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Abstract: Pitaya (Hylocereus undatus) is an exotic non-climacteric fruit that reaches its best eat-
ing quality when harvested ripe, decreasing thereafter during storage. Our objectives were to
determine the best combination of storage temperature and use of perforated plastic bags to
maintain the postharvest quality of the fruit. Fruits were stored at 5, 7, or 10 °C with and without
a perforated plastic bag for 20 days, followed by five days at 20 °C without the bag for shelf-ife
determination. Storage at 5 °C, followed by 7 °C maintained better visual appearance of the
pitaya fruit after 20 days, by reducing decay incidence and severity, and maintaining greener
bracts compared with fruit stored at 10 °C. Pitaya fruit stored at 5 °C without a perforated plastic
bag showed no decay after storage and shelf-life. In general, higher temperatures and the use
of a perforated plastic bag increased decay incidence, as well as decay severity after storage
and shelfife conditions. At all temperatures, fruit stored in a perforated plastic bag had lower
weight loss during storage. After shelf-life, weight loss was highest in fruit stored at higher tem-
peratures. Storage of fruits at 5 °C resulted in minor chilling injury symptoms in the outer flesh
tissue, close to the peel. Storage at 5 °C without a perforated plastic bag was the best condition
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Introduction

Pitaya (Hylocereus undatus) is an exotic fruit also
known as pitahaya, dragon fruit, strawberry pear, and
thang. It is a member of the Cactaceae family, and native
to the tropical forest regions of Mexico and Central and
South America (Mizrahi et al., 1997). Pitaya is a recently
cultivated fruit with important nutritional properties
that has been commercialized and consumed in many
parts of the world (Mizrahi and Nerd, 1999; Wybraniec
and Mizrahi, 2002; Bellec et al., 2006). H. undatus is a
medium to large berry with red peel and green or red
fleshy scales. The flesh is sweet and white with numer-
ous tiny black seeds, and is consumed fresh or used for
juice, jellies, marmalades, jams, wine, and beverages
(Wybraniec and Mizrahi, 2002; Chuah et al., 2008).

Pitaya is a non-climacteric fruit that reaches the
best eating quality when harvested ripe, decreasing
thereafter during storage (Nerd and Mizrahi, 1999; Nerd
et al., 1999; Chien et al., 2007). Being a newly cultivated
crop, there have been limited studies focused on extend-
ing the postharvest quality of the pitaya fruit (Nerd et al.,
1999; To et al., 2002; Chien et al., 2007; Wall and Khan,
2008; Chutichudet and Chutichudet, 2011). Therefore,
additional research-based information is needed to de-
velop postharvest techniques that maintain fruit quality
and increase fruit availability in the marketplace.

The main postharvest problems of the pitaya fruit
are mechanical injury, chilling injury, decay, and water
loss (Nerd et al., 1999; Wall and Khan, 2008; Chandran,
2010). Mechanical injury leads to the development of
sunken areas from increased water loss. This injury can
be avoided by harvesting fruit at the appropriate ripe-
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ness stages and by careful handling after harvest (To et
al., 2002). Chilling injury is characterized by translu-
cency and browning of the outer portion of the flesh,
darkening of the scales, as well as fruit softening, shriv-
eling, and poor flavor after exposure to low storage tem-
peratures (Nerd et al., 1999). The temperature below
which chilling injury is induced ranges between 5 °C
and 10 °C, depending on the genetic background (ge-
nus and species), environmental conditions during the
growing season, and ripening stage at harvest (Nerd et
al., 1999). Accordingly, the best storage temperature for
pitaya fruit (Cereus undatus) grown in Vietnam is 5 °C
(To et al., 2002), whereas other authors have conclud-
ed that pitaya fruit (Hylocereus undatus and Hylocereus
polyrhizus) grown in Israel should be stored at 10 °C to
decrease quality loss and avoid chilling injury (Nerd et
al., 1999). However, H. undatus could also be stored at 5
°C, depending on the maturity stage at harvest (Hoa et
al., 2006). Since the ideal storage temperature is the low-
est temperature that does not trigger chilling injury (To
et al., 2002), determining such temperature for each ge-
netic background and growing environment is required
to effectively maintain the quality of pitaya fruit after
harvest.

Rapid shriveling of the pitaya fruit after harvest is
also an important problem that reduces visual quality,
storage life, and marketability (Jiang et al., 2002). Previ-
ous studies have shown that after cutting from the plant,
the shelf-life is rapidly shortened by weight loss and des-
iccation as a result of transpiration (Ariffin et al., 2009).
Accordingly, reducing water loss and shriveling has been
shown to maintain quality and extend marketability of
fruits after harvest (Paull, 1999; Chutichudet and Chuti-
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chudet, 2011). Packing the dragon fruit in a perforated
plastic bag is a potential approach to reduce water loss
and rapid shriveling, as has been shown for yellow pitaya
(Selinicereus megalanthus Shuman) and other fruit crops
highly susceptible to water loss during storage (Crisosto
et al., 2001; Garcia and Robayo, 2008). However, fruit
exposed to high relative humidity environments are po-
tentially more susceptible to decay (Shin et al., 2007).

Our objectives were to determine the best combi-
nation of storage temperature and use of perforated plas-
tic bags to decrease water loss and maintain the posthar-
vest quality of pitaya fruits produced in California.

Materials and Methods

Pitaya fruits (Hylocereus undatus) were harvested
45 days after flowering from a commercial orchard in
Escondido, state of California, USA (33°7' N; 117°4' W).
After harvest, fruits were washed in water and allowed
to air-dry at 20 °C and 60 % relative humidity for 24 h.
Fruit were individually wrapped with white shredded
tissue paper, packed in six fruit corrugated cardboard
boxes and shipped overnight to a laboratory. Fruits were
randomized into treatment groups and stored at 5, 7, or
10 °C with and without a perforated polyethylene bag.
The bags were low-density polyethylene liners with 61
cm width, 58 cm length and 20 um thickness perforated
with 1 cm (diameter) holes, with 30 holes m=.

Fruits were stored for 20 days at each temperature
and then transferred to shelf-life conditions at 20 °C for
five days. During shelf-life, all fruit were held without
a perforated bag. The relative humidity at each storage
temperature and during shelf-life was 80 %. Each treat-
ment was comprised of four replications with four fruits
per replication. Fruits were analyzed for decay incidence,
decay severity (number of decay spots per fruit), weight
loss, respiration rate, firmness, total soluble solids con-
tent, and titratable acidity (malic acid equivalents), as
described below.

Fruit weight loss was calculated as the difference
between fruit weight at harvest and fruit weight after 20
days of storage, as well as the difference between fruit
weight at harvest and fruit weight after five days of shelf
life. The results were expressed as percentage of fruit
weight loss after 20 days of storage and after five days
of shelf life by multiplying the respective weight loss by
100 and dividing by the fruit weight at harvest.

Healthy fruit from each replication without vis-
ible decay symptoms were sealed in 5 L jars for 2 h to
monitor respiration. Headspace samples (10 ml) were
collected with a syringe and injected into an infrared
CO, analyzer (Horiba, Irvine, CA) to determine the res-
piration rate based on the amount of CO, produced per
fruit fresh weight over time.

Fruit firmness was measured with a penetrometer
(Guss Fruit Texture Analyzer, South Africa) fitted with
an 11 mm probe. Peel was removed on the two opposite
sides of each pitaya fruit and firmness recorded on each
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side. Juice samples were extracted from four fruits per
replication by squeezing two cortical wedges cut from
both sides of each fruit in two layers of cheese cloth
and total soluble solids (TSS) and titratable acidity (TA)
were determined on the composite juice. Total soluble
solids were quantified with a digital refractometer (Abbe
model 10450; American Optical, Buffalo, NY) and titrat-
able acidity was determined with an automatic titrator
(Radiometer, Copenhagen, Denmark). For TA, four ml
of juice were diluted with 20 ml of distilled water and
titrated with 0.1 M NaOH to pH 8.2. Malic acid equiva-
lents were calculated based on titratable acidity.

The analysis of variance (ANOVA) for a com-
pletely randomized design was performed for each
variable. The analyses were accomplished using the
SAS statistical package (SAS Institute, 2002). The mean
values of four replicate samples were compared using
Tukey's test (p = 0.05).

Results and Discussion

Pitaya fruit produced in California and stored at 5
°C and 7 °C had better visual appearance after storage
for 20 days than fruit stored at 10 °C (Figure 1). Stor-
age at 5 °C and 7 °C maintained a greener color of the
bracts, and reduced decay incidence and severity com-
pared with fruit stored at 10 °C (Figure 1 and 2). The
best visual appearance after 20 days of storage and after
five days of shelf-life at 20 °C was observed for fruit
stored at 5 °C without a perforated plastic bag (Figure 1).
However, storage of pitaya fruit at 5 °C resulted in a low
level of chilling injury characterized by a thin layer of
outer flesh tissue under the peel showing water-soaked
symptoms, which was not influenced by the use of a
perforated plastic bag (Figure 3).

Studies accomplished in Vietnam and Israel show
that the optimal maturity to harvest H. undatus fruit is
reached between 28 to 30 days after flowering (Nerd et
al., 1999; To et al., 2002). In California, however, the
minimum quality (color, total soluble solids, titratable
acidity, and firmness) required to harvest pitaya fruit is
reached between 40 and 45 days after flowering (Merten,
2003). These differences in harvest time have been at-
tributed to different environmental conditions between
Southern California and the desert of Israel or the trop-
ics of Vietnam (Merten, 2003).

Although our results show minor chilling injury
symptoms in fruit stored at 5 °C for 20 days, the level
of chilling injury observed in our study was much lower
than previously reported for the same species grown in
Israel and stored for two weeks at 6 °C (Nerd et al.,
1999). These results support the idea that environmental
conditions during production affect fruit quality, which
determines optimum harvest time, fruit susceptibility to
chilling injury, and storage potential of pitaya fruit at low
temperatures (Nerd et al., 1999; To et al., 2002). In addi-
tion, conditioning yellow pitaya (Acanthocereus pitajaya
sensu Croizat) at 25 °C for 24 h before storage at 2 °C
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7 °C + bag 7 °C - bag 10 °C + bag 10 °C - bag

20 days of storage

5 days at 20 °C

Figure 1 — Pitaya fruit stored at 5, 7, or 10 °C with and without perforated plastic bags for 20 days (top row) and later transferred to shelf-life at
20 °C without bags for five days (bottom row).
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Figure 2 — Decay incidence (A) and decay severity (B) in pitaya Figure 3 — Middle section of pitaya fruit showing flesh tissue after
fruit after 20 days of storage at 5, 7, or 10 °C with and without storage for 20 days at 5 °C (top row), 7 °C (middle row), or 10
perforated plastic bags and after five days of shelf-ife at 20 °C °C (bottom row) with and without perforated plastic bags plus five
without bags. Mean values (means =+ standard deviation) with days of shelf-live at 20 °C without bags. Column of fruit on the left
different letters at each evaluation time are different (Tukey's test, were stored with perforated plastic bags. Column of fruit on the
p = 0.05). right were stored without perforated plastic bags.
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reduced fruit susceptibility to chilling injury, allowing
storage of pitaya fruit at such low temperatures (Duenas
et al., 2009).

Fruit weight loss during storage without perfo-
rated plastic bags was higher at 10 °C than at 7 or 5 °C
(Figure 4). At all storage temperatures, fruit stored with
perforated plastic bags had lower weight loss after 20
days of storage. After shelf-life conditions, the highest
weight loss was observed in fruit previously stored at 10
°C, with the highest values observed in fruit stored at 10
°C without a perforated plastic bag. The weight loss was
greater during five days of shelf-life at 20 °C than during
20 days of storage at 5, 7, or 10 °C. These results are in
agreement with other studies showing that perforated
plastic bags can be used to reduce shriveling of crops
sensitive to water loss after harvest by maintaining high
relative humidity around the commodity (Crisosto et al.,
2001; Ben-Yehoshua and Rodov, 2003).

Although perforated plastic bags effectively re-
duced pitaya fruit weight loss during storage, it also in-
creased the percentage and severity of decay incidence in
the fruit. Pitaya fruit stored at 5 °C without a perforated
plastic bag had no decay incidence after storage and shelf-
life conditions while there was 10 % decay in fruit stored
at 5 °C in a bag (Figure 2). The use of perforated plastic
bags also increased the percentage of fruit showing decay
incidence during storage at 7 °C and 10 °C, as well as
decay severity at 10 °C (Figure 2A and 2B). Transferring
pitaya fruit to 20 °C after storage resulted in about 80 %
decay incidence in fruit stored at 5 °C with a perforated
plastic bag, while fruit stored at 5 °C without a perforated
bag had no decay. Fruit stored at 7 °C and 10 °C with and
without a perforated plastic bag had 100 % decay inci-
dence after five days at 20 °C (Figure 2A). Storing pitaya
fruit in perforated plastic bags resulted in increased decay

16
mmm 5 °C + bag
14 0 a
—5°C-bag
HERE 7 °C + bag
=== 7 °C - bag
=== 10 °C + bag
== 10 °C- bag

RGN
o N

Fruit weight loss (%)
(e}

20 days of storage

5 days at 20 °C

Figure 4 — Weight loss of pitaya fruit after 20 days storage at 5, 7, or
10 °C with and without perforated plastic bags and after five days
of shelfife at 20 °C without bags. Mean values (means + standard
deviation) with different letters at each evaluation time are different
(Tukey's test, p = 0.05).
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severity during shelf-life at 20 °C even though the bag
had been removed upon transfer (Figure 2B).

The higher levels of decay observed in fruit stored
in perforated plastic bags is likely due to an elevated
relative humidity that favored growth and development
of pathogens in the fruit, especially with high storage
temperatures, as has been previously shown in other
studies (Lurie et al., 2010). The rapid shriveling of pitaya
fruit after harvest reduces visual quality, storage life,
and marketability (Jiang et al., 2002); therefore, the use
of perforated plastic bags could be beneficial if used in
conjunction with decay control measures. Similarly, the
use of perforated plastic bags during the shelf-life period
would be beneficial to maintain fruit quality, consider-
ing the high rates of weight loss; however, decay control
would be critical. Hoa et al. (2006) also reported high
decay incidence during postharvest handling of pitaya,
suggesting that control measures are required

Respiration rates were decreased by reducing fruit
storage temperatures (Figure 5). The lowest respiration
rates observed after fruit temperatures equilibrated with
the storage temperatures, after two days of storage, were
at 7 °C, not at 5 °C. The higher respiration rate observed
in fruit stored at 5 °C compared to 7 °C was probably
the result of chilling injury development during storage
at 5 °C. McCollum et al. (1995) have also reported el-
evated respiration rates during chilling injury develop-
ment in other crop species. There was no effect of per-
forated bags on the respiration rate of pitaya fruit during
storage or shelf-life conditions.

Fruit firmness decreased in all treatments during
storage plus shelf-life (Table 1). The highest flesh firm-
ness was observed in fruit stored at 5 °C, which was
statistically similar to the flesh firmness of fruit stored at
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Figure 5 — Respiration rates of pitaya fruit after harvest at 20 °C
(before storage), after two days of storage at 5, 7, or 10 °C with
and without perforated plastic bags, and after two days of shelf-life
at 20 °C without perforated plastic bags. *; Respiration rate was
not measured because all fruit were showing decay symptoms.
Mean values (means + standard deviation) with different letters at
each evaluation time are different (Tukey's test, p = 0.05).
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7 °C. There was no change in total soluble solids content
during storage plus shelf-life (Table 1). Titratable acidity
decreased in all treatments after storage plus shelf-life
(Table 1). The highest acidity values after storage and
shelf-life were in fruit stored at 5 °C and the lowest in
fruit stored at 10 °C. The use of perforated plastic bags
had no effect on fruit firmness, total soluble solids, or
titratable acidity (Table 1). The decrease in fruit firmness
and titratable acidity was delayed by storage at 5 °C,
compared with higher storage temperatures.

Storage at low temperatures reduces fruit me-
tabolism and delay senescence. Low storage tempera-
tures have been previously reported to delay softening
and loss of acidity during storage of H. undatus and H.
polyrhizus fruit (To et al., 2002; Punitha et al., 2010).
These authors reported that H. undatus harvested 40
days after flowering and stored for 14 days at 5 °C had
no change in firmness or titratable acidity during cold
storage, whereas fruit stored at 20 °C for 14 days had a
32 % reduction in firmness and 11 % decrease in titrat-
able acidity (To et al., 2002). However, Nerd et al. (1999)
have shown that both H. undatus and H. polyrhizus fruit
grown in Israel and stored for three weeks at 6 °C had
an 87.5 % decrease in flesh firmness, possibly as a result
of a high incidence and severity of chilling injury. Our
results show that H. undatus fruit grown in California
can be stored for 20 days at 5 °C, despite the observa-
tion that this storage regime triggers some symptoms of
chilling injury. Overall quality maintenance was better
at 5 °C than at 7 or 10 °C.

Conclusions

The best storage temperature for pitaya fruit culti-
vated in California was 5 °C, maintaining greener bracts,
higher firmness and higher titratable acidity. Storage at
5 °C also reduced decay incidence and severity, and
weight loss. The use of perforated plastic bags may be
a potential approach to reduce weight loss if combined
with effective decay control strategies during storage
and shelf-life of the pitaya fruit.

Table 1 - Flesh firmness, total soluble solids (TSS), and titratable
acidity of pitaya fruit at harvest and after 20 days of storage at 5,
7, or 10 °C with and without perforated plastic bags plus five days
of shelf-life at 20 °C without bags.

Temperature (°C) Bag Firmness (N) TSS (%) Acidity (%)
At harvest 11.6a* 10.0 a 0.361 a
5 + 9.1b 10.1a 0.129 b
- 9.3b 10.2 a 0.163 b
7 + 8.5 bc 10.3a 0.112¢
- 8.7 bc 10.1a 0.090 ¢
10 + 8.1lc 10.7 a 0.076 d
8.2¢c 10.0a 0.074 d
CV (%) 8 6 20

*Mean values with the same letter for each quality evaluation are not different
(Tukey's test, p = 0.05).
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