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Abstract 
Purpose of review: The elevated incidence of disease is a postharvest problem in fruits during storage, transport and commercialisa-

tion. This article reviews the effects of gamma and UV-C radiations on the control of postharvest diseases on a wide variety of fruits, as 

well as the possibility that these treatments promote physical-chemical changes during the postharvest phase. 

Findings: Gamma and UV-C irradiations are physical treatments that can be used for the control of postharvest diseases. Irradiation 

has been used to delay ripening-associated processes and control pathogens and insects, and different types of radiation have been 

tested for fruits. The primary mode of action of many physical treatments is disinfection of the commodity. Thus, fungal spores and 

mycelial infections on and in the outer cell layers of fruits or vegetables are removed or destroyed. However, physical stress can lead to 

induced resistance against future infection in some species. 

Directions for future research: The data accumulated so far indicate that UV-C and ionising energy has some potential applications 

for fresh fruits. These applications have real potential amongst physical methods for controlling postharvest diseases and can also ex-

tend the postharvest life of fruits by delaying ripening. Besides economic and logistic factors, and opposition based on psychological 

discernment problems due to lack of public knowledge on wholesomeness of irradiated food, physical-chemical changes frequently 

constitute a dose limitation. Proper information about the safety and benefits of irradiated foods could increase the level of understand-

ing and acceptance of irradiated products by consumers. 
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Introduction 
The problems caused by diseases have been amplified by 

the development of pathogen resistance to fungicides and by 

the withdrawal of some products from the market. Further-

more, consumers are looking for fruit free of chemical resi-

dues. Consequently, alternative control strategies, ie, an-

tagonists, natural compounds and physical treatments have 

attracted attention. Gamma and UV-C irradiations are physi-

cal treatments that can be used for the control of postharvest 

diseases [1]. Irradiation has been used to delay ripening-

associated processes and control pathogens and insects [2], 

and different types of radiation have been tested for fruits 

(Tables 1 and 2). The primary mode of action of many 

physical treatments is disinfection of the commodity. Thus, 

fungal spores and mycelial infections on and in the outer 

cell layers of fruits or vegetables are removed or destroyed. 

However, physical stress can lead to induced resistance 

against future infection in some species [3**]. 

ASP  Alkali Soluble Pectin 

CSP  Chelator Soluble Pectin 

UV-C  Ultraviolet-C 

WSP  Water Soluble Pectin 
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Fruit fly infestation is a global problem with devastating ef-

fects on more than 100 fruit species, thus restricting fruit 

distribution among countries and even within a country. The 

common quarantine treatment for most fruits against fruit 

flies is methyl bromide fumigation. However, methyl bro-

mide is scheduled to be phased out by 2015 as it is toxic to 

humans and harmful to the ozone layer. In recent years, much 

effort has been directed towards developing alternative meth-

ods to methyl bromide fumigation [4, 5]. Irradiation is very 

promising, since low doses exhibit insecticidal effects on 

fruit flies. In addition, the storage period for fruits can be 

extended when associated with thermal treatments for disease 

control. Gamma radiation is effective on all stages of the life 

cycle of a pest such as a fruit fly and it is ready to be used as 

an efficacious quarantine treatment method [6]. However, the 

greatest obstacle in the use of irradiation for postharvest 

treatment is the high cost and prejudice by consumers in rela-

tion to irradiated foods. 

 

The data accumulated so far indicate that ionising energy has 

some potential applications for fresh fruits, vegetables, and 

ornamentals, but also has many limitations. Thus, this tech-

nology will not solve all the problems of postharvest deterio-

ration of fresh produce. Several factors related to the charac-

teristics of each commodity or to irradiation procedures influ-

ence the response of fresh fruits and vegetables to ionising 

treatments. The commodity factors are related to type of 

commodity and cultivar, production area and season, matur-

ity at harvest, initial quality, and postharvest handling proce-

dures. In addition, irradiation procedures can also influence 

the response of the commodity to treatment, ie dose, dose 

rate, and environment conditions during irradiation 

(temperature and atmospheric condition) [7**]. 

 

Proper information about the safety and benefits of irradiated 

fruits could increase the level of understanding and accep-

tance of gamma irradiated products by consumers. Besides 

the fact that radiation shows potential for controlling posthar-

vest diseases, it is important to investigate whether the re-

quired level of irradiation necessary for controlling diseases 

can cause acute injury or other detrimental effects. 

 

Non-ionising radiation has real potential amongst physical 

methods for controlling postharvest diseases [8]. When fruits 

are exposed to low doses of UV radiation a number of 

changes are induced including the production of anti-fungal 

compounds and delays in ripening. Both of these responses 

could be exploited by the horticultural sector to reduce post-

 

Fruit Gamma dose (kGy) Pathogen Reference 

‘Golden’ papaya 0.75–1.00 C. gloeosporioides [1] 

‘Clemenules’ clementine mandarins 0.51–0.87 P. digitatum and P. italicum [10] 

‘Nagpur’ mandarin ≤1.50 Penicillium, Botryodiplodia theobromae, Alternaria citri [11] 

‘Keitt’ mango 0.50–0.75 C. gloeosporioides [13] 

Table 1. Potential applications of gamma irradiation on the postharvest control of diseases in fruits. 

 

Fruit UV-C dose (kJ/m2) Pathogen Reference 

‘Pajaro’ strawberry 0.50–1.00 B. cinerea [28] 

‘Italia’ table grape 0.125–4.0 B. cinerea [27] 

'Elberta' peach 7.5 M. fructicola [23] 

‘Golden Delicious’ apple 7.5 C. gloeosporioides [30] 

‘Elberta peach 7.5 M. fructicola [30] 

‘Dancy’ tangerine 1.3 P. digitatum [30] 

Grapefruit 1.6–8.0 P. digitatum [24] 

‘Golden’ papaya 0.2–2.4 C. gloeoporioides [1] 

‘Tommy Atkins’ mango 4.9 and 9.9 Not specified [32] 

Tomato 1.3–40.0 A. alternata, B. cinerea, R. stolonifer [26] 

Table 2. Potential applications of UV-C irradiation on the postharvest control of diseases in fruits. 
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harvest losses. Low doses of short-wave ultraviolet light 

(UV-C, 190–280 nm wavelengths) can control many storage 

rots of fruits and vegetables. UV-C irradiation at low doses 

(0.25–8.0 kJ/m2) target the DNA of micro-organisms. For 

this reason UV-C treatment has been used as a germicidal or 

mutagenic agent. In addition to this direct germicidal activity, 

UV-C irradiation can modulate induced defence in plants 

[3**, 9**]. Although UV-C radiation has potential for con-

trolling postharvest diseases, it can cause physiological dam-

age, characterised by skin browning, regardless of dose used. 

This damage can contribute to increasing fruit susceptibility 

to disease. This article reviews the effects of gamma and UV-

C radiation on the control of postharvest diseases on a wide 

variety of fruits, as well as the possibility that these treat-

ments promote physical-chemical changes during storage. 

 

Gamma radiation 

The possible use of ionising energy for insect disinfestations 

is one of its most promising applications. Irradiation at doses 

below 1 kGy is an effective insect-disinfestation treatment 

against various insect species of quarantine significance in 

marketing fresh fruits and vegetables [7**]. It is advisable to 

quarantine fresh foods to prevent the migration of insects and 

other organisms to new areas. Traditional quarantine treat-

ment involves chemical treatments (fumigation) or the use of 

high or low temperatures. Food irradiation for insect and mi-

cro-organism decontamination has been studied for more 

than 40 years. Doses lower than 1.0 kGy effectively control a 

large number of insects [5] and have already been used in 

many countries. Furthermore, radiation has been also investi-

gated for controlling postharvest diseases. The potential use 

of ionising radiation to control postharvest diseases depends 

on the radiation sensitivity of the micro-organism relative to 

the ability of the host to withstand the required radiation level 

with little or no acute injury or other detrimental effects. The 

effectiveness of irradiation as a fungicidal or fungistatic treat-

ment depends on the pathogen, its stage of growth, and the 

number of viable fungal cells on or within the tissue [7**]. It 

is well established that irradiation disinfestations requires 

lower ionising radiation doses than the decontamination of 

food, which might call for higher doses. Gamma irradiation 

at 0.75 and 1 kGy inhibited conidial germination, and myce-

lial growth in vitro of Colletotrichum gloeosporioides. Doses 

of 0.75 and 1 kGy reduced anthracnose incidence and sever-

ity in ‘Golden’ papaya fruits [1]. 

 

The integration of sodium carbonate (dips at 20°C for 150 s 

in aqueous 3% sodium carbonate solutions) treatments and 

X-ray irradiation (at doses of 510 and 875 Gy) was evaluated 

on artificially inoculated ‘Clemenules’ clementine mandarins 

for the control of postharvest green and blue moulds, caused 

by Penicillium digitatum and Penicillium italicum, respec-

tively. Although significant, the reduction of both disease 

incidence and severity on fruits either incubated at 20°C for  

7 days or cold-stored at 5°C for 21 days was not sufficient for 

satisfactory disease control under hypothetical commercial 

conditions [10]. The effects of irradiation dose and refriger-

ated storage conditions on ‘Nagpur’ mandarin, ‘Mosambi’ 

sweet orange and ‘Kagzi’ acid lime were investigated. The 

authors stated that in ‘Nagpur’ mandarin, radiation dose up to 

1.5 kGy did not cause any rind disorder. Radiation treatments 

did not reduce the extent of decay. Penicillium rot was de-

layed in fruits treated with 1.5 kGy, while it appeared early in 

those fruits treated with 0 kGy. Irradiation doses were inef-

fective in controlling rots due to Botryodiplodia theobromae 

and Alternaria citri [11]. UV-C and gamma rays reduced 

storage rot and delayed ripening of peach fruits, but the com-

bination of UV and gamma radiation showed no advantage 

over the use of UV or gamma treatments alone [12]. Anthrac-

nose severity on ‘Keitt’ mango fruits was reduced by doses 

equal to or above 0.5 kGy and rot incidence reduced by a 

0.75 kGy dose [13]. 

 

The potential usefulness of ionising radiation for retarding 

ripening will depend on its cost/benefit evaluation relative to 

other treatments that elicit the same response, such as con-

trolled/modified atmosphere and ethylene-removal methods 

[7**]. It is necessary to adjust the doses applied to each fruit 

to prevent undesirable reactions such as softening or skin 

browning [1]. Similar to other techniques of food processing, 

irradiation can induce certain alterations that can modify both 

the chemical composition and the nutritional value of foods. 

These changes depend on the food composition, the irradia-

tion dose and factors such as temperature and presence or 

absence of oxygen in the irradiating environment. The sensi-

tivity of vitamins to radiation is unpredictable and food vita-

min losses during the irradiation are often substantial [14*]. 

However, the literature shows that not enough information is 

available on the effect of irradiation on chemical characteris-

tics of some stored fruits. 

 

Several studies have been presented regarding definition of 

the maturation stage of papaya at the moment of irradiation, 

since its efficiency in delaying the ripening process will de-

pend on the maturation stage [15–17]. Papaya can tolerate up 

to 1 kGy before surface scald occurs [15] and fruits irradiated 

at 0.5–1 kGy retained their firmness for 2 days longer than 

the non-irradiated control [16]. Moderate doses of irradiation 

delayed ripening in papaya fruits depending on maturity at 

treatment time [15]. In papaya, cell wall-degrading enzymes 

during fruit ripening have been investigated. The enzymes 

reported include polygalacturonase, pectinmethylesterase, 

xylanase and cellulase [18]. There is a close relationship be-

tween polygalacturonase and xylanase and the rise in respira-

tion, ethylene evolution and softening of papayas [19]. Irra-

diation at 0.5–1 kGy when papaya fruits were 25–30% yel-

low appeared to reduce further depolymerisation of pectic 

substances, resulting in a firmer texture at the full ripe stage 

that stayed firmer about 2 days longer than the non-irradiated 

control [16]. Afterward, it was observed that the firmness of 

irradiated fruits (0.5 kGy) was retained at least 2 days longer 

than in non-irradiated fruits and these fruits also had a slower 

rate of softening. They concluded that irradiation had no di-

rect effect on firmness of papayas but it acted by altering the 
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ripening induced synthesis of cell wall enzymes, mainly pect-

inmethylesterase [20]. 

 

Papaya var. Sunset at three initial ripeness stages were irradi-

ated with 0.25, 0.5, 0.75, 1.0 or 1.5 kGy gamma-irradiation 

and pectin changes during ripening determined. A significant 

linear relationship was found between irradiation dose and 

firmness immediately after irradiation. Irradiation had no 

effect on fruit skin or flesh colour of papaya fruits irradiated 

at the 5 to 30% yellow stage and allowed to ripen. Papaya 

irradiated when 5 to 30% yellow showed no significant 

changes in pectin methylesterase activity when ripe. Immedi-

ately after irradiation, the pectin in 10 to 30% yellow papaya 

showed depolymerisation and demethoxylation, though no 

effect on pectin methylesterase activity was detected. There 

was an increase in water soluble pectin (WSP), while chela-

tor soluble pectin (CSP) and alkali soluble pectin (ASP) de-

creased, with a significant decline in the methanol content of 

the ASP fraction. After the 25 to 30% yellow ripeness stage, 

fruits irradiated at 0.50 to 1.0 kGy had less pectic depolymer-

isation, and had a firmer texture when ripe than non-

irradiated ones. A lower level of WSP and higher levels of 

CSP and ASP were found in ripe fruits that had been irradi-

ated at 0.5 to 1.0 kGy when 25 to 30% yellow skin with a 

significant quadratic relationship between irradiation dose 

and the three pectin fractions [16]. 

 

Papaya fruits treated with 250 Gy of gamma irradiation fre-

quently softened more uniformly than non-irradiated fruits. 

Fruits with less than 25% of their surface coloured yellow 

placed immediately into storage at 10°C after irradiation de-

veloped skin scald. This was prevented by delaying storage 

by 12 h. Fruits that were irradiated when 30% of the skin was 

yellowed softened at a slower rate than non-irradiated fruits. 

There was no difference in softening rate between irradiated 

and non-irradiated fruits at the mature green stage. Fruits 

stored for 14 days at 10°C before returning to 25°C had a 

slightly slower rate of softening than fruits allowed to ripen 

at 25°C without storage. Premature flesh softening occurred 

occasionally in fruits that had between 8 and 18% of the skin 

yellow and 70–90% flesh colouring when irradiated. Prema-

ture softening occurred in the tests run on fruits that were 

harvested during the warmer months; fruits harvested during 

the cooler months did not show the condition [16]. 

 

Treating dates with relatively high doses of irradiation (> 0.6 

kGy) induced significant changes in pectic substances. Post-

irradiation storage resulted in a decrease in some chemical 

characteristics. However, it has been demonstrated that irra-

diation up to a dose of 1.8 kGy is safe for the main chemical 

properties of ‘Boufeggous’ dates. It is, therefore, recom-

mended that doses up to 0.6 kGy would effectively control 

many losses associated with insects, without resulting in any 

adverse effect on chemical properties of dates [21]. 

 

Applying gamma radiation to citrus fruits at the pasteurisa-

tion dose level could be the means of extending the shelf life 

of these commodities. Problems are related to physiological 

response of the citrus fruits being irradiated and the dose re-

quired to achieve their disinfection. The dose level for disin-

fection can be intolerable to some citrus fruits and can result 

in disorders. The feasibility of the treatments depends upon 

the sensibility of the host tissues. Findings indicated that 

gamma irradiation exhibit limited promise in extending the 

storage life of ‘Nagpur’ mandarin, ‘Mosambi’ orange and 

‘Kagzi’ acid lime. Fruit tolerance to irradiation is species 

dependent. Mature orange-coloured ‘Nagpur’ mandarin ap-

pears to have tolerance to a dose up to 1.5 kGy. ‘Mosambi’ 

orange is not so tolerant to gamma radiation since pitting 

develops on rind after 75 days under refrigerated storage con-

ditions. Mature yellow acid limes are also not tolerant to 

doses of 1 and 1.5 kGy since the pulp texture and other qual-

ity parameters were adversely affected. Deteriorative effects 

of higher doses are apparent after prolonged storage. The 

benefit of irradiation may be in terms of delaying Penicillium 

rots during short-term storage (1 to 1.5 months) and thus 

avoiding chemical residues of fungicides, which are presently 

being used. In the case of ‘Mosambi’ sweet orange, higher 

doses and long-term storage cannot be combined due to cu-

mulative adverse effects. In the case of mature yellow 

‘Kagzi’ acid limes, irradiation is not a promising treatment, 

since it will further deteriorate quality [11]. The authors re-

ported that doses up to 1.5 kGy did not cause any significant 

effect on fruit firmness and juice content; however, total 

soluble solids increased while acidity and vitamin C content 

decreased. 

 

Although studies have reported the effect of low dose irradia-

tion on grapefruit quality parameters such as soluble solids, 

acidity and appearance, very little information is available on 

the effect of low dose irradiation on health promoting com-

pounds in grapefruit such as flavanones (naringin and nariru-

tin), limonin, carotenoids, lycopene and Vitamin C. Patil et 

al. [5] evaluated flavanones, terpenoids (limonin 17-β-D-

glycopyranoside, β-carotene and lycopene) and quality 

(ascorbic acid content, soluble solids, and titratable acidity) 

immediately following irradiation treatment and storage. Re-

sults demonstrated that the response of fruit to irradiation 

depended on harvest time. Lower doses (at or below 200 Gy) 

of irradiation coupled with 35 days of storage were useful in 

enhancing health promoting compounds in early season 

grapefruit. Higher doses of irradiation (400 and 700 Gy) and 

35 days of storage had detrimental effects on the quality of 

early season grapefruit; however, no significant effect was 

observed on the quality of the late season fruits [5]. 

 

UV-C radiation 

Non-ionising radiation has real potential amongst physical 

methods for controlling postharvest diseases [8]. Low doses 

of short-wave ultraviolet light (UV-C, 190–280 nm wave-

lengths) can control many storage rots of fruits [3**]. Al-

though hormetic effects can be induced by both ionising and 

non-ionising radiation (eg, UV), it is effects caused by the 

latter that will be examined here. The UV portion of the elec-
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tromagnetic spectrum ranges from approximately 10 to 400 

nm; however, the phenomena described here are concerned 

with effects induced by UV-C light, ie, wavelengths in the 

range 100–280 nm [9**]. A mechanism for hormesis was 

proposed in which the author suggested that low doses of UV 

radiation could inflict repairable damage to DNA, and that 

this slight trauma would activate repair mechanisms for ra-

diation-induced DNA damage [22]. This suggests that sub-

lethal radiation may stimulate vital processes inside the cells 

and create a positive change in the homeostasis of a plant 

[9**]. 

 

Reduction of rots by UV-C treatment may be due to the ger-

micidal effect on the pathogen or resistance induction in the 

plant tissue [23*]. The effect of UV radiation in reducing 

green mould in grapefruit is mediated through the host re-

sponse, rather than being merely the result of the germicidal 

action of the UV treatment [24*]. Later, an increase in grape-

fruit resistance to P. digitatum was attributed to chitinase and 

β-1,3- endoglucanase induction in the fruit skin [25]. The 

UV-C treatment can also extend the postharvest life of fruits 

by delaying ripening. The occurrence of Alternaria alternata, 

Botrytis cinerea, and Rhizopus stolonifer in tomato fruits was 

reduced with different UV-C dosages, and fruits were firmer 

in texture and less red in colour than those used as controls 

[26]. 

 

Single ‘Itália’ table grape berries were irradiated with ultra-

violet-C doses ranging from 0.125 to 4 kJ/m2 and inoculated 

with B. cinerea. Results showed that significantly lower 

numbers of infected berries and lesion diameter were found 

in berries treated with UV-C doses ranging from 0.125 to 0.5 

kJ/m2. There was also a significantly lower level of disease in 

berries inoculated after 24–48 h than in those inoculated just 

after (10–15 min) the UV-C treatment. Thus, pretreatment 

with low UV-C doses followed by artificial inoculation with 

B. cinerea reduced postharvest grey mould of table grapes, 

suggesting induced resistance to the disease, both in berries 

wounded before and after irradiation. The microbial epi-

phytic population on UV-C-treated berries was also moni-

tored. Results showed a significantly higher increase in the 

population of yeasts (including yeast-like fungi) and bacteria 

on berries irradiated with 0.25 and 0.5 kJ/m2 than on unirra-

diated control berries [27]. 

 

UV-C doses at 0.50 and 1.00 kJ/m2 significantly reduced 

botrytis storage  rot in ‘Pajaro’ strawberries arising from both 

artificial inoculations and natural infections in comparison 

with the unirradiated control. The doses shown to reduce 

botrytis rot produced an increase in phenylalanine ammonia-

lyase activity 12 h after irradiation; this result indicates the 

activation of metabolic a pathway related to the biosynthesis 

of phenolic compounds, which are usually characterised by 

antifungal activity. The overall results from these investiga-

tions indicate that treatment with low UV-C doses produced a 

reduction in postharvest decay of strawberries related to in-

duce resistance mechanisms. Moreover, a germicidal effect 

of reducing external contaminating pathogens cannot be ex-

cluded [28]. 

 

The application of ultraviolet light-C doses (254 nm) was 

used to determine the germicidal and hormetic effects on 

reducing brown rot of ‘Elberta’ peaches which were naturally 

and artificially inoculated with Monilinia fructicola. The re-

sults showed that a negative relationship existed between 

UV-C doses, colony forming units of the fungus, and the 

number of brown rot lesions. In addition, the results of this 

study showed that the hormetic (beneficial) effect of low UV-

C dose of 7.5 kJ/m2 induced host resistance by controlling 

latent brown rot infection. The hormetic effects of UV-C 

treatment on peaches was photoreversed with visible light 

and resulted in the reduction of host resistance to brown rot. 

Furthermore, the results indicated that UV-C doses increased 

phenylalanine ammonia-lyase activity, delayed ripening and 

suppressed ethylene production [23*]. In another study, re-

sults showed that the treatment of peach fruits with UV-C 

light caused a rapid induction of chitinase, β-1,3-glucanase, 

and PAL activities starting 6 h after treatment and reaching 

maximum levels at 96 h after treatment. By 96 h after UV-C 

treatment, chitinase, β-1,3-glucanase, and PAL activities in 

UV-C-treated fruits were over twofold above the levels ob-

served for the control. In nontreated control fruits, no appar-

ent increase in chitinase and β-1,3-glucanase activities was 

detected but a minor increase in PAL activity was seen. Thus, 

the response of peach fruits to elicitor treatment is similar to 

that seen in other plant–elicitors interactions and suggests the 

involvement of peach biochemical defence responses in UV-

C-mediated disease resistance [29]. 

 

The possibility of inducing resistance to bitter rot (C. gloeo-

sporioides), brown rot (M. fructicola), and green mould (P. 

digitatum) in apples, peaches, and tangerines, respectively, 

by treating them with ultraviolet light-C at the stem end in a 

stationary position without rotation was investigated by Ste-

vens et al. [30]. This approach was compared with the con-

ventional procedure where fruits were rotated four times, 

thereby exposing the entire surface area to the full effects of 

the UV-C light. Results revealed that when the stem ends of 

apples, peaches and tangerines were exposed in a stationary 

position to dosages of 7.5, 7.5 and 1.3 kJ/m2 of UV-C light, 

respectively, induced host resistance to postharvest decay 

which was equal to, or slightly better than when fruits were 

rotated four different times. When fruits were rotated, expos-

ing only one or two different sides to UV-C light, the percent 

infection appeared to increase, compared to treating only the 

stem ends or when fruits were rotated four times [30*]. 

 

The effect of UV irradiation on the levels of the flavanone, 

naringin, and the polymethoxyflavone, tangeretin, in the peel 

of Citrus aurantium fruits was described, as changes in the 

synthesis or accumulation of these compounds after infection 

with P. digitatum. The growth of P. digitatum on previously 

irradiated fruits was reduced by up to 45%. Changes in fla-

vonoid levels were detected, associated with inhibition of 
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fungus growth, the naringin content falling by 69% and tan-

geretin levels increasing by 70% [31]. 

 

Exposure to UV-C radiation can delay fruit softening, one of 

the main factors determining fruit postharvest life. Ripe 

‘Tommy Atkins’ mangoes exposed to UV-C irradiation for 

10 and 20 min, prior to storage for 14 days at 5 or 20°C and a 

shelf-life period of 7 days at 20°C. UV-C-treated fruits main-

tained better visual appearance than unirradiated controls. 

UV-C irradiation for 10 min was the most effective treatment 

in suppressing decay symptoms and maintaining firmness 

during storage at 5 or 20°C. Such fruits (treated with UV-C 

for 10 min) showed greater levels of putrescine and sper-

midine after cold storage than controls and those treated with 

UV-C for 20 min. Higher levels of sugars and lower levels of 

organic acids were observed in mangoes treated with UV-C 

for 20 min. No UV-damage was observed on treated fruits 

after storage. These results indicate that UV-C irradiation 

could be used as an effective and rapid method to preserve 

the postharvest life of ripe mangoes without adversely affect-

ing certain quality attributes [32].  

 

UV-C treatment of ‘Aroma’ strawberries delayed fruit soften-

ing, and treated fruits showed higher firmness than controls 

even 96 h after irradiation. The irradiation modified the ex-

pression of the genes and the activity of assayed enzymes 

(polygalacturonases, endoglucanases and pectin-

methylesterases). In general, the expression of analysed 

genes was reduced a few hours after irradiation, while it in-

creased afterwards to reach similar as the controls or higher. 

Therefore, the effect of UV-C irradiation on strawberry fruit 

softening could be related to the decrease of the transcription 

of a set of genes involved in cell wall degradation, during the 

first hours after treatment [33]. 

 

In the skin of cv. Napoleon table grapes, the anthocyanins 

malvidin 3-glucoside (and its acetyl and p-coumaroyl deriva-

tives), cyanidin 3-glucoside, peonidin 3-glucoside, cyanidin 

3-glucoside, petunidin 3-glucoside, and delphinidin 3-

glucoside were identified by HPLC-DAD-MS. In addition, 

quercetin 3-glucoside and 3-glucuronide, caffeoyltartaric, 

piceid, and resveratrol were also detected. The content of 

most phenolics remained quite constant during postharvest 

refrigerated storage (10 days at 0°C) while the resveratrol 

derivatives increased 2-fold. Postharvest treatments of grapes 

with UV-C and UV-B light induced a large increase in res-

veratrol derivatives (3- and 2-fold, respectively). This means 

that a serving of mature Napoleon grapes (200 g) provides ≈1 

mg of resveratrol, which is in the range of the amount sup-

plied by a glass of red wine. This can be increased to 2 or 3 

mg of resveratrol per serving in grapes that have been irradi-

ated with UV-B or UV-C, respectively. These results show 

that refrigerated storage and UV irradiation of table grapes 

can be beneficial in terms of increasing the content of poten-

tially health-promoting phenolics [34]. 

 

 

Conclusion 
It is clear from the available literature that fruit irradiation is 

a promising preservation method with certain advantages. 

The data accumulate so far indicate that UV-C and ionising 

energy has some potential applications to fresh fruits. There 

is real potential amongst physical methods for controlling 

postharvest diseases and can also extend the postharvest life 

of fruit by delaying ripening. Besides economic and logistic 

factors, and opposition based on psychological perception 

problems due to lack of public knowledge on wholesomeness 

of irradiated food, sensory and physical-chemical changes 

frequently constitute a dose limitation [35*]. Proper informa-

tion about the safety and benefits of irradiated foods could 

increase the level of understanding and acceptance of irradi-

ated products by consumers. The benefits of irradiation 

should never be considered as an excuse for poor quality or 

for poor handling and storage conditions, ie, as a substitute 

for good management practices. Furthermore, finding the 

best conditions, doses, and combination treatments for differ-

ent hurdle technologies is considered another challenge that 

irradiation studies face. 
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