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Effect of some natural oils on storage and quality of Balady mandarin fruits
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Abstract: This study was conducted during two successive seasons 2017 and 2018 to study the
effect of some oils immersing on the storability and quality of Balady mandarin (Citrus
reticulate L.) fruits during the storage period. The post-harvest treatments were immersed with
camphor oil, linen oil and imazalil either singly or in combination. The fruits were stored at cold
condition 8+1°C with 85-90% RH. Samples of each treatment were randomly withdrawn
monthly for 4 months. The results showed that fruit weight loss %, fruit decay %, total soluble
solids %, sugar contents and TSS/acid ratio were significantly increased with prolonging the
storage period. On other hand, the advanced storage period induced a gradual decrease of fruit
juice percentage, fruits firmness, acidity % and vitamin C. All treatments caused a decrease in
fruit weight and fruit decay percentage, fruits firmness, acidity % and vitamin C. Using oils
resulted in the least fruit weight loss, whereas, imazalil treatment had the least fruit decay
percentage. Also, all treatments improved the fruit quality during the storage period compared
control. It could be concluded that oils plus imazalil coating maintained fruit freshness without
negative effects of fruit quality parameters and seems to be the proper and ideal treatment to
prolong cold storage of Balady mandarin fruits without great reduction in fruit quality.
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Introduction for local or export market is an important
interest to maintain fruit quality. Post-
harvest diseases deteriorate 10-30% of the
total yield of the fruit crops. In developing
countries, improper post-harvest handling
destroys more than 30% of the fresh
produced horticulture crops (Kader, 2002
and Mansour et al.,, 2014). Citrus fruits
suffer from relatively high losses during the
harvesting and handling chain, i.e. unideal
post-harvest treatments (storage conditions
and coating material) in addition to

Citrus is one of the most important crops in
the world. It ranks the third position between
fruit crops and only proceeds with grapes
and apple. Citrus is the leading fruit crops
occupying first rank among fruit crops in
Egypt. Balady mandarin is considered one
of the most important citrus species that
Egyptian consumers prefer because of its
easily peeling than other citrus species. No
doubt that process of handling and storage
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pathological infections which substantially
contribute in this crop losses and
deterioration of quality after harvest (Eman
and Magda, 2006 and Barakat et al., 2015).
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Traditionally, plant diseases control is
achieved mainly through the wuse of
fungicides, post-harvest due to decay may
increase up to 50% without fungicide
treatment, although decay can be reduced to
5-10% with  post-harvest  fungicides.
Synthetic fungicides such as Imazalil
thiabendazole and sodium ortho-phenyl
phonate have been used traditionally to
control post-harvest diseases is an effective
method for preserving quality and extending
shelf life (Poppe et al., 2003 and Mehrdad
and Sajad, 2012).

The use of synthetic chemicals to control
post-harvest decay has been restricted to few
fruits and vegetables, due to their high and
acute residual toxicity, environmental
pollution, effects on food and other side-
effects on humans (Tripathi and Duby,
2004). Thus, the development and use
alternative post-harvest control options
involving natural plant extracts have become
important since it is perceived as being
environmentally safer and more acceptable
to the general public (Janisiewicz and
Korsten, 2002; Bajpai et al., 2008 and
Gouda-Fatma-El-Zahraa and  Badawy,
2016).

Consumers are demanding less chemical
residue on produce, and many fungi are
developing resistance to commonly used
fungicides (Ragsdale and Sisler, 1994; Bull
et al.,, 1997). Recently, researchers have
shown an interest in the application of non-

toxic alternatives or supplements to
synthetic ~ fungicides.  Plant  extracts,
including essential oils, have been

investigated as alternative measures against
pathological breakdown (Klieber et al.,
2002; Ahmed et al., 2007; Badawy-Ibtesam
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et al., 2011; Zaghloul et al.,, 2011 and
Barakat et al., 2015

Coating fruit has been associated with
protect perishables from deterioration by

reducing transpiration and respiration,
improving textural quality, retaing colour
and volatile flavour compounds and

reducing microbial growth (Mahmoud-
Thanaa et al.2017, Bakhtiarizade and souril,
2019, Taslima et al. 2020 and Ennab et al.
2020)

Thus, the main goal of this study was to
investigate the effect of -dipping balady
mandarin fruits with camphor oil, linen oil
either as single treatment or combined with
Imazalil as a chemical fungicide on post-
harvest fruits quality attributes during cold
storage for 4 monthes.

Materials and Methods

The present work was carried out on Balady
mandarin during 2017 and 2018 seasons.
The fruits were obtained from the
experimental orchard of Faculty of
Agriculture, Assiut University, Egypt. The
fruits were harvested at maturity stage and
directly transferred to the laboratory.
Defective fruits including wounded and
other physiological and pathogenic disorders
were excluded. The rest of uniform fruits
were washed with distilled water, dried and
then immersed in the following treatments:

1- 10% camphor oil for 5 minutes.

2- 10% linen oil for 5 minutes.

3- 1000 ppm Imazalil (IMZ) for 2.5
minutes.

4- 10% camphor oil + 1000 ppm IMZ for
2.5 minutes.

5- 10% linen oil +1000 ppm IMZ for 2.5
minutes.

6- distilled water for 5 minutes (control).
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After immersing, fruits of each treatment
were air dried and packed in one layer
inside  well aerated carton  boxes
(30x40x12cm) and stored at 8+1°C and85-
90% RH. Each treatment was comprised
three boxes (20 fruits/box). Fruits of each
treatment were evaluated each month (4
times interval) throughout the storage period
(4 months). Changes of some physical and
chemical  fruits  characteristics  were
determined

Physical characteristics:

1- Weight Loss %: It was calculated as
percentage from the initial weight.

2- Fruit Decay %: It was determined by
counting the number of decay fruits
(pathological or physiological disorders)
throughout the four months and expressed as
a percentage of the initial number of fruits
per each sample (replicate).

3- Fruit firmness: Firmness of peal and pulp
was measured with pressure test and
expressed as kg/cm?.

4- Peel percentage was calculated as a
percentage of fruit weight, fruit juice was
extracted and weighed then calculated as
percentage of fruit weight for each
treatment.

Chemical characteristics of the fruit juice:
1- TSS expressed as percentage.

2- Total sugars and reducing sugars
percentage were determined according
to a method of Land and Eynone
outlined in the AOAC (1990).

3- Total acidity (%) was determined as
citric acid content as described in
AOAC (1990).

4- TSS/total acidity ratio was calculated.
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5- Ascorbic acid (Vitamin C) content as
mg/100 ml juice was determined as
described in AOAC (1990).

Statistical Analysis:

Randomized complete design with three
replicates and with factorial was followed
throughout the whole work and the least
significant difference test (L.S.D) at 5%
level was used to differentiate means
according to Snedecor and Cochran (1980).

Results

1- The percentage of fruit weight loss and
decay fruits:

Data presented in Table (1) showed the
effect of camphor and linin oils and imazalil
(IMZ) on the percentage of weight loss and
decay of Balady mandarin fruits during the
cold storage in 2017 and 2018 seasons. It
was obvious that results took similar trend
during the two studied seasons.

Data in previously table clear that fruit
weight loss, as well as, decayed fruits were
markedly increased with advanced of cold
storage period. These traits were slightly
increased gradually from the beginning of
cold storage till the 4™ month. After one or
two months of cold storage in all oils or
imazalil treatments the fruits were without
any decay, respectively during the two
studied seasons.

Weight loss and decay percentage increased
during storage, reaching values of (14.65 &
15.35%) and (48.33 & 50.00%) in control
fruits after four months. The weight loss was
significantly lower at 6.12,8.65, 11.8, 8.17
& 7.91% and 7.19, 7.33, 10.47, 7.8, 8.04%
due to immerse the fruits with camphor oil,
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linin oil, imazalil, camphor plus imazalil,
linin plus imazalil during the two studied
seasons, respectively. Also, the
corresponding values of decay percentage
was attained (16.67,15.03, 8.33, 6.67 &
8.33) and . (15.00, 16.67, 8.33, 9.00 &
5.00%), respectively.

In response of oils and imazalil treatments, it
was apparent that all treatments significantly
reduced the fruit weight loss percentage and
undesirable fruit percentage during cold
storage for four months compared with
control. Using oil singly or plus imazalil had
the best results, which gave the least
percentage of fruit weight loss. On other
hand, using imazalil singly or plus oil gave
the least percentage of decayed fruits
compared to control and other treatments.
No significant differences in weight loss due
to use oil singly or plus IMZ. Also, no
significant differences in decayed fruit
percentage due to use IMZ or plus oil. The
decrement percentage of weight loss
percentage attained(68.09,63.81,47.67,67.44
and 66.02 % av. of the two studied seasons)
due to camphor oil (Ty), linin oil (T), IMZ
(T3), camphor oil plus IMZ (T,), linin oil
plus IMZ (Ts) compared to untreat one (Tg),
respectively. The corresponding decrement
percentage decayed fruits values attained
(70.60, 68.03, 90.72, 91.53 & 93.24% av. of
the two studied seasons), respectively.

The variation in reduction of fruit loss and
decayed fruits depend on the material
coating. Use any oil gave the least
percentage of fruit weight loss, whereas,
IMZ induce a least percentage of decayed
fruits compared to the other treatments and
untreat one (control).
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The results indicated that immersing with oil
plus IMZ proved effective in reducing the
percentage of weight loss and decayed fruits
as well as keeping the Balady mandarin
fruits for longest period.

2-The percentage of peel
contents:

The date introduced in Table (2) disclosed
that the peel percentage increased and
gradually from beginning of cold storage till
the 4™ month. The lowest fruit peel
percentage recorded at the beginning of cold
storage, but the highest ones resulted after
four month of cold storage. Contrary, fruit
juice percentage significantly decreased by
extending cooling storage duration. The
highest values recorded at beginning of cold
storage, whereas, the least ones was
recorded at the end of cold storage course.

and juice

All oils treatments tended to induce reduce
the fruit peel percentage, as well as,
increased the fruit juice percentage
compared to control. The least significant
fruit peel percentage (25.17 & 25.83%) and
the highest significant fruit juice percentage
(34.15 & 33.23%) were found due to use
camphor oil during the two studied seasons,
respectively. On other hand, the highest
fruit peel percentage (27.37 & 27.94%) and
lowest fruit juice percentage (32.43 &
31.57%) were recorded on untreated fruits
(control) during the two studied seasons,
respectively. No significant differences due
to camphor oil and other oil singly or plus
IMZ treatments. The decrement percentage
of fruit peel percentage attained 8.04,7.82
5.30, 7.78 & 7.78% and 7.55, 7.09, 4.90,
7.73 & 7.77% due to T; to Ts compared to
Te¢ during the two studied seasons,
respectively. On other hand, the increment
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% of fruit juice percentage attained ( 5.30, compared to Tg during the two studied
5.08, 358, 490 & 5.08%) and (5.25, seasons, respectively.
5.54,4.15, 5.38 & 5.19 %) due to T; to Ts

Table 1. Effect of post-harvest treatments on fruit weight loss (%) and decay (%) of Balady
mandarin fruits during cold storage in 2017 and 2018 seasons.

Fruit weight loss % Decay %

Pb P, P, Ps P, M P, P, P, P; P, M

Season 2017

Ca 0 042 157 401 6.12 242 O 0 6.67 833 16.67 6.33
L 0 073 21 34 865 298 O 0 5.0 6.67 15.03 6.01
IM 0 094 209 544 118 405 O 0 0 0 8.33 1.67
Ca.lM 0 069 074 317 817 255 O 0 0 0 6.67 1.33
L.IM 0 069 065 379 791 261 O 0 0 0 8.33 1.67
C 0 6.01 815 105 1465 781 O 3.33 18.33 30 48.33 19.33
M 0 158 255 505 9.55 0 056 5 7.5 17.23
LSD5% P: 123 T 111 TP: 245 P: 111 T 1.07 TP: 2.44
Season 2018

Ca 039 132 356 7.19 249 0 333 833 15 5.33

L 064 225 277 733 260

1.34 223 6.04 1047 4.02

0 0

0 0 167 6.67 833 16.67 6.67
IM 0 0 0 0 167 833 20
Ca.IM 0 066 08 307 738 247 0 0 0 117 9 2.03
L.IM 0 074 082 35 804 263 O 0 0 0 5 1.0
C 0 55 736 976 1535 761 O 6.67 16.67 28.33 50 20.33
M 0 156 247 084 9.36 0
LSD5% P 112 T 099 TP: 225 P

139 444 797 17.33
143 T: 128 TP: 2.88

Ca= Camphor; L=Linen; IM=Imazalil; Ca.IM= Camphor + Imazalil;
L.IM= Linin + Imazalil; C= Control
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Table 2. Effect of post-harvest treatments on peel % and juice weight % of Balady mandarin

fruits during cold storage in 2017 and 2018 seasons.

Peel % Juice weight %
Po P, P, Ps P, M Py P, P, Ps P, M
Season 2017
Ca 23.61 2412 25.06 26.14 269 2517 37.34 36.12 346 3189 3081 34.15
L 23.61 2449 2495 259 2718 2523 3734 36.28 34.86 3158 30.34 34.08
IM 23.61 25.08 26.31 2697 2765 2592 3734 3561 3384 3105 30.12 33.59
Ca.lM 23.61 2438 25.11 26 2711 2524 3734 363 3429 31.69 3050 34.02
L.IM 2361 2456 2485 26.1 27.08 2524 3734 36.18 3440 3190 3056 34.08
C 2361 26.2 2793 2886 3028 27.37 3734 3515 3233 29.09 28.27 3243
M 23.61 2481 2570 26.66 27.70 37.34 3594 34.05 31.19 30.08
LSD 5% P. 178 T. 161 TP: 3.64 P: 1.04 T. 141 TP: 3.16
Season 2018
Ca 2272 2481 261 2743 2811 2583 3658 351 3364 3105 298 33.23
L 2272 2529 2653 2735 2789 2596 3658 3541 3400 3092 29.68 33.32
IM 22.72 25.86 2711 27.89 29.26 26,57 36.58 3498 3213 3057 29.12 32.88
Ca.lM 22.72 2488 2638 27.16 27.76 25.78 36.58 354 33 3085 29.6 33.27
L.IM 2272 25.11 26 27.08 2795 2577 36.58 35.45 33 31.12 299 3321
C 22.72 27.68 28.76 2944 311 2794 36,58 3425 31.18 28.39 2743 3157
M 22.72 25.61 26.81 27.73 28.68 36.58 35.10 33.33 29.73 29.24
LSD 5% P. 1.62 T. 1.44 TP: 3.22 P. 1.68 T. 1.50 TP: 3.35
Ca= Camphor; L=Linen; IM=Imazalil; Ca.IM= Camphor + Imazalil;
L.IM= Linin + Imazalil; C= Control
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3- Fruit firmness:

Data of peel and pulp firmness as affected
by different post-harvest treatments are
presented in Table (3). It is obvious from
the data that results took similar trend during
the two studied seasons. Fruit firmness is a
major attribute that dictates the post-harvest
life and quality of fruits.

Data disclosed that peel and pulp firmness
significantly decreased by extending cooling
storage duration. These traits were slightly
decreased and gradually from the beginning
of cold storage till the 4™ moth. The highest
values were recorded at the beginning of
storage, whereas, the least ones was
recorded at the end of storage period. Using
oil singly or plus IMZ lead to significantly
increased peel and pulp firmness compared
to control or IMZ alone. No significant
differences were found due to use camphor
oil or linin oil during both studied seasons.

Fruits coating with camphor oil had higher
peel firmness (1.08 & 1.00 kg/cm?) and pulp
firmness (1.32 & 1.32 kg/cm?) than control
fruits, peel (1.01 & 0.93), pulp (1.23 & 1.23
kg/cm?). The increment percentage of peel
firmness (6.93 & 7.53%) and pulp firmness
(7.32 & 7.32%) due to use camphor oil
compared to control during the two studied
seasons, respectively.

4- Fruit chemical properties:

The data concerning the effect of various
cold storage treatments on chemical
constituents of Balady mandarin juice
during 2017and 2018 seasons are presented
in Tables (4, 5 and 6). It was obvious from
the data that results took similar trend during
the three studied seasons.
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In general view, data indicated that chemical
juice quality in terms, total soluble solids,
sugars contents and TSS/acid ratio
significantly increased during storage
duration up to 4™ month. On other hand,
prolonging cooling storage for four month
induce a gradually decrease of titratable
acidity and ascorbic acid (V.C).

According of treatment effects, it is clear
from the previously data that all treatments
lead significant effects on chemical juice
properties compared to control. Moreover,
using oil singly or plus IMZ significantly
decreased total soluble solids, sugars
contents and TSS/acid ratio and (V.C)
content compared to other untreat ones
(control). Also, such treatment significantly
increased the titratable acidity compared to
control.

Moreover, the highest values of total soluble
solids, sugar contents and TSS/acid and least
values of total acidity and V.C content were
recorded on untreated fruits at end of storage
period compared with other treatments. On
other hand, the least values of total soluble
solids, sugar contents and TSS/acid and
highest values of total acidity and V.C
contents were recorded on fruits coating
with oil singly or plus IMZ during the two
studied seasons.

According to previous results, it could be
concluded that using 10% camphor oil or
10% linin oil seemed to be the proper and
ideal treatment to prolong cold storage of
mandarin fruits without great reduction in
fruit quality.
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Table 3. Effect of post-harvest treatments on peel firmness and pulp firmness (kg/cm?) of Balady
mandarin fruits during cold storage in 2017 and 2018 seasons.

Pulp firmness kg/cm?

Peel firmness kg/cm?

Po Py P, P3 P4 M Po Ps P, P3 Py M
Season 2017
Ca 154 151 134 121 103 132 128 123 1.1 0.98 0.84 1.08
L 154 152 132 122 102 132 128 124 109 0.99 0.83 1.08
IM 154 146 122 110 093 125 128 120 1.02 091 0.77 1.03
Ca.lM 154 150 134 122 103 132 128 122 1.1 0.97 0.83 1.08
L.IM 154 152 134 120 110 133 128 124 111 0.99 0.82 1.09
C 154 144 119 107 090 123 128 1.17 1.0 0.89 0.75 1.01
M 154 149 129 117 1.00 128 122 107 0.95 0.81
LSD 5% P: 0.06 T: 0.06 TP: 0.13 P: 0.06 T: 0.05 TP: 0.11
Season 2018

Ca 150 148 137 118 105 132 115 113 103 0.89 0.78 1.0

L 150 147 136 117 104 131 115 112 104 0.89 0.79 1.0
IM 150 140 127 109 097 122 115 106 0.95 0.81 0.70 0.93
Ca.lM 150 146 138 118 104 131 115 111 104 0.88 0.8 1.0
L.IM 150 148 136 115 106 131 115 113 108 0.9 0.89 1.02
C 150 141 125 107 09 123 115 105 094 0.80 0.71 0.93

M 150 145 133 114 102 115 110 100 0.876 0.78
LSD 5% P. 0.07 T: 0.06 TP: 0.13 P: 0.07 T: 0.06 TP: 0.13
Ca= Camphor; L=Linen; IM=Imazalil; Ca.IM= Camphor + Imazalil;
L.IM= Linin + Imazalil; C= Control
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Table 4. Effect of post-harvest treatments on total soluble solids (TSS) % and titratable acidity

% of Balady mandarin fruits juice during cold storage in 2017 and 2018 seasons.

TSS % Acidity %
Po P, P, Ps P, M P P P, Ps P, M
Season 2017
Ca 10.34 1048 10.73 11.18 11.70 10.89 142 135 124 116 1.07 1.25
L 10.34 1056 10.86 11.26 1165 1093 142 136 124 118 1.1 1.26
IM 10.34 1058 1143 11.8 1215 1126 142 132 1.2 1.07 0.96 1.19
Ca.lM 1034 105 1091 11.03 1128 1081 142 138 122 1.18 1.06 1.25
L.IM 1034 104 1075 111 114 10.80 142 135 1.25 1.18 1.08 1.26
C 10.34 10.85 11.68 1210 1271 1154 142 1.3 1.16 1.03 0.9 1.16
M 10.34 1056 11.06 11.40 1181 142 134 122 1.13 1.03
LSD 5% P: 0.52 T. 0.45 TP: 1.01 P: 0.09 T: 0.08 TP: 0.17
Season 2018
Ca 10.86 10.73 11.05 11.83 1190 1124 148 136 1.28 1.2 1.14 1.29
L 10.68 10.76 11.10 1199 1205 1132 148 1.36 1.3 1.22 1.15 1.30
IM 10.68 10.82 11.38 121 1241 1149 148 136 121 1.15 1.03 1.25
Ca.lM 1068 10.81 111 1166 1199 1125 148 137 129 1.22 1.06 1.28
L.IM 10.68 10.79 11.18 11.72 1202 1128 148 135 1.28 1.23 1.15 1.30
C 10.68 11.16 11.83 12.38 1288 11.83 148 132 1.16 1.01 0.98 1.19
M 10.68 10.84 11.27 1195 1221 148 1.35 1.25 1.17 1.09
LSD 5% P. 0.44 T: 0.40 TP: 0.89 P: 0.10 T: 0.19 TP: 0.44
Ca= Camphor; L= Linen; IM=Imazalil, Ca.IM=Camphor + Imazalil;
L.IM= Linin + Imazalil; C= Control
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Table 5. Effect of post-harvest treatments on TSS/acid ratio and vitamin C content of Balady
mandarin fruits juice during cold storage in 2017 and 2018 seasons.

TSS/acid ratio

V.C content mg/ascorbic acid/100 ml juice

P P P, Ps P, M Po Py P, Ps P, M
Season 2017
Ca 728 7.76 8.65 9.63 1093 885 4124 401 3885 38.23 37.29 39.14
L 728 7.76 875 954 1059 879 4124 40.0 388 38.11 3746 39.12
IM 728 801 952 1102 1265 970 4124 3951 3748 36.36 3411 37.74
Ca.lM 728 7.60 894 934 10.64 876 4124 3985 389 382 3730 39.01
L.IM 728 7.70 8.60 9.40 1055 871 4124 3993 388 3844 3725 39.13
C 728 819 9.89 1157 1390 10.17 4124 37.00 3522 3423 3169 3598
M 728 7.84 9.06 10.09 1154 4124 39.40 38.04 37.20 35.86
LSD 5% P: 0.96 T: 0.83 TP: 1.92 P. 1.61 T: 1.40 TP: 3.26
Season 2018
Ca 721 791 8.67 9.99 10.78 892 4410 4325 417 3935 38.64 4141
L 721 7.88 8.50 9.69 10.28 872 4410 4332 4163 39.29 38.71 4141
IM 721 795 940 1052 1233 949 4410 4248 40.25 38.18 37.11 4042
Ca.lM 721 7.89 8.60 955 1131 892 4410 43.18 417 3942 385 4138
L.IM 721 799 8.73 952 1045 878 4410 432 4168 3951 38.89 4148
C 721 830 10.02 12.05 1242 10.01 4410 4055 37.14 3512 3390 38.12
M 721 799 899 10.23 11.17 44,10 42.63 40.69 38.48 37.62
LSD 5% P. 0.99 T. 0.86 TP: 1.96 P: 1.83 T. 161 TP: 3.68
Ca= Camphor; L=Linen; IM=Imazalil, Ca.IM= Camphor + Imazalil,
L.IM= Linin + Imazalil;  C= Control

47



El-Salhy et al., SVU-International Journal of Agricultural Sciences, 2 (1): 38-52, 2020

Table 6. Effect of post-harvest treatments on total and reducing sugars of Balady mandarin fruits
juice during cold storage in 2017 and 2018 seasons.

Total sugars Reducing sugars

P() Pl P2 P3 P4 M PO P]_ P2 P3 P4 M

Season 2017
Ca 745 760 7.67 7.95 8.3 779 3.08 308 314 326 332 318
L 745 761 775 798 827 781 308 31 317 328 334 319
IM 745 772 811 84 867 807 308 316 333 346 358 332

CalM 745 758 775 783 820 776 3.08 31 315 322 3.3 3.17
L.IM 745 755 766 788 808 772 308 309 315 324 335 318
C 745 780 818 852 888 817 308 315 336 35 3.62 3.34

M 745 764 7.85 8.09 840 3.08 311 322 333 342

LSD

504 pP: 0.38 T: 0.33 TP: 0.75 pP: 0.11 T: 0.10 TP: 0.23
Season 2018

Ca 763 773 778 849 876 808 326 331 338 36 3.68 3.45
L 763 771 793 843 867 807 326 33 339 359 367 344
IM 763 78 816 863 908 826 326 336 352 371 389 355
CalM 763 776 78 84 862 805 326 332 34 358 368 345
L.IM 763 773 791 838 865 806 326 331 342 358 388 349
C 763 792 867 897 953 852 326 339 36 3.78 395 3.60

M 763 778 8.05 854 885 326 333 345 364 3.79
LSD : . : : : :
504 P. 0.46 T. 041 TP: 0.93 P: 0.10 T: 0.09 TP: 0.20
Ca= Camphor; L=Linen; IM=Imazalil, Ca.IM= Camphor + Imazalil,
L.IM= Linin + Imazalil;  C= Control
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Discussion

Handling and storage is an important to fruit
production and its quality. Fresh weight loss
and fruit decay percentage were increased
by extending storage duration. The loss of
water from fruits during storage is a
substantial problem due to shrinkage and
weight loss, thus, the fruits could be
damaged and loss its quality (Ben-
Yehoshua, 2005). The fruit weight decrease
due to its respiratory process, the
transference of humidity and some processes
of evaporation of moisture inside the fruits
(Hassan et al., 2014).

Coating were used widely in fruits to reduce
dehydration and water loss, prevents
shriveling in fruit skin. Coating can act as a
semi-permeable barrier against oxygen,
carbon dioxide, moisture, so, they can
reduce the rate of the respiration, water loss
and oxidation reaction (Park, 1999). OQil
coating have been reported to close stomata
which resulted in suppressed respiration rate
and minimized weight loss of fruit under
cold storage (Regnier et al., 2014 and
Gouda-Fatma El-Zhhraa and Badawy-
Sabah, 2016).

Decay of mandarin fruits during storage are
mostly the cause of Penicillium sp.
Moreover, the function of coating is a partial
retention of gas exchange through the fruit
peel and inhibition of the action of ethylene.
Inhibition can give more prevention against
post-harvest decay and water loss from the
peel so decreasing the incidence of decay
during storage (Abd EI-Motty and El-
Faham, 2013; Mansour, 2015 and Gouda-
Fatma El-Zhhraa and Badawy-Sabah, 2016).

The decreasing in decay percentage of
treated fruits was probably due to the effects
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of coating on delaying senescence, which
makes the commodity more vulnerable to
pathogenic infection as a result of loss of
cellular or tissue integrity (Patricia et al.,
2005 and Barakat et al., 2015).

Higher firmness in treated fruits by oils
compared to untreat ones (control) might be
attributed to the reduced hydrolysis of
soluble starch (Zaghloul et al., 2011). Also
may be due to a reduction membrane lipid
peroxidation by enhancing the capacity of
cells to scavenge reactive oxygen species
(Lin et al., 2008).

The results are in accordance with those
obtained by Baldwin et al. (1995), Rodov et
al. (2001), Plooy et al. (2009), Abd ElI-
Motty and El-Faham (2013), Mansour
(2015), Barakat et al. (2015) and Gouda-
Fatma EIl-Zhhraa and Badawy-Sabah (2016).

It is known that during storage there is an
antagonistic relation between TSS and
acidity, while water loss and TSS were
increased and the acidity was decreased due
to the process of respiration in fruits,
because fruits consume acidity for
respiration thereby total soluble solids
increase more than acidity, thus TSS/acid
ratio increases. The decrease in acid content
is caused by the use of acids in the fruit as a
source of energy and the conversion of
organic acids to form sugar (Wills et al.,
1998).

Lower level of ascorbic acid in untreated
fruits might be due to increased respiration.
Ascorbic acid is susceptible to oxidative
deterioration or the formation of
dehydroascorbic acid (Wills et al., 1998).
Coating reduces oxygen levels and results in
lower phenolic and antioxidant compounds
during storage (Tietel et al., 2010).
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The above mentioned findings are in
accordance with those obtained by Saucedo
et al. (2007), Plooy et al. (2009), Tietel et al.
(2010), Abd EI-Motty and El-Faham (2013)
and Mansour (2015).

Conclusion

Generally, from the above mentioned
results, it could be concluded that the most
effective treatments in maintaining quality
properties of Balady mandarin fruits after
four months were 10% camphor oils plus
IMZ.
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