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UV-C radiation on fresh fig quality
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ABSTRACT: Sanitization using chemical agents to reduce the microbiological load on the
surface of agricultural products have the drawback of leaving residues. Conversely, physical
treatments, such as ultraviolet radiation C (UV-C), are residue-free, non-toxic and environmentally
friendly. Ripe figs are perishable, exhibiting an epidermis with low resistance to mechanical
treatment, high water content and the ostiole, which is an open door that expedites undesirable
microorganism penetration. In this study, the effect of different energy levels of UV-C radiation
on the appearance and physico-chemical properties of the figs when stored at 10 °C and 20
°C was evaluated focusing on the technological parameters of the application of radiation. The
energy levels of radiation applied were 0.00, 0.71, 1.32, 2.64 and 4.01 kJ m2 and they showed
neither acceleration nor delay effects on fig ripening. Figs exposed to the radiation energy at
0.71, 1.32, 2.64 and 4.01 kJ m2showed a lower incidence of rot at the same temperature,
but the figs exposed to the highest radiation, 4.01 kJ m, showed more wilting and stains,
which significantly impaired their appearance. UV-C radiation reduces the development of rotting,
providing evidence of its potential in the postharvest processing of ripe figs. However, radiation

Introduction

There is a growing awareness of health and
nutritious diets rich in vitamin C, phenolic compounds,
flavonoids (Tureck et al., 2017; Klinder et al., 2016),
and increased fresh fruit and vegetable consumption.
However, the emergence of the potential associated
with pathological microorganisms in foods consumed
in natura cannot be ignored (Wadamori et al., 2017,
Zhu et al., 2017). Sanitization using chemical agents to
reduce the surface microbiological load in agricultural
products (Bermudez-Aguirre and Barbosa-Cédnovas,
2013), have the drawback of leaving residue (Coelho et
al., 2015). Conversely, sanitization using the so-called
physical treatments are residue-free, safe, non-toxic and
environmentally friendly (Sdo José et al., 2014). For this
reason, the effect of non-thermal physical treatments
such as ozonization, ultraviolet radiation (UV-C) and
modified atmosphere have recently become subjects for
investigation (Van Hung et al., 2011; Ge et al., 2013; Savi
et al., 2014; Aday et al., 2013; Bermudez-Aguirre and
Barbosa-Céanovas, 2013; Sdo José et al., 2014).

Ripe figs (Ficus carica L.) are perishable, exhibiting
low resistance to mechanical treatment in the epidermis,
high water content and the ostiole, expediting undesirable
microorganism penetration. Figs are classified as non-
climacteric (Ryall and Pentzer, 1982); however, they
have an increase in ethylene production and respiratory
activity at certain stages of their development. Several
studies have shown that the use of UV-C irradiation
can be a potential treatment that will enhance the
postharvest life of fruit and vegetables. The use of this
technology can delay ripening, retard microbial growth
and increase fruit firmness (Pombo et al., 2009; Ding
and Yap, 2014; Ding et al., 2015). The main microbial
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levels should be limited to avoid undesirable epidermis stains.
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inactivation mechanism uses photoproducts that can
interrupt both transcription and DNA translation (Franz
etal., 2009}, and could be lethal to micro-organisms (Yaun
et al., 2004). Characteristically, the penetration depth of
UV-C light is close to the incident surface, facilitating an
eminently superficial interaction. Manzocco et al. (2011)
estimated to be 0.2 mm the UV-C radiation penetration
depth in apple pulp.

In this study the effect of ultraviolet C (UV-C)
radiation on fresh figs was investigated. Considering
the limited information on ripe figs, the effect of the
different energy levels of continuous UV-C radiation
on their appearance and physico-chemical properties,
when stored at temperatures of 10 °C and 20 °C,
were investigated focusing on the determination of the
technological parameters supporting the application of
radiation.

Materials and Methods

Ripe 'Roxo de Valinhos' figs (Ficus carica L.)
weighing between 50 g and 70 g, free of visible physical
and microbiological damage, acquired directly from the
producers in the city of Campinas, SP, Brazil (22°59'33.6"
S, 47°05'05.1" W, altitude of 685 m; average day and
night temperature 20 °C and 34 °C, respectively), were
harvested in the morning, transported to the laboratory
and kept at an ambient temperature of 20 °C were used.

From the harvested lot, figs with approximately
half of their surface a purplish color were selected.
The radiation chamber used, which was built of
plywood, measured 1000 x 1000 x 600 mm and was
coated internally with aluminum foil, accommodated
twelve UV lamps (30 W), 894.6 mm long and 28 mm in
diameter, equally distributed over the lower and upper
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parts (Figure 1). The lamps, emitting short-wave UV peak
radiation at 253.7 nm (UV-C) were coated with special
glass that retains radiation and produces ozone (185 nm).
The figs were placed in a resting position (Figure 1) on
a metal screen with a square mesh of 10 mm, without
touching each other, at a distance of 220 mm from the
upper and lower lamps. In this configuration, the total
fluence rate of UV-C radiation on the metal screen
surfaces, considering the lower and upper radiation
levels, was 0.044 W m. This value corresponds to the
average of nine measurements on the metallic screen,
keeping the surface of the radiometer sensor (Optometer
Optical Power Meter Newport, model 1830-C, 0.1 pW)
parallel to the plane of the lamps. The amount of radiation
calculated took into account the exposure time, and
resulted in values of 0.00, 0.71, 1.32, 2.64 and 4.01 k] m~?,
corresponding to the time intervals of 0, 16, 30, 60 and
91 s, respectively. After irradiation, the figs were placed
in open plastic trays containing eight figs each and stored
at temperatures of 10 + 2 °C and 20 + 2 °C in a relative
humidity of 90 + 5 %, for a period of seven days, and
subjected to periodic quality assessments over the storage
period. Evaluations of fig appearance were performed
every two days and physico-chemical assessments such
as weight loss, soluble solids content, titratable acidity
and pH, on the initial and final days.

Appearance was visually evaluated, based on a
subjective scale of grades ranging from 0 to 10, taking
into account the percentage of the following attributes:
(a) ripeness, based on the development of the epidermis’
purplish coloration area; (b) wilting, based on the degree
of surface wrinkling; (c) physical stains and damages, based
on the amount of darker spots on the fruit epidermis
caused by physical damage and UV radiation; and
(d) rot, evaluated by the percentage of figs with fungal
contamination in each package. For each of the above
appearance attributes, the zero score corresponds to the
absence of the attribute. The overall grade for appearance
was used to calculate the Global Index (GI) corresponding
to the sum of the average values of the appearance

Figure 1 - Inside view of the chamber used for ultraviolet (UV-C)
radiation in figs. 1. Aluminum foil coating; 2. UV lamps; 3. Lateral
supports; 4. Adjustable lower bottom; 5. Screened adjustable
shelf; 6. figs; 7. Side forced air exhaustion holes.
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attributes, with weighting two for dark spots, physical
damages and rot and weighting one for the others.

Weight loss was calculated by the difference
between the initial and final mass of figs in each package
(0.01 g). Total Soluble solids (TSS) was determined
according to the official methodology of the Association
of Official Analytical Chemistry (2005), using a manual
refractometer (0.01 °Brix). Titratable acidity (TA) was
determined following the methodology of the AOAC
(2005) by the titration of 10 g of comminuted pulp
and homogenized with 90 mL of distilled water, using
a standardized solution of 0.10 N sodium hydroxide
(NaOH) and a digital potentiometer and the results
expressed as a percentage of citric acid.

A completely randomized 5 x 2 factorial design
with five radiation levels (0.00, 0.71, 1.32, 2.64 and 4.01
k] m) and two storage temperatures (10 °C and 20 °C)
was used. For the analysis of appearance and weight
loss, five replicates were used, each repetition consisting
of a pack of 8 figs, and the analysis of TSS, TA and pH
were performed with five replicates, using one fig for
each replicate. Thus, for each treatment, 40 figs and a
total of 400 figs were used for each experiment, each
experiment being performed in triplicate (1200 figs in
total). The results were submitted to analysis of variance
(ANOVA) and comparison of means between treatments
(Tukey, p < 0.05), with the aid of the SAS (Statistical
Analysis System) statistical package, version 9.1.3.

Results and Discussion

The average results for weight loss, soluble solids
content, titratable acidity and pH, determined on the
first and last day of the seven days storage period, are
shown in Table 1.

The effect of UV radiation on weight loss at both
temperatures for all treatments was not significant.

Table 1 - Mean values (n = 15) of total soluble solids (TSS), titratable
acidity (TA), pH and weight loss on the initial and final days of
storage for irradiated figs with different energy levels, stored at 10
°C and 20 °C for seven days after the application of the radiation.

T Enetgy  ogaoo. A H  Weight Loss
e Bl”lx_z"gt':': l:ﬁtgﬁ”glggi Nt 4928
0.00 1159 Aa 0.21A2  5.31Ba 6.37a
071 1181 Aa 0.17Aa  550Bab  6.62a
10 132 11.72Aa 0.20Aa  543Bab  6.76a
264 1202Bab  0.20Aa  5.44Bab  7.04a
401 11.63Aa 0.20Aa  5.18Ba 7.08
000 1294Bb 0.21Aa  558Bab  9.65b
071 1151 Aa 0.19Aa  545Bab  9.03b
20 132 1157Aa 0.19Aa  5.70Bb 9.72b
264 11.78 Aa 0.18Aa  565Bab  9.0lb
401 1211Bab  020Aa  550Bab  9.46b
CV (%) 418 11.71 1.93 5.64

Means followed by the same capital letter in the row and lower case in the
column do not differ (p < 0.05). CV = coefficient of variation.
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However, mean values of total weight losses, close to 7 %
and 9 %, for treatments at 10 °C and 20 °C, respectively,
showed a significant effect attributable to temperature
(Tukey, p < 0.05) mostly due to the difference of vapor
pressure between the two storage environments. Even
though losses are expected under such conditions,
average values above 3 % are already noticeably affecting
appearance and market value. Van Hung et al. (2011)
observed losses of the same order of magnitude for
figs exposed to UV-C radiation, for which there was no
influence of radiation on weight loss.

There was a difference in TSS only for temperature
levels and there was no significant interaction between
TSS values and radiation levels. These results are in
accordance with those obtained by Van Hung et al. (2011},
in which fig storage at 95 % of humidity and temperatures
of 5.5 and 7 °C for 6, 8 and 10 days, showed significant
differences between storage days only. At a temperature
of 20 °C, the control and radiation treatments of 4.01
k] m showed the highest averages (Table 1), but no
significant tendency was observed. This increase in
TTS mean values may be attributed to water loss, the
main component of weight loss. However, since the TSS
content was determined by taking whole figs, its values
did not reflect the greater losses closer to the epidermis,
and, consequently, a discrete variation was obtained in
their values. Wilting values have the potential to provide
evidence of this superficial effect of the weight loss. For
TA (Table 1), no significant differences were observed
between storage temperatures nor UV-C radiation. For pH
(Table 1), there was a significant difference in irradiation
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levels as well as for storage temperatures. Higher pH
values were observed in the control treatment at both
10 °C and 20 °C storage temperatures. Results of the
physico-chemical analysis showed that none of the UV-C
radiation levels affected fruit quality during the storage
time considered.

Figures 2A, B, C and D show the average values of
appearance ripening, wilting, stains, physical damages
and rot appearance of figs exposed to UV-C radiation of
0.00, 0.71, 1.32, 2.64 and 4.01 k] m2 and stored at 10 °C
and 20 °C. The interaction between temperature and
radiation was significant for the ripening, wilting and
rot parameters, providing evidence of effects that varied
across the treatments. Figs stored at 10 °C showed lower
values for ripening, wilting, stains, physical damage and
rot than for treatments at 20 °C, providing evidence of
the dominating effect of temperature on fruit quality
maintenance. Figs exposed to radiation energy levels
between 0.71 k] m and 4.01 k] m and stored at 20 °C
showed a lower incidence of rot, differing statistically
from the control treatment, except for the energy reading
of 1.32 k] m2. Figs exposed to the highest radiation level,
4.01 k] m?, showed more wilting, stains and physical
damage, significantly impairing their appearance.
Similar behavior was reported by Shama and Alderson
(2005) for other fruit such as grapes, blueberries and
strawberries, for which energy levels above 1.0 kJ
m~2 caused epidermis darkening and quality loss, and
by Ding and Yap (2014) and Ding et al. (2015}, who
observed that UV-C irradiation above 0.01 k] m causes
peel browning in banana which affects the visual quality
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Figure 2 — Mean values of ripening (A), wilting (B), stains and physical damage (C) and rot (D) at the end of seven days of storage of figs submitted
to different UV-C radiation energy levels and stored at 10 °C and 20 °C (means followed by the same capital letter between energy levels and
lower case between temperatures do not differ (p < 0.05)). *n.s. = not significant.
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of fruit. The initial ripening mean value, equal to five,
increased to 7.12 and 7.64, for temperatures of 10 °C
and 20 °C, respectively. As expected, due to the discrete
fig climacteric behavior reported in the literature (Ryall
and Pentzer, 1982), there was no significant change in
coloration for either temperature. The energy levels
applied neither accelerated nor delayed fig ripening
(Figure 2A). Wilting was observed on the second and
fourth days for temperatures of 20 °C and 10 °C,
respectively, and was higher at 20 °C, in agreement with
the variations in weight loss.

The observations during the experiments suggest
that the effect of UV-C radiation is not noticeable
immediately after its application. They also suggest that
increases in the number of spots and rot with storage time
are associated with both the storage temperature and
the UV radiation level (Table 2). Since the relationship
between the presence of spots together with rot is an
important indicator of the performance of UV radiation,
in this experiment, the rot was observed only from days
seven and five, at temperatures of 10 °C and 20 °C,
respectively, while the spots were observed on the
second day for both treatments. Higher energy levels
had higher values for spots and they appeared earlier
during storage. The presence of stains and physical
damage was consistently higher at 20 °C, indicating
an effect caused by temperature. On the seventh day;,
the efficacy of UV-C was demonstrated since radiation
values above 0.70 k] m™2, at 10 °C, did not show any
incidence of rot, and the incidence of rot at 20 °C was
reduced by more than 50 % as compared to the control
for this temperature. In view of these results and to
express these attributes in a single number a global
index (GI) was proposed defined as the weighted sum of
the mean values of ripening, wilting, stains and physical
damage and rot, with weighting value two for ripening
and wilting and weighting value 1 for the others, divided
by the sum of the weightings (6). The GI, because of the
greater weighting values assigned to stains and physical
damage and rot, expresses with greater emphasis both
the effects of UV-C radiation, either deleterious, by
the early appearance of stains and physical damage,

Table 2 - Variance Analysis of the appearance parameter “rot” of
figs subjected to UV-C radiation of 0.00 kJ m=, 0.71 kJ m=2, 1.32
kJ m2, 2.64 kJ m?2 and 4.01 kJ m?, stored at 10 °C and 20 °C
for seven days.

Source of Var. df SS MS F Pr>F

Temperature 1 528.1250 528.1250 9.94 0.0031
Radiation 4 606.2500 151.5625 2.85 0.0359
Temperature x Radiation 4 143.7500 35.9375 0.68 0.6123
Error 40 2125.0000 53.1250

Corrected Total 49

Mean 4.75

CV (%) 153.44

N 50

df = degrees of freedom; SS = sum of squares; MS = mean square; Pr =
probability; CV = coefficient of variation.
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Figure 3 - Global Index (Gl) variation for figs submitted to different
UV-C radiation energy levels, after seven days of storage at 10 °C
and 20 °C.

or beneficial, by delaying rot manifestation. Increasing
GI values represent increasing losses in quality. The
results, for both temperatures, are shown in Figure 3.
In addition to showing the temperature dependence,
already identified in the previous analysis, by the higher
GI values obtained at 20 °C than those at 10 °C, the 0.0
k] m2, 0.71 k] m? and 1.32 k] m™ treatments showed
similar linear behavior until the fifth day, differing on
the sixth day, especially from control values. The 2.64 kJ
m~Zand 4.01 k] m™ treatments showed similar behavior
at both temperatures, differing from the others by the
highest GI values until the fifth day and, on the seventh
day, significantly lower values than the controls. The GI
values were lower, in most cases, for the 0.71 k] m2?and
1.32 k] m™ treatments at the temperatures of 20 °C and
10 °C, respectively.

Conclusion

UV-C radiation of 2.64 k] m?and 4.01 k] m=
reduces rotting development, providing evidence of
its potential in the postharvest processing of ripe figs.
However, radiation levels should be limited to avoid
undesirable dark spots on the epidermis.
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