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Hot water and curing treatments reduce chilling injury

and maintain post-harvest quality of ‘Valencia’ oranges
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Summary ‘Valencia’ oranges [Citrus sinensis (L.) Osbeck] were harvested at optimal maturity and

either dipped in hot water at 53 �C for 3 or 6 min or at 48 �C for 12 min or cured at 53 �C
for 1 or 6 h or at 48 �C for 12 h. The fruits were not degreened, waxed or treated with any

post-harvest fungicides. All fruit samples were stored at 4 �C for 6 months following the

treatments. Both hot water dip and curing treatments reduced chilling injury and decay

when compared with the untreated control. The most effective treatments were curing of

fruit at 53 �C for 6 h and at 48 �C for 12 h. Weight loss and juice yield were higher in cured

fruits than those from other treatments, but the heat treatments had no consistent effects

on titratable acid, soluble solids, ascorbic acid and peel colour. It was concluded that a pre-

storage hot water dip and curing at high temperatures might be beneficial in preventing

chilling injury and decay of ‘Valencia’ oranges for 6 months of storage at 4 �C.
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Introduction

Oranges are subtropical fruits and are known to

be susceptible to chilling injury development

(Hatton, 1990; Paull, 1990; Kader & Arpaia,

1992) during cold storage. This sensitivity of

oranges to low temperatures negatively affects

post-harvest quality of the fruit during the storage

and marketing periods. Several post-harvest treat-

ments have been used to alleviate chilling injury

and decay of citrus fruit (Ben-Yehoshua et al.,

1987, 1989; Wild, 1990). Fungicide treatments

such as imazalil control post-harvest decays but

many countries have banned the use of this and

other chemicals for control of post-harvest deteri-

oration. Heat treatments induce fruit tolerance to

cold temperatures and reduce the development of

chilling injury symptoms during cold storage

(Wang, 1990, 1993; Lurie, 1998; Schirra & Ben-

Yehoshua, 1999; Porat et al., 2000).

Heat treatment can be applied to the commod-

ities by the use of hot water, vapour heat or forced

hot air. Hot water treatment was originally used

for fungal control but its use has been extended to

insect disinfestation of fruit. Vapour heat treat-

ment was developed specifically for insect control

while forced hot air has been used for both fungal

and insect control and to study the response of

commodities to high temperature (Lurie, 1998).

Post-harvest heat treatments have been used for

many years to control fungal diseases and for

insect disinfestations (Couey, 1989; Barkai-Golan

& Phillips, 1991; Lurie, 1998). Shellie & Mangan

(1994) reported that moist forced air at 46 �C is a

promising quarantine treatment for fruit fly in

oranges. Hot water dip treatment is one of the

most easily applied and environmentally safe fruit

treatments. However, heat damage to the tissues

of sensitive species can be caused if the tempera-

tures are too high or if the durations are too long.

Therefore, the objectives of this work were to

evaluate the effects of hot water dip and air curing

treatments at relatively high temperatures and of
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short durations on decay, chilling injury, ascorbic

acid, citric acid, and other post harvest qualities of

‘Valencia’ oranges without any chemical applica-

tions after harvest.

Materials and methods

Plant materials and fruit sampling

Valencia oranges were harvested randomly from

an orchard at the Citrus and Greenhouse Crops

Research Institute in Antalya, Turkey. Fruit were

delivered to the laboratory on the day of harvest.

The oranges were sorted for uniform size and lack

of defects, placed in plastic boxes (thirty fruits per

box) and divided into three treatment groups. The

first group was dipped in hot water at 48 �C for

12 min and at 53 �C for 3 or 6 min. The second

group was cured at 48 �C for 12 h and at 53 �C for

1 or 6 h. The third group was used as the control

group without any treatment.

Post-harvest heat treatments

Hot water dip treatments were performed in a bath

tank fitted with heating elements and an electronic

re-circulation pump. Five hundred litres of water

was used for the treatment, dipping three boxes of

fruit at a time. The water bath tank temperature

was constantly maintained within ±0.5 �C of the

programmed temperature by an electronic ther-

mostat and probe. Following treatment the fruit

were left to dry at 20 �C for 2 h. Curing treatments

were performed with an electric heater and the

room temperature was constantly monitored dur-

ing curing. While curing the fruit, the relative

humidity of the rooms was kept around 85–90%

by using a humidifier. Control fruit were placed

directly in the 4 �C storage. Each treatment group

was then divided into two subgroups. The fruit in

the first subgroup were numbered, individually

weighed and used for the evaluation of chilling

injury, decay incidence, heat damage, peel colour,

weight loss and overall quality. The second sub-

group was used for chemical analyses. Following

hot water dip and curing treatments, Valencia

oranges were stored at 4 �C for 6 months. Relative

humidity was held at 90–92% in a storage room.

At the end of each storage period, (after 2, 4 and

6 months) the fruit were kept at 20 �C for an

additional week to monitor the shelf life condition

of the fruit. Each treatment included three boxes,

which were considered as replicates, and each

replicate contained thirty fruit in each box. There

were, therefore, three treatments and three samp-

ling times and a total of twenty-seven boxes of fruit

were used for quality evaluation. An additional

twenty-seven boxes of fruit were used for shelf life

evaluation. The experiment was repeated twice,

once each during the 2001 and 2002 harvest

seasons. The fruit were removed from the storage

rooms at 2-month intervals and were evaluated for

chilling injury, decay, weight loss, juice yield,

soluble solids, titratable acids, ascorbic acid, peel

colour and overall quality. After removal of fruit

from cold storage at bimonthly intervals, they were

kept at 20 �C for an additional week.

Evaluation of chilling injury and decay

After 2, 4 and 6 months of cold storage at 4 �C
and an additional week at 20 �C, fruit were

evaluated for chilling injury severity according to

the following scale: 0 ¼ normal (no pitting), 1 ¼
slight (a few scattered pits), 2 ¼ moderate (pitting

covering up to 30% of the fruit surface), and 3 ¼
severe (extensive pitting covering >30% of the

fruit surface). The chilling injury index was deter-

mined for each treatment by multiplying the

number of fruit in each category by their score,

and then dividing this sum by the total number of

fruit assessed. The total number of fruit manifest-

ing decay symptoms (mainly green and blue

mould) was determined in each treatment and

expressed as the decay percentage.

Chemical analyses, peel colour determination and

overall quality

Three replicates of ten healthy fruit were randomly

selected prior to treatments, after cold storage and

after shelf life condition, for assessment of internal

quality attributes. The total soluble solids (TSS)

content in the juice was determined with a

refractometer, and the titratable acid percentage

was measured by titration with 0.1 nNaOH to pH

8.1, the results being expressed as citric acid.

Ascorbic acid content was determined by the 2,6-

dichlorophenolindophenol titration method

(Rapisarda& Intelisano, 1996) and juice percentage
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was determined by using an electric rotary juicer.

Percentage juice yield was determined by dividing

the weight of extracted juice by pre-treatment fruit

weight and multiplying by 100 (Shellie & Mangan,

1994; Erkan, 1997). Peel colour was determined by

measuring the fruit skin with a Chromo Meter

(model CR-200; Minolta Corp., Ramsey, NJ,

USA) at the three marked sites on the surface of

each fruit (McGuire, 1992). Overall visual and

eating quality was rated subjectively into one of

five categories: 4 (excellent), 3 (good), 2 (fair), 1

(poor) and 0 (very poor), by an informal panel of

five people familiar with oranges.

Data analyses

The MSTAT-C software (1991) was used for

evaluation of variance (anova) and mean values

were separated by Duncan’s multiple range test at

P ¼ 0.05.

Results and discussion

Influence of different heat treatments on chilling

injury

All of the post-harvest hot water dip and curing

treatments used in this study reduced chilling

injury incidence (Table 1). Among the treatments

tested, curing of fruits at 48 �C for 12 h or at

53 �C for 6 h reduced the development of chilling

injury incidence the most. At the end of the

6-month storage period, chilling injury indexes

were 0.34 and 0.25 in cured fruits at 48 �C for 12 h

and at 53 �C for 6 h, respectively, compared with

2.19 in control fruits. The symptoms of chilling

injury appeared in the form of discoloured, small

pitted areas and skin depressions irregularly dis-

tributed over the fruit surface. Our study tested

higher curing temperatures and shorter periods.

This is in contrast to previous reports, which used

lower temperatures and longer periods to reduce

Table 1 Influence of different post-harvest heat treatments

on chilling injury of Valencia oranges after 2, 4 and

6 months of storage at 4 �C plus 1 week at 20 �C

Storage

time (months) Heat treatment

Chilling

injury index*

2 Control 1.18 cd†

HWD (48 �C + 12 min) 0.57 f

HWD (53 �C + 3 min) 0.45 g

HWD (53 �C + 6 min) 0.39 h

C (48 �C + 12 h) 0.13 ik

C (53 �C + 1 h) 0.32 ı

C (53 �C + 6 h) 0.00 k

4 Control 1.68 b

HWD (48 �C + 12 min) 0.88 de

HWD (53 �C + 3 min) 0.66 e

HWD (53 �C + 6 min) 0.48 g

C (48 �C + 12 h) 0.23 ıji

C (53 �C + 1 h) 0.42 gh

C (53 �C + 6 h) 0.15 i

6 Control 2.19 a

HWD (48 �C + 12 min) 1.25 c

HWD (53 �C + 3 min) 0.97 d

HWD (53 �C + 6 min) 0.52 fg

C (48 �C + 12 h) 0.34 hı

C (53 �C + 1 h) 0.61 ef

C (53 �C + 6 h) 0.25 ıj

*Chilling injury index: 0 ¼ normal, 1 ¼ slight, 2 ¼ moderate,

3 ¼ severe.

†Mean separation by Duncan’s multiple range test. Values

followed by different letters within a column are significantly

different at the 0.05 level.

HWD, hot water dip; C, curing.

Table 2 Influence of different post-harvest heat treatments

on decayed fruits of Valencia oranges after 2, 4 and

6 months of storage at 4 �C plus 1 week at 20 �C

Storage

time (months) Heat treatment Decay (%)

2 Control 7.45 d*

HWD (48 �C + 12 min) 0.00 f

HWD (53 �C + 3 min) 0.00 f

HWD (53 �C + 6 min) 0.00 f

C (48 �C + 12 h) 0.00 f

C (53 �C + 1 h) 0.00 f

C (53 �C + 6 h) 0.00 f

4 Control 16.84 b

HWD (48 �C + 12 min) 4.40 e

HWD (53 �C + 3 min) 0.00 f

HWD (53 �C + 6 min) 0.00 f

C (48 �C + 12 h) 0.00 f

C (53 �C + 1 h) 5.30 de

C (53 �C + 6 h) 0.00 f

6 Control 24.09 a

HWD (48 �C + 12 min) 6.80 d

HWD (53 �C + 3 min) 4.80 e

HWD (53 �C + 6 min) 4.20 e

C (48 �C + 12 h) 3.90 ef

C (53 �C + 1 h) 9.40 c

C (53 �C + 6 h) 4.50 e

*Mean separation by Duncan’s multiple range test. Values

followed by different letters within a column are significantly

different at the 0.05 level.

HWD, hot water dip; C, curing.
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chilling injury in different citrus cultivars (Hatton

& Cubbedge, 1982, 1983; McDonald, 1986; Wild

& Hood, 1989; Rodov et al., 1995; Schirra et al.,

1997; Schirra & D’hallewin, 1997).

Influence of different heat treatments on decay

Hot water dip and curing treatments of Valencia

oranges markedly reduced fruit decay. No decay

was observed in hot water dipped and cured fruits

after 2 months of storage at 4 �C storage (Table 2).

Even after 4 months of storage, fruits dipped in hot

water at 53 �C for 3 or 6 min and cured at 48 �C for

12 h or at 53 �C for 6 h did not have any decay.

Decay percentages in control fruits were 7.5 and

16.8% after 2 and 4 months of storage respectively.

After 6 months of storage at 4 �C, fruits subjected
to hot water treatments at 48 �C for 12 min, 53 �C
for 3 min, and 53 �C for 6 min had only 6.8, 4.8 and

4.2% decay respectively (Table 2). In comparison,

the amount of decay was 24.1% in control fruits at

the end of the 6-month storage period. Curing

treatments provided the best results in controlling

decay. There was only 3.90% decay in fruits cured

at 48 �C for 12 h. Decay percentages were 4.5 and

9.4% in 53 �C + 6 h and 53 �C + 1 h cured fruit

respectively. In contrast to our results, curing

treatments in ‘Star Ruby’ cultivars did not reduce

decayed fruits (Porat et al., 2000). In that experi-

ment, curing treatments might have been excessive

and resulted in heat damage that made the fruit

more susceptible to pathogenic attack. In our study,

no heat damage was detected in any of the

treatments.

Influence of different heat treatments on weight

loss

The curing of oranges significantly increased

weight loss from fruits compared with a hot water

dipped treatment and control group. Weight loss

of the cured fruit after 6 months of storage at 4 �C
plus an additional week at 20 �C reached 5.84,

6.10 and 6.45% in fruits cured at 53 �C for 1 h, at

Table 3 Influence of different post-harvest heat treatments on the post-harvest quality of Valencia oranges after 2, 4 and

6 months of storage at 4 �C plus 1 week at 20 �C

Storage

time (months) Heat treatment

Water

loss (%)

Juice

yield (%)

Ascorbic acid

(mg 100 mL-1)

Citric

acid (%) TSS (%) Overall quality*

0 41.29 d† 60.26 a 1.82 a 11.40 a 4.0 a

2 Control 1.72 g 42.23 d 51.88 cd 1.70 bc 11.32 a 4.0 a

HWD (48 �C + 12 min) 1.42 h 44.70 c 51.69 cd 1.74 bc 11.25 a 4.0 a

HWD (53 �C + 3 min) 1.23 h 43.28 cd 53.76 c 1.76 b 11.29 a 4.0 a

HWD (53 �C + 6 min) 1.31 h 44.62 c 54.48 c 1.74 bc 11.36 a 4.0 a

C (48 �C + 12 h) 2.16 f 45.54 b 56.33 b 1.76 b 11.29 a 4.0 a

C (53 �C + 1 h) 1.79 g 43.88 cd 53.76 c 1.68 c 11.32 a 4.0 a

C (53 �C + 6 h) 2.24 f 48.52 a 56.42 b 1.74 bc 11.34 a 4.0 a

4 Control 3.76 de 41.78 d 48.73 d 1.52 e 10.94 b 3.0 b

HWD (48 �C + 12 min) 2.92 e 43.71 cd 51.19 cd 1.59 d 10.78 b 3.5 b

HWD (53 �C + 3 min) 2.78 e 44.23 c 51.83 cd 1.60 cd 10.68 b 3.5 b

HWD (53 �C + 6 min) 2.84 e 45.83 b 52.69 cd 1.62 cd 10.76 b 3.5 b

C (48 �C + 12 h) 4.69 cd 45.43 b 51.27 cd 1.71 bc 10.98 b 3.0 b

C (53 �C + 1 h) 3.89 de 41.78 d 48.39 d 1.57 d 10.86 b 3.5 b

C (53 �C + 6 h) 4.86 c 45.24 b 52.96 cd 1.64 cd 10.94 b 3.0 b

6 Control 4.98 c 39.86 e 44.28 e 1.35 f 10.42 c 2.5 c

HWD (48 �C + 12 min) 4.08 d 41.12 d 44.35 e 1.47 e 10.24 c 3.0 c

HWD (53 �C + 3 min) 4.11 d 40.28 e 45.36 de 1.48 e 10.28 c 3.0 c

HWD (53 �C + 6 min) 4.19 d 40.69 e 46.92 de 1.50 e 10.36 c 3.0 c

C (48 �C + 12 h) 6.10 b 42.89 d 46.73 de 1.46 e 10.46 c 2.5 c

C (53 �C + 1 h) 5.84 bc 40.23 e 44.19 e 1.43 ef 10.38 c 3.0 c

C (53 �C + 6 h) 6.45 a 43.67 cd 43.82 e 1.48 e 10.34 c 2.5 c

*Overall quality: 4 ¼ excellent, 3 ¼ good, 2 ¼ fair, 1 ¼ poor, 0 ¼ very poor.

†Mean separation by Duncan’s multiple range test. Values followed by different letters within a column are significantly different

at the 0.05 level.

HWD, hot water dip; C, curing.
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48 �C for 12 h and at 53 �C for 6 h respectively

(Table 3). There were no significant differences

among hot water dip treatments after 6 months

storage, in terms of weight loss.

Influence of different heat treatments on juice

yield, ascorbic acid, citric acid and total soluble

solids and eating quality

Juice yield of the oranges increased during the first

2 months of the storage then decreased during the

rest of storage period. Juice yields were higher in

fruit cured at 48 �C for 12 h and at 53 �C for 6 h

than the control fruit at the end of 6 months

storage (Table 3).

Ascorbic acid, citric acid and TSS decreased

during storage and significant differences were

found among different heat treatments. The exter-

nal appearance and eating quality of control and

fruits treated with either hot water or curing after

2 months of storage were judged excellent. At the

end of an additional week of storage at 20 �C,
external appearance and eating quality of oranges

declined slightly but remained good. The overall

quality of the oranges in both external appearance

and eating quality remained acceptable after

6 months of storage (Table 3). There were no

statistical differences between hot water dipped or

cured oranges in terms of peel colour (data not

shown).

The mode of action of heat treatment in

reducing decay and chilling injury of fresh produce

is not clearly understood. However, evidence has

shown that high temperatures could increase the

transcript levels of heat shock proteins (HSPs)

(Sabehat et al., 1996; Woolf et al., 1999; Ding

et al., 2001; Wang et al., 2001). These HSPs are

thought to serve as molecular chaperones that

may control correct folding, oligomeric assembly,

transport across membranes and disposal, by

degradation, of incorrectly folded unstable pro-

teins by binding and releasing these proteins. In

addition, the molecular chaperones could prevent

incorrect interaction within and between non-

native polypeptides that could result in their

irreversible aggregation. Therefore, these HSPs

act to protect other proteins from breaking down

and thus maintain the integrity of cells and

prevent the tissues from developing chilling injury.

Heat treatment could also enhance activity of anti-

fungal substances (Ben-Yehoshua et al., 1995),

rendering the heat-treated tissues more resistant to

decay.

In conclusion, we recommend the use of short

hot water dip treatments to reduce decay and

chilling injury in Valencia oranges. Another

advantage of the short hot water dip treatments

is that they are simple to apply, as they can be

easily incorporated into the packinghouse sorting

line. Other methods to reduce chilling injury, such

as temperature conditioning, require the use of

different storage rooms, and curing requires heat-

ing of the room and special handling (Porat et al.,

2000). Nevertheless, it should be noted that hot

water treatments at high temperatures might cause

heat damage to sensitive cultivars. The optimum

temperature and the duration of treatment should

be determined for each cultivar.
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