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Citriculture has a strong economic impact on the Brazilian trade balance, and the study of the
‘Dekopon’ variety comes as a technological advance meeting the demands of the market.
However, this fruit still needs techniques that aim to maintain its post-harvest qualities.
Therefore, the objective of this research was to physically and chemically evaluate the 'Dekopon’
mandarin fruits by analyzing the influence of the application of different times of type C
Ultraviolet Radiation (UVC), associated with different storage temperatures. The fruits were
harvested in a commercial orchard and the analyzes developed in laboratory research with the

data submitted to analysis of variance (P <0.05), and comparison of means by Scott-Knott at 5%
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probability. The experiment was carried out in a completely randomized design (DIC), with 3
repetitions in a 4x3x6 factorial scheme, with 4 times of 0, 3, 6 and 9 minutes of UVC radiation;
24, 12 and 6 °C of refrigeration temperatures at 0, 6, 12, 18, 24 and 30 days of analysis,

respectively. The following were evaluated: loss of mass, color, soluble solids, hydrogen
potential, titratable acidity, maturation index, geometric characteristics, ascorbic acid, texture and
fractions of the fruit. It was concluded that storage at 12°C made it possible to maintain desirable
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post-harvest characteristics for a longer period, and the 3-minute radiation time promoted similar
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INTRODUCTION

Tangerines are considered worldwide as the most preferred
table fruits by consumers, this, due to their bittersweet flavor,
nutritional value, coloring, refreshing qualities and also,
because of the ease of being peeled (Silva ef al., 2014). In the
last few years, the post-harvest of fruits and vegetables has
aroused great interest from producers and consumers,
especially due to the high demand and increased production,
and also, to serve the market with regular supply and the
incentives offered to exports. This leads to the understanding
of the biological factors involved in fruit conservation, in
addition to the application or creation of techniques capable of
delaying senescence, making the quality of these fruits the
main factor (Santos, 2011; Simas ef al., 2015).

For this purpose, the main technology used for postharvest
conservation of fresh citrus fruits is still refrigeration, that is,
reducing the temperature, will act to reduce the metabolism of
the fruit, and consequently, the shelf life of the vegetables will
be prolonged. This preservation process is highly efficient in
maintaining the quality of the fruit for a much longer period of
time, however, there are precautions for use, such as observing
the fruit's resistance to cold storage, noting its tolerance. On
average, one third of fresh food is discarded due to inadequate
conservation conditions (Tingman et al., 2010; Spagnol et al.,
2018). Another method of great impact is ultraviolet radiation,
used in food preservation, being considered a physical
treatment method that has an advantage when applied to food.
Ultraviolet irradiation (UVC) is used to control deterioration
resulting in the disinfection of the fruit surface, stabilizing the
rate of microbial growth and delaying the softening and
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senescence of the fruit (Khademi et al., 2013). In this context,
the aim of this research was to evaluate the postharvest
characteristics of 'Dekopon' mandarin submitted to different
times of ultraviolet C radiation and different refrigeration
temperatures.

MATERIAL AND METHODS

Origin, harvest and preparation of fruits

The experiment was carried out from May to August 2018, in a
commercial orchard in the municipality of Anapolis-GO,
located at 16 ° 22'04.0 "S latitude and 48 ° 54'39.7" O
longitude (-16.367782, -48.911038). The area of the orchard
where the fruits were collected contained approximately 300
trees, homogeneous in size and age (7 years), from which they
were selected entirely at random to harvest the fruits suitable
for commercialization, respecting the pattern of characteristics
of the fruits, in attributes such as color, size, shape, height in
relation to the plant, pruning of the plants, thinning of fruits,
sanitary emptiness and application of fungicide. The fruits
were harvested in the morning, following the harvesting
procedures commonly used by the producer, bagging the fruits
in Rafia waist bags, depositing the fruits in stoks or PVC
boxes, followed by transport in a covered cart to the laboratory
for the assembly of experiments, storage and analysis, where
they did not undergo any type of sanitization, only superficial
cleaning to remove coarse dirt coming from the field, such as
foliage, fragments of branches and other coarse particles from
the agricultural unit.

The experiments and physical-chemical analyzes were carried
out in the Post-harvest Drying and Storage laboratory at the
State University of Goids - UEG, Campus of Exact and
Technological Sciences - CCET, in the city of Anapolis -
Goias. Then, the fruits were evaluated for mass, longitudinal
and transversal diameter, skin thickness, color, firmness, pH,
titratable acidity, soluble solids, ascorbic acid content and
fractions of the fruit.

Characterization of the experimente

A prototype of an ultraviolet C radiator (UVC - 254 nm) was
used, consisting of a cylindrical plastic polymer structure and a
group of 6 germicidal lamps without a filter, 3 at the top and 3
at the bottom of the irradiator, with 30 watts each, connected
in parallel, with the geometry structure 500x500x900mm and
galvanized drawn screen, dividing the equipment in upper and
lower part, as detailed by Vasconcelos (2015). The experiment
was conducted in a completely randomized design (DIC), a
double factorial scheme 12x6 (association between
refrigeration temperatures and UVC radiation times x days of
analysis), where the adopted temperatures were 24, 12 and
6°C; UVC radiation times were 0, 3, 6 and 9 minutes;
evaluated every 6 days (0, 6, 12, 18, 24 and 30 days); and 3
replicates with 2 fruits per plot, to evaluate post-harvest
storage. In the laboratory, the fruits were placed inside the
device, at a distance of 50 cm, and received irradiation on all
faces. After radiation, the fruits were separated at different
temperatures and refrigerated and stored in B.O.D.
(Biochemical Oxigen Demand), with 85 + 5% RH, for a period
of 30 days. The treatments were divided according to Table 1.

Table 1. Experimental design, UVC radiation times and cold
storage temperatures

Treatment Radiation time (minutes) Refrigeration (°C)
Tl 0 24
T2 3 24
T3 6 24
T4 9 24
T5 0 12
T6 3 12
T7 6 12
T8 9 12
T9 0 6
T10 3 6
T11 6 6
T12 9 6

Assessments: Post-harvest assessments were divided into 2
groups:

Control Group: physical analysis of fresh weight loss was
performed. This group consisted of 3 repetitions, with 2 fruits
each, for each treatment, which were numbered and kept
intact. The sampling interval was every 6 days, over a period
of 30 days. Destructive Group: In this group, analyzes of
firmness (stress, strain, final load and surface tension), soluble
solids (SS), titratable acidity (AT), maturation index (IM),
coloring (L *, a *, b *, °Hue and Chroma), pH, transversal and
longitudinal diameters, skin thickness (flavedo and albedo),
ascorbic acid content and fractions of the fruit (percentages of
juice, skin and bagasse). Three replicates were used, with 2
fruits each, per treatment, on each day of analysis, which were
performed every 6 days, over a period of 30 days.

Weight loss: In determining the loss of fresh weight, the fruits
were weighed every 6 days, on a precision scale - maximum
load of 2000 g and division of 10 mg, Gehaka BG400, error =
0.01g, with 0.001 each unit, considering calculated weight
loss. by the difference between the initial mass of the
tangerine, contained in the packages, and that obtained in each
time interval, the results being expressed in percentage.
Calculating the mass loss from equation (1):

On what:

PM = loss of mass (%);

Mi = initial mass of the fruit (g);

Mj = mass of the fruit in the period after

Mi (g).

PM(%) = % x100 (1)

Firmness: Firmness was determined by using the CT3
texturometer (Brookfield), using a needle probe tip (2.0 mm),
with a penetration distance of 20 mm and a penetration speed
of 6.9 mm sec-1. The reading was performed on opposite sides
of the equatorial section of the fruits, and at 3 random points,
and the value obtained to determine firmness, in cN
(centiNewton), was defined as the maximum mean force
required for a part of the tip penetrate the fruit pulp. The
deformation was determined by the tip displacement distance
until the fruit peel ruptured, the value obtained being defined
for deformation in mm (millimeters). The firmness of the pulp
(final load) is the result of the final effort of the tip of the tip
when it travels from contact with the shell to the 20 mm drop
of the tip and determines the load (or tension) inside the pulp,
measured in cN, and the surface tension was determined by the
ratio between the stress and the strain, with the value in cN
mm’' being obtained.
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Titratable acidity and pH: The pH determination was
performed using a digital potentiometer (Tecnal, TEC 3P-MP).
The device was calibrated with pH 4.0 and 7.0 buffer solution,
then the pH was read directly with the electrode immersed in
the beaker, containing the pulp juice, according to the
methodology proposed by AOAC (2012). Titratable acidity
was determined by titration with 0.1 mol.L"" sodium hydroxide
solution (NaOH), using 1% phenolphthalein as an indicator,
according to AOAC (2012).

Soluble solids and maturation index: The content of soluble
solids was determined by reading the samples directly at 20 °
C, in a portable digital refractometer (Reichert, AR 200),
according to the method proposed by AOAC (2012), and the
results were expressed in °Brix. The maturation index (IM)
was determined by the ratio between soluble solids (SS) and
titratable acidity (AT) (IAL, 2008).
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Figure 1. Loss of fresh weight (%), on the left, and peel thickness (mm), on the right, in 'Dekopon’' tangerine fruits (Citrus reticulata
'Shiranuhi'), submitted to UVC radiation for different temperatures at 24 °C (a) , 12 °C (b) and 6 °C (c), and storage days. Treatments at
24°C (T1: without UVC light, T2: 3 'light, T3: 6' light, T4: 9 'light); at 12°C (T5: without light, T6: 3 'light, T7: 6' light, T8: 9 'light); and

6°C (T9: without light, T10: 3'light, T11: 6 'light, T12: 9' light)
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Coloring: In the coloring, the values L *, a *, b *, Hue and
chroma were verified, measured by reflectance, using a
portable colorimeter CR-400 from Konica Minolta, where the
L * coordinate indicates how dark and how light the product is
( zero value black color and value 100 white color), the
coordinate a * is related to the intensity of green (-a) to red (+
a) and the coordinate b * is related to the intensity of blue (-b)
and yellow (+ B). And the Hue angle (chromatic hue angle)
was determined by equation (2), while the chroma (color
saturation) was given by equation (3):

°H = arc tanz—i ) On what:

c=J@?+b%) ()

Dimensional characteristics of the fruit: The equatorial
diameters and longitudinal length of the fruits were measured
with the aid of a digital caliper (Mitutoyo Absolute 150mm
resolution 0.0lmmX.0005"). The longitudinal length was
measured from the apex to the end of the fruit stalk, and the
equatorial diameter was measured at equatorial line of the
fruit.The peel was removed from the peduncle, and the
thickness of the peel was measured from the insertion between
the middle and upper third of the fruit, between the albedo and
the flavedo.The results were expressed in millimeters (mm).

°H = Hue angle; C = Chroma;

a* = value of a*; b* = value of b*.

Fruit fractions: The fractions of the fruit were determined
from the extraction of the juice from the fruits using the
Philips Walita Multiprocessor of food 650 watts of power, and
divided into three fractions, pulp, peel and bagasse,
considering the pulp, the fruit without the peel, and bagasse,
the result of extracting the liquid fraction of the pulp. The
results were expressed in percentage, in relation to the whole
fruit.

Ascorbic acid content: The ascorbic acid content was
determined by the titrometric method described by Benassi and
Antunes (1988). Ascorbic acid was extracted with oxalic acid
under stirring and, after filtration, it was dosed in the extract,
using 2,6-dichlorophenol indophenol 0.02% (Tillmans reagent)
and using ascorbic acid as standard. The reading was
performed on an Amber burette by consuming 2,6-
dichlorophenolindophenol (DCFI) and the results were
expressed in mg of ascorbic acid per 100 microliters of juice.

Statistical analysis of the data: The evaluated variables were
submitted to polynomial regression analysis according to the
post-harvest conservation days. The SISVAR software was
used to adjust the regression models by means of an F test at
the probability level of 5%, to measure the level of
significance of the proposed model.

RESULTS AND DISCUSSION

It is observed through Figure 1, the values of mass loss and
shell thickness, that there was significant interaction for mass
loss in all treatments. The results show that, for the loss of
mass in storage at 24°C, there were increases over the days in
its percentage of lost mass, in all treatments. This behavior
varies when compared to lower temperatures. Meanwhile, the
peel thickness showed significant interaction in all treatments,
except for two, at 6°C with 3 and 6 minutes of UVC radiation
(T10 and T11, respectively). It is observed, for the mass loss,
that the difference between the times of UVC radiation is not

clear, only the treatment with 6 minutes of radiation (T3) that
presents a slight decrease until the last day of analysis, keeping
the curve below other treatments. For a temperature of 12°C, a
similar effect was noted, also pointing out that the highest dose
was not responsible for the lowest loss of mass, in the same
way for Rigolo et al. (2009), who infers that the longer time or
dose of UVC radiation is not necessarily the most adequate for
maintaining post-harvest life, contrary to what was exposed by
Neves et al. (2002), who obtained better results of mass loss
with higher doses. For evaluations at 6°C, it can be seen that
there was a significant difference in treatments T10 and T11 (3
and 6 minutes of irradiation), pointing to lower percentages of
mass loss for these treatments. The biggest differences were
noted between the different temperatures, for the last day, with
treatments at 24°C showing losses ranging from 31 to 33%,
while for fruits stored at 12 and 6 °C, they were from 20 to
23% and 13 to 15 %, respectively, pointing out that the biggest
changes in mass losses were in response to different
temperatures. It was also possible to notice that the fruits in the
refrigerations of 12 and 6°C remained with their turgidity until
the last evaluations, confirming with Finger & Vieira (2002)
where he associates the rate of mass loss with the absence of
superficial wrinkling or withering. In general, when evaluated
according to time, refrigeration and radiation, they had the
same loss behavior, that is, as time goes on, the fruits lose
moisture, and the lower the temperature, the lower the
senescence, consequently more stable is the maintenance of
the post-harvest quality of the fruits. For peel thickness, it was
noted that there was a reduction during storage for treatments
subjected to 24°C. The thickness of the bark, on average,
started with approximately 5.90 mm and reached up to 3.21
mm, showing more than 45% of the bark reduction. Such a
decrease can probably be related to the loss of water from the
fruits, which was very evident for these treatments.

At room temperature (24°C), the treatments had a very specific
characteristic, which was the adherence of the peel to the fruit,
due to the shortening of the fibers (mesocarp), amplified by the
loss of mass and parenchymal cells. The greater the evolution
of the storage time, the more difficult it became to remove the
peel, and this was different for the other treatments with lower
temperatures. Machado et al. (2017), working with several
citrus accessions, observed that most of them had firm skin
adhesion, but did not explain the cause of this effect. Brugnara
et al. (2012) infer that the tangerine peel that produces the
largest fruits, generally has a thick, moderately adherent peel,
with a moderately smooth to rough and warty surface, as
observed in the 'Dekopon' tangerine. Domingues et al. (1999)
found tangerine varieties with light, moderate and strong
adherence from the peel to the endocarp, and considered only
those with light or moderate adherence suitable for trade. In
treatments T7 and T8 (at 6°C with 6 and 9 minutes of UVC
radiation, respectively), it was observed that the peels of the
fruits maintained their thickness for a longer period in relation
to other treatments subjected to the same temperature. This
already makes evident the effect of UVC radiation to control
the physiological properties having an action on the skin of the
fruit. This effect may have been a promoter for regulating
mass loss and maintaining other physical and chemical
characteristics, brought about by hormone (Stevens et al.,
1998; Shama & Alderson, 2005). Statistically different from
other treatments, revealing the efficiency of the binomial
radiation x temperature. The treatments T9 and T12 (stored at
6°C without radiation and with 9 minutes of radiation,
respectively) also showed results close to the fruits stored at
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12°C, however, the main effect is attributed to refrigeration,
which provided stabilization after 18 days of storage, allowing
to keep the fruit moisture for a longer period. Evaluations on
the peel of this fruit are of great importance, as among the few
studies carried out with essential oils, there is the study on
obtaining the oil from the mandarin peel (Citrus reticulata),
carried out by Mishra ef al. (2005), which showed high
average yields, indicating the potential of tangerine to obtain
oil. Figure 2 shows the maturation index and soluble solids
values. In the soluble solids, there was a low interaction for the
soluble solids factor, presenting only significant interaction for
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three treatments (T1 and T6), however, in general, the other
results indicate an increase in the soluble solids content during
storage for the greatest part of the treatments. While the
relationship between soluble solids and titratable acidity
(SS/AT), a significant difference was observed only for
treatments stored at 24 °C with 6 minutes of UVC radiation,
and at 6°C, without radiation and 6 minutes of irradiation (T3,
T9 and T11, respectively). For the other values, no significant
difference was found. In the soluble solids content, only the
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minutes of UVC radiation at 12°C, showed a significant
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Figure 2. Soluble solids (°Brix), on the left, and maturation index (SS / AT), on the right, in 'Dekopon' tangerine fruits (Citrus reticulata
'Shiranuhi'), submitted to UVC radiation at different temperatures at 24 °C (a) , 12 °C (b) and 6 °C (c), and storage days. Treatments at
24°C (T1: without UVC light, T2: 3 'light, T3: 6' light, T4: 9 'light); at 12°C (TS5: without light, T6: 3 'light, T7: 6' light, T8: 9 'light); and

6°C (T9: without light, T10: 3'light, T11: 6 'light, T12: 9' light)
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difference in the soluble solids contents during storage. The
other treatments showed no significant difference, but despite
this, they point to a slight increase in solids, even though this
behavior is not so clear in non-climacteric fruits, where
Medina et al. (2005), studying the physiology of citrus fruits,
infer that the progress of ethylene is slower during the ripening
stage, a moment when the transformations that are reflected in
the amount of soluble solids are most notable. Note that the
temperature control treatment of 24°C and 12°C irradiated for
6 minutes increased the content of soluble solids throughout
the experiment, which this effect occurs by reducing the mass,
and also points out that, even outside the mother plant and
being non-climacteric, and with variation in maturation
between fruits, it behaved by raising its sugar content, pointing
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out that at this stage when they generally survive using
accumulated substrates, the gain of sensory attributes
developed along with increased sweetness. This fact may be
due to the degradation of starch, pectin, chlorophyll and
synthesis of carotenoids and flavonoids. Stefanello et al.
(2010), shows that, in non-climacteric fruits, such as tangerine,
sugars, the main components of soluble solids, are derived
mainly from assimilated substances and not from starch
reserves, as occurs in climacteric fruits, where the soluble
solids content increases with advancing storage time.
Furthermore, this effect may be due to the fruit having a high
starch content. This unexpected increase is also evident in
other studies such as de Oliveira Junior ef al. (2004), analyzing
post-harvest changes during storage at an average temperature
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Figure 3.Titratable acidity (g citric acid 100 g-1), on the left, and hydrogenionic potential (pH), on the right, in 'Dekopon' tangerine
fruits (Citrus reticulata 'Shiranuhi'), submitted to UVC radiation at different temperatures at 24 °C (a), 12 °C (b) and 6 °C (c), and
storage days. Treatments at 24°C (T1: without UVC light, T2: 3 'light, T3: 6' light, T4: 9 'light); at 12°C (T5: without light, T6: 3 'light,
T7: 6' light, T8: 9 'light); and 6°C (T9: without light, T10: 3'light, T11: 6 'light, T12: 9' light)
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of 22°C, found an increase in SST content over 20 days for
non-climacteric fruits. This difference between refrigeration
temperatures and a higher soluble solids content at a
temperature of 24°C in relation to the others of 12 and 6°C,
was also verified by Todisco et al. (2012), where fruits stored
under refrigeration underwent less changes in the SS than
fruits stored at 25°C for oranges. According to Chitarra &
Chitarra (2005), this variation is not common, since citrus
fruits present small changes in the sugar content in general, as
long as the harvest is carried out during or after the ripening
phase. It can also be highlighted where Ferreira et al. (2009)
state that the sugar content of a fruit is a factor intrinsically
related to the genotype, environment and cultural management;
providing this behavior to a fruit developed in the cerrado
climate. As the behavior of the maturation index is related to
SS and TA, and, for these factors, there was a greater increase
in soluble solids and low interaction in the titratable acidity,
this provided values between 7 and 11, with the minimum
acceptable ratio , 6 for oranges and 7 for tangerines (Sartori et
al., 2002, Duarte et al., 2011). It is observed that with 6
minutes of UVC at 24°C, there was a reduction with a
subsequent increase in this index, this change is due to the
inversion of the acidity curve that occurred for this treatment,
as the fruits presented a behavior very similar to climacteric
fruits, Silva et al. (2015) observed that this effect is due to the
breathing that occurs with fruit ripening. The treatments at 6°C
without radiation and at 6 minutes, where temperatures were
the lowest, the same behavior was observed, with little change
in relation to the last day that was very close to day zero. It
was expected that, by using lower temperatures, it would be
possible to keep such values of AT, SS and pH constant during
the storage period, however, in these analyzed variables, they
presented inversions in the curves, which was not expected
from a non -climatteric, being evident that the radiation did not
act for these variables delaying the supposed climacteric peak,
contrary to the studies of Neves et al. (2002), where they
stated that there is a positive interaction between UVC
irradiation time and refrigeration temperature. Inferring that
UVC radiation was efficient in delaying or interrupting the
climacteric peak of non-climacteric fruits, pointing out that for
the highest doses there was the longest postharvest
conservation period.

For the three treatments that showed a significant difference, it
is apparent that the fruits until the second week of storage were
losing SS and also fresh mass, but after the 18th day, the mass
loss remained increasing while the acidity started to invert
with the increase SS, corroborating with Camargo et al.
(2012), where they infer that the increase in the maturation
index is associated with loss of mass, favoring an increase in
the concentrations of soluble solids. According to Figure 3, it
is observed that for titratable acidity and pH of the 'Dekopon'
mandarin, in relation to acidity, there was a significant
difference only for treatments at 24°C, without radiation and at
6 minutes, and 6°C without radiation (T1, T3 and T9,
respectively). While, for pH values, a significant difference
was observed only for treatments at 6°C, without radiation and
with 3 minutes of UVC radiation (T9 and T10, respectively)
for pH wvalues. For the other treatments, no significant
difference was observed, indicating only a variation from 3.39
to 3.44 of the pH values throughout the experiment. In acidity,
treatments 1 and 3 increased until 12 days of storage and then
decreased, reaching, on average, 1.10 g of citric acid.100 g-1.
This effect is common in most agricultural products, which
show peak acidity with a decrease during storage,

corroborating with Silva et al. (2017), studying stored oranges.
It also points to results similar to Silva et al. (2014), who
found the same value for Ponkan mandarin, where the acidity
presented an average value of 1.14% of citric acid, oscillating
between 1.10 and 1.14%. However, it differed from the
assessment made by Ibusuki ef al. (2018), in characterization
of ‘Dekopon’, finding 1.39% in the initial acidity of the fruit.
For treatment 9, this peak was before 18 days, with this
inversion being more visible at 12 days of storage, obtaining
approximately 1.0 g of citric acid.100 g-1. Thus, acidity levels
are essential since its reduction is a natural process due to the
fruit's maturation process, in which organic acids are
metabolized in the respiratory tract and converted into non-
acidic molecules (Chitarra & Chitarra, 2005). The acidity
behavior for both treatments was similar, even with a
significant difference, but it is evident that neither radiation
nor refrigeration brought gain or loss for this variable. Unlike
Ponkan tangerines irradiated in different doses studied by
Sanches et al. (2017), where they observed a reduction in
acidity during storage, finding initial and final values on
average of 0.54 and 0.31 g of citric acid.100 g-1, respectively,
showing that the 'Dekopon' tangeria despite being a route from
Ponkan, resulted in acidity values higher than twice that of
Ponkan tangerines. Great potential for the 'Dekopon' mandarin
is perceived, observing the same factors as Gonzatto et al.
(2015), for consumption in natura, as for industrialization in
the form of juice (bright orange color and high acidity) and for
resistance to important diseases (cancer-citrus, black spot and
brown spot of alternaria). And due to the national limitations
regarding this high acidity of the juice, it could be
circumvented by planting in areas with a higher air
temperature, and by post-harvest storage, however requiring
further studies for experimental confirmation.

The pH behavior at 6°C, without radiation and with 9 minutes
of UVC radiation (T9 and T11, respectively) is indicative of
deterioration and its increase with the storage time is due to the
reduction in acidity due to the ripening of the fruits (
Chitarra& Chitarra, 2005). For treatments with the presence of
radiation, higher pH values were obtained, which may
indirectly infer that for this treatment there was less acidity,
while treatments without radiation had lower pH, and in the
same way, resulting in more acidic fruits. This variation was
also observed by Sanches et al. (2017), in Ponkan tangerines
under radiation, with values from the beginning to the end of
the experiment ranging from 3.79 to 4.12, showing no
significant interaction between the evaluated treatments. In
agreement with the results of Vale et al., (2006) with tangerine
> Ponkan *’, where they did not find statistical variation in pH
values, and Pinto et al. (2006) evaluating the pH of the same
fruit in the minimally processed form observed average values
between 3.82 and 4.0, without statistical difference. Figure 4
shows the values of the Hue color angle, where it can be noted
that in all treatments there was a significant difference with a
decrease in the value. However, for the lowest temperature,
6°C, this drop was less. In the same Figure, it shows the
variation of the chroma values where there was a significant
difference for all treatments, except for treatments at 24°C with
3 minutes of radiation, and at 6°C with 9 minutes of radiation
(T2 and T12, respectively).

The Hue color angle, allows to infer that, high values for this
type of fruit, refers the color in the direction of the green color,
in other words, angle positioned with greater number of
degrees, closer to the green the fruit is. However, the color
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saturation index must also be taken into account. In this
respect, observing the treatments at 24°C the radiation effect
was more evident for the highest dose, maintaining a greater
color angle, followed by the other treatments, therefore, for
this temperature there was an effective behavior of UVC
radiation for the time of 9 minutes, and the lower the doses, the
greater the color angles for that temperature.
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At a temperature of 12°C, it can be observed that the behavior
of the color angle was very close to the treatments at 24°C,
however, in general, the decrease was smaller, following the
same proportion where, the highest doses of UVC there was
the lowest angle reduction. For treatments submitted to 6°C,
for treatments without radiation, with 3 and 6 minutes (T9,
T10 and T11, respectively), it provided a smaller reduction in
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Figure 4. Hue angle ("H), on the left, and chroma (C *), on the right, in 'Dekopon' mandarin fruits (Citrus reticulata 'Shiranuhi'),
submitted to UVC radiation for different temperatures at 24 °C (a), 12 °C (b) and 6 °C (c), and storage days. Treatments at 24°C (T1:
without UVC light, T2: 3 'light, T3: 6' light, T4: 9 'light); at 12°C (TS: without light, T6: 3 'light, T7: 6' light, T8: 9 'light); and 6°C (T9:

without light, T10: 3'light, T11: 6 'light, T12: 9' light)
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the color angle, exceeding the temperature of 12°C, although,
the treatment with the highest radiation dose (T12), helped
more effectively in maintaining the chlorophyll pigments and
the color angle of the fruit. Pinto ez al. (2010), reported in their
work, that by reducing the temperature during storage, the
degradation of chlorophyll in the shell decreases, as a
consequence of the lower production of ethylene and the
reduction of the combined action of chlorophyllases and
oxidative systems. Although fruit respiration has not been
studied in this work, it can be inferred that enzymes
chlorophyllase and ACC oxidase (l-aminocyclopropane 1-
carboxylic acid) appear to be independent of the action of
ethylene, as pointed out by Taiz & Zeiger (2004). Another
aspect under consideration, shows that during storage, the
fruits migrated from yellow to yellow / orange color more
vivid. This difference is clearer when compared between
temperatures, because at the end of the experiment, the
temperature of 24°C allowed the fruits to exceed up to close to
60°H, around 65°H for treatments at 12°C, and between 65 and
70°H for the fruits stored at 6°C, revealing that the temperature
acts on the coloring of the 'Dekopon' mandarin fruits during
the cold storage, slowing down the progress of the coloring of
the fruits. For that, Silva et al. (2014) inferred that in citrus,
color of the peel is a characteristic that is not dependent on
internal maturation, although the consumer normally
associates the color green with immature fruits and the orange
or yellow coloration with ripe fruits. However, it was observed
in this experiment that there was an increase in SS, which can
be interpreted with the change in color, which allows us to
infer that the color of the skin was an indirect influence in
terms of fruit ripening. Tietel et al. (2012) reported values

close to 60 ° H in 'Mandarin' Or ', thus corroborating the
values found in this work. In the work by Silva et al. (2014),
Hue's values for ‘Dancy’ tangerines corroborate this research.
It also corroborates the work of Pacheco et al. (2017),
analyzing Freemont and Clemenules tangerines, but differs
from Ponkan tangerines. And they differ from the data by
Oliveira et al. (2014), who, analyzing the quality of "Ponkan’
mandarin from different locations, found values between 84
and 86°H.

The color saturation index - chroma, generally reflects in the
aspect of darkening of the fruit, the higher the chroma value
the more vivid the color is, and the lower the value, the darker
the fruit tends to be, however it is a as it does not act on its
own, taking into account other aspects, such as the color angle.
Thus, it was seen that for most treatments there was an
increase in this parameter, which can infer that the chroma was
increasing during storage, and also, the behavior in relation to
radiation showed lower values when compared to the control.
For treatments at 24°C, it can be noted that this variable
increased during storage, mainly for the control treatment. This
increase effect between treatments is believed to be related to
the oil present in the fruit already studied by Teruya et al.
(2015), who observed the presence of essential oil in the
pericarp of this fruit, however, there is no evidence that can
associate this effect to temperature, since for the various
treatments, the averages are very close to each other, varying
chroma of 36 to 39. However, for all irradiation control
treatments at 24 and 12°C, they presented higher averages,
except for the treatment without radiation at 6°C, which
showed a reduction after 20 days of storage. This effect may
be due to the cold injuries that caused this inversion of the
curve, since Kluge et al. (2006), stated that this effect of
temperature can cause changes in the catalase activity of the

fruits, oxidizing organic substances (peroxidase). Thus, it is
assumed that UV C radiation for the other treatments at 6°C did
not inactivate some antioxidative enzymes involved in the
defense mechanism of tangerines, which, only the injury by
cold, may have led to the inversion of the curve for the control
treatment at 6°C. The results of this work corroborate with
Oliveira et al. (2015), who evaluated Ponkan mandarin from
different places and analyzed the Chroma of the fruits, finding
an average of 34.45 C *. In the works by Silva et al. (2014)
found values of 63.5 C * on average, in 'Dancy' tangerine.
However, this variable differed from the work of Belo (2017),
which found 110 C * for 'Dekopon' mandarin.

Figure 5 shows the values of longitudinal length and transverse
diameter. For the length, there is a significant interaction for
nine treatments with the exception of treatments at 24°C,
irradiated at 6 and 9 minutes, and at 6°C with 6 minutes of
UVC radiation (T3, T4 and T11, respectively). For this
variable, the effect of UVC radiation on its times in different
treatments was not very evident. While, for the transverse (or
equatorial) diameter, there was no significant interaction for
treatments at 24°C at 6 and 9 minutes of exposure to UVC, at
12°C with 9 minutes of UVC, and finally at 6°C with 6 minutes
of UVC radiation (T3, T4, T8 and T11, respectively). It can be
seen that the longitudinal length of the fruits decreased during
storage. However, for the control at 24°C, after 24 days of
experiment it showed some stabilization, together showing the
same effect, the treatments submitted to 6°C, except treatment
11, the same behavior was also observed. However, the effect
of decrease is related to the loss of fruit mass, and more related
to a stabilization of the decrease in fruit, probably due to the
effect of treatment at the expense of temperature (Vale et al.,
2006). The lengths of ‘Dekopon’ tangerine fruits are much
higher than the Ponkan tangerine, where on average they are
68.5 mm (Silva et al., 2014). Mendonga et al. (2006), when
evaluating the longitudinal diameter of 'Ponkan’ mandarin
fruits, observed an average of 68.42 mm. Pio et al. (2001)
stated that the Brazilian consumer has a preference for larger
fruits according to the Tangerines Classification booklet.
According to the classification of CEAGESP (2011), for the
Ponkan mandarin, 82 mm is a very high value and classified
with standard fruit A. The fruits of the treatments at 6°C were
shown throughout the experiment with higher averages,
probably due to the effect of temperature in delaying the loss
of mass that indirectly, is related to the size and volume of the
fruit (Vale et al., 2006). For treatments at 24°C, from the 6th
day, there was a sharp reduction in the size of the fruits
followed by stabilization, and for treatments at 12°C, in all
treatments, the length of the fruits followed a constant decrease
in all storage. Another difference that may be linked to the
variability of the fruits, is related to the fruit depending on the
position of the plant, and this in relation to the sun. Denoti et
al. (2009) working with Ponkan tangerine, found that the
longitudinal diameter of fruits harvested in the east-west (sun)
quadrant, showed significantly higher values (74.42 mm) than
those harvested in the shade (67.75 mm), however, not
observed a difference for the transverse diameter. The
transverse diameter or also called the equatorial diameter,
decreased during storage. In most treatments, there was a
reduction until around 18 days, with an increase thereafter for
this variable. Other treatments, such as T6 and T7 (3 and 6
minutes of UVC at 12°C, respectively), showed a constant
reduction until the last day of storage. It was found that
throughout the experiment, the fruits were flattened with
geometric characteristics, this in all treatments, however, the
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lower the temperature, the less this behavior was noticed.
However, even though it was noticeable that the fruits
geometrically had the longest transverse diameter throughout
the experiment, at the same time mass was lost and the
transverse diameter / longitudinal length ratio remained
constant during the storage days. Visually presenting flat
fruits, but more length than width was lost. The transverse
width or diameter, can be seen as a characteristic that from a
given moment tends to have a spatial limitation, or else, the
fruits would start to split showing cracks and cracks in the
peels or even have been subjected to compression, and this
was not seen in any fruit.

In the work of Detoni et al. (2009), applying refrigeration in
Ponkan tangerine, observed that the transverse diameter did
not show significant differences between treatments. In works
by Pacheco et al. (2017), analyzing tangerine with potential for
the Brazilian market found equatorial diameters from 63.0 to
72.0 mm for Ponkan tangerine. Belo (2017) found an average
transversal diameter of 93.47 mm in 'Dekopon’' mandarin, a
value that corroborates with this experiment. According to Lim
(2012), the cross-sectional diameter of the ‘Dekopon’
tangerine can vary from 65.0 to 90.0 mm, as can be seen with
the present work.
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Figure 5. Longitudinal length (mm), on the left, and transverse diameter (mm), on the right, in 'Dekopon' tangerine fruits (Citrus
reticulata 'Shiranuhi'), submitted to UVC radiation for different temperatures at 24 °C (a), 12 °C (b) and 6 °C (c), and storage days.
Treatments at 24°C (T1: without UVC light, T2: 3 'light, T3: 6' light, T4: 9 'light); at 12°C (T5: without light, T6: 3 'light, T7: 6' light,
T8: 9 'light); and 6°C (T9: without light, T10: 3'light, T11: 6 'light, T12: 9' light)
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As with the longitudinal length, the effect of UVC radiation on
the cross-sectional diameter of the 'Dekopon' tangerine was not
evident. Figure 6 shows the values of firmness and
deformation of the fruit peel as a function of time of exposure
to UVC radiation, temperature and days of storage. For
firmness, there was significant interaction for all treatments.
While the deformation of the shell, it also showed significant
interaction for all treatments, except for the treatment at 12°C
and 9 minutes of radiation (T8). For all treatments, an increase
in the firmness value for the fruits was noted.
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Figure 6. Firmness (N), on the left, and peel deformation (mm), on the right, in 'Dekopon' tangerine fruits (Citrus reticulata 'Shiranuhi'),
submitted to UVC radiation for different temperatures at 24 °C (a), 12 °C (b) and 6 °C (c¢), and storage days. Treatments at 24°C (T1:
without UVC light, T2: 3 'light, T3: 6' light, T4: 9 'light); at 12°C (T5: without light, T6: 3 'light, T7: 6' light, T8: 9 'light); and 6°C (T9:

without light, T10: 3'light, T11: 6 'light, T12: 9' light)
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the penetration of the fruit, making it easier to remove the peel,
since this is a major factor for the consumer to satisfactorily
evaluate the fruits (Neves et al., 2011). In this research, it was
observed that as the storage time extended, the fruit peels
became thinner and more difficult to detach, mainly in
treatments where the radiation and cooling temperature were
lower, it was also noticed , that when carrying out the texture
tests, the peels apparently took a long time to break, as it is
believed that the narrowing of the peel is due to water loss,
causing greater flaccidity, and consequently, greater difficulty
to break and remove the bark. In other words, this firmness is
due to the fruit peel that loses water and increases the stress to
break, and with the deformation analysis it is evident that the
stiffness of the peel is not related to the pulp. In the research
by Pacheco (2015), analyzing Fremont tangerine fruits, the
author explains this effect where fruits stored under ambient
conditions show an increase in firmness due to changes in the
cell wall of fruits that are withered, making it difficult to
penetrate the tip of the fruit. measuring device in them. Thus,
in contrast to the various studies, lower firmness values refer
to fruits that have maintained this physical property for a
longer time, associating the maintenance of post-harvest
characteristics, where treatments at 12°C for 6 and 9 minutes,
and also the 6°C with 3 minutes of UVC radiation, provided,
for a longer time, the initial firmness of the 'Dekopon'
mandarin fruits mainly due to the radiation time adapted to
each temperature, thus providing better responses.

Daiuto et al. (2013), working with avocados noticed the same
effect on irradiated fruits, where there was, in general, an
increase in the firmness of the fruits in relation to the initial
values. In strawberries submitted to UVC light, Pombo et al.
(2009) observed that there was an increase in the firmness
values providing superior values in relation to other
treatments. In the work of Marques et al. (2013), the mango
fruits associated with UVC and coating, provided greater
maintenance of firmness and also of other post-harvest
parameters evaluated. According to Mercier and Kuc (1997)
and Souza (2015), the action of UVC radiation has an effect as
an abiotic stressor capable of activating defense mechanisms
of plant tissues, among several mechanisms, one is associated
with the maintenance of the plant cell wall. Lu ef al. (1991)
and Tiecher (2010), inferred that, at low dosages, UVC
radiation provides delay in senescence and ripening in fruits
and vegetables. For the deformation of the peel, the fruits of
the treatments at 24°C showed a quadratic behavior, showing
that the deformation increased until the 18 days of the
experiment, and then reduced again from this day. This was
evident from what can be seen in the physical aspect of the
fruits while carrying out the analyzes, because with the
advance of the storage time, the skin became thinner and the
pulp softer (until some time), mainly, by the advance fruit
ripening. However, when the values decreased, the fruits had
already reached the deformation limit, and it was clear that the
fruits were more rigid, as can be seen by the firmness analysis
that increased with the storage time. The same analogy can be
applied to the treatment at 12°C with 3 minutes of radiation
(T6). In the fruits of the treatments at 12°C control and with 6
minutes of UVC radiation, there is a progressive increase in
deformation. This behavior points to the softness of the fruit
and also the pulp (Figure 14 - b). However, care should be
taken to define limits to differentiate the point between
softness and wilting in the deformation value of this fruit. The
same behavior observed, applies to treatments at 6°C,
however, they reached lower values at the end of the

experiment. Giving this action to UVC radiation, as an abiotic
stressor activating defense mechanisms of plant tissues,
providing changes in the cell wall of plant products (Rivera-
Pastrana et al., 2014; Souza, 2015).

It is visually estimated that 'Dekopon' tangerine fruits contain
fractions with a high amount of carbohydrates. For such
carbohydrates there is the starch which, according to Sinha et
al. (2011), behaves as a storage polysaccharide, while pectin,
cellulose and hemicellulose contribute to firmness. Cellulose,
in turn, is an important polysaccharide that contributes to the
firmness of the cell structure, since it is the main component of
the cell wall. With the action of the loss of mass, there is
damage to the harvested product, causing the loss of firmness
and withering to occur. However, it has not been studied how
to differentiate between softness and withering of the
'Dekopon' tangerine fruit, requiring more data and evaluations
to limit the deformation of this fruit. However, it is known that
in the withering the surface texture is wrinkled, while for
turgid fruit it is smooth. The softness that occurs in 'Dekopon'
mandarin fruits is related to the enzymatic action that
generates disorders in the structure of the peel and pulp,
resulting in the softening of the fruits (Thé et al., 2009).
Studies infer that changes in fruit texture are related to two
main enzymatic processes, the action of which is due to
polygalacturonase (PG) and pectinamethylesterase (PME)
(Anthon et al, 2002). Such enzymes act in the
depolymerization and solubilization of pectic and
hemicellulosic substances that culminate in the softening of the
fruits (Vilas Boas, 2002). According to Figure 7, the values of
the final tip load or pulp resistance and the surface tension of
the skin were evaluated. For the final load values, a significant
difference was observed only for half of the treatments, they
are: at 24°C and 12°C with the exception of the control
treatments and with 9 minutes of UVC radiation (TS5 and T8,
respectively), for the fruits of the treatment at 6°C no
significant difference was noted. While, the surface tension, in
two treatments did not present significant difference, at 12°C
and 9 minutes of UVC radiation and at 6°C and 6 minutes of
UVC radiation (T8 and T11, respectively). The others, in
general, showed a reduction with an increase from the 12th
day.

The final load of treatments subjected to 24°C was reduced and
then, at a given moment, increased until the end of the
experiment, showing an inversion in the curve from the 18th
day. This effect is due to the loss of mass and consequent loss
of water, giving the fruits of this treatment greater rigidity in
the pulp with the advance of storage. In this evaluation, it is
evident that the UVC radiation acted in the conservation of the
physical properties of the fruits, where, with the increase of the
exposure time, the inversion of the curve was smaller, and the
average values of the final pulp load were lower, resulting in a
softer pulp, and probably more juice. This decrease in the
firmness of the pulp, makes it softer, as it occurs due to the
action of the enzymes PME (pectinamethylesterase) and PG
(polygalacturonase) that act at the cell wall level. The activity
of these enzymes promotes solubilization of pectic substances
in the cell wall and, consequently, the softening of fruits
(Kays, 1991). For the treatment at 12°C and 3 minutes of
radiation (T6), the same effect was observed, very similar to
the treatment at 24°C and 9 minutes (T4). However, for the
treatment with 6 minutes at the same temperature, it showed a
reduction until the end of the experiment, showing that neither
radiation nor temperature were effective for this variable. At a
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temperature of 6°C, no significant difference was observed, but
they presented averages between 51.66 to 89.79 cN, values

that are very close to the other treatments. The study of surface
tension is designated by the ratio between firmness and
deformation, which came to meet a particularity of the
experiment, which was the tension gain during storage, since
there was a behavior with the decrease and increase in the
deformation of the fruits. It was evident that the increase in
firmness did not; necessarily, it reflected that the fruits were
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firmer (or more rigid), and yes, it caused an increase in the
deformation, showing that the surface of the fruits was
showing resistance to compression, probably due to the loss of
water, forming a film of high resistance. Furthermore, the
internal firmness of the pulps has decreased, favoring the
interpretation of an increase in the surface tension of the fruit
peel. It is unclear why the surface tension has increased, since
it may be related to the resistance of the skin with lignification
of tissues, or by the decrease in tension of penetration to the

pulp.
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Figure 7. Final load (N), on the left, and surface tension (N mm-1), on the right, in 'Dekopon' tangerine fruits (Citrus reticulata
'Shiranuhi'), submitted to UVC radiation for different temperatures at 24 °C (a) , 12 °C (b) and 6 °C (c), and storage days. Treatments at
24°C (T1: without UVC light, T2: 3 'light, T3: 6' light, T4: 9 'light); at 12°C (T5: without light, T6: 3 'light, T7: 6' light, T8: 9 'light); and

6°C (T9: without light, T10: 3'light, T11: 6 'light, T12: 9' light)
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It is known according to Bem (2016), that the temperature rise
is considered a striking feature, as it promotes rapid
lignification of the cell wall, accelerating the metabolic
activity of the cells, thus justifying such results. According to
Taiz et al. (2017), lignification transforms the secondary cell
wall into a hydrophobic structure, resistant to deconstruction.
Note that the surface tension was the opposite of the
deformation found in this experiment, for most treatments.
And this tension, showed an increase very close to the 18th

Rosa et al. (2007) infer that there are peaks in the ascorbic acid
content in different plant products. In the ascorbic acid content
of the treatments without significant interaction between them,
at the end of the experiment, averages ranging between 8.65
and 16.68 mg of ascorbic acid 100 mL-1 of juice, a reduction
of 8.03 mg of ascorbic acid 100 mL-1 of juice in relation to the
different treatments, the lowest value for the treatment
testifying to both refrigeration and radiation, except at 12 °C.
In the treatment at 12°C with 9 minutes of radiation, it can be
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Figure 8. Ascorbic acid (mg of ascorbic acid 100 mL—-1 of juice) in 'Dekopon' mandarin fruits (Citrus reticulata 'Shiranuhi'), submitted

to UVC radiation for different temperatures at 24 °C (a), 12 °C (b) and 6 °C (c), and storage days. Treatments at 24°C (T1: without UVC

light, T2: 3 'light, T3: 6' light, T4: 9 'light); at 12°C (T5: without light, T6: 3 'light, T7: 6' light, T8: 9 'light); and 6°C (T9: without light,
T10: 3'light, T11: 6 'light, T12: 9' light)

day, this time when it reversed the resistance of the peel with
the resistance of the pulp. The treatments that showed less
variation, pointing to the maintenance of this property, were
the treatments at 12 °C control and 6 minutes of UVC radiation
(TS and T7, respectively), as they resulted in curves with less
flexion. The levels of ascorbic acid are shown in Figure 8,
which showed significant interaction only for four treatments,
at 12°C with 9 minutes of UVC radiation, and at 6°C without
radiation and at 6 and 9 minutes of UVC radiation (T8, T9,
T11 and T12, respectively). In general, it is observed that the
levels of ascorbic acid are between 7.19 and 23.13 mg of
ascorbic acid 100 mL-1 of juice, a value that reduces during
storage. For this, there was no continuous decrease, but
isolated peaks of this content, which during storage were
decreasing.

noted that there was an increase in the ascorbic acid content up
to 12 days of storage, and then that value continues to decrease
until the end of the experiment. The same can be observed for
the treatment values at 6°C. In treatments at 6°C submitted to
radiation, it is noted that there was an effect of UVC waves in
the conservation of ascorbic acid levels, compared to treatment
without radiation (T9). In the work by Sanches et al. (2017),
with Ponkan mandarin submitted to UVC radiation stored
under refrigeration, there was a marked reduction in the levels
of ascorbic acid during refrigerated and ambient storage,
regardless of the use or not of UVC radiation. This reduction
without effect of the treatments of the present research, can be
as explained by Felicio et al. (2006), where they inferred that
this is attributed to involvement with antioxidative reactions
that take place during fruit ripening due to the direct action of
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the enzyme ascorbic acid oxidase (ascorbinase) favoring the
senescence of the fruits. The oscillations that occur in vitamin
C analysis are, in part, due to the variability that exists
between fruits, plants and systems. Wu et al. (2004) and
Oliveira et al. (2011), observed that this variation that occurs
in the levels of ascorbic acid, and that also occur in the same
way for carotenoids and phenolic compounds, are attributed to
factors such as maturation stage, cultivation techniques,
climatic conditions, different varieties of the same fruit and
analyzed parts of the fruit. And also according to Couto &
Canniatti-Brazaca (2010), the vitamin C content in foods
varies according to the region of cultivation, climate, time of
harvest, even though it is the same variety. Detoni et al.
(2009), observed that fruits located in the east-west (sun) and
north-south (shade) side of plants, have a significant difference
in the ascorbic acid content, finding 19.28 and 17.51 mg of
ascorbic acid 100 mL- 1 for Ponkan mandarin fruits oriented to
the sun and shade, respectively. The amounts of ascorbic acid
can also be attributed to the size of the fruit and the stage of
maturation, since Lima (1997) observed that the content of
ascorbic acid is higher in immature fruits, decreasing with
maturation, due to the increase in the size of the fruit. . This
tendency to decrease the content of this vitamin during
ripening can be attributed to the susceptibility of ascorbic acid
to oxidative destruction by the enzymes ascorbic acid oxidase,
phenolase, cytochrome C oxidase and peroxidase. Ascorbic
acid occurs naturally in fruits in the form of L-ascorbic acid,
with tangerines containing an average of 20 to 50 mg of
ascorbic acid 100 mL-1 of juice. Sanches et al. (2017) found
mean vitamin C values of 38.62 mg 100 g-1 pulp in chilled
Ponkan mandarin and irradiated with UVC. Couto &
Canniatti-Brazaca (2010) found values of ascorbic acid of
32.47 and 21.47 mg 100 mL — 1 juice in Ponkan and Murcott
tangerines, respectively, values that are quite distant from
those found for 'Dekopon' tangerine in the present study. The
vitamin C values of the 'Dekopon' mandarin are closest to
Tommy mangoes (16.2 mg 100g-1 fresh matter) found by
Oliveira et al. (2011), and also Montenegrina and Rainha
tangerines from the work of Monteiro et al. (2009), where they
found values of 13.48 and 1537 mg 100mL-1 juice,
respectively. Na Table 2 sdo exibidos os dados de fragdes do
fruto em frutos de tangerina ‘Dekopon’. Nesta variavel houve
interacdo significativa para as variaveis de porcentagem de
casca e de bagaco, e ndo houve interagdo significativa para a
porcentagem de suco.

From the beginning of the experiment until the 30th day, the
juice percentage values, in general, remained between 50.39
and 50.44%, which is a value considered satisfactory for both
fresh consumption and industrial processing ( Silva et al.,
2014), the peel present in the fruits had a reduction of 7.84%,
observing the final average between days, while the percentage
of bagasse increased by 7.79%, as can be seen observed
between the final averages of the days. What can be noticed is
the inversion, in most treatments, between the percentage of
peel and bagasse, while one decreased the other increased,
respectively. This effect is probably related to the loss of mass
of the skin and pulp. The fractions of the fruit of the present
study were lower than those of the Ponkan mandarin (60.2%)
found by Longkumer & Kabir (2015). However, it was higher
in relation to the work by Ennab (2017), with 49.01% of juice,
where he observed the effect of nitrogen and GA3 on the
growth, yield and quality of fruits of Ponkan tangerine trees.
The fractions of the fruit were also higher than those found by
Rodrigo et al. (2015), in orange and tangerine Clementine, on
average 48%. The 'Ponkan' tangerine fruits of Silva et al.
(2014), showed an average juice yield of 46%. It was also
higher than the average values of Lee et al. Ponkan mandarin.
(2015) (34.2 to 47.6% of juice), by Zubair et al. (2015) (31.1
to 41.9% of juice) and Al-Obeed et al. (2017) (35.13 to 41.4%
of juice).

In this study, it was observed that at ambient temperatures
there are significant changes in the physical and physical-
chemical properties of the 'Dekopon' mandarin, in the same
way as analyzed by Obenland et al. (2013), where they
inferred that the loss of flavor in tangerines, occurs
exclusively, during the part of the storage protocol, where the
fruits are submitted to room temperature. There may be some
specificity between the varieties of tangerines with this
response, which, however, like most, were influenced by the
presence of a refrigeration period at 20 °C in the storage
regime. Although storage may be financially difficult for
retailers, such results indicate that keeping tangerines
refrigerated has benefits for the quality of the product's flavor,
especially if consumers are also encouraged to keep tangerines
cold before consumption. There is a large-scale accumulation
of aromatic volatiles, which occurs rapidly at 20 °C, and is
largely prevented by cold storage, indicating the involvement
of compounds in organoleptic properties (Obenland et al.,
2013).

Table 2. Percentage of juice, peel and bagasse (%) in 'Dekopon' mandarin fruits (Citrus reticulata 'Shiranuhi') submitted to UVC
radiation and cold storage

Treatments % Juice A dias (%) % BARK A dias (%) % BAGASSE A days (%)
UVC (minutes) T (°C) Day 0 30 days Day 0 30 days Day 0 30 days

0 24 50,3aA  52,8aA 4,6 28,9aA  17,5bB -64,8 20,6bA 29,5aB 30,2
3 24 50,3aA  50,4aA 0,03 28,9aA  18,0bB -60,2 20,6bA 31,5aA 34,5
6 24 50,3aA  50,8aA 0,8 28,9aA  17,6bB -64,0 20,6bA 31,4aA 34,5
9 24 50,3aA  48,0aA -4,9 28,9aA  18,7bB -54,2 20,6bA 33,1aA 37,9
0 12 50,3aA  51,0aA 1,3 28,9aA  20,8bB -39,1 20,6bA 28,1aB 26,6
3 12 50,3aA  51,8aA 2,8 28,9aA  20,0bB -44,7 20,6bA 28,0aB 26,6
6 12 50,3aA  53,0aA 5,0 28,9aA  22,4bA -28,9 20,6aA 24,4aC 15,6
9 12 50,3aA  50,4aA 0,2 28,9aA  26,6aA -8,7 20,6aA 22,8aC 9,7
0 6 50,3aA  51,7aA 2,5 28,9aA  23,0bA -25,6 20,6bA 25,2aC 18,2
3 6 50,3aA  48,8aA -3,0 28,9aA  22,9bA -26,0 20,6bA 28,1aB 26,6
6 6 50,3aA  46,7aA -7,8 28,9aA  24,0bA -20,5 20,6bA 29,2aB 29,4
9 6 50,3aA  49,3aA -2,1 28,9aA  21,5bA -34,7 20,6bA 29,1aB 29,3
Averages 50,3 50,4 0,10 28,9 21,1 -37,0 20,6 28,4 27,4

Note: Means followed by the same, lower case in the line and upper case in the column, between the variables only, do not differ statistically from

each other by the Scott-Knott test at 5% probability (P> 0.05).
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Final considerations

It is concluded that the association of UVC radiation and
refrigeration acted effectively in the post-harvest conservation
of 'Dekopon' mandarin, allowing the maintenance of physical
and physical-chemical properties, for a longer shelf life, with a
temperature of 12 °C to more indicated, and for the different
times of UVC radiation, it can be concluded that the exposure
time of 3 minutes made it possible to maintain the desirable
characteristics of postharvest of the fruits during the evaluation
period in 30 days, mainly, regarding refers to the variables of
fresh weight loss, color, metric parameters, ascorbic acid and
texture.
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