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We investigated the effects of Ultraviolet-C (UV-C) treatment on inactivation of green mold rot
(Penicillium digitatum) and physico—chemical properties of strawberry fruit. Although, there was no sig-
nificant difference (P=20.05) in weight loss for all samples after immediately UV-C treatment, however, the
loss dramatically increased during storage (P<0.05). During storage, inoculated strawberry treated with
UV-C (1 and 6 min) showed the better inactivation effect as evidenced by lower decay and number of
microorganism than control sample; however, UV-C treatment for 6 min caused quality damage. This result
agreed with browning calyx shriveling and drying of the strawberry simultaneously with firmness decreas-
ing. Thus, the low UV-C treatment (1 min) was recommended to use as a postharvest mild treatment.

Key words: UV-C, UV-C conveyer machine, Penicillium digitatum and physico—chemical properties of

strawberry

INTRODUCTION

The market sales of fresh cut fruit and vegetables
have grown rapidly in recent years partially due to the
health benefits associated with the consumption of these
foods (Pataro et al., 2015). Strawberry is an economi-
cally important fruit in many countries due to its unique
flavor and aroma, exceptionally rich nutrient content
and potential health benefits (Wei et al., 2018).
Strawberry usually tends highly to be perishable and
susceptible to physiological change and pathogen infec-
tion at all stages of supply chain affecting economic loss
(Maraei and Elsawy, 2017, Liu et al., 2018).

The issue of fruit losing in agri-food chain (post—
harvest, processing and distribution processes) has
gained high attention. Most evidences related to their
loss are caused by microorganism (Trivittayasil et al.,
2016, Ballester and Lafuente, 2017, Wei et al., 2018).
Green mold rot caused by Pewnicillium digitatum,
which is one of the main microorganisms, presented on
the surface of fruit resulting in limited of shelf life of the
fruit and also economic loss (Bautista—Banos et al.,
2003). Thus, there is an urgent requirement for reduc-
ing decay and extending the postharvest life of fruit (Liu
et al., 2018). Recently, various emerging postharvest
treatments including ultrasonic treatment (Cao et al.,
2010a, Gani et al., 2016), hypobaric treatment (Hashmi
et al., 2016), Gramma-irradiation (Maraei and Elsawy,
2017), pulse light treatment (Duarte-Molina et al.,
2016), wax coating (Li et al., 2018, Oregel-Zamudio et
al., 2017), melatonin treatment (Liu et al., 2018), have
been applied to postharvest preservation to extend shelf
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life of fruit. Nevertheless, some of these methods are
not commonly used in daily post-harvesting process due
to its expensive, a need for verifying the effectiveness
and complicated process. The use of different fungi-
cides (aniline pyrimidine, cyprodinil, phenylpyrrole and
fludioxonil) is probably the most commonly used
method to control postharvest decay (Wei et al., 2018),
but it leaves residues that have potential risks to
humans, environment and regulation usage (Liu et al.,
2018). For these reasons, the identification of alterna-
tive antifungal agents to extend postharvest shelf life
and maintain quality of fruit is largely gaining attention.

UV treatment of fresh produce is considered as an
alternative method to chemical approaches because it
has great potential for controlling postharvest diseases
(Charles and Arul, 2007). The germicidal effect of UV-C
presents in a wavelength ranging from 100 to 280 nm.
Many benefits of UV-C, which are cheap, easy to operate
and can be readily incorporated in the processing line of
UV-C, resulting in it is widely implemented to decon-
tamination in horticulture products (Trivittayasil et al.,
2016).

There are numerous reports of UV-C treatment for
extending the shelf life and maintain the quality of abun-
dant fruits. However, no information regarding using of
UV-C conveyor treatment for extending the shelf life of
strawberry in the processing line exists. Also our previ-
ous study, we proposed the UV-C conveyor model for
strawberry decontamination. Therefore, the present
study aimed to investigate the effect of UV-C treatment
in a conveyor system at various levels of treatments
times on properties of strawberry for being use in the
real processing line.

MATERIALS AND METHODS

Preparation of strawberry sample
Strawberry was obtained from the JA Chikuzen
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Asakura, Amagi, Fukuoka, Japan and transported to our
laboratory, Kyushu University, Fukuoka, Japan. The
strawberry was sorted to eliminate damaged or unripe
fruit, and selected for uniform size and color, and then
randomly divided into 3 groups (Group 1: Control, Group
2: In+1min and Group 3: In+6min; 27 strawberries/
groups)) placed in a polyethylene tray (B9, Yurikago,
Ohishi Sangyo Co. Ltd.), and kept at room temperature
(20°C) until used.

Preparation of cell suspension

Penacillium digitatum NBRC 33116 obtained from
the collection of the National Institute of Technology
and Evaluation Biological Resource Center, Japan
(NBRC, Chiba, Japan), were used in this study. The cell
suspensions of Penzicillium digitatum NBRC 33116
were prepared according to the method of (Trivittayasil
et al., 2015) with a slight modification and was grown on
PDA plates (Nissui Pharmaceutical Co. Ltd., Tokyo,
Japan) at 25°C for 72h. The spore was harvested by
scraping off from the PDA surface with detergent (mix-
ing of 30 mL of sterile distilled water and 1 ml of TWEEN
80). A spreader was used to gently scrap the spores into
the suspension. The suspension of mycelium and spores
was filtered through a funnel filled with glass wool to
remove mycelium fragments. The collected suspension
was mixed with 30 mL of distilled water followed by cen-
trifuge at 3000 rpm for 10min at 20°C (3 times). The
suspension was adjusted to 10"CFU/mL by measurement
of the optical density (OD=1) at 600 nm.

Preparation of inoculation on the strawberry and
treatment

Samples were immersed in the cell suspension
(10"CFU/ml) for 1min. The strawberry was allowed to
stand at 4°C until dry. The immersed strawberry was
subjected to treat with ultraviolet (UV-C) for 1 and 6
min using a UV-C conveyor machine (Fig. 1A) at a con-
veyor speed of 1 m/min (In+1 min and In4+6 min). The
average intensity of UV-C treatments for 1min and 6
min were 0.76 kJ/m* and 4.54 kJ/m?®, respectively. The
distance between lamp and sample was 9.7 cm (Fig. 1B).
The strawberry immersed in cell suspension without
treatment with UV-C was used as the control (Control).
Then, all strawberries were stored at 25°C and taken out
after 0, 3 and 6 days for measurements of weight loss,
color, firmness, decay incidence, pH, °Brix, calyx deteri-
oration, and microbial load.

Determination of weight loss
Weight loss was determined by weighting the straw-
berry before and after UV treatment, and storage period
using an electronic balance (FX - 3000i, A & D
Corporation, Tokyo).
Weight loss was calculated as follows:
Weight loss (%) = [(A-B)/A] X 100
where: A = initial weight (before treatments)
B = weight after inoculation, followed by
treatments after storage

Determination of calyx deterioration

In accordance with the evaluation method by
Trivitayasil (2014) all samples were evaluated calyx
deterioration by visual assessment base on its turgidity
and green color using an index of 1-5, where 1=fresh
and green, 2=fairly wilted and green, 3=fairly wilted and
a little brown, 4=fairly wilted and fairly brown, 5=wilted
and brown.

Determination of decay incidence

Decay incidence of strawberry fruit was considered
from fruit appearing decay symptoms (rot, lesions or vis-
ible fungal growth) compared to total number of fruit
and reported in percentage (%) (Liu et al., 2018). The
all samples were evaluated decay severity by observing
using a 1-b6 scale: 0, healthy fruit; 1, 1-20% fruit surface
infected; 2, 21-40% fruit surface infected; 3, 41-60%
fruit surface infected; 4, 61-80% fruit surface infected;
5, 281% fruit surface infected and showing sporulation
according to Liu et al. (2018).

Microbiological evaluations

Strawberry was taken out after 0, 3 and 6 days of
storage to measure the surface decontamination using
the standard medium agar (PT 1010, Eiken Chemical
Co., Ltd., Tochigi, Japan). The standard medium agar
was used for stamping on the surface of strawberry and
then incubated at 25°C for 3days. After 3days, the
number of colonies on the medium was measured and
calculated. The result was reported as signs: — = clean
(not detect), £ = very low contaminated (<20 Colonies
on an agar plate), + = low contaminated (20-60 Colonies
on an agar plate), ++ = mid contaminated
(60-200 Colonies on an agar plate), +++ = high contam-
inated (>200 Colonies on an agar plate) (Kaneko, 1999)

Determination of color

Color was assessed by using a portable color reader
(CR-20, Konica Minolta Japan Co., Ltd.) with CIELAB
color mode. Color of strawberry was determined and
expressed as L* (lightness), a* (-greenness/ + redness),
b* (—blueness/+ yellowness). The color was measure on
the surface of fruit at same area (near ostiole) during
the storage.

Determination of texture firmness

The strawberry was cut along the central axis into
two halves. Each half of the sample was placed firmly
with turned the outer surface up on the sample holder.
The measurement was performed using a rheometer
(RE-3305, Yamaden Co., Ltd., Tokyo, Japan) with a
7.9mm diameter cylindrical probe. The probed pene-
trated and held perpendicular 5 mm of the fruit flesh at a
crosshead speed of 1mm/s and the peak force was
recorded. The value of the flesh firmness was expressed
in Newton (N).

Determination of pH and Brix
The strawberry was squeezed by hand to obtain the
fruit juice. 1mL of fruit juice was dropped on to the
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sample holder of pH meter (twin pH B-211, HORIBA).
1 mL of fruit juice was dropped on to the sample holder
of Brix meter (MASTER-T, ATAGO CORPORATION,
Tokyo)

Statistical analysis

Analysis were conducted in triplicate. Data were
subjected to analysis of variance (ANOVA). Comparison
of means was performed by the Duncan’s multiple range
test. Significance of differences was defined at P<0.05.
Statistical analysis was carried out using SPSS package.

RESULTS AND DISCUSSION

Weight loss

Postharvest weight loss is an important indicator of
the freshness of fruits, and the control of the loss is a
challenge for their commercialization (Oregel-Zamudio
et al., 2017). Weight loss of strawberry after treated
with different levels of UV-C exposure during storage is
shown in Fig. 2A. At day 0, weight loss of strawberry
generally increased significant (P<0.05) when treated
with UV-C, regarding increased treatment time. There
is the possibility that, when strawberry is exposed to UV
for a long time, the free water was easily removed from
fruit to the environment and surface shriveling observed,
in  which occurred weight loss of strawberry.
Furthermore, when the storage time increased, the
weight loss of all strawberry samples increased signifi-
cantly (P<0.05). The highest weight loss was observed
at 3 and 6 days of the storage in control and In+1min
sample. The highest weight loss during storage might be
related with transpiration, respiration of the fruit and
also microbial growth which are causing physiological
damage of fruit. The obtained results are in agreement
with similar research conducted by Pinheiro et al.
(2015). They reported that weight loss of tomato
treated with UV-C treatments (0.32, 0.97, 2.56,4.16 and
4.83kJm*® at 254nm) increased during storage for 15
days. Moreover, the weight loss of those samples related
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with visual fungal attack evidence (Fig. 3) and survival
microorganism result (Fig. 2C) which showed the high-
est decay strawberry and microbial load. Despite the
fact that the high intensity of UV-C treatment (6 min)
showed moderate weight loss after storage at 3 and
6 days, it caused a negative effect of visual appearance
(shriveling and loss of brightness as indicated by lower-
ing firmness and high calyx freshness score. Thus, UV-C
treatment on the surface of strawberry with optimum
levels must be considered.

Calyx deterioration

The calyx was a decisive parameter of fruit quality,
as browning of the calyx leaves was the most relevant
damage (Allende et al., 2007). At the first day of the
storage. No significance (P=0.05) were observed in all
samples (Fig. 2B). The calyx freshness of strawberry in
all samples increased significantly during storage
(P<0.05). The highest calyx deterioration was found in
In+6 min sample because of excessive of UV-C treat-
ment. Nigro et al. (2000) reported that strawberry
treated with irradiation at 4.00kJ m™ induced caused
browning of the calyx and loss of color brightness.
Allende et al. (2007) revealed that using higher UV-C
(1kJm™) and O, (5000 mg L) treatment had the nega-
tive effect of browning and drying of the strawberry
calyx.

% Decay incidence

%Decay incidence of strawberry after treated with
UV-C at different treatment levels during storage is illus-
trated in Fig. 2C. %Decay incidence of strawberry fruit
in all samples increased significantly (P<0.05) with risen
storage time, regardless with treatment times. The qual-
ity of strawberries during storage has been limited by its
highly perishable nature including susceptibility to post-
harvest diseases associated with bacteria, yeasts and
fungal infections (Sogvar et al., 2016). At the end of
storage, the highest decay incidence, but no significance
(P20.05) was found in control sample followed by
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Fig. 1. The 3D model of UV-C conveyor configuration (a), UV-C conveyor configuration models (b).
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In+1 min and In+6 min, respectively. It was postulated
that poor UV-C treatment allowed to survive, survival
microorganism and some metabolic activity affecting
decay on fruit. Thus, using UV-C treatment alone can
reduce the decay symptom for a while. This method still
requires integration effect with other post—harvest treat-
ments.

Microbiological evaluations

The effect of UV-C treatment to strawberry samples
on the total microorganism are mentioned in Table 1.
No significance (P=0.05) was overserved in all samples
after immediately treated with UV-C (day 0). In +1 min
and In+6 min samples showed the significant reduction
(P<0.05) of microbial growth compared with inoculated
sample at 3 and 6 days of the storage times. There was
indicated that the UV-C treatment effectively reduced
the microorganisms. Ultraviolet irradiation inactivates
cells by altering the physicochemical nature of the DNA,
which eventually affects downstream expression of
essential proteins involved in biochemical processes
(Estilo and Gabriel, 2018). It is noteworthy that
although UV-C treatment delayed the microorganism,
combination with other method for improving efficacy in
part of decontamination still required.

Color
Color of strawberry after treated with UV-C at dif-
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ferent treatment levels during storage is illustrated in
Table 2. The color factor is a crucial criterion related to
consumer acceptance of strawberry fruit. To evaluate
the decay of fruit, L* and a* values is a useful parame-
ters to indicate the color change (brownness and dark-
ness) of strawberry fruit during storage (Liu et al.,
2018). For all treatments, L* value exhibited decreased
significantly (P<0.05), when the storage time increased.
Those results indicated darkening of the fruit samples as
a consequence of the pink reddish color (Nunes et al.,
2006). During increased storage time, the anthocyanin

Table 1. Microbial load on the strawberry surface after treated
with UV-C at different treatments time during storages
(0, 3 and 6 days) at 25°C

Treatment
Parameters  Storage Times
Control  In+1min In+6min
0 + + +
Microorganism 3 + + +
6 + + +

Noted: Control: inoculated strawberry; In+1 min: inoculated
strawberry treated with 1 min of UV-C; In+6 min: inoculated
strawberry treated with 6min of UV-C. The symbol — = clean (not
detect), + = very low contaminated (<20 colony on agar plate), +
= low contaminated (20-60 colony on agar plate), ++ = mid
contaminated (60-200 colony on agar plate), +++ = high
contaminated (>200 colony on agar plate)

2
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HIn+l min
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ac—ac 2C

Calyx deteriolation
~
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Fig. 2. Weight loss (A), Calyx deterioration (B) and % Decay incidence (C) of strawberry after treated with UV-C at different treatment
times during storage. Note: Control: strawberry without treatment; Control: inoculated strawberry; In+1 min: inoculated strawberry
treated with 1 min of UV-C; In+6 min: inoculated strawberry treated with 6 min of UV-C. Different lowercase letters on the bars
indicate significant differences in treatments at the same storage times (P<0.05). Different uppercase letters on the bars indicate
significant differences in same treatment at different storage times (P<0.05). Bars represent the standard deviation (72=27).
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synthesis pathway was taken place. It led to change the
color of fruit. Xu et al. (2017) revealed that UV-C irra-
diation can increase total anthocyanin and phenolic com-
pound levels of strawberry.

Strawberry in all treatments turned to be red after
storage. It was coincidental with the increase in a* value
(Table 2). The red color in strawberry fruit is derived
from the orange-brown anthocyanin pigments of pelar-
gonidin glycosides (Perkins — Veazie, 2010). Several
reports have indicated that UV light exposure promotes
anthocyanin synthesis in strawberries and sweet cher-
ries (Maraei and Elsawy, 2017). The result was in
accordance with Pinheiro et al. (2015) who reported
that tomato treated with UV at various levels turned to
be redder during storage. When compared at the end of
storage (6 day), the lowest a* value was observed in
In+6min sample. The result pointed out that high
intensity of UV-C can be retarded senescence stage of
the strawberry similarly with Pan et al. (2004) reported
that UV light illumination has effectiveness to delay
anthocyanin accumulation in strawberry fruit. Also, this
phenomenon has been reported in strawberries where
high doses of UV light exposure are thought to cause too
much stress and possibly result in injury. Furthermore,
there was no significant difference (P20.05) in b* value.
Thus, using UV-C high intensity (6 min) treated straw-
berry can retard reaching ripening and senescence stage
of strawberry.

Texture firmness

Firmness of stored strawberry after treated with
UV-C with different levels is illustrated in Table 3.
Texture is a critical quality attribute in the consumer
acceptability of fresh fruit and vegetables (Cao et al.,
2010b). Strawberry is a soft fruit that suffers a rapid
loss of firmness during storage, which contributes
greatly to its short postharvest life and susceptibility to
fungal contamination (Hernandez—Munoz et al., 2008).
Statistical analysis did not show significant differences

(P=0.05) in the firmness between all samples immedi-
ately after treatments (0day). In present study, fruit
firmness of strawberries decreased significantly during
storage (P<0.05) due to these samples reached for the
mature and senescence stage. However, at 6 days of the
storage, the firmness of control and In+1 min samples
had slightly decreased. It might be related to the activi-
ties of microorganism growing during the storage. The
insufficient of UV-C treatment caused softening and
decay on fruit surface. Hashmi et al. (2016) reported
that strawberry with lower firmness and higher respira-
tion rate were also higher in rots. Those results were
coincident with high weight loss (Fig. 2A) and visual
fungal attack evidence (Fig. 3). At 6 days of the storage,
the reduction of firmness was found in In+6 min sample
because the surface of strawberry shriveled. When the
shriveling surface of fruit occurred, those shriveled sur-
face was less resistant to force applied leading to the
lower of firmness. Therefore, treatment of strawberry
using high UV-C has adversely been affecting their firm-
ness.

pH and °Brix

pH plays an important role in food safety and qual-
ity, since it affects the growth and type of microbial flora
spoiling the product as well as its sensory and organolep-
tic properties (Pataro et al., 2015). No significance
(P=0.05) was noticeable in all samples at day 0 (Table
3). In general, pH of strawberry (6.60-6.70) was signifi-
cantly decreased (P<0.05) with increasing storage time,
regardless of UV-C treatment times. The pH reduction
resulted might be due to the increase of fungal popula-
tion, growth of which produced a large number of
metabolites and acid mucus (Vieira et al., 2016).
Sangkasanya (2013) revealed that the acid accumulation
in longkong was probably due to anaerobic or fermenta-
tive metabolism during storage.

°Brix value is used as an indicator of strawberry
quality in part of sweet taste. At 0 day, °Brix value of all

Table 2. Color of strawberry after treated with UV-C at different treatment time during storage at 25°C

Treatments
Parameters Storage Times
control In+1 min In+6 min
0 37.06 = 6.54* 36.80 + 6.82* 38.47 £ 547
L* 3 36.24 = 3.97" 35.77 + 4.88* 36.65 = 527"
6 33.07 = 3.75" 35.01 + 447 33.73 = 4.79"
0 36.63 = 4.59 36.00 = 4.91* 35.84 + 3.31*"
a* 3 44.67 = 2.99" 40.74 = 4.34" 39.15 = 3.19"
6 41.87 = 3.58" 40.66 = 4.02"" 38.61 = 4.27"
0 26.29 + 4.29™ 28.32 = 6.13" 31.80 = 437
b* 3 30.89 = 4.92* 25.18 + 6.43" 27.50 = 5.08""
6 25.67 = 4.87" 25.55 + 6.04" 24.00 = 4.64°

T Mean = SD (n=27).

Control: inoculated strawberry; In+1 min: inoculated strawberry treated with 1 min of UV-C; In+6 min:
inoculated strawberry treated with 6 min of UV-C. Different lowercase superscripts in the same row
indicate the significant differences treatments (P<0.05). Different uppercase superscripts in the same
treatment under the same state of parameters indicate the significant differences (P<0.05).
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samples did not differ significantly (£<0.05) as shown in
Table 3. When the storage time increased, °Brix value
slightly increased without significance (P=0.05), regard-
less of treatments. Ripening stage of strawberry might
be caused of total soluble solid increased (Hernandez—

Munoz et al., 2008). The solubilization of the cell wall
polyuronides and hemicelluloses in mature strawberry
might also contribute to the increase in soluble solid
content (Hernandez—Munoz et al., 2008). Thus, UV-C
treatment did not affect pH and °Brix of strawberry.

Table 3. Firmness, pH and °Brix of strawberry after treated with UV-C at different treatment time

during storage at 25°C

Treatments
Parameters Storage Times
control In+1 min In+6 min
0 19.26=0.12" 19.30+0.08* 19.25=0.12"
Firmness (N) 3 19.22+0.14* 19.19%0.42** 19.21+0.15"
6 18.60+1.41* 18.73+1.40" 18.86+0.77*
0 0.88+0.13* 0.88+0.13" 0.92+0.11"
pH 3 0.79%£0.10" 0.79+0.10" 0.83+0.10"
6 0.77+0.0.8" 0.77+0.08* 0.79%0.12*
0 8.80+0.70" 9.24+0.83" 9.01+£0.84"
°Brix 3 9.26+0.75"" 9.25%+0.82* 9.08+0.49*
6 9.41+1.09* 8.81+0.56™ 9.22+0.66"

T Mean = SD (n=27).

Control: inoculated strawberry; In+1 min: inoculated strawberry treated with 1 min of UV-C; In+6 min:
inoculated strawberry treated with 6 min of UV-C. Different lowercase superscripts in the same row
indicate the significant differences treatments (£<0.05). Different uppercase superscripts in the same
treatment under the same state of parameters indicate the significant differences (P<0.05).

Inoculation In+ 1 min In+ 6 min

Control

Fig. 3. Visual fungal attack evidence of strawberry after treated
with UV-C at different treatment times during storage.
Note: Control: inoculated strawberry; In+1 min: inoculated
strawberry treated with 1 min of UV-C; In+6 min: inoculat-
ed strawberry treated with 6 min of UV-C.

CONCLUSION

The UV-C treatment had potential to improve qual-
ity of strawberry during storage. The efficiency of UV-C
treatment in improving the fruit quality was governed by
treatment time, which determined based on the decay
incidence and microbial population on the strawberry
surface.  Strawberry treated with UV-C for 6min
(In+6 min) showed the highest efficacy to reduce micro-
bial growth; however, the treatment caused negative
effect on calyx freshness and decreased shear force.
Thus, combination of different postharvest treatments
still required to improve the quality of the fruit and
reduce food loss during food process chain.

AUTHOR CONTRIBUTION

P. KINGWASCHARAPONG and Y. [IDA designed the
study, performed data analysis and wrote paper. F.
TANAKA and F. TANAKA designed the study, super-
vised the work. All authors assisted in editing the manu-
script and approved the final version.

REFERENCES

Allende, A., Marin, A., Buendia, B., Tomas—Barberan, F. and Gil, M.
I. 2007 Impact of combined postharvest treatments (UV-C
light, gaseous O,, superatmospheric O, and high CO,) on health
promoting compounds and shelf-life of strawberries. Posthar-
vest Biol. Technol., 46: 201-211

Ballester, A. R. and Lafuente, M. T. 2017 LED Blue Light—



UV-C Treatment on Green Mold Rot 307

induced changes in phenolics and ethylene in citrus fruit: Impli-
cation in elicited resistance against Penicillium digitatum
infection. Food Chem., 218: 575-583

Bautista—Bafos, S., Garcia-DomiNguez, E., Barrera-Necha, L. L.,
Reyes—Chilpa, R. and Wilson, C. L. 2003 Seasonal evaluation
of the postharvest fungicidal activity of powders and extracts of
huamuchil (Pithecellobium dulce): action against Botrytris
cinerea, Penicillium digitatum and Rhizopus stolonifer of
strawberry fruit. Postharvest Biol. Technol., 29: 81-92

Cao, S., Hu, Z. and Pang, B. 2010a Optimization of postharvest
ultrasonic treatment of strawberry fruit. Postharvest Biol.
Technol., 55: 150-153

Cao, S., Hu, Z., Pang, B., Wang, H., Xie, H. and Wu, F. 2010b
Effect of ultrasound treatment on fruit decay and quality main-
tenance in strawberry after harvest. Food Control, 21: 529-532

Charles, M. T. and Arul, J. 2007 UV treatment of fresh fruits and
vegeTables for improved quality: a status report. Stewart Post-
harvest Review, 3: 1-8

Duarte-Molina, F., Gémez, P. L., Castro, M. A. and Alzamora, S. M.
2016 Storage quality of strawberry fruit treated by pulsed light:
Fungal decay, water loss and mechanical properties. Innov
Food Sci Emerg Technol, 34: 267-274

Estilo, E. E. C. and Gabriel, A. A. 2018 A model for the influences
of soluble and insoluble solids, and treated volume on the ultra-
violet—C resistance of heat-stressed Salmonella enterica in sim-
ulated fruit juices. Food Microbiol., 69: 72-81

Gani, A., Baba, W. N., Ahmad, M., Shah, U., Khan, A. A., Wani, [. A
Masoodi, F. A. and Gani, A. 2016 Effect of ultrasound treat-
ment on physico—chemical, nutraceutical and microbial quality
of strawberry. LWT-Food Sci Technol, 66: 496-502

Hashmi, M. S., East, A. R., Palmer, J. S. and Heyes, J. A. 2016
Hypobaric treatments of strawberries: A step towards commer-
cial application. Sci. Hortic., 198: 407-413

Hernandez—Munoz, P., Almenar, E., Valle, V. D., Velez, D. and
Gavara, R. 2008 Effect of chitosan coating combined with
postharvest calcium treatment on strawberry (Fragariaxa-
nanassa) quality during refrigerated storage. Food Chem.,
110: 428-35

Kaneko, S.  (1999). Petan check (stmp hou) mi yoru shokukin
seizou kankyou no biseibutsu [Online]. Eiken Chemical Co. Ltd.
Available: http:/www.eiken.co.jp/products_technique/es/pdf/
esl4.pdf [Accessed Aug. 1, 2018]

Li, X., Zhu, X., Wang, H., Lin, X., Lin, H. and Chen, W. 2018 Post-
harvest application of wax controls pineapple fruit ripening and
improves fruit quality. Postharvest Biol. Technol., 136: 99-110

Liu, C., Zheng, H., Sheng, K., Liu, W. and Zheng, L. 2018 Effects
of melatonin treatment on the postharvest quality of strawberry
fruit. Postharvest Biol. Technol., 139: 47-55

Maraei, R. W. and Elsawy, K. M. 2017 Chemical quality and nutri-
ent composition of strawberry fruits treated by y—irradiation. J
Radiat Res Appl Sci, 10: 80-87

Nigro, F., Ippolito, A., Lattanzio, V., Di Venere, D. and Salerno, M.
2000 Effect of ultraviolet—C light on postharvest decay of
strawberry. J. Plant Pathol., 82: 29-37

Nunes, M. C. N., Brecht, J. K., Morais, A. M. M. B. and Sargent, S. A.

2006 Physicochemical changes during strawberry development
in the field compared with those that occur in harvested fruit
during storage. J. Sci. Food Agric., 86: 180-190

Oregel-Zamudio, E., Angoa—Pérez, M. V., Oyoque—Salcedo, G., Agu-
ilar-Gonzalez, C. N. and Mena—-Violante, H. G. 2017 Effect of
candelilla wax edible coatings combined with biocontrol bacteria
on strawberry quality during the shelf-life. Sci. Hortic., 214:
2173-279

Pan, J., Vicente, A. R., Martinez, G. A., Chaves, A. R. and Civello, P.
M. 2004 Combined use of UV-C irradiation and heat treat-
ment to improve postharvest life of strawberry fruit. J. Sci.
Food Agric., 84: 1831-1838

Pataro, G., Sinik, M., Capitoli, M. M., Donsi, G. and Ferrari, G. 2015
The influence of post-harvest UV-C and pulsed light treatments
on quality and antioxidant properties of tomato fruits during
storage. Imnov Food Sci Emerg Technol, 30: 103-111

Perkins—Veazie, P. 2010 Growth and ripening of strawberry fruit.
Horticultural Reviews, 17: 267-297

Pinheiro, J., Alegria, C., Abreu, M., Goncalves, E. M. and Silva, C. L.
2015 Use of UV-C postharvest treatment for extending fresh
whole tomato (Solanwum lycopersicum, cv. Zinac) shelf-life. J.
Food Sci. Technol., 52: 5066-74

Sangkasanya, S. (2013). Flavor and Its Related Quality in Long-
kong (Aglaia dookkoo Gviff.) during On-Tree Maturation and
Storage. Doctor of Philosophy in Food Technology, Prince of
Songkla University

Sogvar, O. B., Koushesh Saba, M. and Emamifar, A. 2016 Aloe
vera and ascorbic acid coatings maintain postharvest quality and
reduce microbial load of strawberry fruit. Postharvest Biol.
Technol., 114: 29-35

Trivitayasil, V. (2014). Optimization of IR and UV-C radiation as
surface decontamination techniques for fresh produces using a
CFD approach. Doctor of Philosophy Thesis, Kyushu University,
Japan

Trivittayasil, V., Nashiro, K., Tanaka, F., Hamanaka, D. and Uchino,
T. 2015 Inactivation Characteristics and Modeling of Mold
Spores by UV-C Radiation Based on Irradiation Dose. Food.
Sci. Technol. Res., 21: 365-370

Trivittayasil, V., Tanaka, F. and Uchino, T. 2016 Simulation of
UV-C Intensity Distribution and Inactivation of Mold Spores on
Strawberries. Food. Sci. Technol. Res., 22: 185-192

Vieira, J. M., Flores-Lépez, M. L., De Rodriguez, D. J., Sousa, M. C.,
Vicente, A. A. and Martins, J. T. 2016 Effect of chitosan—Aloe
vera coating on postharvest quality of blueberry (Vaccinium cor-
ymbosum) fruit. Postharvest Biol. Technol., 116: 88-97

Wei, Y., Wei, Y., Xu, F. and Shao, X. 2018 The combined effects
of tea tree oil and hot air treatment on the quality and sensory
characteristics and decay of strawberry. Postharvest Biol.
Technol., 136: 139-144

Xu, Y., Charles, M. T., Luo, Z., Mimee, B., Veronneau, P. Y., Rolland,
D. and Roussel, D. 2017 Preharvest Ultraviolet C Irradiation
Increased the Level of Polyphenol Accumulation and Flavonoid
Pathway Gene Expression in Strawberry Fruit. J. Agric. Food
Chem., 65: 9970-9979






