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ABSTRACT

The study was performed to evaluate the influence of coating and wrapping treatments used singly or
in combination on improving postharvest quality of Manfalouty pomegranate cultivar during 2019 and
2020 seasons. Fruits were coated with any of turmeric oil or ginger oil at 10% and wrapped with waxed
paper then stored under cold conditions at (7°C) with R.H 85-90% and analyzed at 2-week intervals to
study the changes in physical and chemical quality of fruits. The obtained results revealed that by
prolong storage period all the studied fruit properties (fruit weight loss %, fruit decay %, total soluble
solids % and reducing sugar %) were increased significantly. However, total acidity % was decreased.
All tested treatments had a significant effect on reducing changes in the above mentioned quality
parameters but the coating with essential oils, when combined with waxed paper surpassed other
treatments in controlling weight and decay. Also, the highest content of total acidity and the lowest
percentage of total soluble solids and reducing sugar were recorded in fruits treated with essential oils
when combined with waxed paper. Therefore, it could be recommended to use turmeric and ginger
essential oils coating in combination with the waxed paper wrapping for improving quality and prolong
the storage life of pomegranate fruits. Moreover, the previous treatments can provide a safe and healthy
product as they are an alternative to harmful chemical applications
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1. Introduction

Pomegranate is considered as one of the most important crops due to the expansion of its
cultivation in many tropical and subtropical countries of the world such as Egypt, Tunisia, Morocco,
Pakistan, Iran, Afghanistan, India, Spain, Turkey and USA. This due to that pomegranate trees have
high resistance in dry climate and they can grow under different climatic conditions (Holland et al.,
2009).

There are many cultivars of pomegranate. In Egypt, the most popular cultivars of pomegranate
are Manfalouty, El-Araby, Wonderfull, El-Hijazi, Wardy and Nab ElGamal. Manfalouty considered the
most important and luxurious cultivar which grown widely in Upper Egypt, particularly Assiut
governorate.

Pomegranate is non-climacteric fruit, however it exposed to qualitative and quantitative loss that
due to postharvest handling processes (Kader ef al., 1984). Therefore, recently, interest has increased
in research on postharvest storage of pomegranate fruits and finding some physical applications to
preserve fruits quality for the longest storage period including modified atmosphere packaging, fruit
wrapping with different materials and edible coating (Hayat et al., 2005, D’ Aquino et al., 2010 and
Shaarawi & Nagy, 2017).

Herbal coating such as Turmeric, ginger, Lemongrass, Neem, Ocimum and cinnamon etc; are
used as alternative method to chemical coating for preserving fruit quality because of their film shaping
and antibacterial properties and their high antioxidants, vitamins and minerals content. Turmeric and
ginger are one of the plants of the Zingiberaceae family. The essential oils extracted from these plants
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used as edible coatings because of its antibacterial and antioxidant properties (Tripathi, 2008 and
Jemilakshm et al., 2020).

Wrapping of fresh fruits and vegetables is one of the most applications that have an important
role in prolong fruits storage period by reducing the physiological disorders after harvest (Kader &
Arpaia, 2002), through controlling the respiration rate and metabolism of the wrapped product,
modifying the atmosphere around the product by changing the ratios of oxygen and carbon dioxide
(Yamashita et al., 2002).

Therefore, the aim of this investigation was to study the effect of some postharvest treatments
including coating with ginger oil, turmeric oil, and wrapping fruits with waxed paper on the quality and
storability of Manfalouty pomegranate cultivar under cold storage.

2. Materials and Methods

This study was conducted on Manfalouty Pomegranate fruits which were harvested from
experimental orchard of Pomology Department, Faculty of Agriculture, Assiut University during two
successive seasons of 2019 and 2020. Fruits were carefully collected in the appropriate stage of
maturity. They were healthy and free from diseases, insects, defects and mechanical damage. Fruits
were collected manually and placed in the shade in the orchard for 24 hours to exclude any damaged
and infected fruits, in the second day about 306 non-defective fruits transported to the laboratory of
pomology department Science. The fruits were cleaned, weighted and washed by tap water and then
left in air to dry. Fruits were divided into six equal groups for six different treatments as follows:

Control group (untreated fruits)

Coating fruits with turmeric oil 10 %

Coating fruits with ginger oil 10 %

Wrapping fruits with waxed paper

Coating fruits with turmeric oil 10 % + Wrapping fruits with waxed paper
Coating fruits with ginger oil 10 %+ Wrapping fruits with waxed paper

Each treatment was consisted of three replicates. Fruits were stored in a refrigerator at (7 °C)
with R.H 85-90 %. Five fruits per replication from each treatment (total fifteen fruits from each
treatment) were selected for decay percentage determination and weight loss percentage. Fruits were
exposed to quality evaluation every two weeks. The fruits quality was evaluated by studying the changes
in some physical and chemical characteristics.

2.2. Measurements
I. Physical characteristic
I1. Percentage of Fruit Weight loss

The physiological loss in weight of fruits was scored by using an electronic balance. Pomegranate
fruits were weighted at the beginning of the storage period (initial weight). Initial weight was compared
with the weight at the specified time of sampling. Weight loss was expressed as percentage using the
following equation:

Initial weight (g)- Weight at the time of sampling (g)
Initial weight (g)

Fruit weight loss % = x 100

III. Percentage of Fruit Decay
Fruits appearing any visible decay were counted and calculated according to the following
equation as percentage:

Total number of decayed fruits
Total number of initial stored fruits

Fruit decay % = x 100
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2.3. Chemical Characteristics
I. Total Soluble Solids percentage (TSS %)

Total soluble solids in extracted juice from arils were measured by a hand refractometer
according to Chen & Mellenthin (1981).

I1. Total Acidity percentage (TA %) :

Total Acidity (TA) was determined by titrating 10 ml of diluted juice against 0.1 N NaOH
solution and phenolphthalein as indicator. TA was calculated as grams of citric acid (CA) per 100 ml
of juice of arils and TA % was calculated by the following equation according to AOAC (2005):

ML(s)NaOH x standard solution of NaOH(N)x 64
1000 x The volume of used juice

Total Acidity %= x 100

* Standard solution of NaOH (N) =0.1 N
*64 = the equivalent weight of citric acid
*The volume of used juice = 10 ml

II1. Reducing sugars percentage:
Reducing sugars percentage in the juice was measured according to Lane and Eynon procedure
according to AOAC (1985).

2.4. Statistical analysis

The experiment includes two factors arranged in a split-plot design with three replicates. Periods
of storage assigned in main plot and studied treatments were considered as the sup-plot. The obtained
data were statistically analyzed according to Snedecor & Cochran (1990) by using Statistix 8.1 software
Analytical Software (2005) using L.S.D test at 5% of probability to evaluate the significant difference
among various treatment means.

3. Results

3.1. Effect of some essential oils and waxed paper wrapping on physical characteristics
Percentage of fruit weight loss

The results in Table 1 showed that weight loss percentage was increased by extending the storage
duration. Also, all tested treatments significantly decreased the fruit weight loss percentage compared
with untreated fruits. Data related to treatments averages showed that turmeric oil and ginger oil in
combination with waxed paper gave the best results, which scored the lowest fruit weight loss values
(15.22 % & 15.29 %) and (16.75 % & 17.03 %) during both studied seasons, respectively compare to
control (untreated fruits) which scored the highest weight loss values (22.59 % & 21.65 %) during 2019
and 2020 seasons, respectively.

The interaction between storage treatments and storage periods had significant effect, it was
noticed that all treatments had the lowest percentage of fruits weight loss at the end of storage period
compared to control. On the other hand, the minimum values of weight loss percentage (28.96 % &
28.89 %) and (29.07 % & 29.30 %) were obtained from treated fruits with turmeric oil plus waxed paper
and ginger oil plus waxed paper during both tested seasons, respectively compared to the maximum
percentages (35.74 % & 33.70 %) were due to control in 2019 and 2020 seasons, respectively.

I. Percentage of fruit decay

According to data in Table 2, it was clear that the decay percentage of fruits was increased with
the prolonging of the storage period; however, there was no decay till 10™ week. It was clear that all
treatments significantly reduced the undesirable fruit percentage compared with untreated fruits
however, comparison of treatments means cleared that there was no significant difference between
ginger oil treatment and control in both studied seasons.
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Table 1: Effect of coating with some essential oils and wrapping with waxed paper on weight loss % of "Manfalouty" pomegranate fruits under cold storage
during 2019 and 2020 seasons.

Weeks of cold storage in Season 2019

Period

Treatment 0 2 4 6 8 10 12 14 16 18 20 Mean
Control 0.00 8.50 13.49 19.48 23.01 25.16 27.60 30.07 31.82 33.58 35.74 22.59
Turmeric oil 0.00 6.29 10.30 14.84 18.28 21.80 24.32 26.09 28.20 29.49 30.51 19.10
Ginger oil 0.00 7.47 11.70 14.95 21.49 23.62 27.26 29.71 30.58 32.95 34.26 21.27
Waxed Paper 0.00 7.57 12.44 16.40 18.82 22.51 25.30 27.34 29.18 31.36 33.06 20.36
::;:;e“c oil + waxed 0.00 426 7.74 9.35 12.39 15.23 17.80 20.91 24.41 26.33 28.96 15.22
Ginger oil + waxed paper (.00 3.56 7.85 9.68 12.32 14.92 18.31 21.85 24.48 26.32 28.89 15.29
Mean 0.00 6.28 10.59 14.12 17.72 20.54 23.43 26.00 28.11 30.01 31.90 18.97

Period 0.39
LSD % Treatment 0.30

Period*Treatment  0.99

Weeks of cold storage in Season 2020

Period
Treatment 0 2 4 6 8 10 12 14 16 18 20 Mean
Control 0.00 7.41 13.57 18.57 21.21 24.74 26.71 28.67 30.64 32.89 33.70 21.65
Turmeric oil 0.00 5.83 11.22 16.34 19.21 22.36 24.21 26.27 29.38 30.89 32.59 19.85
Ginger oil 0.00 6.44 12.14 17.79 20.19 23.55 25.73 27.46 29.87 31.44 32.59 20.65
Waxed Paper 0.00 6.31 12.22 17.47 20.44 23.62 25.13 27.31 29.65 31.55 32.67 20.58
::;:;e“c oil + waxed 0.00 3.49 7.23 12.18 15.38 18.57 21.42 23.51 25.89 27.47 29.07 16.75
Ginger oil + waxed paper .00 429 7.54 12.31 16.53 18.67 21.88 23.09 25.92 27.83 29.30 17.03
Mean 0.00 5.63 10.65 15.78 18.83 21.92 24.18 26.05 28.56 30.34 31.65 19.42

Period 0.19
LSD % Treatment 0.11

Period*Treatment (.38
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Table 2: Effect of coating with some essential oils and wrapping with waxed paper on decay % of "Manfaluty" pomegranate fruits under cold storage during

2019 and 2020 seasons.
Period Weeks of cold storage in Season 2019

Treatment 0 2 4 6 8 10 12 14 16 18 20 Mean
Control 0.00  0.00  0.00 0.00 0.00 0.00 6.66 13.33 20.00  26.66  33.33 9.09
Turmeric oil 0.00  0.00  0.00 0.00 0.00 0.00 0.00 0.00 0.00 6.66 13.33 1.82
Ginger oil 0.00 0.00 0.00 0.00 0.00 0.00 0.00 6.66 13.33 20.00 26.66 6.06
Waxed Paper 0.00  0.00  0.00 0.00 0.00 0.00 0.00 0.00 6.66 1333 20.00 3.64
Turmeric oil + waxed paper 0.00  0.00  0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Ginger oil + waxed paper 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Mean 0.00 000  0.00 0.00 0.00 0.00 1.11 3.33 6.67 11.11 15.55 3.43

Period 7.74
LSD % Treatment 3.43

Period*Treatment 11.40

Period Weeks of cold storage in Season 2020

Treatment 0 2 4 6 8 10 12 14 16 18 20 Mean
Control 0.00 000  0.00 0.00 0.00 0.00 13.33 20.00 26.67 3333 40.00 12.12
Turmeric oil 0.00 000  0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 20.00 1.82
Ginger oil 0.00 000  0.00 0.00 0.00 0.00 0.00 13.33 20.00  26.67  33.33 8.48
Waxed Paper 0.00 000  0.00 0.00 0.00 0.00 0.00 6.67 13.33 1333 26.67 5.45
Turmeric oil + waxed paper 0.00 000 0.0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Ginger oil + waxed paper 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Mean 0.00 000  0.00 0.00 0.00 0.00 2.22 6.67 10.00 1222 20.00 4.65

Period 7.07
LSD % Treatment 4.59

Period*Treatment 15.25
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Moreover, fruits treated with essential oils in combination with waxed paper did not show any
decay from the beginning till the end of storage period in the contrastive studied seasons. On the other
hand, at the end of storage period, untreated fruits scored the highest values of decay percentage which
were (33.33 % & 40.00 %) during two studied seasons, respectively.

3.2. Effect of some essential oils and waxed paper wrapping on chemical characteristics

I. Total Soluble Solids percentage (TSS %)

Data illustrated in Table 3 revealed that, there was a reliable increase of total soluble solids
percentage in fruit juice with prolong the storage period. Looking to treatments means, it was observed
that all treatments significantly decreased of total soluble solids percentage compared with control. On
the other hand, in 2020 season, there was no significant difference between ginger oil treatment and
control. the lowest values of total soluble solids percentage (15.84 % & 15.90 %) and (16.26 % & 16.44
%) were recorded in fruits treated with turmeric oil or ginger oil in combination with waxed paper in
both studied seasons, respectively compared to the control which gave the highest values (16.53 % &
17.22 %) during 2019 and 2020 seasons, respectively.

According to obtained results at the end of storage period, it was noticed significant effect of
interaction between tested treatments and storage periods. The lowest values of total soluble solids were
(16.73 % & 16.93 %) and (17.47 % & 17.47 %) due to use turmeric oil or ginger oil plus waxed paper
in both studied seasons, respectively. On the other hand, the corresponding values of total soluble solids
percentage (18. 33 % & 18.47 %) were due to control in both seasons, respectively.

I1. Total acidity percentage (TA %)

In general, the total acidity percentage in juice was gradually decreased by prolonging the storage
duration. The obtained results in Table 4 apparent that all studied treatments caused significant increase
in the total acidity percentage compared with untreated fruits. Comparison of treatments averages
proved that combination between turmeric oil or ginger oil and waxed paper gave the highest total
acidity percentage (1.10 % & 1.08 %) and (1.09 % & 1.03 %) in various studied seasons, respectively.
Moreover, control gave the corresponding values of total acidity percentage (0.93 % & 0.81 %) in both
seasons, respectively

Data revealed significant effect of interaction between storage treatments and storage periods.
After 20 week of storage, in the first and second season, fruits treated with turmeric oil plus waxed
paper and ginger oil plus waxed paper scored the highest values of total acidity percentage (0.82 % &
0.81%) and (0.88 % & 0.83 %) in the two studied seasons, respectively compared to the lowest values
(0.58 % & 0.53 %) that due to control in 2019 and 2020 seasons, respectively.

III. Reducing sugars percentage

Data related to weekly period’s means revealed a significant increase of reducing sugar content
in fruit juice by extending the storage period. Data illustrated in Table 6 regarding to treatments average
that, all tested treatments led to significant effects on decreasing changes in reducing sugar content in
stored fruits compared to control. Moreover, the combination of turmeric oil or ginger oil and waxed
paper led to significant decrease of reducing sugar content (10.08 % & 10.30 %) and (10.05 % & 10.43
%) during 2019 and 2020 seasons, respectively. On the other hand, untreated fruits gave significantly
the highest values of reducing sugar (11.63 % & 11.30) during the two studied seasons, respectively.

Obtained data revealed a significant effect of interaction between storage periods and the studied
treatments at the end of storage period. Moreover, all treatments significantly decreased changes in
reducing sugar. In the first and second seasons, turmeric oil plus waxed paper and ginger oil plus waxed
paper scored the lowest values of reducing sugar (12.36 % & 12.56 %) and (12.85 % & 13.16 %)
compared to control values (15.25 % & 13.72 %), respectively.
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Table 3: Effect of coating with some essential oils and wrapping with waxed paper on TSS % of "Manfalouty" pomegranate fruits under cold storage during

2019 and 2020 seasons.
Period Weeks of cold storage in Season 2019

Treatment 0 2 4 6 8 10 12 14 16 18 20 Mean
Control 15.00 15.47 15.47 16.00 16.33 16.60 16.67 16.73 17.27 17.93 18.33 16.53
Turmeric oil 15.00 15.33 15.40 15.80 15.87 16.27 16.27 16.73 16.80 17.13 17.60 16.20
Ginger oil 15.00 15.27 15.47 15.93 16.00 16.40 16.47 16.53 16.73 17.27 17.33 16.22
Waxed Paper 15.00 15.40 15.47 15.80 16.07 16.27 16.33 16.47 17.13 17.47 18.27 16.33
Turmeric oil +waxed paper 15.00 15.27 15.33 15.47 15.47 15.67 15.73 16.27 16.53 16.73 16.73 15.84
Ginger oil +waxed paper 15.00 15.27 15.40 15.67 15.73 15.80 16.13 16.20 16.27 16.47 16.93 15.90
Mean 15.00 15.33 15.42 15.78 15.91 16.17 16.27 16.49 16.79 17.17 17.53 16.17

Period 0.21
LSD % Treatment 0.14

Period*Treatment  0.46

Period Weeks of cold storage in Season 2020

Treatment 0 2 4 6 8 10 12 14 16 18 20 Mean
Control 15.20 16.13 16.87 16.87 16.93 17.27 17.73 17.93 17.93 18.13 18.47 17.22
Turmeric oil 15.20 16.00 16.27 16.47 16.67 16.87 16.87 16.87 16.87 17.00 17.53 16.60
Ginger oil 15.20 15.93 16.53 16.67 16.87 17.07 17.67 17.80 18.00 18.13 18.33 17.11
Waxed Paper 15.20 15.27 16.27 16.33 16.53 16.67 16.73 17.27 17.47 17.53 18.33 16.69
Turmeric oil +waxed paper 1520 1553 15.53 15.93 16.13 16.33 16.53 16.53 16.67  17.00  17.47 16.26
Ginger oil +waxed paper 15.20 15.53 15.53 16.27 16.40 16.47 16.73 16.80 17.13 17.33 17.47 16.44
Mean 1520 1573 16.17 1642 1659  16.78 17.04 1720 1735  17.52  17.93 16.72

Period 0.22
LSD % Treatment 0.16

Period*Treatment  0.53
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Table 4: Effect of coating with some essential oils and wrapping with waxed paper on total acidity % of "Manfalouty" pomegranate fruits under cold storage
during 2019 and 2020 seasons.

Period Weeks of cold storage in Season 2019

Treatment 0 2 4 6 8 10 12 14 16 18 20 Mean
Control 140 115  1.08 1.04 0.98 0.98 0.94 0.79 0.68 0.61 0.58 0.93
Turmeric oil 1.40 1.25 1.24 1.19 1.08 1.06 1.05 0.90 0.80 0.80 0.76 1.05
Ginger oil 1.40 1.21 1.17 1.11 1.06 1.02 0.79 0.72 0.70 0.65 0.63 0.95
Waxed Paper 140 122 1.08 1.01 0.94 0.90 0.90 0.90 0.89 0.83 0.70 0.98
Turmeric oil +waxed paper 140 131 1.28 1.25 1.19 1.05 1.02 1.01 0.96 0.83 0.82 1.10
Ginger oil +waxed paper 140 131 1.24 1.22 1.14 1.08 1.02 0.92 0.92 0.85 0.81 1.08
Mean 140 124 1.8 1.14 1.07 1.02 0.95 0.87 0.83 0.76 0.72 1.02

Period 0.04
LSD % Treatment 0.03

Period*Treatment 0.10

Period Weeks of cold storage in Season 2020

Treatment 0 2 4 6 8 10 12 14 16 18 20 Mean
Control 1300 111 092 0.79 0.77 0.75 0.75 0.70 0.64 0.62 0.53 0.81
Turmeric ol 1300 115 1.09 0.96 0.87 0.83 0.83 0.70 0.70 0.66 0.70 0.89
Ginger oil 130 109  1.05 0.98 0.92 0.90 0.75 0.70 0.66 0.63 0.62 0.87
Waxed Paper 130 105 096 0.95 0.90 0.90 0.85 0.70 0.64 0.63 0.60 0.86
Turmeric oil + waxed paper 130 123 121 1.17 1.14 1.13 1.04 1.00 0.98 0.91 0.88 1.09
Ginger oil + waxed paper 130 122 117 1.14 1.04 0.96 0.96 0.92 0.88 0.85 0.83 1.03
Mean 130 114 1.07 1.00 0.94 0.91 0.86 0.79 0.75 0.72 0.69 0.92

Period 0.05
LSD % Treatment 0.04

Period*Treatment 0.15
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Table 5: Effect of coating with some essential oils and wrapping with waxed paper on reducing sugar % of "Manfalouty" pomegranate fruits under cold storage
during 2019 and 2020 seasons.

Period Weeks of cold storage in Season 2019

Treatment 0 2 4 6 8 10 12 14 16 18 20 Mean
Control 8.42 9.16 9.88 1070 10.86  11.07 11.37 11.47 1445 1533  15.25 11.63
Turmeric oil 8.42 8.99 9.48 9.60 10.06 10.40 11.20 12.40 1247 1258 1335 10.81
Ginger oil 8.42 9.11 9.52 9.52 10.23 10.77 10.83 11.27 1230 13.71 13.73 10.86
Waxed Paper 8.42 9.11 9.16 9.88 10.27 11.01 11.30 11.33 1137 1249  12.65 10.64
Turmeric oil + waxed paper 8.42 8.94 8.90 9.21 9.70 9.80 10.04 10.55 1130 1171 12.36 10.08
Ginger oil + waxed paper 8.42 8.97 9.29 9.34 10.03 10.40 10.79 10.80 10.80  11.86  12.56 10.30
Mean 8.42 9.05 9.37 9.71 1019 10.58 10.93 11.30 1210 1295 1332 10.72

Period 0.09
LSD % Treatment 0.08

Period*Treatment 0.27

Period Weeks of cold storage in Season 2020

Treatment 0 2 4 6 8 10 12 14 16 18 20 Mean
Control 8.21 10.16 10.54  10.57 10.95 11.05 11.27 11.43 12.87  13.51 13.72 11.30
Turmeric oil 8.21 8.30 9.77 9.79 10.21 10.24 10.37 10.95 1221 1225  13.44 10.52
Ginger oil 8.21 9.28 10.19 1048  10.77  10.89 10.99 11.33 1271  13.16  13.62 11.06
Waxed Paper 8.21 9.45 9.63 10.08 10.21 10.42 11.04 11.40 1143 12.51 13.38 10.71
Turmeric oil + waxed paper 8.21 8.52 9.00 9.14 9.44 9.53 9.77 10.57 1133 12.14 1285 10.05
Ginger oil + waxed paper 8.21 8.87 9.57 9.93 10.17 10.27 10.28 10.59 11.47 12.18 13.16 10.43
Mean 8.21 9.10 9.78 10.00  10.29 10.40 10.62 11.05 1200  12.63  13.36 10.68

Period 0.19
LSD % Treatment 0.16

Period*Treatment 0.54
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4. Discussion

Recently, many studies have focused on applying post-harvest treatments for maintain fruits
quality that includes color, taste, flavor and shape for the longest possible period, also with increasing
consumer demand for natural products without use of any preservatives or chemicals that affect human
health. The main problems affecting of postharvest quality of pomegranate fruits are physiological
weight loss and decay development (Elyatem & Kader, 1984).

Weight loss percentage of fruits was increasing with prolonging storage period. Fruit weight loss
was probably attributed to high porosity of the pomegranate peel that led to increasing in respiration
and transpiration ratio. In addition to, difference in water vapor pressure between the fruit tissue and
the outside atmosphere (Kader, 2006 and Nasrin ef al., 2018). coating with oils and wrapping treatments
act as a semi-permeable barrier between fruit peel and outside atmosphere against O2, CO2 and
moisture, so they have ability to decreasing respiration and water loss (Zagory & Kader, 1988 and
Nasrin et al., 2020).

Previous results about positive effect of the combination between essential oils coating and
wrapping on the decreasing of weight loss during storage are in accordance with the obtained of
Wijewardane & Guleria (2013) on apple fruits and Kahramanoglu ef al., (2018) on pomegranate fruits
In addition to Sebastian & Kumar (2018) on Guava fruits.

It was noticed that Penicillium sp is mostly the main cause of pomegranate fruit decay during
storage period. Essential oils rich phenolic compounds that cause changes of microbial cell permeability
through interaction with membrane proteins. This would cause a deformation in structure and functional
of fungal cell (Rattanapitigorn et al., 2006). Moreover, the turmeric oil and ginger oil is used as food
coating because of its antioxidant, antifungal and antiviral properties (Roth et al., 1998 and Riaz et al.,
2015).

Concerning the effect of coating with essential oils and wrapping on fruit decay percentage, our
previous results were in agreement with Badawy et al., (2016) and Kahramanoglu et al., (2018). On the
other hand, these results were disagreement with D’ Aquino et al., (2010).

The raise in total soluble solids and sugar content during storage period can be due to the
degradation of insoluble polysaccharides to simple soluble sugars. On the other hand, another reason
may be due to fruit moisture loss through evaporation or transpiration processes in fruits during storage
duration, which led to increasing in juice concentration (Singh & Mohammed, 1997 and Hussein et al.,
2003). Also, Increasing in reducing sugar concentration during storage may be attributed to Inversion
of non-reducing sugars into reducing sugars, increasing in physiological weight loss and reducing in
acidity of stored fruits (Srivastava & Said, 2019). Such changes are slower through applications of
coating or wrapping on stored fruits (Hayat & Rathore, 2005, Wijewardane & Guleria, 2009 and De
Paula et al., 2018)

Obtained results was in agreement with Shaarawi & Nagy (2017), Kahramanoglu et al., (2018)
and Safizadeh (2019) who showed that using essential oil coating and wrapping delayed the reduce in
percentage of total acidity during storage period for pomegranate fruits. On the other hand, Artés et al.,
(2000) and Fatma et al., (2017) observed that wrapped pomegranate fruits with polypropylene or
polyethylene film scored the lowest acidity percentage compared to control stored fruits.

Pomegranate juice is rich in organic acids such as citric, malic, fumaric, tartaric, lactic and acetic
acids; however citric acid is the main contributor to the acidity of pomegranate juice. The decrease in
acidity percentage during storage period may be due to consumption of main acid through fruit
respiration process (Melgarejo et al., 2000). Coating with essential oils and wrapping slow fruits
respiration rate, therefore the utilization of organic acid in respiration enzymatic reactions delayed
(Cong et al., 2007).

5. Conclusion

On the light of obtained results of this study, it could be concluded that coating with essential
oils (turmeric oil and ginger oil) and wrapping with waxed paper maintained the quality of Manfalouty
pomegranate fruits for 20 week under cold storage. Moreover, the combination between turmeric oil or
ginger oil and waxed paper was more effective and gave the best results on keeping fruits quality for
the longest possible storage period.
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