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Fig.1. Experimental setup of blue LED irradiation  (left) and  (right).
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Fig.3  Effect of blue light-emitting diode (LED) irradiation on blue mold symptom development .
Vertical bars indicate standard error (SE) (n = 5). 
Different letters indicate significant differences between the treatments; < 0.05 by the Tukey’s multiple range test.

Fig.5. Effect of blue LED irradiation on satsuma mandarin fungal area diameter caused by 
. Vertical bars indicate S.E.. (n = 3).

z Different letters indicate significant differences at < 0.05 by Tukey's multiple range test.

Sporulation area

Mycelium area

Soft rot area

Fig.4. Measurement of fungal area diameter.Fig.2. Relative power distribution of blue LED.
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Table 1.  Effect of blue LED irradiation on satsuma mandarin fruit disease incidence caused by 

Soft rot area Mycelium area Sporulation area

Dark 73.3 az 63.3 a 46.7 a
LED 40.0 b 16.7 b   3.3 b
LED/Dark 36.7 b 16.7 b 10.0 b

Data are expressed as the means (n = 3). Data were transformed to the arcsine of the square root before analysis.
z Different letters indicate the significant differences at < 0.05 by Tukey's multiple range test.

Treatment
Disease incidence (%)

Fig.6. Effect of blue LED irradiation before inoculation on satsuma mandarin fungal area diameter 
caused by Data are expressed as the mean ± S.E.(n = 4).
z n.s.: not significant, *: significant difference at < 0.05 by -test.
y 2 L of 5×104 spores mL-1 suspension.
x 5 L of 5×105 spores mL-1 suspension.

Fig.7 Effect of blue LED irradiation on blue mold symptom development in satsuma mandarin fruits. 
Vertical bars indicate the standard error (SE) (n = 25). 
Different letters indicate the significant differences between the treatments.

 < 0.05 by the Tukey's multiple range test.
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Table 2. Influence of blue LED irradiation on fruit quality in satsuma mandarin ( Marc. ‘Aoshima unshu’).

(g) (%) (%) (°Brix)
(g 100mL-1

as citric acid)

Dark 131 0.89 80.6 0.0 1.1 11.4 0.61
LED 128 0.89 80.0 0.1 2.3 11.0 0.69

Significancez - n.s. n.s. n.s. * n.s. *

Data are expressed as the means of 4 replications.
z n.s.: not significant; *: significant difference at < 0.05 by -test.; -: not done.

TA
Avg.fruit

wt.Treatment
Specific
gravity

Percentage
of flesh

Degree of peel
puffing

Moisture
loss SSC

Table 3. Influence of blue LED irradiation on rind color in satsuma mandarin ( Marc. ‘Aoshima unshu’).

L* a* b* a*/b*×100
Dark 64.1 28.8 65.4 44.1
LED 65.2 28.8 66.4 43.3

Significancez * n.s. n.s. n.s.

Data are expressed as the means of 4 replications.
z n.s.: not significant, *: significant difference at < 0.05 by -test.

Rind color
Treatment
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Fig.11. Effect of autumn treatments of a mixture of gibberellin and prohydrojasmon (GP) spray and 
postharvest blue light-emitting diode (LED) irradiation on blue/green mold, stem-end rot, black rot
and chilling injury after storage (Apr. 07) in satsuma mandarin fruit. 
Data are expressed as the means (n=3).
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Table 6. Influence of autumn treatments of a mixture of gibberellin and prohydrojasmon (GP) spray and postharvest blue light-emitting 
diode (LED) irradiation on the fruit quality of satsuma mandarin (  Marc. ‘Aoshima unshu’) after storage (Apr. 07) .

(g) (%) (°Brix)
(g 100mL-1

as citric acid)

126 74.9 0.81 10.9 0.50 22.0
108 75.2 0.76 11.3 0.36 31.3
121 74.3 0.80 10.8 0.40 26.8
113 73.9 0.78 11.4 0.41 28.0

LED irradiation (A) - NS NS NS NS NS
Source GP treatment (B) - NS ** NS ** **

A B - NS * NS ** **
Data are expressed as the means (n = 3).
zNS, *, ** indicate nonsignificant and significant difference at <0.05, <0.01, respectively, by two-way ANOVA; -: not analyzed.

GP+LED
LED
GP

Control

SSC
Treatment

TA SSC/TA
Avg.fruit

wt.
Percentage

of flesh
Specific
gravity

Table 5. Influence of autumn treatments of a mixture of gibberellin and prohydrojasmon (GP) spray on the 
fruit quality of satsuma mandarin (  Marc. ‘Aoshima unshu’) fruits at harvest.

(g) (%) (°Brix)
(g 100mL-1

as citric acid)

GP 136 77.6 0.87 10.5 0.75 13.9
Control 134 76.0 0.85 10.3 0.74 13.9

Significancez - NS * NS NS NS
Data are expressed as the means (n = 5).
z n.s. :not significant;  *: significant difference at  < 0.05 by t-test;  -: not analyzed.

SSC/TATreatment
Avg.fruit

wt.
Percentage

of flesh
Specific
gravity SSC TA
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Fig.13. Effect of UV-B irradiation on fruit fungal diameter caused by in satsuma mandarin at early harvest (October).
Vertical bars indicate S.E. (n = 6).
Different letters indicate the significant differences at < 0.05 by Tukey's multiple range test.
UVB + Inoculation: UV-B irradiation at 24h before wounding and inoculation.
Inoculation+ UVB: UV-B irradiation at immediately after wounding and inoculation.

Fig.14. Effect of UV-B irradiation on fruit fungal diameter caused by infection of satsuma mandarin at commercial harvest (November).
Vertical bars indicate S.E. (n = 6).
Different letters indicate the significant differences at < 0.05 by Tukey's multiple range test.
UVB + Inoculation: UV-B irradiation at 24h before wounding and inoculation.
Inoculation+ UVB: UV-B irradiation at immediately after wounding and inoculation.

Table 7. Effect of UV-B irradiation on disease incidence caused by  infections of satsuma mandarin fruit.

4 day 5 day 4 day 5 day 4 day 5 day 4 day 5 day 

30kJ m-2 + Inoculation 8.9 b 20.0 az 0.0 6.7 b 27.1 a 45.0 a 0.0 25.6 a
60kJ m-2 + Inoculation 8.9 b 30.0 a 0.0 0.0 b 25.1 a 45.0 a 0.0 27.8 a
Inoculation + 30kJ m-2 20.5 a 33.3 a 0.0 6.7 b 33.7 a 43.8 a 0.0 32.8 a
Inoculation + 60kJ m-2 10.0 a 23.3 a 0.0 3.3 b 25.4 a 48.8 a 0.0 25.1 a
Control (Inoculated) 31.5 a 40.0 a 0.0 23.3 a 35.1 a 46.7 a 0.0 36.1 a

Data are expressed as the means (n = 6).
z Different letters indicate the significant differences at < 0.05 by Tukey's multiple range test.
Data were transformed to the arcsine of the square root before analysis.

Mycelium area

Early harvest Commercial harvest

Disease incidence (%)

UV-B dose
Soft rot area Mycelium area Soft rot area
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Table 8. Influence of UV-B irradiation on the fruit quality of satsuma mandarin ( Marc.‘Aoshima unshu’).

(g) (%) (°Brix)
(g 100 mL-1

as citric acid)

UVB 144 0.90 79.5 0.2 12.0 0.76 16.0
Control 136 0.89 78.5 0.2 12.0 0.79 15.3

Significancez - n.s. n.s. n.s. n.s. n.s. n.s.

Data are expressed as the means of 5 replicates.
z n.s.: not significant; *: significant difference at < 0.05 by -test; -: not analyzed.

SSC/TATA
Avg.fruit

wt.Treatment
Specific
gravity

Percentage
of flesh

Degree of peel
puffing SSC

Table 9 Influence of UV-B irradiation on the rind color of satsuma mandarin ( Marc.‘Aoshima unshu’).

L* a* b* C*
UVB 63.8 22.5 65.1 68.9
Control 63.8 22.2 64.2 68.1

Significancez n.s. n.s. n.s. n.s.

Data are expressed as the means of 5 replicates.
z n.s. :not significant, *: significant difference at  < 0.05 by -test.

Rind color
Treatment
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Fig.16. Comparison of scoparone content of flavedo in 60 kJ m-2 dose
UV-B irradiated and non-irradiated fruit at 20 days after irradiation. 
Data are expressed as the mean ± S.E.(n = 7).
**: significant difference at  < 0.01 by -test.

Fig.15. Relation between UV-B irradiation dose and scoparone content of 
flavedo tissue in satsuma mandarin fruit at 2 days after irradiation.
Data are expressed as the mean ± S.E.(n = 4).
z Different letters indicate the significant differences at < 0.05 by Tukey's multiple range test.
y n.d.: not detected.



              19 
 

0.2 gg-1 F.W.  
 

15 kJ·m 2 

UV-B
Hamamoto 2007 UVA-LED 365nm UV-C

254nm DNA
UV-C

DNA
UVA-LED

8 -2’-

UV-B
DNA

 
UV-B 2

UV-B

UV-B
UV-B

UV-B

Mercier 2001 UV-C

UV-C
UV-C 24

2 LED
LED

UV-C
UV-B

UV-C 11
30

Rodov 1992
UV-B 20

47 gg-1 F.W.

ED50 29 gmL-1 

Kim 1991) UV-B 20

UV-B UV-
B

UV-B
Kim , 

1991 Ortuño 2011 UV
10

 

UV-B

D’hallewin 1999

UV-C

, 2005  

Table 10. Effect of UV-B irradiation on each disease incidence and total decay rate of satsuma mandarin.

Blue mold and green mold Black rot Stem-end rot
UVB 0.7 0.0 0.6 1.3
Control 9.5 0.6 1.2 11.3

Significancez ** n.s. n.s. **

Data are expressed as the means of 7 replicates.

Data were transformed to the arcsine of the square root before analysis.
n.s. :not significant, **: significant difference at  < 0.01 by -test.

Disease incidence (%)
Treatment

Total decay
rate (%)
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Fig.19. The effect of red LED irradiation on the change in L*, a*, b* and Chroma (C*) values in Marc. ‘Aoshima unshu’
harvested at early harvest (a) and commercial harvest (b). 
Vertical bars indicate standard error (SE) (n = 4). z **, * and n.s.: significant difference at < 0.01, 0.05 and no significant difference by -test.

Fig.20. The effect of LED irradiation on degree of rind color in  Marc. ‘Aoshima unshu’
 harvested in two harvest periods. 
Vertical bars indicate standard error (SE) (n = 4). 
z **, * : significant difference at P < 0.01, 0.05 by t-test.
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Table 11. Influence of red LED irradiation on fruit quality in satsuma mandarin ( Marc.‘Aoshima unshu’) at  early harves

flavedo pulp

(g) (°Brix) (g 100mL-1

as citric acid)
(%)

LED 109 9.7 0.86 11.3 2.40 1.63 3.4
Dark 113 9.8 0.88 11.2 1.12 1.85 2.8
Significancez - n.s. n.s. n.s. * n.s. n.s.
Data are expressed as the means of 4 replications.
z n.s.: not significant; *: significant difference at < 0.05 by -test.; -: not done.
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Treatment SSC Moisture lossSSC/TATA
Avg.fruit

wt.
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Table 12. Influence of red LED irradiation on fruit quality in satsuma mandarin ( Marc.‘Aoshima unshu’) at commercial 

flavedo pulp

(g) (°Brix) (g 100mL-1

as citric acid)
(%)

LED 135 10.1 0.71 14.4 4.65 2.26 2.5
Dark 124 9.6 0.72 13.3 3.32 2.15 1.8
Significancez - n.s. n.s. n.s. ** n.s. n.s.
Data are expressed as the means of 4 replications.
z n.s.: not significant; *: significant difference at < 0.05 by -test.; -: not done.

(mg 100gF.W.-1)

SSC/TA Moisture loss-cryptoxanthinTreatment
Avg.fruit

wt. SSC TA
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The postharvest decay of citrus fruit is caused by , , , 
and other fungi, and is a source of economic loss for organizations involved in the cultivation, export, and sale 
of citrus fruit. In Japan, citrus fruit decay is controlled by the application of chemical fungicides to trees prior 
to harvesting. However, their use has gradually become more limited owing to rising public concerns over 
both health and environmental issues, including the development of fungal resistance. Alternative methods 
of postharvest disease management are expected to reduce the application of chemical fungicides. On the 
other hand, the delay of color development in harvested fruits has resulted in reduced market value. In 
recent years, there have been problems with delayed coloration of satsuma mandarins because of unstable 
weather conditions, including high temperatures in early fall because of global warming and sharp drops in 
temperature before harvesting. Therefore, the objective of this study is to investigate the possibility of 
controlling fruit decay in satsuma mandarin by blue LED (light-emitting diode) or UV-B irradiation. And 
another aim of this study is to investigate the effect of low-intensity red LED light irradiation on the 
coloration of satsuma mandarin fruit after harvesting.  
 

The antifungal effect of blue LED (light emitting diode: maximum emission wavelength 465 nm, 80 
mol·m-2·s-1) irradiation on the blue mold, , in satsuma mandarin ( Marc.) 

fruits after harvesting was investigated. First, I examined the growth and development of blue mold 
subjected to blue LED irradiation of two different intensities . High-intensity blue LED with an 
emission peak of 465 nm and fluency of 80 mol·m-2·s-1, and low intensity blue LED with an emission peak of 
465 nm and fluency of 8 mol·m-2·s-1 significantly reduced the growth of In addition, Blue LED 
irradiation for 6 days after inoculation with  significantly reduced symptom development 
in the fruits compared to that observed with dark treatment. The sporulation and mycelium area were 
markedly reduced by blue LED irradiation. On the other hand, blue LED irradiation for 6 days before 
inoculation reduced symptom development when the inoculum dose was low. These results indicate that blue 
light irradiation could directly inhibit fungal growth in satsuma mandarin fruits and induce an antifungal 
response against the blue mold. In the same way, wounded fruits inoculated with  were irradiated 
with low-intensity blue LED (8 mol·m-2·s-1) for 6 days and changes in blue mold symptoms were monitored. 
The results indicate that not only high-intensity (80 mol·m-2·s-1) but also low-intensity blue LED treatment 
significantly reduced blue mold symptoms in fruit; the most pronounced inhibitory effect was exerted on 

 sporulation. These results show that the treatment with low-intensity blue LED irradiation would 
be sufficient to reduce blue mold symptom development and present a promising safe approach to control 
postharvest spoilage in mandarin fruit. Prior to the implementation of LED treatment in the actual storage 
environment, it is important to develop the irradiation regime and resolve the main difficulty which is 
limited accessibility of mandarins to irradiation. 

 

I investigated the effect of autumn treatments of a mixture of gibberellin and prohydrojasmon (GP; 3.3:25 
ppm) spray and postharvest blue light-emitting diode (LED) irradiation on storage diseases and chilling injury 
of satsuma mandarin fruits. The trees were treated with GP three months before harvest. Then, harvested 

Sumarry 



 
36                                                             11  

___________________________________________________________________________________________ 
 

fruits were irradiated with blue LED at a maximum emission wavelength of 465 nm and photon flux of 10 
mol·m-2·s-1 for 92 days at 8°C. The blue LED irradiation during storage significantly reduced storage diseases 

(blue mold, green mold, stem end rot, and black rot), chilling injury, and total decay rate from 63 until 92 days 
of storage. GP treatment alone did not inhibit the total fruit decay rate. Fruits treated with GP and 
postharvest blue LED irradiation had a higher titratable acid content than that in non-treated fruits after 
storage. In contrast, these treatments did not affect the sugar content of fruit. These results indicate that blue 
LED irradiation in actual storage environments could reduce the decay of mandarin fruit, with or without GP 
treatment. 
 

The effect of ultraviolet (UV-B) irradiation on the blue mold, and influence of UV-B on the internal fruit 
quality and the peel color in satsuma mandarin were investigated. All UV-B doses examined (15, 30, 60, and 
120 kJ m-2) had inhibitory effects on  growth  (reduction of spore germination >99%). 
Additionally, we examined the disease incidence, the soft rot area diameter, and the mycelium area diameter 
of  Marc. ‘Aoshima unshu’ which treated by UV-B irradiation 24h before inoculation or after 
inoculation at two different harvest periods The diameter and incidence of soft rot areas were not 
significantly reduced by UV-B irradiation at 5 days after inoculation. However, a UV-B dose of 60 kJ m-2 
reduced the diameter of mycelial growth on fruits for 5 days after inoculation, both at early and commercial 
harvest. At early harvest, UV-B irradiation at doses of 30 kJ m-2 and 60 kJ m-2 was effective at reducing the 
incidence of mycelial growths, regardless of whether irradiation occurred 24 h before inoculation, or whether 
inoculation occurred immediately prior to UV-B irradiation. UV-B irradiation did not affect fruit quality with 
respect to soluble solid concentration, titratable acidity, or peel color. In addition, I investigated the use of 
ultraviolet (UV-B) irradiation to control the fruit decay and promote the accumulation of scoparone, which is 
associated with resistance to decay in satsuma mandarin fruit induced by post-harvest UV-B irradiation. At 
first, I investigated the effects of different doses (0, 15, 30 and 60 kJ m-2) of UV-B irradiation on the 
scoparone production of flavedo tissue. 60 kJ m-2 UV-B irradiation induced the production of 15 mol gF.W.-1 
scoparone content in flavedo tissue at 48 h after irradiation. In addition, I subsequently investigated effect of 
UV-B irradiation on fruit decay due to naturally occurring infections using non-inoculated mandarin fruits. 
The decay rate was reduced by UV-B irradiation at doses of 60 kJ m-2 in 20 days after treatment. And, 47 

mol gF.W.-1 scoparone content in flavedo tissue of UV-B treated fruits were accumulated. Non-irradiated 
fruits were induced little scoparone. Although UV-B irradiation did not significantly control disease 
development in inoculated fruits, Our results indicate that UV-B irradiation at doses of 60 kJ m-2 was 
effective at reducing the decay rate, and UV-B irradiation induce an antifungal response, such as the 
production of scoparone as a defensive measure against fungal development in the flavedo of satsuma 
mandarin fruits as well as UV-C irradiation. 
 

There have been problems with delayed coloration of satsuma mandarins because of unstable weather 
conditions. Here, it was investigated that the effect of irradiation from a low-intensity red light-emitting 
diode (LED) (fluency of 12 mol•m-2•s-1) on the rind color development of satsuma mandarins after 
harvesting it in two different harvest periods. In the early harvest fruit, the a* value for satsuma mandarin 
peel treated by red LED irradiation was 2.7 and 2.4 times higher than that for the dark treatment fruit at 4 
and 8 days irradiation, respectively. Similarly, L*, b* and C* value of the irradiated fruits were significantly 
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higher compared to that dark treatment. In the fruit from the commercial harvest, the a* value of the peel 
treated by red LED irradiation was 1.2 and 1.4 times higher than with dark treatment at 4 and 8 days 
irradiation, respectively. L* and b* value of the irradiated fruits were not significantly different compared to 
that dark treatment in commercial harvest. Additionally, we examined the influence of red LED irradiation 
on the internal fruit quality of the satsuma mandarins from the two harvest periods. Low-intensity red LED 
irradiation did not affect fruit quality, however, -cryptoxanthin of fravedo tissue was increased by low-
intensity red LED. These results indicate that treatment with low-intensity red LED irradiation is sufficient 
to develop a degree of rind color of mandarins without affecting internal fruit quality. 
 

In this study, it was clarified that the possibility of controlling fruit decay by blue LED (light-emitting 
diode) or UV-B irradiation, and rind color development by low-intensity red LED irradiation. Prior to the 
implementation of LED treatment in the actual storage environment, it is important to develop the 
irradiation regime. Then, this technology, i.e., decay control and rind color development by UV and visible 
light, can be combined with other preservation methods, such as temperature and moisture conditioning. 
Further research is required to develop alternative methods of postharvest management to enhance market 
value and mitigating fruit decay. 

 
 
 
 




