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ABSTRACT

The effect of hormic dose (UV-3.7 kJ m-2) of ultraviolet radiation in delaying the senescence of tomato
was investigated. Mature-green tomato fruits (var. Capello) were irradiated with doses of ultraviolet light (UV-
C, 254 nm) corresponding to 0 (control), UV-3.7 kJ m-2 (hormic dose) and UV-24.4 kJ m-2 (hyper dose) and
were stored at 16°C, under high relative humidity for a period of 28-35 days. Attributes of senescence such
as color, pigments (chlorophyll, lycopene, total carotenoids) and total protein were monitored periodically
throughout the storage period.  The development of color and lycopene as well as the decline in chlorophyll
were significantly (p#0.001), retarded during storage in response to the treatment with both the hormic and
hyper doses.  However the hyper dose impaired ripening and caused abnormal browning, manifested as sun-
scalding of the fruit’s surface.  One possible mode of UV action is attributable to the significantly higher levels
of total carotenoids found in irradiated fruits compared to controls indicative of a phytochemical antioxidant
defense mechanism.
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Introduction

One of the major factors commanding attention
in the process of senescence in higher plants is free
radical damage [14, 31]. As a result of oxidation
inherent in aerobic respiration as well as other
cellular exposure to various stimuli such as UV light,
ozone, temperature fluctuations etc [23] free radicals
are formed and their targets may be cell membranes,
nucleic acids, enzymes and cell walls, resulting in
the acceleration of senescence and tissue softening.
These oxidation stresses become severe with the
physiological age of the tissue and it responds by
operating an array of detoxifying mechanisms, both
non-enzymic (antioxidants) such as carotenoids and
phenols, as well as enzymic scavengers such as
superoxide dismutase in response to the damaging
effects of free radicals [14, 22].

Under ambient conditions, tomato (a climacteric
fruit), ripens rapidly before becoming excessively soft
and no longer marketable [7]. Low temperature is
effective in delaying the onset of senescence and
decay while high humidity conditions reduce
transpiration losses. However, in the case of tomato,
it is not possible to exploit low temperatures because
of chilling injury [21]. The adjunct technique of
controlled atmosphere (CA) storage is not
economically viable for short-term storable crops
such as the tomato. Furthermore the use of plastic
films to passively create modified atmosphere (MA)
in packages is limited by the ability of most
commercially available films to provide the required
gas transmission properties [12, 30]. Alternative
approaches are therefore necessary and should be
examined. One approach that holds promise is the
photoactivation of plant defenses against senescence.
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Abiotic stresses such as UV radiation are
generally detrimental to plant life as they can
generate free radicals which can modify DNA
structure [15].  However, low levels of stressors may
stimulate beneficial responses, a phenomenon known
as hormesis [4].  The use of UV-C radiation as a
postharvest elicitor of beneficial responses in crops
has become a key area of interest. There is evidence
of UV-C hormesis in disease resistance in sweet
potato [28], as well as by the production of
phytoalexins in orange [26] and in carrot tissue [20].
UV-C radiation has also been documented to
primarily delay ripening of climacteric fruit such as
apple and peach [17] and in tomato [19, 29, 5].
However the mechanisms by which such changes
take place have not been fully described.

It was hypothesized that a rapid but moderate
accumulation of photooxidation products in response
to the treatment of young tissue with hormic doses
of UV could also stimulate defenses against oxidation
much like those in the aged tissue.  Stimulation of
such compounds (depending on the stress level) in
young fruit, can probably counteract the effect of
DNA and free radical damage which becomes
important with age.  Thus with the antisenescence
mechanisms in place long before the oxidation
stresses become severe with the age of the tissue, a
delay in senescence could be anticipated.  This
approach could offer a solution to improving the
storability of crops by stimulating natural defences
against oxidative stresses caused by abiotic elicitors
such as UV-C radiation.

The aim of this study was to investigate the
possibility of delaying the senescence of tomato (a
climacteric fruit) using a pre-determined hormic dose
of UV-C radiation and to gain some understanding of
the mechanism of this action. Specific objectives
were to evaluate quality of irradiated fruits by
measuring certain senescence parameters such as
color, pigments and total protein periodically
throughout storage at 16°C.

Materials and methods

Plant material

Mature-green tomato fruits (Lycopersicion
esculentum Mill cv. Capello) were harvested
manually from plants grown in a greenhouse situated
in Université Laval Campus in Québec.  Fruits of
uniform shape and size and free from fungal
infection were selected.  After harvest, fruits were
washed in tap water, air dried under ambient
temperature (25°C) using a fan and individually
labeled and weighed.

Irradiation and storage conditions

UV-C radiation was provided by fluorescent
germicidal lamps (GE 30 W) with a peak emission
at 254 nm.  Irradiation was carried out on the same
day of harvest and under ambient conditions.
Radiation doses were varied according to the
intensity of radiation (1.218 kJ m-2 min-1), as
measured by a portable digital radiometer (UVX
Digital Radiometer UVP inc. San Gabriel, CA). 

Tomato were placed at approximately 30 cm
from the lamps in a UV chamber and rotated so that
their blossom and calyx ends faced the lamp to
ensure uniform irradiation. The fruits were turned
only after the radiation dose was completed. After
irradiation, fruits were placed in plastic humidified
(90-95% RH) containers (5-liter capacity and 4 fruits
per container) and stored at 16°C in the dark for 28-
35 days. Non-treated fruit (controls) were stored
under the same conditions.

Irradiated fruits corresponding to 0 kJ m-2

(control), UV-3.7 kJ m-2 (hormic dose) and UV-24.4
kJ m-2 (hyper dose) were chosen based on a
preliminary screening of fruits with UV-light to
determine the optimal UV-C dose for delaying
ripening and senescence [18]. In the first experiment,
the control and irradiated groups contained 24 fruits
each and quality evaluations of color, chlorophyll and
lycopene were carried out at weekly intervals over a
period of 38 days.  A total of 60 fruits (20 fruits per
treatment) were analyzed for total carotenoids and
total protein in the second experiment. Evaluations
were carried out at weekly intervals over a period of
28 days.  In both experiments, a mean of 4 fruits
were used for each sampling period and for each
irradiation treatment.

Measurement of senescence parameters

Fruit color

Fruit color was monitored using a rating scale
from 1 to 6, with 1-mature green, 2-breaker, 3-
turning, 4-pink, 5-light red and 6-red (Big Red Color
Chart, FL. USA).  Surface colors of tomato were
also objectively determined using a colorimeter
(Gardner Colorgard 1000 / 05; Pacific Scientific,
Silver Spring. MD). Hunter ¨a¨ (- green to + red) and
“b” values (- blue to + yellow) were recorded for
each fruit and color was expressed as a Hue angle
measurement i.e. tan-1 (b/a) according to Little [16].

Pigments

Chlorphyll content was determined by measuring
the absorbance of individual fruit extracts (2 g of a
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representative sample of the entire fruit in 10 mls
80% (v / v) acetone) at 647 and 664 nm as described
by Arnon [1].  Lycopene content was measured
according to Ranganna [24].  The absorbance of a
petroleum ether extract of individual fruits (5 g of a
representative sample of the entire fruit in 10 mls
petroleum ether) was measured at 503 nm using a
molar extinction coefficient of 172000 mole cm-1.  

Total carotenoid pigments were determined by
the procedure of Reddy and Sistrunk [25] in which
5 g of tissue was extracted with 40 mls hexane: 60
mls ethanol.  After blending, the hexane layer was
separated by adding 2% cold NaCl solution.
Samples were diluted and the absorbance was read at
450 nm and compared to a β-carotene standard
curve. Results of chlorophyll, lycopene and total
carotenoids measurements were expressed in µg/g fw.

Total protein

Total soluble protein content in tomato tissue
was analysed according to the Bio-Rad Protein
Assay, based on the method of Bradford [3]. The
absorbance of tomato extract and dilutions of protein
standard (BSA-bovine serum albumin, Bio-Rad Labs,
Mississauga, Canada) were measured at 595 nm with
a spectrophotometer (Varian DMS 100). The standard
curve was used to interpolate the protein in unknown
samples.  Results were expressed in µg/g fw.

Experimental design

Experiments were laid out in a completely
randomized factorial design (storage time x
treatments) and analysis of variance was performed
with the general linear model procedure of the
statistical analysis systems [27].  Significant
differences were established at 5%, 1% and 0.1%
levels of significance.

Results and discussion

Color

Color changes in fruits as measured by color
rating index and hue angle were significantly affected
by irradiation treatment (p#0.001), storage time
(p#0.001) and time/treatment interaction (p#0.01).
Initially all fruits were mature green (rating 1) in
color and as storage progressed, control fruits lost
their green color faster than UV-treated fruits (Fig.
1).  Control fruits developed light red colors by the
third week in storage compared to UV-treated fruits
which developed their light red colors almost two
weeks later. Changes in color rating values/day were
0.146, 0.111 and 0.107 for control, UV-3.7 and 24.4

kJ m-2 fruits respectively. Consistent with these
results is the hue angle data (tan-1 b/a) which
declined as the degree of greenness decreased and
the degree of yellowing increased. For the fresh
tomato (day 0), the initial hue angle value averaged
114.3° as shown in Fig. 2.  After 28 days in storage,
there was a 4-fold decline in hue angle values from
their initial values for untreated fruits compared to a
2.5 and 2.7-fold decline for UV-3.7 and 24.4 kJ m-2

fruits respectively. The delay in color development
was more evident for the UV-3.7 kJ m-2 (optimal
dose) fruits as compared to the UV-24.4 kJ m-2

irradiated fruits (Fig. 2).  Although irradiated fruits
exhibited a gradual loss in their green colors when
compared to controls, the UV-24.4 kJ m-2 fruits
(hyper dose) showed increased surface browning after
21 days in storage and did not ripen normally. A
similar browning in γ-irradiated mango was noted
[10]. This browning was reported to be a stress
reaction as a result of the radiation dose used. The
hyper UV-C dose probably caused irreversible
membrane damage and could have affected the
activity of the enzyme polyphenoloxidase (PPO)
resulting in the visible browning of the fruit’s
surface.

Pigments

With respect to chlorophyll and lycopene
pigments, there was a significant difference between
the duration of storage (p#0.001) and the doses used
(p#0.001). There was a general decrease in
chlorophyll degradation (Fig. 3) and lycopene
accumulation (Fig. 4) with the time for UV-3.7 and
kJ m-2 irradiated fruits compared to control fruits. 

After 7 days of storage, the mean chlorophyll
content was 9.6 µg/g for control fruits, when
compared to 12.5 and 12.3 µg/g for UV-3.7 and 24.4
kJ m-2 irradiated fruits respectively. Control fruits also
showed a rapid development of lycopene pigment
compared to UV-treated fruits. Overall mean values
for lycopene after 28 days of storage were 19.3, 13.2
and 10.2 µg/g for control, UV-3.7 and 24.4 kJ m-2

fruits respectively. These results were consistent with
those of color measurements noted earlier.  Color
change in ripening tomato, from green through
orange to red, reflect changes in the two dominant
pigments i.e. rapid degradation of chlorophyll and a
progressive accumulation of carotenoids mostly
lycopene and β-carotene as the chloroplast are
transformed to chromoplasts [8, 9].  Chlorophyll
degradation is mediated through enzymatic and/or
non-enzymatic processes [6]. The disappearance of
green color is due to the replacement of magnesium
in the chlorophyll molecule by hydrogen to form
colorless pheophytin under acid conditions [32].  
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Total carotenoids were significantly affected by
irradiation treatment (p#0.001), storage time
(p#0.001) and time/treatment interaction (p#0.05).
There was a general increase in total carotenoid
levels during the 28 day storage period for all
treatments (Fig. 5). UV-treated fruits particularly the
UV-3.7 kJ m-2 fruits, exhibited significantly higher
levels of total carotenoids compared to control fruits
throughout the storage period.  Variations in the
levels of total carotenoids/day were 0.202, 0.231 and
0.216 for control, UV-3.7 kJ m-2 and UV-24.4 kJ m-2

treated fruits respectively.  Derivatives of α and β-
carotenes and lycopene are the carotenoids most
important in imparting color to tomato [11].  In plant
cells carotenoids have a dual role in affording
protection against oxidative damage by reducing
singlet oxygen formation via absorption of energy
from excited states of chlorophyll, as well as by
directly quenching singlet oxygen [13, 33]. Total
carotenoids found in higher levels in UV-treated
fruits than in untreated one are probably part of an
antioxidant system and may have contributed to the
delay in the appearance of red colors by reducing the
oxidation of chlorophyll components. Additionally the
results suggest that α or β-carotene rather than
lycopene may be involved in protection of the
chloroplast against photooxidation.

Total soluble protein

Decrease in total protein level is an indicator of
the progress of senescence as noted in detached
leaves [2]. Total soluble protein content was
significantly affected at the 1% level by the
interaction of the time/treatment and by the treatment
effect. Control fruits exhibited significantly higher
levels of total protein levels from days 7 to 21 when
compared to both UV-treatments (Fig. 6). During the
climacteric phase, protein content of control fruits
increased, however, beyond this phase, levels
declined. During the early stages of ripening in
several climacteric fruits, the rate of protein synthesis
increases and could be related to increased synthesis
of specific ripening enzymes. However during
senescence, a decline in total protein content is
observed in plant tissues and is attributed to a
decreased protein synthesis and an increased protein
degradation with a corresponding increase in free
amino acids [2, 14]. Free radicals are also capable of
attacking membrane proteins causing conformation
changes in them and can affect the activities of key
enzymes [22]. The significantly lower levels of total
proteins associated with UV-treated fruits when
compared to the control group, is probably due to an
altered protein turnover which is concomitant with
the delay in ripening.

Fig. 1: Color rating values (1=mature green, 6=red) of control and UV-C irradiated tomato stored at 16°C.
Mean + SE for n=4.
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Fig. 2: Color as measured by hue angle of control and UV-C irradiated tomato stored at 16°C. Mean + SE
for n=4.

Fig. 3: Chlorophyll content of control and UV-C irradiated tomato stored at 16°C. Mean + SE for n=4.
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Fig. 4: Lycopene content of control and UV-C irradiated tomato stored at 16°C. Mean + SE for n=4.

Fig. 5: Total carotenoids content of control and UV-C irradiated tomato stored at 16°C. Mean + SE for n=4.
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Fig. 6: Total soluble protein content of control and UV-C irradiated tomato stored at 16°C. Mean + SE for
n=4.

Conclusion

UV-C irradiation of tomato with a hormic dose
of UV-3.7 kJ m-2 together with moderate temperature
(16°C) and high humidity storage (95%) significantly
retarded the progress of senescence in tomato fruits
by at least one week. As a result, color, chlorophyll
loss and development of lycopene of fruits were
delayed during the 35 day storage period. However
such fruits ripened normally towards the end of
storage. Total carotenoids were significantly higher in
UV-treated fruits when compared to untreated ones.

These results suggest a protective role of
carotenoids as an antioxidative phytochemical to
counteract free radical damage associated with
photosensitized reactions. An abnormal superficial
browning was associated with the hyper dose of UV-
24.4 kJ m-2 and this could be a stress response that
is dose dependent. These results suggest that
photochemical treatment (UVC-irradiation) appears to
be a promising technique for improving the
postharvest storage life of climacteric tomato.
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