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Susceptibility of Tarocco (blood) oranges (Citrus sinensis Linn. Obsek) to chilling injury (CI) was
investigated with fruit harvested from December through April. The fruit was subjected to a 3 min
dip in water with and without thiabendazole (TBZ) at 200 ppm (50 °C) or 1200 ppm (19 °C, room
temperature) and then stored at 3 °C and 90-95% relative humidity (RH) for 6 weeks followed by
1 additional week at 20 °C and approximately 80% RH to simulate a marketing period (SMP). CI
development was significantly affected by the age of the fruit, decreasing later in the season. Water
dips at 50 °C reduced CI. However, dip efficacy was significantly influenced by picking date and
storage duration. Treatments with 1200 ppm TBZ at 19 °C also ameliorated CI but had no better
effect than water at 50 °C. Treatments with 200 ppm TBZ at 50 °C significantly suppressed CI
development on fruits harvested throughout the season. TBZ accumulation on fruits following 200
ppm dips at 50 °C was not significantly dependent on fruit age, while 1200 ppm TBZ at room
temperature resulted in significantly higher TBZ uptake in fruits harvested late (April) rather than
early (December), with intermediate concentrations of fungicide in fruits harvested from January
through March. Residue concentrations in fruits after treatment with 200 ppm TBZ at 50 °C were
not significantly different from those found following 1200 ppm TBZ dipping at 19 °C throughout
the season. We concluded that postharvest treatments with 1200 ppm TBZ at room temperature
or 200 ppm TBZ at 50 °C produced similar TBZ uptake in Tarocco oranges, but TBZ treatments at
50 °C water gave the most effective reduction of CI symptoms.
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INTRODUCTION

Long-term storage of citrus fruit requires relatively
low temperatures, ranging from 6 to 10 °C, depending
upon species, cultivar, and storage duration. High
relative humidity, adequate ventilation, and air puri-
fication of refrigerated rooms are also recommended
(Grierson and Ben-Yehoshua, 1986). Some citrus cul-
tivars, however, are susceptible to chilling injury (CI)
when stored below 10 °C. Blood (pigmented) oranges
are known to be much more susceptible to CI than
nonpigmented oranges (Pratella et al., 1969). Studies
with Tarocco (blood) oranges have shown that suscep-
tibility to CI is greatly dependent on the harvest date
and that the severity of damage may be alleviated by
prestorage 53 °C water dips (Schirra et al., 1997).
Postharvest treatments with thiabendazole (TBZ) re-
duced CI in Tarocco oranges during cold storage and a
subsequent simulated marketing period (SMP); the
efficacy of TBZ’s fungicidal and CI-reducing effects being
enhanced when it was used in combination with hot
water (Schirra and Mulas, 1995). There have been no
reports of seasonal responses of pigmented oranges to
chilling storage preceded by TBZ treatments.

This study was therefore designed to investigate the
effects of TBZ on chilling injury in cold stored Tarocco
oranges harvested at various maturity stages. Rela-
tively low doses (200 ppm) of fungicide at 50 °C were
employed in comparison with the standard 1200 ppm
treatment at room temperature (19 °C).

MATERIALS AND METHODS

Fruit. The investigation was conducted with Tarocco
oranges (Citrus sinensis Linn. Obsek) grown in an experimen-
tal grove (Southern Sardinia, 39° 55′ N) receiving standard
horticultural care. Fruit was harvested at monthly intervals,
from the first week of December (when the fruit acquired the
full orange color but was not yet commercially mature) to April
(overmature fruit). Each harvest involved a random sampling
from 15 trees subdivided into 3 replicates of 5 trees each.
Twenty fruits were picked from the exterior of the canopy of
each tree, placed in plastic boxes, delivered to the laboratory
immediately after harvest, and left overnight.
Treatments and Storage. Blemish-free oranges were

selected and grouped into 4 treatment lots (each with 4
replications containing 50 fruits each), corresponding to the
following 3 min dip treatments: (a) water at 19 °C, (b) water
at 50 °C, (c) 1200 ppm TBZ at 19 °C, and (d) 200 ppm TBZ at
50 °C. Dip treatments were applied using an apparatus
described previously (Schirra and D’hallewin, 1997). Following
treatment, the fruits were dried at room temperature for ca.
5 h. The fruits of 3 boxes of each treatment were used for
evaluation of CI, rot incidence, and treatment damage, and
the fruits of the remaining box were used for TBZ analysis.
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After treatment, the fruits were stored at 3 °C and 90-95%
relative humidity (RH) for 6 weeks, with a complete air change
every hour. These conditions favor development of CI. At the
end of storage, the fruits were maintained at 20 °C and about
80% RH for 1 week to simulate a 1 week marketing period.
Visual Assessment. At weekly intervals during cold

storage and after SMP, the fruits were examined for treatment
damage, CI, and rot incidence. CI was rated as 0 (no damage),
1 (slight, <10% peel pitting), 2 (moderate, 10-30% peel
pitting), and 3 (severe, >30% peel pitting). To obtain a
weighted average for the chilling index, the number of fruits
with each CI rating was multiplied by the rating number and
the sum of these products was divided by the total number of
fruits in the sample to give an average CI for the sample.
Decay was caused by Penicillium italicum Wehmer, Penicil-
lium digitatum Sacc., Alternaria citri Ell. & Pierce, Botrytis
cinerea Pers. ex Fr., or miscellaneous rots of unidentified fungi,
and the total decay percentage was calculated.
Thiabendazole Analysis. Chemicals. Thiabendazole was

an analytical standard purchased from Ehrenstorfer (Augs-
burg, Germany). Triphenyl phosphate (99%) was used as the
internal standard (i.s.) and was analytical grade (Janssen,
Geel, Belgium). Ethyl acetate and methanol were HPLC
grade, while hexane was of pesticide grade (Carlo Erba, Milan,
Italy). Anhydrous sodium sulfate and sodium chloride were
of analytical grade (Carlo Erba). A stock standard solution of
thiabendazole (ca. 500 mg/kg) was prepared in methanol.
Working standard solutions, containing the i.s. at 0.3 mg/kg,
were obtained by dilution with the extract from untreated
flavedo without interfering peaks. Extraction solution: ethyl
acetate/hexane (50/50 (v/v)) mixture containing the i.s. at 0.3
mg/kg.
Apparatus and Chromatography. An HRGCMega 5160 gas

chromatograph (Carlo Erba) was employed. It was fitted with
an NPD-40 nitrogen phosphorus detector, an AS 550 autosam-
pler (Carlo Erba), and a split-splitless injector. It was
connected to an HP 3396-II reporting integrator (Hewlett-
Packard, Avondale, PA). A Durabond fused silica column (30
m× 0.25 mm i.d.) (J&W Scientific, Folsom, CA) was employed,
with DB 5 (5% phenylmethypolysiloxane) liquid phase (film
thickness 0.25 µm). The injector and detector were operated
at 250 and 280 °C, respectively. The sample (2 µL) was
injected in the splitless mode (60 s), and the oven temperature
was programmed as follows: 110 °C for 1 min, raised to 280
°C (20 °C/min), and held for 6 min. Helium was the carrier
and makeup gas at 120 and 130 kPa, respectively. The
calibration graph was constructed with the i.s. method by
measuring peak heights vs concentrations. Good linearity was
achieved in the range 0-10 mg/kg, with a correlation coef-
ficient of 0.9992.
Sample Preparation. Three replicates of three fruits each

were used for thiabendazole analysis. Fruits were weighed,
and the flavedo was removed with a vegetable peeler. The
flavedo was weighed, and its percentage with respect to the
whole fruit was calculated. It was then triturated with a
mincing knife and homogenized. The samples were stored in
a refrigerator at -20 °C until analysis.
Extraction Procedure. A 2.5 g aliquot of homogenized

sample (1 g for samples at highest concentrations) was weighed
in a 30 mL screw-capped tube; 2 g of sodium chloride and 10
mL of ethyl acetate/hexane (50/50 (v/v)) mixture containing
the i.s. at 0.3 mg/kg were added, and the tube was shaken in
a rotary shaker (GFL, Germany) for 20 min. The phases were
allowed to separate, and the organic layer was poured into
another flask containing 1 g of anhydrous sodium sulfate and
then injected for gas chromatographic analysis.
Recovery Assays. Untreated flavedo samples were fortified

with 1, 10, and 25 mg/kg of thiabendazole and processed
according to the procedure described above. Recoveries from
four replicates showed values ranging from 87 to 106%,
Data Analysis. Analysis of variance (ANOVA) was per-

formed by MSTAT-C software (1991) according to a random-
ized complete block design. Mean comparisons were per-
formed by Duncan’s multiple range test (P ) 0.05).

RESULTS AND DISCUSSION

Decay was minimal (<2.0%) after SMP in the fruits
harvested from December through February and dipped
in water at 19 or 50 °C (data not shown). The decay
percentages in the fruits harvested in March and April
were 11.1 and 3.2%, respectively, in oranges dipped in
water at 19 °C and 13.0 and 3.4%, respectively, in the
fruits dipped in water at 50 °C. The relatively high
decay caused by Penicillium spp. and B. cinerea, in
fruits harvested in March may be attributed to pro-
longed rainy and warm weather before harvest. The
decay incidence in the fruits treated with fungicide at
19 or 50 °C was negligible in all samples.
The susceptibility of Tarocco oranges to CI was

greatly dependent on the age of the fruit, declining later
in the season (Table 1). Visible symptoms of CI in the
fruits harvested from December to March and treated
with 19 °C water were observed during the second week
of storage and 2 weeks later in the fruits picked in April
(data not shown). At the end of cold storage and after
SMP, the CI index was greatest in these fruits harvested
from December to February, significantly lower in the
fruits harvested in March, and even lower in oranges
picked in April. Dipping the fruits in water at 50 °C
reduced CI development in comparison to dipping at 19
°C. However, the efficacy of the 50 °C water dip was
significantly dependent on the picking date.
The seasonal susceptibility of Tarocco oranges to CI

was first reported by Schirra et al. (1997). They also
demonstrated that when the fruits were harvested in
mid-season (January-February), postharvest dips in
water at 53 °C reduced CI and decay during subsequent
cold storage and SMP. However, when oranges were
harvested earlier or later in the season, the treatment
could be harmful to the fruit. In contrast, the results
of the present research showed that when dipping is
carried out at 50 °C, no heat damage occurred to the
peel.
Treatment with 1200 ppm TBZ compared to water at

room temperature alleviated CI but did not produce any

Table 1. Influence of Harvest Date and Postharvest Dip
Treatments on Chilling Injury Index in Tarocco Oranges
after 3 and 6 Weeks of Storage at 3 °C and after an
Additional Week at 20 °C

picking dateb

treatmenta December January February March April

3 Weeks at 3 °C
water 19 °C 1.67aB 1.90aB 2.59aA 1.24aB 0.16aC
water 50 °C 0.38cB 0.36bB 2.02aA 0.26cB 0.03aB
1200 TBZ 19 °C 0.94bB 0.95bB 2.19aA 0.64bBC 0.03aC
200 TBZ 50 °C 0.03dC 0.16bB 1.12bA 0.06cBC 0.00aC

6 Weeks at 3 °C
water 19 °C 2.67aA 2.67aA 2.82aA 1.87aB 1.07aC
water 50 °C 2.30bA 1.60bB 2.55aA 0.62bC 0.57bcC
1200 TBZ 19 °C 2.64abA 2.47aA 2.63aA 0.99bB 0.90abB
200 TBZ 50 °C 1.08cB 0.94cBC 1.99bA 0.64bCD 0.36cD

6 Weeks at 3 °C + 1 Week at 20 °C
water 19 °C 2.77aA 2.72aA 2.83aA 2.17aB 1.45aC
water 50 °C 2.63aAB 2.23bB 2.74abA 1.97aC 0.83bD
1200 TBZ 19 °C 2.89aA 2.75aA 2.84aA 2.14aB 1.06abC
200 TBZ 50 °C 1.63bC 2.12bAB 2.38bA 1.44bBC 0.63bD

a Treatments are 3 min dips followed by air-drying of the dipped
fruits. b In each row or column group, means followed by a common
letter are not significantly different by Duncan’s multiple range
test, P e 0.05. Lower case letters relate to comparisons of the
effects of different treatments, within each harvest date. Capital
letters relate to comparisons of the influence of different harvest
dates, within each treatment.
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additional advantages with respect to water dipping at
50 °C. In contrast, the incidence of CI in the fruits
treated with 200 ppm TBZ at 50 °C was significantly
reduced throughout the season.
The increased efficacy of TBZ when applied in combi-

nation with hot water has been demonstrated in various
citrus fruit cultivars susceptible to CI (Wild and Hood,
1989; McDonald et al., 1991; Rodov et al., 1994; Schirra
and Mulas, 1995), and the enhanced activity of heated
chemical has been associated with the higher deposition
of active ingredient (a.i.) on fruit (Schirra et al., 1996).
However, these investigations were carried out on the
fruits from a single harvest, and comparisons between
the effects of cold and heated fungicide application were
performed by using equal mixture concentrations.
Thanks to the linear relationship we found between

the residue levels of TBZ in fruit following treatment
at 50 °C and fungicide solution concentration (Schirra,
M.; Cabras, C. unpublished results), in this study we
estimate that 200 ppm TBZ at 50 °C should produce an
a.i. uptake similar to that measured after 1200 ppm
dipping at room temperature (19 °C). This appraisal
was largely confirmed by the present study (Table 2).
Immediately after dipping, fruit residues of TBZ be-
tween these two treatments were similar throughout the
harvesting season. As far as the influence of harvest
date on a.i. uptake is concerned, the fruits harvested in
April and treated with 1200 ppm TBZ at room temper-
ature contained significantly more TBZ than the fruits
picked earlier. It is known that during growth and
ripening the epicuticular wax layer of citrus fruit
undergoes a change from a crystalline to an amorphous
state, with the appearance of rough and granular sur-
face structures with a network of deep cracks coinciding
with fruit maturation and senescence (Freeman et al.,
1979; El-Otmani et al., 1989). Therefore, differences in
a.i. uptake in relation to the maturity stage, when TBZ
is applied at room temperature, may be due to the
different physical status of epicuticular wax.
In contrast, TBZ deposition following 200 ppm dipping

at 50 °C was not significantly dependent on the maturity
stage of the fruits. Studies with “Fortune” mandarins
revealed that hot water dips induced a melting and
redistribution of the epicuticular wax, resulting in the
coverage of surface cracks (Schirra and D’hallewin,
1997). Therefore, we speculate that the deposition of
the hot fungicide may not depend on wax morphology
but on its enhanced penetration through the epicuticu-
lar wax during treatment, rather than through gaps in
the wax. Specific studies of this point are in progress
at our laboratory.
Fungicide concentrations at the end of SMP in the

fruits harvested in December, February, and March and
treated with 1200 ppm TBZ at room temperature were
significantly lower than their initial levels. Conversely,

when the fruits were treated with 200 ppm TBZ at 50
°C, the concentrations of a.i. after SMP were not signif-
icantly different from those measured immediately after
treatment. The persistence of TBZ when the fruits were
dipped at 50 °C may be due to better encapsulation and
coverage of the fungicide during melting and solidifying
of the wax, giving better protection to the chemical.
Thus far, the mode of action of TBZ in reducing CI is

unclear. Schiffmann-Nadel et al. (1972) have suggested
that latent fungal infections in the peel begin to develop
with loss of fruit resistance during unfavorable storage
conditions (e.g., chilling temperature), thereby causing
CI. Therefore, the inhibition of latent fungal infection
by TBZ treatment may also affect CI development.
Studies with grapefruits (Schiffmann-Nadel et al., 1975)
showed that TBZ efficacy increased with residue con-
centration, and the physiological effect was attributed
to a lower rate of peel senescence and reduced microbial
activity.
Postharvest treatments with 1200 ppm TBZ at room

temperature or 200 ppm TBZ at 50 °C produced similar
fungicide residue in Tarocco oranges, but heated fun-
gicide proved to be more useful in reducing CI. This
could be due to positive synergistic effects of heat and
TBZ, when applied in combination, in reducing antimi-
crobial activity, as suggested by Schiffmann-Nadel et
al. (1975) and/or by enhancing fruit resistance to chilling
stress (e.g., cell wall reinforcement, induction of heat
shock proteins, membrane stabilization) (Klein and
Lurie, 1992; Paull and McDonald, 1994). Such an effect
might also explain the beneficial effect of the 50 °C dip
relative to the control treatment.
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mento della Qualità dei Prodotti Agroalimentari”.

JF970776S

1180 J. Agric. Food Chem., Vol. 46, No. 3, 1998 Schirra et al.


