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a b s t r a c t
Physical quarantine methods are being developed to replace fumigants to control arthropods and
microorganisms during post-harvest management of fruit and vegetables. This study aims to evaluate
the use of UV-C radiation to disinfest guava with Ceratitis capitata (Wied.) eggs and evaluate the quality
of fruit irradiated at two different storage temperatures. For the in vitro test, one-day old C. capitata eggs
were exposed to increasing doses of UV-C radiation and stored in a B.O.D. chamber. Applying in vivo
tests, ‘Kumagai’ guavas were exposed to artiﬁcial infestation by medﬂy. After infestation, the fruits were
subjected to an increasing intensity of UV-C radiation and stored in a B.O.D. incubator at 23.0 ± 0.2 ◦ C
for about 20 days. In vitro tests indicated that 1.383 kJ m−2 UV-C on C. capitata eggs was capable of preventing the eclosion of larvae. However, guavas infested by medﬂy eggs needed 16.0 kJ m−2 of UV-C to
prevent pupation. The guavas subjected to treatment with UV-C radiation and stored at a temperature
of 8 ± 0.2 ◦ C, obtained much better responses in terms of quality indices than those stored at 22 ± 0.2 ◦ C,
which lends credence to the storage temperature being a key factor in maintaining fruit quality.
© 2013 Published by Elsevier B.V.

1. Introduction
Brazil boasts the highest production of guava in the world and
the plants are grown either in large commercial orchards or as a
dooryard fruit. As a commodity, Brazilian guava exports are destined for the European market, without any post-harvest treatment.
For other markets, the products suffer restrictions due to fruit ﬂy
(Tephritidae) infestation.
Insects from the Tephritidae family cause major ﬁnancial losses
in the fruit growing industry, by attacking the reproductive organs
of plants, fruits and ﬂowers. Some Tephritidae are quarantine pests,
which affect the international trade of fresh vegetables (Raga
et al., 2005; Aluja and Mangan, 2008). Among the 235 species
of Anastrepha, 104 have been recorded in Brazil, in addition to
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the medﬂy Ceratitis capitata (Wiedemann) (Uchôa-Fernandes and
Nicácio, 2010; Raga et al., 2011). Another factor that limits international trade is the lack of appropriate post-harvest mitigation
treatment to deal with these pests (Duvenhage et al., 2012).
C. capitata is an invasive species found on all ﬁve continents,
where they easily adapt to different climates, biomes and host
plants, with a high capacity to reproduce. Medﬂy attacks 58
host plants in Brazil (Zucchi, 2001) and has spread to new fruitproducing areas. Raga et al. (2005) reported C. capitata infestation
and seven species of Anastrepha in guavas collected in the Brazilian
state of São Paulo.
Sometimes the commodities that carry a signiﬁcant risk of
harboring pests such as fruit ﬂies that cannot be only managed
in the ﬁeld, may still be marketable with disinfestation treatment during post-harvest processing (Heather and Hallman, 2008).
Due to restrictions on the use of chemical fumigants on fruit
destined for export, pest disinfestation by physical methods is
being widely investigated as an alternative to quarantine treatment (Vieira, 2004; Vicente et al., 2006; Lopes et al., 2008; Raga,
2010; Arévalo-Galarza and Follett, 2011). The concept of quarantine
treatment on fruit ﬂies is based on procedures developed by Baker
(1939), in order to achieve a mortality rate of 99.9968% (Probit 9),
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equivalent to the survival of 32 individuals in a population of
1000,000 insects treated. The criteria are based on the assumption
that the level of infestation in the fruit to be treated is extremely
high. Thus, the large guava orchards whose production is destined
for export must employ appropriate monitoring and integrated
pest management (IPM) tactics such as the earlier individual bagging of fruit to prevent fruit ﬂy infestation (Raga, 2010).
Quarantine treatment should eliminate, sterilize or kill regulatory pests in exported commodities to prevent their introduction
and establishment in new areas. The increasing restriction on international trade to only non-infested fruit has prompted the search
for new quarantine techniques. When precisely and rigorously
applied, quarantine methods have reduced the risk of the global
spread of pests, especially fruit ﬂies (Follet, 2007).
Ultraviolet radiation is an effective technique in the disinfestations of fungal infection and to keep fruit and vegetables processed
to a minimum, due to the germicidal properties, the destruction of microbial DNA and protein denaturation, resulting in an
increased shelf life (Artés et al., 2009). This technique has a potential
use as quarantine treatment for the disinfestation of commodities, without risk to consumers and the environment. According to
Guerrero-Beltrán and Barbosa-Cánovas (2004), UV-C disinfestation
technology should be studied further in relation to the effectiveness
of penetration into plant materials and at the light levels applied,
since the effects of radiation are variable, depending on the target
organisms, and even among populations of the same species.
Given the lack of information in the literature on the potential for disinfestation via UV-C radiation on insects, economically
important to the trade of fresh food, the aim of this study was to
evaluate the effects of UV-C radiation on C. capitata eggs in vitro
and in vivo in guava fruits and also on the post-harvest quality of
the fruit, by means of an analysis of the quality parameters during
the period of storage, at two different temperatures.
Fig. 1. Irradiated fruits arranged on the middle shelf in UV-C equipment in the
laboratory.

2. Materials and methods
2.1. Colonies
C. capitata eggs were obtained from colonies kept at the Laboratory of Economic Entomology, Biological Institute, in Campinas,
located in the state of São Paulo (Brazil), since 1993. Medﬂy colony
was reared using artiﬁcial means described by Raga et al. (1996).
After emerging, adults were fed a mixture of yeast extract and white
sugar in a ratio of 1:3 (w/w) and distilled water.

2.2. UV-C radiation equipment
The irradiator utilized in this study is located in the Post-harvest
Laboratory of the School of Agricultural Engineering at UNICAMP, in
Campinas (SP). The equipment consists of a wooden structure and
iron angle bars, 1.66 m high × 1.14 m long by 0.6 m wide, equipped
with four wheels at the base to allow movement. Within this framework, there are iron angle bars ﬁtted as lateral supports for the
removable shelves, permitting a similar distance between the light
source and the treated material. One shelf is placed in the middle, which is intended for the placing of the fruit. We used twelve
Philips 30W UV-C germicidal lamps (mercury vapor at low pressure, and a wavelength of 254 nm), permitting six at the top and
six at the bottom (Fig. 1). Electrical equipment and two Qualitas
Q90SA3 exhaust fans were installed on each side.
The intensity of the UV-C lamps was determined before each
test, using a Newport Optical Power Meter 1830-C digital radiometer. The mW cm−2 data were transformed into kJ m−2 to provide
better comparison with other studies.

2.3. Evaluation of the mortality of C. capitata eggs subjected to
UV-C radiation (in vitro)
Each treatment consisted of ten replications and each plot had
20 one-day-old eggs. The eggs were counted using a Carl Zeiss Jena
Citoval 2 stereoscopic microscope at a magniﬁcation of 40×, and
were then transferred to Petri dishes 10 cm in diameter by 1.5 cm
high, containing 20 ml of distilled water. After the application of the
treatments, they were stored in a B.O.D. type (Biochemical Oxygen
Demand) incubator at 25 ± 0.2 ◦ C to provide better development of
the C. capitata eggs. The treatments were as follows: control (without UV-C radiation—T1); 0.087 (T2); 0.261 (T3); 0.348 (T4); 0.461
(T5); 0.691 (T6); 0.922 (T7); 1.383 (T8); 4.150 (T9); 5.534 (T10)
and 8.301 kJ m−2 (T11). The mortality of the C. capitata eggs was
evaluated 24 h after treatment.
2.4. Assessment of the effects of UV-C radiation in preventing
pupation based on irradiated “Kumagai” guavas containing C.
capitata eggs
Physiologically mature, white-pulp “Kumagai” guavas (Psidium
guajava L.) were used, as per normal commercial standards. The
fruit originated from an area of production that used an individual
fruit-bagging system, free from insecticide applications, located in
Campinas (SP). The guavas were placed in laboratory rearing cages
containing 500 pairs of 12 day-old C. capitata, for an infestation
session lasting 7 h. After the infestation, the guavas were placed in
the UV-C radiation equipment, on a shelf arranged at a distance of
eight centimeters from the light source. The following treatments
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were based on a previous study of an in vitro mortality curve and
on preliminary observations of radioprotection of guava against
UV-C: control (without the application of UV-C radiation—T1), 0.54
(T2), 0.80 (T3), 1.0 (T4), 1.5 (T5), 2.0 (T6), 2.5 (T7), 3.0 (T8), 4.0 (T9),
8.0 (T10) and 16.0 kJ m−2 (T11). Each treatment consisted of eight
replications of one fruit each.
After the radiation process, each fruit was individually placed
in a PVC container (13 cm in diameter by15 cm high) containing
a Petri dish (10 cm diameter by 1.5 cm high) with sand at the base
and an anti-aphid net at the top, to permit pupation. The containers
were stored in B.O.D. incubators at 23.0 ± 0.2 ◦ C for approximately
20 days. At the end of this period, the sand was sieved, the pupae
were counted and placed into Petri dishes and kept in a B.O.D. at
25.0 ± 0.2 ◦ C until the emergence.
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2.6. Statistical analysis
The data of insects were statistically analyzed using the InfoStat 1.0 software. The Tukey test was applied for comparison of
the means (p ≤ 0.05). The mortality values were subjected to Probit
analysis using the Polo-PC program (Leora Software, 1987) estimating the lethal doses of 90, 95 and 99.9968%.
The analysis of the physical parameters was conducted using a
2 × 4 × 10 factorial design for mass loss, and 2 × 4 × 3 for color and
ﬁrmness, with a Completely Randomized Design and using the program Assistat version 7.7. The mean values were compared through
the Tukey test (p ≤ 0.05).

3. Results
2.5. Physical post-harvest parameters
Fruits from the “Kumagai” guava tree (export quality) were used,
with category or caliber 6 white pulp, in a stage of maturation
corresponding to the light green coloring, classiﬁed in the “extra”
category insofar as it refers to the tolerance limits of serious or
superﬁcial defects (<5%).
The UV-C radiation treatments applied were control (T1, no radiation applied); 8 (T2); 15.5 (T3) and 16 (T4) kJ m−2 . Each treatment
was carried out ﬁve times.
For each treatment, the fruits were packed in export-quality
cardboard packaging, separated into two batches and stored in BOD
incubators, at temperatures of 8 ± 0.2 ◦ C and 22 ± 0.2 ◦ C, both with
an average RH of 85%. During the period of storage, evaluations
were carried out on the mass (every day), peel coloring and pulp
ﬁrmness (days 1, 5 and 10).

3.1. Evaluation of the mortality of C. capitata eggs subjected to
UV-C radiation in vitro
The mortalities observed with all doses of UV-C radiation differed signiﬁcantly from the control treatment, in which only 1%
mortality of medﬂy eggs was observed. No signiﬁcant differences
between treatments were observed. Doses of UV-C radiation ranging from 0.261 to 8.301 kJ m−2 showed egg mortality ranging from
87.5 to 100% (Fig. 2). All UV-C radiation doses caused visual evidence of mortality in C. capitata eggs, turning the eggs a brown
coloring, easily visible under a stereoscopic microscope.

2.5.1. Mass
The mass of the fresh product was determined using Gehaka
BG2000 digital scales with a capacity of 2000 g and accuracy of
0.01 g. Daily readings were taken during the 10 days of storage.
The mass loss was calculated based on the starting weight of each
fruit.

2.5.2. Peel coloration
Due to the discoloration and the damage to the skin that treatment might cause to the fruit, the coloration index for the guava
peel was evaluated using a Hunter Lab. Spectrocolorimeter with
MiniScan XE Plus, the data being acquired using Universal software version 4.0. The evaluation of the alterations in the coloration
of the fruit was performed using Hunter’s coordinate measuring
system—L*, a* and b*, where: L* goes from white (1 0 0) to black
(0); a* goes from red (+a) to green (−a); b* goes from yellow (+b)
to blue (−b). The color of the guava peel was assessed in terms of
the value of the hue angles (h◦ ).

2.5.3. Pulp ﬁrmness
The ﬁrmness of the pulp was determined using a cylindrical
plunger with a diameter of 8 mm, connected to a TA 500 Texture Analyzer universal testing machine with a deformation rate
of 1 mm s−1 and load cell of 500 N. After removing a thin layer of
the peel, the fruits were rested, perpendicular to the direction of the
plunger movement. This test was conducted up to a deformation of
10 mm, a value which is sufﬁcient to break down the cells of the skin
of the fruit. The results, as they relate to the ﬁrmness index, correspond to the maximum force (expressed in Newtons—N) required
to overcome the resistance of the pulp tissues.

Fig. 2. Percentage mortality of Ceratitis capitata eggs exposed to increasing doses of
UV-C radiation in vitro. Means followed by the same letter do not differ from each
other per the Tukey test (p < 0.05).

Fig. 3. Percentage reduction of pupae recovered from irradiated “Kumagai” guavas
containing C. capitata eggs and exposed to increasing doses of UV-C radiation.
Means followed by the same letter do not differ from each other, per the Tukey
test (p < 0.05).
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Table 2
Values of F for mass (g), peel color (◦ hue) and pulp ﬁrmness (N) of ‘Kumagai’ guavas
subjected to increasing intensities of UV-C radiation and stored in the BOD incubator
at temperatures of 8 and 22 ± 0.2 ◦ C for 10 days.
FV

Value of F

Temperature (1)
UV-C Radiation Intensity (2)
Days in storage (3)
Interaction (1 × 2)
Interaction (1 × 3)
Interaction (2 × 3)
Interaction (1 × 2 × 3)

Mass loss (g)

Color (◦ hue)

Firmness (N)

45.02a
32.86a
1.38a
3.68b
0.74NS
0.64NS
0.46b

523.75a
267.92a
22.88a
74.29a
13.48a
4.31a
7.07a

29.46a
43.35a
16.37a
3.81**
1.67NS
3.56a
1.00NS

NS

Not signiﬁcant at a 5% level of probability.
Signiﬁcant at a 1% level of probability.
b
Signiﬁcant at a 5% level of probability.
a

Fig. 4. Percentage of C. capitata adults emerging from irradiated “Kumagai” guavas
containing C. capitata eggs and irradiated with increasing doses of UV-C radiation.
Means followed by the same letter do not differ from each other, per the Tukey test
(p < 0.05).

Table 1
Mean Probit values (DL 90, 95 and 99.9968) in kJ m−2 , estimated to prevent pupae
and adult emergence of C. capitata from “Kumagai” guavas infested with eggs and
exposed to doses of UV-C.
Probit (DL)

To prevent pupae (kJ m−2 )

To prevent adult
emergence (kJ m−2 )

90
95
99.9968

4.307
9.309
15.512

1.076
7.867
11.758

3.2. Assessment of the effects of UV-C radiation in preventing
pupation of C. capitata from irradiated ‘Kumagai’ guavas
containing C. capitata eggs
Statistically signiﬁcant differences for the number of pupae were
detected between the UV-C doses (Fig. 3). There was an increased
negative effect of the UV-C radiation doses on egg-infested guavas,
which decreased the pupation rate of C. capitata. A total of 351
pupae were recovered from the untreated batches, obtaining an
average of 43.8 pupae/guava. The value was assumed to correspond
to the average natural infestation in laboratory cages. The radiation
level of 16.0 kJ m−2 was capable of preventing C. capitata pupae in
irradiated guavas from containing medﬂy eggs. The dose of UV-C
radiation required to prevent medﬂy pupa from infested fruit was
much higher than that required to cause mortality in C. capitata
eggs subjected to UV-C radiation in vitro.
Signiﬁcant differences were observed with the emergence of C.
capitata from UV-C treated eggs inside ‘Kumagai’ guavas (Fig. 4). The
highest percentage of adult emergence was noted in the untreated
guavas (100%) and the lowest was observed at 16 kJ m−2 of UVC, where no adult emerged. There was no signiﬁcant statistical
difference between the remaining UV-C treatments (from 0.54 to
8 kJ m−2 ), in which the mean percentage of emergence ranged from
45.8 to 25.9, respectively.
Table 1 shows the mean Probit values (DL 90, 95 and 99.9968)
forecast to prevent the emergence of pupae and adults of C. capitata from ‘Kumagai’ guavas treated with increasing doses of UV-C.
The most disparate points of the curve were excluded, since the
program performs its analysis using linear data. With a radiation
intensity of 15.512 kJ m−2 UV-C, the quarantine index proposed by
Baker (1939) to prevent pupating was attained. The intensity of
11.758 kJ m−2 attained the same quarantine index for non-adult
emergence.
A reduction of 24.2% of the estimated dose for Probit 9 was
reached for non-emergence of adults in relation to the estimate
for the non-pupa stage. This demonstrates the detrimental effects

of UV-C radiation on treated eggs in the later larva and pupa development stage.
3.3. Physical post-harvest parameters
3.3.1. Mass
Signiﬁcant statistical differences were obtained between the
storage temperatures, the doses of radiation applied and the period
of storage of the fruit (Table 2).
There was a tendency for the guavas to show a loss in mass
over the course of storage, at both storage temperatures (Table 3),
there being a greater loss in the fruit maintained at a temperature
of 22 ± 0.2 ◦ C. At this storage temperature, the lowest percentage
of mass loss was obtained in the control treatment (with no UV-C
radiation) at 2.15%, while for treatments with UV-C radiation intensities of 8, 15.5 and 16 kJ m−2 , the losses were 3.2, 5.76 and 13%,
respectively (Table 3). The effects were more pronounced from the
ﬁfth day of storage onwards (Figs. 5 and 6).
For fruit stored at a temperature of 8 ± 0.2 ◦ C, there was a signiﬁcant reduction in the mass of fruits subjected to 15.51 and 16 kJ m−2 ,
reaching 3.94 and 6.6%, respectively.
The interaction effects of the three parameters evaluated were
observed at a temperature of 22 ± 0.2 ◦ C, with UV-C radiation treatment at 16 kJ m−2 from the second day of storage.
3.3.2. Peel coloration
The peel color of the “Kumagai” guavas was signiﬁcantly affected
by storage temperature, by the doses of UV-C radiation applied and
by the duration of storage (Table 2).
There was a rapid change in the peel color of guavas stored
at 22 ± 0.2 ◦ C (Fig. 7), after the ﬁfth day of storage, when there
Table 3
Mean values of mass (g), color (◦ hue) and ﬁrmness (N) of “Kumagai” guavas subjected to three intensities of UV-C radiation and stored in a BOD incubator at
temperatures of 8 and 22 ± 0.2 ◦ C for 10 days.
Storage
temperature
Mass (g)
8 ± 0.2 ◦ C
22 ± 0.2 ◦ C
Color (◦ hue)
8 ± 0.2 ◦ C
22 ± 0.2 ◦ C
Firmness (N)
8 ± 0.2 ◦ C
22 ± 0.2 ◦ C

UV-C radiation doses (kJ m−2 )
8
Control

15.51

16

150.23 aA
147.00 aA

146.20 aAB
141.51 bA

144.31 aBC
136.00 bB

140.31 aC
127.90 bC

104.64 aA
104.64 aA

105.36 aA
95.82 bB

104.05 aA
86.77 bC

95.13 aB
76.60 bD

79.64 aA
79.64 aA

65.20 a AB
40.06 bB

51.03 aBC
15.08 bC

32.85 aC
9.94 bC

Means followed by the same lowercase letter are no different from each other, in
the columns, using the Tukey test (p ≤ 0.05).
Means followed by the same uppercase letter are no different from each other, in
the rows, using the Tukey test (p ≤ 0.05).
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Fig. 5. Variation in the mass of “Kumagai” guavas subjected to three UV-C radiation
intensities and stored at 8 ± 0.2 ◦ C for 10 days.

was a change in color from light green (◦ hue = 284.68) to yellow
(◦ hue 360.36). For the guavas stored at a temperature of 8 ± 0.2 ◦ C,
there was no abrupt change in coloration, obtaining mean values
(◦ hue) = 284.68 on day one and 277.46 on day 10.
At 8 ± 0.2 ◦ C, the application of 16 kJ m−2 of UV-C radiation
affected the color of the guava peel, the other radiation intensities being similar to the control (Table 3). The peel color of
non-irradiated guavas showed no differences between them at the
two storage temperatures. Irradiated guavas demonstrated a similar change in peel color, regardless of the intensity of the UV-C
radiation (Fig. 8).
For guavas stored at 22 ± 0.2 ◦ C, there was a change in the color
of the guava peel proportional to the increase in the intensity of
UV-C radiation, and the control treatment (T1-no UV-C radiation)
obtained a higher ◦ hue value = 441.55 (Fig. 9) on the tenth day of
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Fig. 6. Variation in the mass of “Kumagai” guavas subjected to three UV-C radiation
intensities and stored at 22 ± 0.2 ◦ C for 10 days.

storage, while for treatments with radiation intensities of 8, 15.5
and 16 kJ m−2 the following ◦ hue values were found: 438.22, 437.31
and 434.27, respectively. At the end of the storage period, none of
the fruit stored at 22 ± 0.2 ◦ C was ﬁt for consumption. Storage at
8◦ C, therefore, was seen to be fundamental for the maintenance of
the peel color of guavas treated at 8, 15.5 and 16 kJ m−2
3.3.3. Pulp ﬁrmness
Signiﬁcant effects were found as regards the storage temperature, the radiation doses applied and the duration of storage of the
fruit on the ﬁrmness of the “Kumagai” guava pulp. An interaction
was observed between storage temperatures and intensity of UVC radiation applied and also between the intensities of radiation
applied and the period of storage (Table 2).

Fig. 7. Coloration of the “Kumagai” guava peel observed on day 10 of storage at 8 and 22 ± 0.2 ◦ C, after UV-C radiation treatment at intensities of 8 (T1), 15.5 (T2) and 16
(T) kJ m−2 .
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Fig. 8. Variation in ◦ hue of the peel of “Kumagai” guavas subjected to three intensities of UV-C radiation and stored at 8 ± 0.2 ◦ C for 10 days.

There was a reduction in the ﬁrmness of the pulp with increased
intensities of UV-C radiation, with a reduction of 58.75 and 87.5% in
the pulp ﬁrmness of guavas submitted to 16 kJ m−2 of UV-C radiation, maintained at 8 and 22 ◦ C, respectively. This proves that UV-C
radiation affords a smaller reduction in the pulp ﬁrmness of irradiated guavas (Table 3, Figs. 10 and 11).
The control treatment did not differ statistically between the
two storage temperatures studied, but this treatment demonstrated a signiﬁcant difference from the others where we observed
higher values for loss of pulp ﬁrmness. At a storage temperature
of 8 ± 0.2 ◦ C, the treatment with UV-C radiation of 8 kJ m−2 did not
differ statistically from the control and 15.5 kJ m−2 treatments studied. For the fruit stored at 22 ± 0.2 ◦ C, the treatments of 15.5 and
16 kJ m−2 were not statistically different.
The effects observed with the interaction between the intensities of radiation and the days of storage indicate that over the period
of storage, the fruit receiving greater intensities of UV-C radiation
suffered greater loss of pulp ﬁrmness.
These effects were more prominent at a storage temperature
of 22 ± 0.2 ◦ C, mainly from day ﬁve of storage, where there were
losses in ﬁrmness of 77, 82.2, 68 and 83% for the control treatments
of 8, 15.51 and 16 kJ m−2 , while for the fruit stored at 8 ± 0.2 ◦ C, the
losses in ﬁrmness were 44.11, 18.84, 29.37 and 55.46% for the same
treatments.

Fig. 9. Variation in the ◦ hue of the peel of “Kumagai” guavas subjected to three
intensities of UV-C radiation and stored at 22 ± 0.2 ◦ C for 10 days.

Fig. 10. Pulp ﬁrmness of “Kumagai” guavas subjected to three intensities of UV-C
radiation and stored at 8 ± 0.2 ◦ C for 10 days.

On the tenth day of storage of fruit at 8 ± 0.2 ◦ C, the losses in
ﬁrmness were 36, 40.6, 59.27 and 64.51% for the control treatments
of 8, 15.51 and 16 kJ m−2 , respectively, far lower values than those
found for fruit stored at 22 ± 0.2 ◦ C, with the same treatments, on
the last day of storage, which were 92, 80.2, 86.9 and 91.2%, when
the fruit was found to be unﬁt for consumption.
4. Discussion
The UV-C doses of 1.383, 4.150, 5.534 and 8.301 kJ m−2 cause
100% mortality of medﬂy eggs in vitro. The egg mortality rates and
the signs of death were similar to those obtained by Vieira et al.
(2009) by exposing medﬂy eggs to the same levels of UV-C radiation
despite using different UV-C radiation equipment and a different
medﬂy strain, established at the University of Cartagena in Spain.
There may have been a signiﬁcant weakening of the effect of
UV-C doses on fruit ﬂy when applied to infested guavas, because
at 2.0 kJ m−2 there was lower mortality of medﬂy eggs than with a
dose of 1.5 kJ m−2 . This was probably due to differences in intraspeciﬁc sensitivity in individuals subjected to UV-C radiation. Calderon
et al. (1985), studying the effects of radiation on eggs of Tribolium
castaneum, found that an interesting overall pattern of response
was demonstrated whereby older eggs were more sensitive to UV

Fig. 11. Pulp ﬁrmness of “Kumagai” guavas subjected to three intensities of UV-C
radiation and stored at 22 ± 0.2 ◦ C for 10 days.
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radiation than young eggs, which is contrary to the effect produced
by ionizing radiation.
One of the signs of lethal UV-C radiation effects observed in
our experiment was the occurrence of dark spots on medﬂy eggs.
Machado (1991) also observed dark spots on Apis mellifera L. eggs
(Hymenoptera: Apidae) irradiated with UV-C light. Initially located
in the anterior region of the egg, stains spread out to cover the whole
embryo. Studies on embryos of different species of insects, prior to
the formation of cellular blastoderm, as in Drosophila melanogaster
Meigen, Smittia sp. and Sciara ocellaris Comstock, demonstrated
that UV-C radiation causes the inactivation of embryos (VonBorstel and Wolff, 1995).
Radiation intensity of 16 kJ m−2 of UV-C was capable of preventing 100% of pupae in irradiated guavas infested with C. capitata
eggs, a much higher intensity than that found in experiments evaluating the mortality of C. capitata subjected to UV-C in vitro. In
contrast, we observed 100% viable eggs in treatments at a very low
intensity of 1.383 kJ m−2 . There is a considerable difference in the
efﬁcacy of gamma irradiation of tephritidae raised on a diet versus
those raised on fruit, and the reason probably lies in the physical
barriers, which should be examined, as it may be related to the host
(Hallman and Thomas, 2010; Hallman et al., 2010).
Another factor observed was that the insects subjected to UV-C
radiation do not present the function known as logarithmic order
of death. Mendonça et al. (2000) observed the same phenomenon
by applying hydrothermal treatment with hot water on peaches
infested with C. capitata, stating that mortality curves with nonlinear characteristics seem more appropriate to describe the thermal
death of insects.
During the experiments, guavas infested with C. capitata, after
treatment with UV-C radiation, were stored at 25.0 ± 0.2 ◦ C, which
is the optimum temperature for the development of immature
stages (Zucchi, 2001). The UV-C radiation intensity of 15.512 kJ m−2
attains the quarantine index proposed by Baker (1939) for the
absence of pupation of C. capitata, and the intensity of 11.758 kJ m−2
attains this index for the non-emergence of adults originating in
“Kumagai” guavas infested in laboratory conditions.
The guavas subjected to a storage temperature of 22 ± 0.2 ◦ C
exhibited a higher percentage of mass loss, reaching 11.36% at
16.0 kJ m−2 . This value, obtained on the ﬁfth day of storage, indicates that this temperature accelerated the effects of mass loss
in the guava, when compared with the results for fruit stored at
8 ± 0.2 ◦ C, where the highest percentage of mass loss was 8.75%
(control). Acceptable values for the loss of fresh mass for different
guava varieties are in the range from 10 to 15% (Dalal et al., 1971).
High mass loss values in fruit mainly occur when high storage
temperatures are used, which directly results in an increase in the
metabolic processes of the fruit and speeds up ageing.
This outcome also shows that UV-C radiation treatment had a
beneﬁcial effect, with a smaller mass loss in treated fruit when
combined with a temperature of 8 ± 0.2 ◦ C. However, 8–10 ◦ C and
85–90% relative humidity are considered optimum storage conditions for the conservation of mature green guavas (Wills et al.,
1981).
Some physical fruit conservation treatments may cause discoloration and skin damage, the main processes involved in the loss
of green color of fruit during ripening being the degradation of
chlorophyll and the synthesis of carotene (Cross, 1987; Barsan et al.,
2010).
As for the color of the peel of “Kumagai” guavas treated with UVC, the present study found a level of alteration similar to the loss in
mass, although this was most visible in fruit stored at 22 ± 0.2 ◦ C,
which were completely yellow by the ﬁfth day of storage. For
the fruit stored at 8 ± 0.2 ◦ C, there was a small alteration in the
coloration of the peel of guavas treated with UV-C, though imperceptible until the ﬁfth day of storage.
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Decrease in ﬁrmness is one of the most direct characteristic
changes during fruit ripening and it has a relation with fruit development, ripening after maturity and storage potential (Lessage and
Destain, 1996). The present study demonstrated that the application of UV-C radiation, combined with a storage temperature
of 8 ± 0.2 ◦ C is effective in preventing the softening of ‘Kumagai’
guavas. Similar conclusions with regard to UV-C radiation were also
drawn from studies on apples (Lu et al., 1991), strawberries (Pombo
et al., 2009) and cherry tomatoes (Bu et al., 2013).
Quality attributes are inﬂuenced by the different varieties,
edaphoclimatic conditions and cultural practices. Inappropriate
handling during the harvest and post-harvest accelerates the process of deterioration and diminishes the quality of the fruit,
reducing the period in which it may be sold and causing ﬁnancial loss. Post-harvest studies using physical treatments are being
intensiﬁed across the world, seeking to make the use of pest and
disease control techniques viable, with the advantage of prolonging
the shelf life of vegetables (Vieira, 2011). In the current study, the
ﬁrmness of the guavas was the quality parameter most affected
by applying UV-C radiation, being more pronounced at a storage
temperature of 22 ± 0.2 ◦ C.
With all the measures of quality for guavas subjected to varying intensities of UV-C radiation and evaluated in this study, the
best results were obtained when the use of UV-C radiation was
combined with a lower storage temperature, namely 8 ± 0.2 ◦ C,
demonstrating that the use of lower storage temperatures is a primary factor in obtaining success with the use of UV-C radiation
technology for quarantine purposes and for the conservation of
fruit.
5. Conclusions
Ceratitis capitata eggs cannot survive when subjected to UV-C
radiation intensities greater than or equal to 1.383 kJ m−2 .
A UV-C radiation intensity of 15.512 kJ m−2 was able to completely inhibit the pupation of the C. capitata, and an intensity
of 11.758 kJ m−2 inhibited the emergence of adults originating in
“Kumagai” guavas infested in the laboratory.
The use of UV-C radiation technology for quarantine purposes
and for the conservation of “Kumagai” guavas should be combined
with refrigerated storage in order to obtain better post-harvest
quality in the fruit.
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Vieira, S.M.J., Marco, P.G., Di Calero, F.A., Benedetti, B.C., 2009. UV-C radiation effect
on the mortality of fruit ﬂy eggs. In: Conference “Technology and Management to
Increase the Efﬁciency in Sustainable Agricultural Systems”, CIGR-International
Commission of Agricultural and Biological Engineers, Section V Rosário-Santa
Fé.
Vieira, S.M.J., 2011. Avaliação dos efeitos da águaquente e radiaçãoultravioleta-C
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