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Abstract 
The effects of pre-storage UV-C illumination on 
fungal decay and postharvest quality of California 
Wonder type bell peppers were investigated. Fruits 
were exposed to UV-C dosages at 1.3, 2.4 and 3.6 
kJ.m-2 and stored at 8°C temperature with 90-95% 
relative humidity for 38 days. Untreated fruits were 
used as control. Changes in weight, titratable acidity, 
total soluble solids, decay and respiration rates of 
bell peppers were examined during storage. All UV-C 
dosages tested reduced the percentage of decay 
compared to control. Most promising UV-C dose was 
found to be as 3.6 kJ.m-2 in controlling storage decays 
in bell peppers. Besides, respiration rate of control 
fruits were higher than those of irradiated bell 
peppers within 24 h at 20°C. But, by the end of the 7 
days at 20°C, CO2 production rates were relatively 
similar. 
Key words: Vegetable, pre-storage, physical 
treatments, quality, respiration 
 
Hasat Sonrası Ultraviole-C (UV-C) uygulaması 
dolmalık biberlerde çürümeleri azaltır ve kaliteyi 
korur 
 
Öz 
California Wonder tipi dolmalık biberlerde depolama 
öncesi UV-C ışın uygulamasının mantarsal 
çürüklükler ve hasat sonrası kalite üzerine etkileri 
araştırılmıştır. Meyveler 1.3, 2.4 and 3.6 kJ.m-2 UV-C 
dozlarına maruz bırakıldıktan sonra 8°C sıcaklıkta 
%90-95 oransal nemde 38 gün süreyle 
depolanmışlardır. Uygulama yapılmayan meyveler 
kontrol grubu olarak kullanılmıştır. Depolama 

süresince ağırlıktaki, titre edilebilir asitlikteki, suda 
çözülebilir kuru maddedeki, çürüklükteki ve 
solunum oranındaki değişiklikler belirlenmiştir. 
Denenen tüm UV-C dozları kontrole göre çürüklük 
yüzdesini azaltmıştır. Dolmalık biberlerin depo 
çürüklüklerini kontrol etmede en ümit var UV-C 
dozunun 3.6 kJ.m-2 olduğu belirlenmiştir. Öte 
yandan, uygulamaların ardından ilk 24 saat içinde 
20°C’de bekletilen biberlerde kontrol grubuna ait 
meyvelerin solunum hızlarının UV-C 
uygulananlardan yüksek olduğu saptanmıştır. Ama, 
20°C’de bekletilen meyvelerin 7 gün sonundaki 
solunum hızları tüm uygulamalarda birbirine yakın 
olmuştur. 
Anahtar kelimeler: Sebze, depolama öncesi, fiziksel 
uygulamalar, kalite, solunum 
 
Introduction 
In Turkey, bell pepper fruits (Capsicum annuum var. 
annuum) are one of the favorite crops for domestic 
market and export. On the other hand, peppers are 
highly perishable products, in particular during the 
postharvest life, high losses can occur due to fungal 
decays and senescence (Hudson et al., 1985). The 
development of fungi during postharvest transport 
and storage of horticultural products can cause great 
economic losses (Marquenie, 2002). Major fungal 
disease in postharvest phase of bell pepper is gray 
mould rot (Botrytis cinerea) (Ceponis et al., 1987). 
Pesticides are mostly used to control these decays 
(Eckert, 1991). Hence, the increased demand for 
pesticide-free commodities and restrictions on the 
use of chemical treatments, the use of chemical-free 
operations like heat and UV-C treatments have 
become more important (Klein and Lurie, 1991; 
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Rodov et al., 1994). The use of a low dose(s) of UV-C 
light (254 nm) resulted in the reduction of storage 
rots of some vegetables like bell peppers (Mercier et 
al., 2001; Artes et al., 2006), carrots (Mercier et al., 
2000), onions (Lu et al., 1987; Kasım and Kasım, 
2012), spinach (Escalona et al., 2010), tomatoes (Liu 
et al., 1993; Barka, 2001; Liu et al., 2012), lettuce 
(Allende et al., 2006), fresh-cut zucchini squash 
(Erkan et al., 2001), UV-C and hot water combination 
in eggplants (Karasahin et al., 2005). Control of 
storage diseases by UV-C could result from induction 
of disease resistance as well as killing or inactivation 
of pathogens by irradiation (Mercier et al., 2001). On 
the other hand, pre-storage UV-C illumination could 
help delaying of fruit ripening by the reduction of 
ethylene synthesis and activity of cell-wall degrading 
enzymes (Maharaj et al., 1999). In yellow bell pepper 
pre-storage UV-C treatment at 6.6 kJ.m-2 dose 
reduced fruit softening and extended shelf-life 
(Promyou and Supapvanich, 2012). Previous studies 
about UV-C on different vegetable products 
conducted by Lemoine et al. (2007), Andrade et al. 
(2011), Pinheiro et al. (2016) showed that pre-
storage UV-C treated fruits had less weight loss than 
control fruits.   
The objectives of this study were to investigate the 
possibility of controlling fungal decays and 
maintaining quality of stored bell pepper fruit with 
UV-C illumination. 
Materials and Method 
Mature-green California Wonder type bell peppers 
(cv. Jubilee F1) were harvested in February from a 
commercial greenhouse in Antalya, Turkey. These 
bell peppers were sorted for uniform size and color. 
They were divided into 4 different groups, 30 fruits 
were placed per boxes, 8 boxes per group, 4 boxes 
for determining decay % and weight loss, 4 boxes for 
chemical analysis were arranged. Three UV-C groups 
of bell peppers were irradiated with 1.3 kJ.m-2, 2.4 
kJ.m-2 and 3.6 kJ.m-2 dosages, individually. Control 
group received no UV-C. Each UV-C treatment was 
replicated three times. UV-C treatment was 
performed in (60x150x45 cm) on-line illumination 
apparatus with ten lamps (Philips, model G15T8, 15 
W). The peak wavelength emitted by the each lamp 
was 254 nm. The processing line beneath the UV-C 
lamps consisted of rollers (50 cm in width) that 
rotates the fruit as it progresses. The speed of the 
rollers was adjusted by changing the speed of the 
motor that propelled it. The height of between UV-C 
lamps and processing line can be changed manually 

as needed. The UV-C fluency was measured with a 
UVX radiometer (UV products Inc., San Gabriel, CA) 
(Karasahin et al., 2005; 2006). 
Fruits were exposed to UV-C dosages at 1.3, 2.4 and 
3.6 kJ.m-2. With the conveyor speed at 1.66 m.min-1 
and height with the 20 cm above the processing line 
2 UV-C lamps delivered 1.3 kJ.m-2 and 7 UV-C lamps 
delivered 2.4 kJ.m-2. With the conveyor speed at 0.42 
m.min-1 and height with the 24 cm above the 
processing line, 2 UV lamps delivered 3.6 kJ.m-2 
(Karasahin et al., 2005; 2006). After UV-C 
treatments, irradiated and untreated control fruits 
were stored at 8°C temperature with 90-95% RH for 
38 days. Each fruit was numbered and weighed after 
UV-C irradiation. The result was expressed as 
percent weight loss. During storage period, UV-C 
treated and control fruits were examined for 
postharvest diseases. Fruit showing any sign of 
infection were removed from their box to avoid 
spread of infection to adjacent fruit. Decay incidence 
was expressed as the percentage of infected fruit. 
Titratable acidity (TA) and total soluble solids (TSS) 
content was determined on juice extracted from 
three replicates of ten fruit from each treatment. 
Acidity was determined by titrating 2 ml of juice to 
pH 8.1 with 0.1 N NaOH. Acidity was expressed as 
percentage citric acid. Percentage total soluble solid 
content was determined with hand refractometer. 
Respiration rates of bell peppers were measured as 
production of CO2. Weighed fruits were placed in 10 
L jars per treatment with a continuous flow of 
humidified air at 20°C for 1 week. Respiration rates 
were measured everyday with modified colorimetric 
method of Pratt and Mendoza (1979). The results 
were calculated as ml CO2 kg-1h-1. The trials were 
arranged in a completely randomized factorial 
design. The factors were UV-C dosage and storage 
time. The results were submitted to a factorial 
analysis of variance and the mean values compared 
using Least Significant Difference test (LSD) at 
p=0.05 (Nigro et al., 1998). 
Results and Discussion 
Weight loss 
Depending upon the UV-C dosages weight loss of 
peppers increased progressively with extended 
storage (Table 1). After 38 days storage period the 
highest amount of weight loss was obtained 3.81% 
from the 2.4 kJ.m-2 UV-C treated fruits and the lowest 
weight loss was obtained 3.14% from 3.6 kJ.m-2 UV-C 
treated fruits. Fruits stored from 8 to 38 
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days showed significant difference (p≤0.05) in 
weight loss between control and UV-C treated fruit 
with different dosages. Percentage weight loss was 
2.59 for control, while it was 3.05 for 1.3 kJ.m-2 and 
3.30 for 2.4 kJ.m-2 UV-C treated fruits during 38 days. 
The lowest value was observed in the 3.6 kJ.m-2 UV-
C treated fruits with 2.47%. On the other hand, 
control with 2.59% weight loss was in the same 
statistical group with 3.6 kJ.m-2 UV-C treatment 
during storage (Table 1).  
In this study, we report that UV-C treated bell 
peppers with 1.3 and 2.4 kJ.m-2 doses had higher 
weight loss than control and 3.6 kJ.m-2 UV-C treated 
fruits during cold storage. A slower weight loss rate 
is desirable from an economical point of view. In 
contrary, Sakaldas and Kaynas (2010) reported that 
UV-C treated green sweet bell peppers for 2.5 and 5 
min and also, Promyou and Supapvanich (2012) 
suggested that UV-C illumination of yellow bell 

peppers in doses 2.2, 4.4 and 6.6 kJ.m-2 were reduced 
weight loss compared to control until 15 days 
storage. Pristijono et al. (2017) exposed 13.6 kJ.m-2 
UV-C doses to mature green tomatoes to test the 
effects of UV-C on postharvest quality during 
ripening. Results of their study showed that 
prestorage UV-C treatment did not significantly 
affect weight loss. Promyou and Supapvanich (2016), 
exposed mongoes to 6.6 kJ.m-2 UV-C dose and then 
stored at 12°C and 25°C for 16 days. The lowest 
weight loss was determined from untreated control 
fruits. In other study conducted by Maharaj et al. 
(1999), mature-green tomato fruit were irradiated 
with UV-C 3.7 and 24.4 kJ.m-2, and stored at 16°C, 
under high relative humidity for a period of 35 days. 
Higher weight loss was found as 7.20, 6.70 and 
5.50% for control, 3.7 and 24.4 kJ.m-2 group 
respectively. 

Table 1. Effects of different UV-C dosages and storage times on weight loss (%) of bell peppers 

UV-C dosages 
(kJ.m-2) 

Storage Time (day) mean 8 18 28 38 
Control 1.93 2.38 2.69 3.35 2.59 cz 

1.3 2.62 2.71 3.08 3.77 3.05 b 
2.4 2.62 3.25 3.53 3.81 3.30 a 
3.6 1.84 2.23 2.68 3.14 2.47 c 

mean 2.25 d 2.64 c 3.00 b 3.52 a 
z: Values marked with the same letter are not statistically different (p≤0.05), LSD (dosages):0.125, LSD (storage time): 0.125 

 
Titratable acidity 
At the beginning of storage an average content of 
0.32% titratable acidity (TA) was determined in the 
bell peppers (Table 2). Titratable acidity (TA) 
decreased slightly with extended storage in all UV-C 
dosages. Over a period of 38 days there were 
significant differences in TA between control and 
different UV-C dosages 3.6 kJ.m-2 resulted in 
significantly lower values of TA with 0.25%, 
although there were no significant differences 
between 1.3 and 2.4 kJ.m-2 UV-C dosages, the highest 
values of TA detected with these dosages during 
storage period 0.32 and 0.31%, respectively (Table 
2). Generally, little change in titratable acidity was 
determined in all treatments during storage. Similar 
results were detected by Erkan et al. (2001) on UV-C 
treated zucchini squash slices. 
Total soluble solids (TSS) 
Results of TSS content of bell peppers are shown in 
Table 3. Percentage TSS for all UV-C dosages and 

control decreased as storage time increased. At the 
end of different storage periods statistically 
significant (p≤0.05) differences in TSS were found. 
At the beginning of storage TSS of bell peppers were 
5.00%, during 38 days TSS were decreased to 4.40%. 
There was no significant interaction between TSS% 
and UV-C dosages observed. Over 38 days storage 
period, TSS% loss was significantly lower in 3.6 kJ.m-
2 UV-C irradiated fruits than other treatments (Table 
3). Charles et al (2005), treated mature green tomato 
fruits with 3.7 kJ.m-2 UV-C and then stored fruits at 
13°C for 21 days. They reported that there was no 
significant difference in total soluble solids between 
the UV-C treated and control fruits. 
Decay 
Depending upon the UV-C dosages the number of 
fruits showed decay increased progressively with 
extended storage (Table 4). At the end of different 
storage periods statistically significant (p≤0.05) 
differences in percent decay were found.
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Table 2. Effects of different UV-C dosages and storage times on titratable acidity (citric acid %) of bell peppers 

UV-C dosages 
(kJ.m-2) 

Storage Time (day) mean 0 8 18 28 38 
Control 0.32 0.33 0.29 0.27 0.25 0.29 bz 

1.3 0.32 0.35 0.33 0.31 0.29 0.32 a 
2.4 0.32 0.31 0.31 0.31 0.30 0.31 a 
3.6 0.32 0.27 0.26 0.19 0.18 0.25 c 

mean 0.32 a 0.32 ab 0.30 b 0.27 c 0.26 c 
z: Values marked with the same letter are not statistically different (p≤0.05), LSD (dosages):0.019, LSD (storage time): 0.017 

Table 3. Effects of different UV-C dosages and storage times on total soluble solids content (%) of bell peppers 

UV-C dosages 
(kJ.m-2) 

Storage Time (day) mean 0 8 18 28 38 
Control 5.00 4.80 4.73 4.53 4.33 4.68 az 

1.3 5.00 4.66 4.66 4.46 4.46 4.65 a 
2.4 5.00 4.66 4.60 4.73 4.53 4.71 a 
3.6 5.00 4.73 4.40 4.26 4.26 4.53 b 

mean 5.00 a 4.71 b 4.60 bc 4.50 cd 4.40 d 
z: Values marked with the same letter are not statistically different (p≤0.05), LSD (dosages):0.118, LSD (storage time): 0.106 
 
The percentage incidence of decay was less than 2% 
at during the first 8 days of storage and reached 
about 20% during 38 days. UV-C irradiation at all 
dosages reduced significantly (p≤0.05) fungal decay 
of bell peppers mainly caused by Botrytis cinerea and 
Alternaria alternata. A beneficial effect was also 
noted in fruit exposed to 3.6 kJ.m-2 dosage because 
no decay incidence observed in 8th day of storage 
compared to other treatments. Control fruit had 
29.88% decay after 38 day of storage whereas the 
UV-treated peppers had 18.37%, 19.00% and 
10.05% when the fruit were exposed to 1.3, 2.4 or 
3.6 kJ.m-2 of UV-C dosages respectively. During 
storage period decay after exposure to 3.6 kJ.m-2 of 
UV-C was significantly (p≤0.05) less than (4.21%) 
after exposure to 1.3 (8.96%) or 2.4 kJ m-2 (9.44%) 
and control (15.75%). Our studies indicate that it is 
feasible to treat vegetables online during processing 
with UV-C light for controlling postharvest decay 

(Karasahin et al., 2005; 2006).  These results those of 
other researchers (Wilson et al., 1997). In our study, 
all UV-C dosages (1.3, 2.4 and 3.6 kJ m-2) tested 
reduced the percentage of decay. The most effective 
UV-C dosage in controlling decay was 3.6 kJ m-2. The 
effect of UV-C on decay development of tomatoes 
inoculated with storage rot fungi was investigated by 
Liu et al. (1993). Also, effect of UV-C on reduction of 
the incidence of decay and lesion size for Rhizopus 
soft rot was observed at the optimum doses of 3.6 
kJ.m-2. Mercier et al. (2001) examined the effects of 
postharvest UV-C illuminations on decays of bell 
peppers during storage at 13°C. They reported all 
doses (0.22–2.20 kJ.m-2) tested provided protection 
against natural infections. The reduction in decay 
might be related to the increase in decay-resistance 
of tissues due to the accumulation of antifungal 
compounds like phytoalexins (Mercier et al., 1993; 
Stevens et al., 1996; Wilson et al., 1994). 

Table 4. Effects of different UV-C dosages and storage times on decay incidence (%) of bell peppers 

UV-C dosages 
(kJ.m-2) 

Storage Time (day) mean 8 18 28 38 
Control 4.44 9.32 19.08 29.88 15.75 az 

1.3 1.11 6.70 9.65 18.37 8.96 b 
2.4 2.22 6.82 9.70 19.00 9.44 b 
3.6 0.00 2.22 4.55 10.05 4.21 c 

mean 1.94 d 6.27 c 10.82 b 19.33 a 
z: Values marked with the same letter are not statistically different (p≤0.05), LSD (dosages):2.909, LSD (storage time): 2.909 
 
Respiration rate 
The respiration rate of unirradiated control fruits 
were higher than those of irradiated bell peppers 
within 24 h (Figure 1). After 48 h, respiration in 1.3 

kJ.m-2 UV-C exposed fruits increased (4.74 ml CO2.kg-

1h-1) and remained slightly higher than other 
treatments. Generally, CO2 production declined in all 
treatments. By the end of the 7 days at 20°C, CO2 
production rates were relatively similar (Figure 1). 
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In a study, Chinese kale (Brassica oleracea var. 
alboglabra) were treated with UV-C 1.8, 3.6, 5.4 and 
7.2 kJ m-2 doses and stored at 20°C. Results showed 
that UV-C reduced ethylene production and 
respiration rates (Chairat et al., 2013). In a study, 
fresh-cut zucchini squash fruits were exposed to UV-
C illumination for 1, 10 or 20 minutes and slices 
were then stored at 5 or 10°C. Influence of UV-C on 
respiration rates were detected at 20°C during 11 
days. It was reported that UV-C treated slices had 
higher respiration rates than control zucchini squash 
slices (Erkan et al., 2001). These results were found 
to be more similar to ours. 

 
Figure 1. Effects of different UV-C dosages on respiration 

rates of bell peppers at 20°C. 

In conclusion, the research indicates that the 
greenhouse-grown ‘Jubilee F1’ bell peppers in 
Antalya region of Turkey can be stored successfully 
for a longer time at 8°C and 90-95% RH if they are 
exposed to UV-C irradiation before storage. The most 
effective UV-C dosage in controlling decay was found 
to be 3.6 kJ.m-2 in our results. It was determined that 
under these conditions this bell pepper cultivar can 
be stored for longer than 38 days without losing 
much of its quality. 
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