35, 303-308.

Beckles, D. 2012. Factors affecting the postharvest soluble solids 
and sugar content of tomato (Solanum lycopersicum L.) fruit. 
Postharv. Biol. Technol. 63, 129-140.

Binder, B. 2008. The ethylene receptors: complex perception for a 
simple gas. Plant Sci. 175, 8-17.

Campana, B.M.R. 2007. Índices de madurez, cosecha y empaque 
de frutas, pp. 705-768. In: Sozzi, G.O. (ed.). Árboles frutales: 
ecofisiología, cultivo y aprovechamiento. Editorial Facultad 
de Agronomía, Universidad de Buenos Aires, Buenos Aires.

NS

NS
NS

NS
NS

NS

Re
sp

ira
tio

n 
ra

te
 (m

g 
CO

2 
kg

-1
 h

-1
)

Days of storage

Control Ethylene 1-MCP

0 3 6 9 12 15 18 21 24 27 30
0

8

16

24

32

40

48

56

FIGURE 4. Behavior of respiration rate of the yellow dragon fruits sub-
jected to applications of ethylene (3 ml L-1) and 1-MCP (600 mg L-1). 
The bar indicates the least significant difference test, LSD (P≤0.05). 
If the difference between the two averages at each sampling point is 
greater than the LSD, then there is a difference P≤0.05. *, 5% statistical 
differences; NS, no differences.



50 Agron. Colomb. 32(1) 2014

Corredor, D. 2012. Pitahaya (Hylocereus megalanthus [K. Schum. ex 
Vaupel] Ralf Bauer). pp. 802-824. In: Fischer, G. (ed.). Manual 
para el cultivo de frutales en el trópico. Produmedios, Bogota.

Dong, L., S. Lurie, and H. Zhou. 2002. Effect of 1-methylcyclopro-
pene on ripening of ‘Canino’ apricots and ‘Royal Zee’ plums. 
Postharv. Biol. Technol. 24, 135-145.

Dueñas, Y.M., C.E. Narváez C., and L.P. Restrepo S. 2008. Inhibición 
de lesiones por frío de pitaya amarilla (Acanthocereus pitajaya) 
a través del choque térmico: catalasa, peroxidasa y polifeno-
loxidasa. Acta Biol. Colomb. 13, 95-106.

Dueñas, Y.M., C.E. Narváez, and L.P. Restrepo. 2009. El choque 
térmico mejora la aptitud al almacenamiento refrigerado de 
pitahaya amarilla. Agron. Colomb. 27, 105-110.

Fabi, J.P., B. Cordenunsi, G. de Mattos Barreto, A. Mercadante, F. 
Lajolo, and J. Oliveira. 2007. Papaya fruit ripening: response 
to ethylene and 1-methylcyclopropene (1-MCP). J. Agric. Food 
Chem. 55, 6118-6123.

 Feng, X., E. Botondi, and R. Sisler. 2000. Control of ethylene re-
sponses in avocado fruits with 1-methylcyclopropene. Post-
harv. Biol. Technol. 20,143-150.

Giovannoni, J.J. 2004. Genetic regulation of fruit development and 
ripening. Plant Cell 16, S170-S180.

Goulao, L.F., J. Santos, L. de Sousa, and C.M. Oliveira. 2007. Pat-
terns of enzymatic activity of cell wall-modifying enzymes 
during growth and ripening of apples. Postharv. Biol. Technol. 
43, 307-318.

Grierson, D. and G.A. Tucker. 1983. Timing of ethylene and polyga-
lacturonase synthesis in relation to the control of tomato fruit 
ripening. Planta 157, 174-179.

Guillén, F., S. Castillo, P.J. Zapata, D. Martínez-Romero, M. Serrano, 
and D. Valero. 2007. Efficacy of 1-MCP treatment in tomato 
fruit: duration and concentration of 1-MCP treatment to gain 
an effective delay of postharvest ripening. Postharv. Biol. 
Technol. 43, 23-27.

Hernández-Muñoz, P., E. Almenar, M.J. Ocio, and R. Gavara. 2006. 
Effect of calcium dips and chitosan coatings on postharvest 
life of strawberries (Fragaria x ananassa). Postharv. Biol. 
Technol. 39, 247-253. 

Herrera, A. 2007. Emisión de compuestos volátiles durante la postco-
secha de frutos de mandarina: Efecto de las bajas temperaturas 
y del tratamiento con etileno. Ph.D. thesis. Faculty of Sciences, 
Universidad Autónoma de Madrid, Madrid. 

Hershkovitz, V., S.I. Saguy, and E. Pesis. 2005. Postharvest appli-
cation of 1-MCP to improve the quality of various avocado 
cultivars. Postharv. Biol. Technol. 37, 252-264.

Hiwasa, K., R. Nakano, A. Hashimoto, M. Matsuzaki, H. Murayama, 
A. Inaba, and Y. Kubo. 2004. European, Chinese and Japanese 
pear fruits exhibit differential softening characteristics during 
ripening. J. Expt. Bot. 55, 2281-2290.

Icontec, Instituto Colombiano de Normas Técnicas y Certificación. 
1996. NTC 3554. Frutas frescas: pitahaya. Bogota.

ICA, Instituto Colombiano Agropecuario. 2010. Pitahaya colombi-
ana podría llegar a Corea. In: http://www.ica.gov.co/Noticias/
Agricola/2010/Pitahaya-colombiana-podria-llegar-a-Corea.
aspx; consulted: February, 2014. 

Jha, S.N., A.R.P. Kingsly, and S. Chopra. 2006. Physical and me-
chanical properties of mango during growth and storage for 
determination of maturity. J. Food Eng. 72, 73-76. 

Kader, A.A., N.F. Sommer, and M.L. Arpaia. 2002. Postharvest 
handling systems: tropical fruits. pp. 385-398. In: Kader, A.A. 
(ed.). Postharvest technology of horticultural crops. 3rd ed. 
Division of Agricultural and Natural Resources, University 
of California, Oakland, CA. 

Kader, A.A. and M.E. Saltveit. 2003. Respiration and gas exchange. 
pp. 7-29. In: Bartz, J.A. and J.K. Brecht (eds.). Postharvest 
physiology and pathology of vegetables. 2nd ed. Marcel Dekker, 
New York, NY. 

Kays, S. 1997. Postharvest physiology of perishable plant products. 
Exon Press, Athens, GA.

Kays, S. 2004. Postharvest biology. Exon Press, Athens, GA.

Kazokas, W.C. and J.K. Burn. 1998. Cellulase activity and gene 
expression in citrus fruit abscission zones during and after 
ethylene treatment. J. Amer. Soc. Hort. Sci. 123, 781-786.

Khan, A. and Z. Singh. 2007. 1–MCP regulates ethylene biosynthe-
sis and fruit softening during ripening of ‘Tegan Blue’ plum. 
Postharv. Biol. Technol. 43, 298-306.

Le Bellec, F. and F. Vaillant. 2011. Pitahaya (pitaya) (Hylocereus 
spp.). pp. 247-271. In: Yahia, E.M. (ed.). Postharvest biology 
and technology of tropical and subtropical fruits. Vol. 4. Man-
gosteen to white sapote. Woodhead Publishing, Oxford, UK.

Lohani, S., P.K. Trivedi, and P. Nath. 2004. Changes in activities 
of cell wall hydrolases during ethylene-induced ripening in 
banana: effect of 1-MCP, ABA and IAA. Postharv. Biol. Tech-
nol. 31, 119-126.

Magaña, W., M. Balbin, J. Corrales, A. Rodríguez, C. Saucedo, 
E. Cañizares, and E. Sauri. 2004. Effects of cold storage on 
fruit physiological behavior of pitahaya (Hylocereus undatus 
Haworth). Cultivos Tropicales 25, 33-39.

Mao, M., G. Wang, and F. Que. 2007. Aplication of 1-methylcyclopro-
pene prior to cutting reduces wound responses and maintains 
quality cut kiwifruit. J. Food Eng. 78, 361-365. 

Marin, A., A. Colonna, K. Kudo, E. Kupferman, and J. Mattheis. 
2009. Measuring consumer response to 'Gala' apples treated 
with 1-methylcyclopropene (1-MCP). Postharv. Biol. Technol. 
51, 73-79. 

Martínez-Romero, D., G. Bailen, M. Serrano, P. Zapata, S. Castillo, 
and D. Valero. 2007. Tools to maintain postharvest fruit and 
vegetable quality through the inhibition of ethylene action. A 
review. Crit. Rev. Food Sci. Nutr. 47, 543-560.

Mata-Montes, M., J.A. Osuna-García, A. Ochoa-Villarreal, and B. 
Tovar-Gómez. 2007. Efecto del 1-metilciclopropeno(1-MCP) 
sobre la fisiología y calidad de frutos de Jaca (Artocarpus 
heterophyllus Lam.). Rev. Chapingo Serie Hort. 13, 165-170.

Menéndez, O., S.E. Lozano, K. Bermúdez, A. Martínez, and A. 
Jiménez. 2006. Cambios en la actividad de a-amilasa, pectin-
metilesterasa y poligalacturonasa durante la maduración del 
maracuyá amarillo (Passiflora edulis var. flavicarpa Degener). 
Interciencia 31, 728-733.

Mercado, E., P. Bautista, and M. García-Velasco. 1998. Fruit develop-
ment, harvest index and ripening changes of guavas produced 
in central Mexico. Postharv. Biol. Technol. 13, 143-150.



51Deaquiz, Álvarez-Herrara, and Fischer: Ethylene and 1-MCP affect the postharvest behavior of yellow pitahaya fruits (Selenicereus megalanthus Haw.)

Mostolfi, Y., P.M.A. Toivonen, H. Lessani, M. Babalar, and C. Lu. 
2003. Effects of 1-methylcyclopropene on ripening of green-
house tomatos at three storage temperatures. Postharv. Biol. 
Technol. 27, 285-292. 

Nanthachai, N., B. Ratanachinakorn, M. Kosittrakun, and R.M. Be-
audry. 2007. Absorption of 1-MCP by fresh produce. Postharv. 
Biol. Technol. 44, 291-297.

Narváez, C. and P. Restrepo. 2002. Efecto del almacenamiento de 
uva caimarona (Pourouma cecropifolia) a diferentes temper-
aturas sobre los sólidos solubles y la actividad de catalasa. Rev. 
Colomb. Quím. 32, 81-92.

Nerd, A., F. Gutman, and Y. Mizrahi. 1999. Ripening and posthar-
vest behavior of fruits of two Hylocereus species (Cactaceae). 
Postharv. Biol. Technol. 17, 39-45.

Pereira, G., F. Luiz, V. Dias, and S. Brommonschenkel. 2008. Influén-
cia do tratamento com etileno sobre o teor de sólidos solúveis 
e a cor de pimentas. Bragantia 67(4), 1031-1036,

Rodrigo, M.J. and L. Zacarias. 2007. Effect of postharvest ethylene 
treatment on carotenoid accumulation and the expression of 
carotenoid biosynthesis genes in the flavedo of orange (Citrus 
sinensis L. Osbeck) fruit. Postharv. Biol. Technol. 43, 14-22.

Rodríguez, D.A., M.d.P. Patiño, D. Miranda, G. Fischer, and J.A. Gal-
vis. 2005. Efecto de dos índices de madurez y dos temperaturas 
de almacenamiento sobre el comportamiento en poscosecha 
de la pitahaya amarilla (Selenicereus megalanthus Haw.). Rev. 
Fac. Nal. Agr. Medellin 58(2), 2827-2857.

Rodríguez, M., H. Arjona, and J. Galvis. 2006. Maduración del fruto 
de feijoa (Acca sellowiana Berg) en los clones 41 (Quimba) y 
8-4 a temperatura ambiente en condiciones de Bogotá. Agron. 
Colomb. 24(1), 68-76. 

Sañudo, J., J. Siller, T. Osuna, D. Muy Rangel, G. López, and J. La-
bavitch. 2008. Control de la maduración en frutos de papaya 
(Carica papaya L.) con 1-metilciclopropeno y ácido 2-cloroetil 
fosfónico. Rev. Fitotec. Mexicana 31, 141-147.

Selvarajah, S., A. Bauchot, and P. John. 2001. Internal browning 
in cold-stored pineapples is suppressed by a postharvest ap-
plication of 1-methylcyclopropene. Postharv. Biol. Technol. 
23, 167-170.

Serek, M., E.J. Woltering, E.C. Sisler, S. Frello, and S. Sriskandarajah. 
2006. Controlling ethylene responses in flowers at the receptor 
level. Biotechnol. Adv. 24, 368-381.

Serna, L., L.A Torres, and A. Ayala. 2011. Efecto del empaque y del 
1-MCP sobre características físicas, químicas y fisiológicas de 

pitahaya amarilla. Biotecnología en el Sector Agropecuario y 
Agroindustrial 9(2), 139-149. 

Singh, S.P. and R.K. Pal. 2008. Response of climacteric-type guava 
(Psidium guajava L.) to postharvest treatment with 1-MCP. 
Postharv. Biol. Technol. 47(3), 307-314.

Taiz, L. and E. Zeiger. 2006. Plant physiology. 4th ed. Sinauer Asso-
ciates, Sunderland, MA.

Téllez, P., G. Fischer, and O. Quintero. 2007. Comportamiento fisi-
ológico y fisicoquímico de frutos de curuba (Passiflora mollis-
sima Bailey) encerados y almacenados a dos temperaturas. Rev. 
Colomb. Cienc. Hortic. 1, 67-80. 

Tian, M.S., S. Prakash, H.J. Elgar, H. Young, D.M. Burmeister, and 
G.S. Ross. 2000. Responses of strawberry fruit to 1-Methyl-
cyclopropene (1-MCP) and ethylene. Plant Growth Regul. 
32, 83-90.

To, V., N. Ngu, N.D. Duc, and H.T. Huong. 2002. Dragon fruit 
quality and storage life: effect of harvest time, use of plant 
growth regulators and modified atmosphere packaging. Acta 
Hort. 575, 611-621.

Valero, D., D. Martínez-Romero, J.M. Valverde, F. Guillén, and M. 
Serrano. 2003. Quality improvement and extension of shelf 
life by 1-methylcyclopropene in plum as affected by ripening 
stage at harvest. Innov. Food Sci. Emerg. Technol. 4, 339-348.

Vendrell, M., E. Domínguez, and I. Llop. 2001. Climacteric versus 
non-climacteric physiology. Acta Hort. 553, 345-349.

Vilas-Boas, E. and A. Kader. 2007. Effect of 1-methylcyclopropene 
(1-MCP) on softening of fresh-cut kiwifruit, mango and per-
simmon slices. Postharv. Biol. Technol. 43, 238-244.

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

Watkins, C.B. 2008. Postharvest effects on the quality of horticultur-
al products: Using 1-MCP to understand the effects of ethylene 
on ripening and senescence processes. Acta Hort. 768, 19-31.

Wills, R.B.H. and M.A. Warton. 2004. Efficacy of potassium perman-
ganate impregnated into alumina beads to reduce atmospheric 
ethylene. J. Amer. Soc. Hort. Sci. 129, 433-438.

Wills, R., B. McGlasson, D. Graham, and D. Joyce. 2007. Posthar-
vest, an introduction to the physiology and handling of fruit, 
vegetables and ornamentals. 5th ed. CABI, Wallingford, UK. 

Wu, C., X. Du, L. Wang, W. Wang, Q. Zhou, and X. Tian. 2009. Effect 
of 1-methylcyclopropene on postharvest quality of Chinese 
chive scapes. Postharv. Biol. Technol. 51, 431-433.


