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Abstract
The irradiation has been considered an alternative process for decay control extending shelf life of fresh fruits. This study
was conducted to investigate the effect of gamma irradiation on functional constituents on papaya fruits cv. Golden. Fruits were
harvested into maturation 1 degree (stage) and irradiated with 0.8 kGy (Cobalt 60 source-MSD Nordion irradiator), and then stored
at 24 ± 2°C. Total carotenoids and vitamin C contents were evaluated in the pulp fruits, in the 5, 7 e 9th days post-harvest by a
reversed-phase and ion exclusion column by a high performance liquid chromatography. Results demonstrated that the irradiation
induced alterations in the total carotenoids and vitamin C levels. However, these changes did not affect the adequacy of vitamins
A and C (for adult and children) in relation to daily nutritional requirements. In conclusion, the present data provide evidence that
the irradiated papaya, did not impair reduce these nutritional characteristics.
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Introduction
Gamma irradiation in food technology has been considered an
effective process for decay control, extending shelf life of a wide variety
of highly perishable fruits due to the fast ripening after harvest). Studies
have shown that irradiation increases the shelf life of various tropical
and subtropical fruits such as papayas, mangoes and bananas [1-3]
and also leads to the inactivation of microorganisms [4]. However,
irradiation process can produce serious undesirable effects on food
nutritional quality [5].
Papaya fruits are highly appreciated by consumers due to their
sensorial and nutritional characteristics, being an important constituent
of the human diet either directly or as papaya-based food products.
Epidemiological studies indicated that carotenoids and vitamin
C, abundant bioactive compounds in papaya fruits, are among the
diet constituents postulated to play a preventive role in cancer,
cardiovascular illness and anti-aging [6], based on their antioxidant
capacity. Therefore, recommendations have been made in order to
increase the daily intake of fruits rich in these nutrients, like papaya.
Some carotenoids, such as α-carotene, β-carotene and
β-cryptoxanthin, present provitamin A activity that is transformed
into retinal by mammals, which avoids the risk of blindness in million
preschool children [6,7]. Although lycopene is not a vitamin A
precursor, it presents an antioxidant activity and is also involved in cell
communication, hormone modulation and immune system [8].
It is well known that carotenoids and vitamins C and A are
extremely susceptible to degradation due to their unsaturated structure.
These substances are sensitive to heat, oxygen and light [9].
Although a significant amount of research has been conducted on
the irradiation of fruits, very little information is available about the
effect of irradiation on carotenoids and vitamin C, in papaya fruits.
Considering this issue and the carotenoids and vitamin C instability, the
present study was undertaken to evaluate the gamma radiation effect
on papaya fruits cv. Golden contents of carotenoids and vitamin C. In
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addition, the adequacy of the vitamin A value and vitamin C irradiated
fruits to the Dietary Reference Intakes was evaluated.

Materials and Methods
Fruit material and Irradiation
Papaya fruits cv. “Golden” were harvested in Linhares-ES, Brazil,
into maturation 1 degree (according to classification of Marin et al.
[10]) and were washed with chlorinated water (1,5 ppm) in a packing
line of Caliman Agricola S/A (Linhares, Espírito Santo, Brazil). After
fruits selection (considering absence of physical defects, signs of
pathogenic contamination and differences in size and color), they were
separated in two groups: control (C) and irradiated (I) groups. Fruits
in I group were exposed to irradiation of 0.8 kGy (Cobalt 60 sourceMSD Nordion irradiator) on the first day post-harvest (1st dph). Fruits
in I and C groups were maintained at 24 ± 2°C, and pulp samples were
taken on the 5th, 7th and 9th days post-harvest and stored at -80°C until
required. Three replicates were performed for all ripening stages of each
group and the analyses were done in duplicate, randomicaly.

Extraction of carotenoids and vitamin C
For carotenoids extraction, the fruit pulp was ground with the help
of acetone and filtered using a sintered wafer funnel. This procedure
was repeated until the residue became colorless and pigments fractions
were transferred to petroleum ether and then washed with distilled
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The carotenoids and vitamin C were detected by absorbance at 450
nm and 243 nm, respectively. The concentration of carotenoids and
vitamin C in the samples were determined by the automatic integration
of the areas of the peaks and compared to their respective standard
curves.
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Figure 1: Comparison of total carotenoids in the pulp of control and irradiated
groups of papaya fruits on the 5th, 7th and 9th days post-harvest based on fresh
weight. Means followed by same letter were not significantly different at p<0.05
(Tukey test).
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The ascorbic acid standard was purchased from Sigma and
for carotenoids; analytical standards (β-carotene, lycopene and
β-cryptoxanthin) were obtained from natural sources kindly provided
by Embrapa Agroindústria de Alimentos – Rio de Janeiro/Brazil.
Results were expressed as µg (for carotenoids) or mg (for vitamin
C) per 100 g of fresh weight.

Determination of Vitamin A
Vitamin A value was determined based on the vitamin A activity of
its carotenoids precursors (β-carotene and β-cryptoxanthin), according
to Bauernfeind [13], using conversion factors provided by the National
Academy of Sciences – National Council Research [14]. Vitamin
A value was expressed in RE (retinol equivalents) per 100 g of fresh
weight. It is know that 6 µg of β-carotene e 12 µg de β-cryptoxanthin are
equivalent to 1 µg of retinol (RE) [14].
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Adequacy of vitamin A and vitamin C for adult and children was
evaluated according to DRI’s - Dietary Reference Intakes [15].
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the injector: 30°C and room temperature, respectively; (b) Vitamin
C – twenty microliters of the vitamin C extract were injected into the
reverse phase/ion exchange column Aminex HPX-87H (7.8 mm×300
mm). The vitamin C was eluted by isocratic gradient using suprapur
sulfuric acid 0.1 N as mobile phase; flow rate of 0.8 mL min-1 and run
time: 12 min; temperatures of the column and the injector: room
temperature e 10°C, respectively.
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Figure 2: Comparison of vitamin A value for the content of β-cryptoxanthin and
β-carotene in the pulp of control and irradiated groups of papaya fruits on the 5th,
7th and 9th days post-harvest based on fresh weight. Means followed by same
letter were not significantly different at p<0.05 (Tukey test).

water for complete acetone removal, according to Rodriguez-Amaya
[11].
Fruit pulp was homogenized in a tissue homogenizer, shaked in
sonicator with suprapur sulfuric acid and filtered using a hydrophilic
Teflon filter for extraction of vitamin C, according to Rosa et al. [12].

Chromatographic analyses
The quantification was carried out by High Performance Liquid
Chromatography (HPLC) using Waters model 2695 Alliance system
equipped with a model 2996 photo diode array detector UV/Vis based
on the procedure described by Rodriguez-Amaya [11] and Rosa et
al. [12]. The following apparatus were used: (a) Carotenoids – Ten
microliters of the carotenoids extract were injected into the reverse
phase column YMC30 Carotenoid S-3 (4.6 mm×250 mm). The mobile
phase contained methanol: terc-butyl methyl ether 80:20 v/v; and
the carotenoids were eluted with the isocratic gradient; flow rate of
0.8 mL min-1 and run time: 28 min; temperatures of the column and
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The data was analyzed using the analysis of variance (ANOVA) and
the differences between the samples means were determined by Tukey’s
test with a significance level of p<0.05. The statistical analysis of the
data was performed using “SAEG” (System for Statistical Analysis) version 4.10-92.

Results
Total carotenoids
Changes in total carotenoids profile due to gamma irradiation of
papaya fruits were evaluated. The results obtained from the analysis of
total carotenoids in the pulp of control (C) and irradiated (I) groups of
papaya fruits are shown in Figure 1. There was no significant difference
in the carotenoids content between C and I groups on the 5th and 9th
dph. However, it was observed that the irradiated fruit showed lower
levels of total carotenoids (a decrease of 35%) on the 7th dph.
The vitaminical potential in irradiated fruits was low on the 7th dph
(78.8 µg RE/ 100 g ± 12.9) and high on the 9th dph (I-169.7 µg RE/100g
± 11.9) when compared to control fruits (C-127,9 µg RE/ 100 g ± 30,4
and 106.5 µg RE/100 g ± 14.76 respectively).
Interestingly, the vitamin A activity in irradiated fruits on the 9th
dph (169.7 µg RE/100 g ± 11.9) was statistically similar to that in the
control group (127.9 µg RE/ 100 g ± 30.4) on the 7th dph. Figure 2 shows
the results obtained from the analysis of vitamin A value (calculated
using the levels of β-carotene and β-cryptoxanthin).
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of these compounds during ripening process and application of postharvest conservation processes.
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Figure 3: Comparison of lycopene content in the pulp of control and irradiated
groups of papaya fruits on the 5th, 7th and 9th days post-harvest based on fresh
weight. Means followed by same letter were not significantly different at p<0.05
(Tukey test).
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Figure 4: Comparison of the vitamin C content in the pulp of control and irradiated groups of papaya fruits on the 5th, 7th and 9th days post-harvest based on
fresh weight. Means followed by same letter were not significantly different at
p<0.05 (Tukey test).

Unlike the results for total carotenoids and vitamin A value, it was
not found a significant difference in levels of lycopene between C and
I groups as measured on the evaluated days post-harvest (Figure 3).
As shown in Figure 4, the vitamin C content of irradiated fruits was
markedly lower than the content observed in the control group on the
evaluated days post-harvest (≈ 21%-5th dph; 52%-7th dph and 27%-9th
dph).

Discussion
There are numerous evidences supporting the hypothesis that
fruits contain health- promoting compounds, a crucial parameter of
the acceptance by consumers. Fruits as papayas are very appreciated by
consumers mainly due to their nutritional quality and importance as a
source of Vitamin C and carotenoids in human diet.
However, little information is available about changes in the content
J Food Process Technol
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The irradiation provides an effective alternative process to maintain
the shelf life of perishable fruits. Our previous study showed that
gamma radiation caused a delay in the papaya ripening, retaining the
firmness for 4 days. In the present study, we evaluated the effect of 0.8
kGy irradiation on papaya carotenoids and vitamin C contents. High
levels of these compounds, their antioxidant capacity and related health
benefits, are considered an adjunctive quality parameter of papaya.
It was established to test a 0.8 KGy dose of gamma radiation, taking
into account previous experimental observation in our laboratory
which demonstrated that 0.6 and 1.0 kGy doses in a group of ‘solo’
Golden papayas were effective in the maintenance of pulp firmness.
However, 1.0 kGy caused damage in the visual quality, due to darkening
of the skin and irregular fruit ripening which negatively influences the
consumer market acceptability. The fruit chemical analysis were carried
out on the 5th, 7th and 9th dph, considering the pulp texture able for
consumption and internal and external visual aspect of the fruits (data
not shown).

Carotenoids
Total carotenoids content of the papaya fruits was affected by
irradiation only in the 7th dph, it was approximately 35% lower in
irradiated fruits in this day. This difference may be ascribed to a delay in
ripening, which is associated with the higher firmness of irradiated fruit.
This result is in agreement with Heinonen et al. [16] and Thomas and
Beyers [2] showed the biosynthesis and accumulation of carotenoids is
responsible for development of yellow-orange color of the papaya fruit
skin and that this event is correlated to maturation.
In addition it has been demonstrated that there is an increase in
the carotenoids content during ripening of fruits as mangoes, oranges,
papayas and carambola [16-19]. This increase could also be observed in
this study (Figure 1).
Conflicting data regarding to the effect of radiation on the total
carotenoids content have been described in the literature. Our results are
consistent with reports of Khan et al. [20] and Kilcast [21] that showed
losses around 30% in the carotenoids content of irradiated mangoes
and papayas. Boylston et al. [22] described a delay in increasing the
carotenoids content during ripening of irradiated oranges and papayas
with a dose of 0.75 kGy. On the other hand, other studies do not describe
changes in the carotenoids content of irradiated mangoes, strawberries,
carrots and papayas [23,24].
In addition, the irradiation did not affect lycopene content.
Although this carotenoid has not provitamin an activity, it has recently
emerged as an efficient antioxidant. Considering that papaya is one of
the few sources of lycopene, this result suggests that irradiation does
not affect this functional property given by this compound.

Vitamin C
Like as carotenoids the vitamin C display an important roles in
metabolism and in scavenging Reactive Oxygen Species (ROS) in
biological systems. Furthermore, vitamin C is involved in several
metabolic processes and in control of growth, cell division and
expansion of the cell wall of vegetables.
Our results demonstrated that vitamin C content was significantly
lower in irradiated fruits in the evaluated days. Like the carotenoids
it has also been pointed out a positive correlation between vitamin
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Papaya fruits

Portion (g)

Vitamin A Value (µg RE)

% of the Adequacy for children

Control (7thdph)

200

255.7 ± 30.37

56.31 - 71.49

% of the Adequacy for adults
28.11 - 35.69

Irradiated (9thdph)

200

339.4 ± 11.85

81.84 - 87.76

40.92 - 43.88

** It is used to calculation of the adequacy of the vitamin A value, the recommendation of a daily intake of 800 µg de RE (adults) and 400 µg RE (children) according to the
DRI’s – Dietary Reference Intakes [15].
Table 1: Adequacy of the vitamin A value (%) in relation to consumption of the portion (200g) of the controls and irradiated fruits **.
Papaya fruits

Portion (g)

Vitamin C (mg)

% of the Adequacy for children

% of the Adequacy for adults

Control (7th dph)

200

216.48 ± 12.0

817.9 - 913.9

255.6 - 285.6

Irradiated (9th dph)

200

132.24 ± 9.34

491.6 - 566.3

153.6 - 176.9

** It is used to calculation of the adequacy of the vitamin C, the recommendation of a daily intake of 80 mg (adults) and 25 mg (children) of the vitamin C according to the
DRI’s - Dietary Reference Intakes [15].
Table 2: Adequacy of the vitamin C (%) in relation to consumption of the portion (200 g) of the controls and irradiated fruits **.

C content and fruits process maturation. Fry [25] and Smirnoff [26]
demonstrated that the presence of ascorbic acid results in decrease
of the medium pH, which actives expansins, (cell wall proteins that
induce cell wall extension and are thought to mediate pH-dependent
cell expansion, thus preventing the accession of polysaccharides),
which facilitates fruit maturation. It is believed that the lower level of
this vitamin reduces the activity of these proteins, which causes a delay
in ripening of the fruit.
In addition, Jiménez et al. [27] evaluated the vitamin C content
during the ripening of the tomato fruits and observed that the increase
in the concentration of ascorbic acid was accompanied by pulp
softening and Gray et al. [28] reported that the vitamin C is involved in
the synthesis of ethylene hormone.
The lowest values of vitamin C found in this work for the irradiated
papaya were also described for irradiated tangerines, tomatoes, papayas
and mangoes [2,29,30]. However, Basson et al. [31], Beyers et al. [24],
Boylston et al. [22], and Patil et al. [32] showed that doses up to 1.0
kGy of irradiation did not influence the vitamin C content of mangoes,
grapefruit, strawberries and tomatoes.

nutritional potential, no adequacy of daily nutritional requirements of
these nutrients.
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