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4. Pyrimethanil

5. Fludioxonil

6. Phytoalexins

7. 3-deoxyanthocyanidins
8. Pisatin

9. Stilbenes
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Table 1 Fruits weight losses in cold storage

Weight losse (%)

Treatment 30 days 60 days 90 days
Calcium chloride 4.127 bc* 7940 b 1129 a
Britex wax 3.033 cd 4573 d 6277 b
Carnauba wax 2.657 cd 5070 d 7447 b
Hot water 5823 a 1038 a 13.20 a
Tecto 60 4.680 ab 8.533 ab 12.61 a
Polyethylene bag 2173 d 5743 «cd 7.877 b
Control 3747 bc 7.647 be 12.64 a

* Significant difference at 5% probability level, in each column
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Table 2 Analysis of variance table (TSS, TA, TSS:TA and vitamin C)

Means of squares

Source df TSS TA TSS:TA Vit C

Storage time 3 7553 281 33148 1993.47"
Treatment 19 0.42™ 0.045™ 1.69™ 277
Storage time x Treatment 57 0.33™ 0.044™ 2.94™ 326"
Error 152 028 0.036 1.71 1.24
CV (%) 424 13.85 13.55 2.84

**Significant difference at 1% probability level, *Significant difference at 5% probability
level and ™ non-significant difference.
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Fig 2 TSS changes of Thomson navel fruits under different treatments during cold storage
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Table 3. Duncan's Multiple Range Test on Vitamin C (p<0.05)

Treatment

Vitamin C (mg. g )

Calcium + Infection
Calcium + Scar
Calcium
Commercial wax + Infection
Commercial wax + Scar
Commercial wax
Carnauba wax + Infection
Carnauba wax + Scar
Carnauba wax
Hot water + Infection
Hot water + Scar
Hot water
Tecto + Infection
Tecto + Scar
Tecto
Polyethylene bag + Scar
Polyethylene bag
Control + Infection
Control + Scar
Control

39.07 abed
39.30 abed
39.76 ab
38.65 cd
39.18 abed
39.17 abed
38.47 d
39.74 ab
38.67 cd
39.88 a
39.74 ab
39.54 abc
39.61 abc
39.63 abc
40.01 a
38.94 abed
38.58 cd
39.49 abed
39.64 abc
38.76 bed

The same letters in each column indicate no significant difference at the 5% level
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Table 4. Analysis of variance table (total phenols of peel and pulp)
Mean of squares

Sources df Total phenols of Total phenols of
peel pulp
Time 2 53.891 24147
Treatment 19 0.694" 0.092"
Time x Treatment 38 0.205 0.04
Error 120 0.12 0.021
CV (%) 12.64 13.25

**Significant difference at 1% probability level, *Significant difference at 5%
probability level and ™ non-significant difference.
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Fig 6 Changes of Total phenols amount during time
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Table 5 Changes in total phenols of peel and pulp under different treatments

Total phenols (mg.100g™)

Treatment - -
Fruit peel Fruit pulp
Calcium + Infection 290 abed 1.20 abed
Calciun + Scar 3.07 ab 127 a
Calcium 2.89 abed 1.05 defg
Commercial wax + Infection 2.64 cdefg 1.14 abcde
Commercial wax + Scar 248 efg 1.25 ab
Commercial wax 2.53 defg 1.15 abcde
Carnauba wax + Infection 271 bedefg 1.00 efg
Carnauba wax + Scar 298 abc 1.00 efg
Carnauba wax 242 fg 093 fg
Hot water + Infection 321 a 1.01 efg
Hot water + Scar 2.99 abc 1.05 defg
Hot water 3.06 ab 091 g
Tecto + Infection 3.05 ab 1.08 cdef
Tecto + Scar 2.81 bede 122 abc
Tecto 2.79 bedef 1.02 efg
Polyethylene bag + Scar 249 efg 0.99 efg
Polyethylene bag 234 g 1.10 bede
Control + Infection 2.37 g 1.11 bede
Control + Scar 246 efg 1.02 efg
Control 244 efg 1.12 abcde

The same letters in each column indicate no significant difference at the 5% level
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Table 6 Analysis of variance (Total flavonoid of peel and pulp)

Degree

Mean squares

Source of ﬂavqc;?lz)giilcl of Total flavonoid
freedom peel of pulp
Time 2 0.136** 0.173%*
Treatment 6 0.009** 0.003™
Time % Treatment 12 0.010%** 0.004*
Error 168 0.003 0.002
CV (%) 9.53 9.93

**Significant difference at 1% probability level, *Significant
difference at 5% probability level and ™ non-significant difference.
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Table 7 Changes in total Flavonoids of peel and pulp under different treatments

Total phenols (mg.100g™)

Treatment - -
Fruit peel Fruit pulp
Calcium + Infection 054 cde 036 de
Calciun + Scar 041 g 040 cd
Calcium 041 g 042 be
Commercial wax + Infection 0.54 bede 033 e
Commercial wax + Scar 048 f 036 de
Commercial wax 0.52 def 039 «cd
Carnauba wax + Infection 0.51 ef 038 d
Carnauba wax + Scar 051 ef 045 ab
Carnauba wax 0.53 def 045 ab
Hot water + Infection 0.53 def 046 ab
Hot water + Scar 0.54 bede 047 a
Hot water 051 ef 047 a
Tecto + Infection 051 ef 047 a
Tecto + Scar 0.53 def 045 ab
Tecto 0.57 abed 046 ab
Polyethylene bag + Infection 0.59 abc 046 ab
Polyethylene bag + Scar 0.57 abed 048 a
Polyethylene bag 0.59 a 047 a
Control + Infection 0.59 ab 048 a
Control + Scar 0.59 abc 048 a
Control 0.57 abcd 048 a

The same letters in each column indicate no significant difference at the 5% level

after 7 days

& after 30 days
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Fig 8 Flavonoid amount of peel and pulp during storage time
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Table 8 Duncan's Multiple Range Test (Hesperidin and Scoparon)

Treatment Hesperidin (pug/g Extract) Scoparon (ug/g Extract)
Fruit peel Fruit pulp Fruit peel Fruit pulp

Calcium + Infection 588.0 cd 2255 abc 84.95 a 42.73 be
Calcium + Scar 643.9 cd 1255 d 89.01 a 64.71 a
Calcium 662.9 cd 187.1 bed  21.16 fg 27.76 efgh
Commercial wax + Infection 987.8 a 2453 abc 28.00 efg 19.12 h
Commercial wax + Scar 1050.0 a 3125 a 49.33 bed 34.99 bedef
Commercial wax 922.6 ab 1654 cd 22.03 fg 24.66 fgh
Carnauba wax + Infection 655.6 cd 2473 abc 18.66 g 18.02 h
Carnauba wax + Scar 730.5 be 2422 abc 2191 fg 26.65 efgh
Carnauba wax 441.8 d 267.6 ab 4483 cde 59.73 a
Hot water + Infection 446.4 d 209.5 bed 66.04 b 30.71 cdefgh
Hot water + Scar 532.0 cd 2109 bed 84.16 a 41.40 bed
Hot water 980.6 a 2633 ab 100.9 a 40.08 bede
Tecto + Infection 599.6 cd 204.5 bed 37.37 defg 19.53 h
Tecto + Scar 698.1 bed 2104 bed 57.23 be 25.88 fgh
Tecto 591.8 cd 2473 abc 4434 cde 28.65 defgh
Polyethylene bag + Infection 643.3 cd 232.2 abc 35.43 defg 23.54 fgh
Polyethylene bag + Scar 484.2 cd 228.8 abc 50.30 bed 20.56 gh
Polyethylene bag 607.0 cd 281.3 ab 38.27 cdef  45.93 b
Control + Infection 475.5 cd 2422 abc 52.71 bed 27.03 efgh
Control + Scar 480.0 cd 267.6 ab 42.25 cde 33.68 bedefg
Control 6324 cd 209.5 bed 36.75 defg 35.07 bedef

The same letters in each column indicate no significant difference at the 5% level
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The decay of green and blue molds of Thomson navel oranges is one of the main causes of this product's
decay and it can be a limiting factor in storing fruits. The aim of this study was to investigate the effects
of wax, hot water, calcium chloride and commercial Tecto 60™ fungicide treatments on reducing decay
by inducing biosynthesis of flavonoid compounds and maintaining the postharvest quality of Thomson
navel orange fruits. Fruits kept for three months in a cold storage at a temperature of 5 to 7 °C and a
relative humidity of about 75 to 90%. The results showed that weight loss of fruits in waxed fruits was
significantly lower than other treatments. The results also showed that the wounded and infected fruits did
not have much chance of survival. Only Tecto 60™ and hot water could significantly reduce the decay of
wounded and infected fruits. In contrast, none of the treatments was significantly effective on control of
decay of non-wounded fruits. Total phenol content of fruit peel and flesh showed a decreasing trend
during storage. The amount of hesperidin in the peel was at the highest level in Britex wax treatment
(1050 pg/g of extract). The highest amount of scoparon of fruit peel and flesh was in hot water and
calcium + wounded treatments, respectively. Although the amount of scoparon in some treatments
inhibited the germination of fungal spores, it did not have the expected effect in controlling decay. The
use of Tecto 60™ and hot water can significantly reduce the decay of wounded and infected fruits. The
treatments were not effective in controlling the deterioration of intact fruits, which indicates the
importance of preventing mechanical damage to the fruit in the pre-harvest stage and the time of
displacement.

Key words: Scoparon, Cold storage, Citrus, Fruit decay, Hesperidin.
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