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Table 1 Effect of heat treatments on weight loss andand Juice content of two fruit blood orange
varieties at post-harvest stage.

Juice content (%) Weight loss (%) Heat treatments
‘Sanguinello’  ‘Moro’ ‘Sanguinello’ “Moro’ O Storage
duration
37.53abc 40.59ab 0i 0g* 12°C  week) (dfy)
38.62abc 43.23ab 0i Og 20°C (3 days)
34.29bc 39.94ab 0i Og 30°C (2 days)
37.60abc 25.60c 0i Og control
38.22abc 43.28ab 01 Og common storage
33.75bc 33.99bc 5.20f 5.60c 12°C  week) 30
32.52¢ 42.73ab 6.05¢ 4.40d 20°C (3 days)
30.03¢ 41.23ab 4.50¢g 4.35d 30°C (2 days)
38.73abc 40.03ab 9.45c S541c control
38.23abc 44 91ab 11.62b 7.30a common storage
42.70ab 40.35ab 3.62h 4.10de 12°C (1 week) 60
4534a 147.7a 4.64¢g 3.42¢ef 20°C (3 days)
35.49bc 37.29abc 3.25h 3.30f 30°C (2 days)
33.11c 37.87abc 7.64d 5.60c control
46.42a 41.84ab 17.18a 6.46b common storage

* Mean in each column and for each cultivar with the same letter is not significantly different at 5% of
probability level.
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Table 2 Effect of heat treatments on TSS, TA and TSS/TA of two fruit blood orange varieties at post-
harvest stage.

TSS/TA TA(%) TSS(%) Heat treatments Storage
duration
‘Sanguinello”  ‘Moro’ ‘Sanguinello” “Moro’ ‘Sanguinello  ‘Moro’ C) (day)
5.25def 4.69def 2.35f 2.72b 12.33ab 12.77ab* 12°C (1 week) 0
5.06def 6.14cde 2.57c 195¢g 13ab 11.97ab 20°C (3 days)
5.13def 594cde 2.86a 2.02e 12.67ab 12ab 30°C (2 days)
4.87ef 5.75cdef 2.63b 2.15¢ 12.7ab 12.37ab control
4.58f 5.93cde 247d 2.08d 13.1ab 12.33ab common storage
7.61a 3.71ef 1.48n 2.78a 11.27b 10.3b 12°C (1 week) 30
5.22def 3.16f 2.01i 2.15¢ 12.57ab 10.47b 20°C (3 days)
5.62cde 6.85cd 24le 1.65j 11.3b 11.3abc 30°C (2 days)
5.77cde 10.14ab 2.34f 1.38k 13.5ab 14a control
5.76c¢cde 8.21bc 2.12¢g 1.341 12.2ab 11ab common storage
7.64a 7.88bc 1.65m 1.99f 12.3ab 13.87a 12°C (1 week) 60
7.73a 5.72cdef 1.791 1.76h 13.83a 11.37ab 20°C (3 days)
5.98cd 7.25¢d 1.08h 1.7i 12.43ab 12.33ab 30°C (2 days)
6.43bc 6.82cd 1.98j 1.66j 12.73ab 11.33ab control
7.17ab 10.83a 1.82k 1.05m 13.03ab 11.37ab common storage

* Mean in each column and for each cultivar with the same letter is not significantly different at 5% of probability
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Table 3 Effect of heat treatments on peel color indices of two fruit blood orange varieties at post-harvest

stage.
Storage
. .
h C L Heat glzla;(;
Saneuinell treatments (°C) Y
‘Sanguinello’ ‘Moro’ %1,1 ‘Moro’ ‘Sanguinello’ ‘Moro’

67.18a 63.89bcd 69.50a 60.98ab 62.64a 56.76bed*  12°C (1 week) 0
64.35a 69.85ab 63.62a 69.45ab 57.06a 6428ab  20°C (3 days)
68.15a 69.81ab 66.81a 70.45ab 61.30a 63.03ab  30°C (2 days)
74.14a 74.39a 69.28a 72.23a 64.28a 68.05a control
65.11a 67 24abcd 62.80a 67.35ab 52.97a 62.26abc common

storage
66.80a 60.94cd 69.52a 58.21ab 61.14a 5354cd  12°C A week) 30
64.82a 69.30ab 64.69a 69.47ab 56.57a 62.84ab  20°C (3 days)
66.58a 69.55ab 66.83a 68.51ab 52.59a 60.16abcd  30°C (2 days)
69.17a 71.56ab 65.29a 71.48a 60.85a 65.66ab control
63.04a 66.90abcd 56.68a 67.03ab 52 43ab 60.78abc common

storage
67.49a 59.80d 71.43a 57.84ab 60.90a 51.82d  12°C A week) 60
64.85a 69.50ab 65.57a 70.84ab 56.30a 6291ab  20°C (3 days)
66.98a 68.21abc 66.94a 68.77ab 58.33a 60.11abcd  30°C (2 days)
67.95a 70.52ab 67.38a 71.60a 59.58a 64.01ab control
60.77a 67.12abed 36.96b 65.26ab 41.68b 59 36abed common

storage

* Mean in each column and for each cultivar with the same letter is not significantly different at 5% of probability level
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Table 4 Effect of heat treatments on SOD activity (U/ g FW) of peel and pulp
of two fruit blood orange varieties at the beginning of storage and end of

storage.
‘Sanguinello’ ‘Moro’ Heat treatments ~ Sampling time
peel  pulp peel pulp (°C)
7.78ab 7.64ab 0.85d 1.42d* 12°C (1 week) After treatment
4.95bc 891ab 3.82bc 5.37bc 20°C (3 days) (at the
beginning of

3.82bc 3.96bc 2.97cd 10.04ab 30°C (2 days) storage)
7.21ab 11.88a 7.92ab 14.71a control
2.97¢ 1.56d 1.53d 2.69¢cd common storage
1343a 2.83cd 12.16a 5.09bc 12°C (1 week) End of storage
14.14a 4.53bc 14.14a  9.19ab 20°C (3 days)
3.39bc 2.26cd 12.59a  721bc 30°C (2 days)
4.81bc 5.94b 10.46ab  7.35bc control
10.32ab 10.46a 9.9abc 10.32ab common storage

* Mean in each column and for each cultivar with the same letter is not significantly
different at 5% of probability level.
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Table 5 Effect of heat treatments on POD activity (U/ g FW min™) of peel and pulp of

two fruit blood orange varieties at the beginning of storage and end of storage.
Heat treatments

‘Sanguinello’ ‘Moro’ (-C) Sampling time
peel pulp peel pulp
3.6a  0.02b 3.76ab  0.03d* 12°C (1 week) After treatment

247bc  0.04b 40la  0.02de 20°C (3 days) (at the beginning
1.44d  0.08a 3.02abc  0.05ab 30°C (2 days) of storage)
0.06e 0.02b 0.49ef 0.0lef control

2.96b 0.04b 1.89cde 0.02d common storage

2.13¢c  0.02b 1.53cde  0.04bc 12°C (1 week) End of storage
1.51d  0.02b 0.69def 0.04c 20°C (3 days)

2.71bc  0.06ab 2.15bc 0.05a 30°C (2 days)

0.16e 0.01b 0.08f 0.02de control

2.57bc  0.06ab 2.52abc 0.01f common storage

* Mean in each column and for each cultivar with the same letter is not significantly different at
5% of probability level.
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Table 6 Effect of heat treatments on APX activity (U/ g FW min™) of peel and pulp
of two fruit blood orange varieties at the beginning of storage and end of storage.

‘Sanguinello’ ‘Moro’ Heat treatments Sampling time
peel pulp peel pulp (-0

0.84b  022a 0.6abc  0.17a* 12°C (1 week) After treatment

. (at the beginning of

0.51b  0.26a 1.22a 0.18a 20°C (3 days) storage)
0.7b 0.19a 0.18¢c 0.08a 30°C (2 days)
1.76ab  0.38a 1.04ab 0.3a control

5.2a 0.5a 0.73abc  0.32a common storage

0.16b  028a 02lc 0.23a 12°C (1 week) End of storage
1.26ab  045a 0.14c 0.19a 20°C (3 days)

0.2b 04la 0.18¢ 0.35a 30°C (2 days)

0.2b 0.15a 0.18¢c 0.22a control

0.45b 0.13a 0.37bc 0.2a common storage

* Mean in each column and for each cultivar with the same letter is not significantly
different at 5% of probability level.
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Table 7 Effect of heat treatments on CAT activity (U/ g FW min™) of peel and pulp
of two fruit blood orange varieties at the beginning of storage and end of storage.

‘Sanguinello’ ‘Moro’ Heat treatments L
Sampling time
peel pulp peel pulp (°C)
0.01b  0.04b 0.04b  0.03ab* 12°C (1 week) After treatment
(at the beginning of
0.14ab  0.02b 0.06b 0.11ab 20°C (3 days) storage)
0.04b 0.14a 0.01b 0.18a 30°C (2 days)
0.34a  0.06ab 0.7b 0.07ab control
0.05b 0.03b 0.05b 0.03ab common storage
0.01b  0.01b 0.01b 0.02b 12°C (1 week) End of storage
0.02b 0.03b 0.01b 0.01b 20°C (3 days)
0.02b 0.04b 0.02b 0.02b 30°C (2 days)
0.19ab  0.04b 0.22a 0.03ab control
0.03b 0.01b 0.03b 0.01b common storage

* Mean in each column and for each cultivar with the same letter is not significantly
different at 5% of probability level.
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Table 8 Effect of heat treatments onantioxidant activity (ABTS radical-scavenging
activity) of two fruit blood orange varieties at post-harvest stage.

peel pulp Heat treatments Storage
(0 duration
‘Sanguinello”  ‘Moro’ ‘Sanguinello’ ‘Moro’ (day)
73.13bc 74.4ab 45 4bcd 46.82cd* 12°C (1 week) 0
74.54b 75.96ab 47.95bc 50.35bce 20°C (3 days)
66.2bcdefg 80.62a 47.1bcd 52.62bc 30°C (2 days)
62.86defg 64.43cde 39.43cde 37.14efg control
72.14bcd 69.87bcd 48.81bc 65.06a common storage
57.87gh 50.52fg 38.76de 38.34defg 12°C (1 week) 30
62.64efg 47.89fg 47.61bc 35.11fg 20°C (3 days)
51.55h 45.79¢g 48.17b 35.82fg 30°C (2 days)
75.63b 68.62bcd 31.18e 37.lefg control
58.43fgh 56.74ef 47.36bc 44.24cdef  common storage
66.27bcdefg  61.89de 34.26e 344g 12°C (1 week) 60
65.07cdefg 61.36de 47.28bcd 44.09cdef 20°C (3 days)
67.33bcdef  62.95de 49.8b 40.24defg 30°C (2 days)
95.09a 72.98abc 59.12a 56.58ab control
71.32bcde  69.32bcd 47.28bcd 46.08cde common storage

* Mean in each column and for each cultivar with the same letter is not significantly different
at 5% of probability level.
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In this study, two blood orange varieties [‘Sanguinello’ and ‘Moro’ (Citrus sinensis (L.) Osbeck)] were
treated with different heat treatments to evaluate the effect of the treatments on quality maintaining and
antioxidant enzymes activity of fruit peel and pulp at postharvest stage. The fruits were pre-treated in an
incubator at 12°C (1 week), 20°C (3 days) and 30°C (2 days) then were stored in cold storage with 5°C
and 85% RH for 60 days. Also, one group of un-treated fruits was placed in cold storage as control and
other group was kept in common storage. Then, weight loss, juice percentage, TA, TSS, peel color indices
(lightness, hue and chroma), antioxidant capacity and antioxidant enzymes activity (SOD, CAT, POD and
AXP) of fruits were evaluated at 0, 30 and 60 days. Result showed that, heat treatments had no significant
effect on TSS and peel color indices. In contrast, weight loss, TA and juice percentage were affected by
heat treatments. APX and catalase (CAT) activity were slightly affected by thermal treatments. While,
peroxidase (POD) and superoxiddismotase (SOD) enzymes activity were significantly increased up to the
end of storage. At the beginning of storage, antioxidant capacity of fruit (peel and pulp) of both cultivars
was increased by heat treatments and then wasdeclined over time compared to the fruit controls. Overall,
the use of heat pre-treatment in fruits of the blood orange varieties, especially the temperature of 30 °C (2
days) before the begening of storage, can play an important role in preventing weight loss and
maintaining or increasing the antioxidant capacity of the fruit after harvesting.

Keywords: Heat treatments, Fruit quality, Antioxidant capacity, Citrus.
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