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ABSTRACT

Murcott tangor [Citrus reticulata x Citrus sinensis (L.) Osbeck] is a promising export mandarin
variety due to its extended harvest season and fruit quality attributes. Mandarin fruit is perishable; it
losts its marketability rapidly due to the growth of microbial pathogens, desiccation and softening. So,
the present study aimed to investigate the effects of gum Arabic (GA), jojoba oil (JO), and chitosan
(CHI) as edible materials on storability and keeping the quality of cold stored Murcott tangor fruits in
the 2018 and 2019 seasons. Fruits were dipped for five minutes in one of the following solutions:
distilled water, GA (5, 10, and 15% W/V), JO (0, 05, 0.1, and 0.15% V/V), and CHI (1, 2 and 3% W/V),
air dried, put in carton boxes and stored at 5+1C° and 95% relative humidity for 100 days. The results
indicate that fruit decay and quality characteristics were affected positively by the application of the
edible coating, while 10% of GA recorded the lowest fruit decay incidence and weight loss
percentages in both seasons. Fruit firmness, total soluble solids, total acidity and vitamin C has been
decreased gradually by progress in the storage period for all treatments while 0.15 %of JO recorded
the lowest values of decreased compared to the other treatments in both seasons. It can be
recommended to use 0.15 % of JO for extending the shelf life of Murcott tangor fruits while preserving
the highest quality characteristics and the lowest percentage of spoilage up to 100 days at 5+1 C° and
95% relative humidity.
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composed of Galactose, Rhamnose, Arabinose,

INTRODUCTION and Glucuronic acid (Yadav and Karthikeyan,
Murcott tangor [Citrus reticulata x Citrus 2019). GA coating was applied on many other
sinensis (L.) is a promising mandarin cultivar fruits giving good results (Sultan, 2014).

in Egypt due to its extended harvest season
(from January to the end of March) and its
excellent qualities that coincide with the world
market demand (Fahmy et al, 2018).
Postharvest wastage is a global concern as
surveys revealed that huge amount of produce
is wasted annually due to poor postharvest
practices as well as the inability to prolong
post-harvest shelf life (Tasneem, 2004).

Jojoba ail (JO) is taken out from the seed of
the jojoba (Simmondsia chinensis (Link) C. K.
Schneid) plant and has been widely used by
the cosmetic and pharmaceutical industries for
several years (El-Emam et al, 2019 and
Sturtevant et al., 2020). JO is not a triglyceride
like other plant oils but a mixture of long-chain
esters (97-98%) of fatty acids and fatty
alcohols, thus, it is referred to as wax or oil-

Mandarin varieties lose their quality during wax (Sturtevant et al., 2020). Postharvest
storage readily susceptible to infection by application of plant oils as alternatives to
microbial pathogens during the period synthetic fungicides has been reported
between harvest and consumption. The (Shehata et al,, 2017, and Taheri et al., 2020).
postharvest diseases of citrus fruit cause Postharvest application of JO reduced weight
considerable losses during storage and loss, decay incidence in kinnow mandarin (Din
transportation. Therefore, postharvest et al., 2015) fruits.

wastage is one of the global concerns (Tripathi
and Dubey, 2004 and Fahmy et al, 2018).
Several synthetic fungicides are used for rot
control but many countries do not allow the
use of those fungicides, or they have a
restricted approved list of authorized
ingredients. Consequently, more studies to
find safe materials as alternatives for synthetic
fungicides are needed (Zoffoli et al., 2008).

Chitosan (CHI) is one of the most common
natural polymers that can be obtained from the
exoskeletons of crustaceans, also it's found in
the cuticles of insects and in the cell walls of
fungi and some algae (Suhag et al., 2020). CHI
coating is considered the best edible and
biologically safe preservative coating for
different types of fruits, with functional
advantages, such as slower respiration,

Gum Arabic (GA) is one of the extending of storage period, shelf life of fruits,
biopolymers, obtained from acacia tree firmness retention and controlling microbial
branches of Acacia spp. plants which are pathogens (Vilaplana et al., 2020). The present
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study is planned to investigate the effect of JO,
CHI and GA as edible coating materials on
storability and keeping quality of Murcott
tangor fruits stored at 5+1 C° and 95% relative
humidity (RH) of 100 days.

MATERIALS AND METHODS
Plant material:

Murcott tangor [Citrus reticulata x Citrus
sinensis (L.) Osbeck] fruits were picked from
six years old trees grown in a private orchard
located at Wady Elmolak, El-sharqia
Governorate, Egypt. The trees were planted at
4 x 4 meters apart, budded on Volkamer lemon
(Citrus volkameriana) rootstock and grown in
sandy soil under drip irrigation system.

Fruit samples were randomly collected
from the four directions North, East, South,
and West) and three levels (top, medium, and
bottom) of the tree canopy. The fruits were all
in one size, color and free from any visual
defects. Maturity indices were adjusted when
the TSS of fruit juice reached 12-13% and 0.9-
1.0 % TA according to (Elnaggar, 2017).

Postharvest treatments:

The harvested fruits were immediately
transferred to the laboratory of “Egypt -
California” project, Faculty of Agriculture,
Cairo University. All fruits sorted, washed in
running tap water, disinfected with 1% (w/v)
borax for 3 minutes and air-dried. The fruits
were divided into 10 groups (300 fruits per
each group). The fruits in the groups were
dipped for five minutes in one of the following
solutions:

Control treatment (Distilled water).

GA at concentrations of 5, 10 and 15 %
(W/V).

JO at concentrations of 0.05, 0.10 and 0.15 %
(VIV).

CHI at concentrations of 1, 2 and 3% (W/V).

All solutions were supplemented with 0.05
% tween 20 as a surfactant and fruits were air-
dried. Fruits were packed in carton boxes in a
single layer (25 fruits / box) three replicates for
every treatment, each replicate contain 4 boxes
(10 treatments x 3 replicates x 4 boxes) as two
boxes to determine (decay, weight loss, rind
color and respiration rate) and the other two
boxes for determining (firmness and chemical
analysis), each box contains (25 fruits) and No.
of fruit experiments (12 boxes for each
treatment x 25 fruits = 300 mandarin fruits).
Fruits put in a single layer and stored at 5£1 C°
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and 95% RH for 100 days in refrigeration,
Agriculture Development Systems (ADS)
project in the Faculty of Agriculture, Cairo
University. Fruit quality parameters determine
every 20 days during storage period.

Measurements:
Decay incidence:

Decay incidence was determined by
calculating the number of decayed fruits on
the sampling date and expressed as a
percentage of the initial fruit number Decayed
fruits % = {(A / B) x 100} where (A) is a
number of decayed fruits at the time of
sampling and (B) is a number of the initial
fruits (EI-Anany et al., 2009).

Weight Loss:

The weight loss was calculated as follows:
weight loss (%) = [(W0 — W1)/W0] X100, where
(WO0) is the initial weight and (W1) is the
weight of fruits that is measured at the
sampling date.

Peel color:

Fruit peel color was determined by a
Minolta colorimeter type (CR-400/410) and
data expressed as hue angle as described by
(Tietel et al., 2012).

Fruit firmness:

Fruit firmness was measured on the two
opposite sides of three fruits per box by
pressure tester (Digital Force-Gouge Model
FGV-0.5A to FGV-100A Shimpo instruments)
with a probe 5mm in diameter and a
penetration depth of 4 mm and data were
expressed as kg/cm?.

Total soluble solids (TSS):

TSS of fruit juice were estimated by digital
refractometer (ATAGO, mod. N-1E, Japan) and
data were expressed as % according to
(A.O.A.C,, 2000).

Total acidity (TA):

TA was determined by titration of 0.1 N,
Na OH, using phenolphthalein as an indicator
and the data were expressed as g citric acid per
100 ml fruit juice according to (A.O.A.C., 2000).

Ascorbic acid (VC):

Ascorbic acid in filtered juice was
determined by titration with 2, 6-
dichlorophenol indophenol dye and data were
expressed as mg / 100 ml fruit juice (Denre,
2014).

Respiration rate:
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Four fruits per replicate were weighed,
marked and devoted to follow the respiration
rate by using a closed system. The fruits were
filled into airtight glass flasks of known
volume. After packaging, the flask was tightly
closed and kept for two hours at 5 C°, RH 95
%. Both O2 and CO2 concentrations in the jar
were monitored using a Servomex 1450C Food
Package Analyzer (Crowborough, Sussex, UK)
and the data were expressed in ml COz/kg/h as
described by (Ahmed and Sobieh, 2007).

Statistical analysis:

This experiment was arranged as a factorial
completely randomized factorial design with
three replications. The treatment means were
compared using the least significant difference
test (LSD) at 5% level of significance according
to (Snedecor and Cochran, 1989).

RESULTS AND DISCUSSION
Decay incidence %:

The results in the table (1) showed that
there were continuous increases in decay
percentage with a prolonging storage period in
all treatments. The treatment of JO at 0.1%
recorded the best results were possessed the
lowest decay percentage of fruits in the first
season, while in the second season the
treatment of JO at 0.15% recorded the lowest
decay percentage that caused the best results
of decay followed in descending order JO at
0.1% and GA at 15 %.

These results agreed with (Hassan et al.,
2014) who recorded that, the application of
edible coating will partially restrict gas
exchange through the fruit peel and inhibit the
action of ethylene; this inhibitory action can
provide better protection against postharvest
decay in fruits.

On the other side, control and GA at 15%
treatments recorded the highest decay
percentage in both seasons.

Furthermore, the increase in fruit decay
during storage period is mainly due to loss in
fruit weight which led to shriveling and
deterioration, as it is known that the dipping
treatments reducing the weight loss rate which
led to decreasing the fruit decay percentage
(El- Eryan and Tarabih, 2020).

In the same direction, (Tripathi and Dubey,
2004) reported that the decay of citrus fruits
may be due to low pH, high moisture content,
and many nutrients in fruit juice, which let
them susceptible to be attached by pathogenic
fungi, which causes rotting, producing
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mycotoxins and making them wunfit for
consumption.
2.1. Weightloss %:

The weight loss percentage of Murcott
tangor fruits was affected by different dipping
treatments during cold storage at 5+1C° in
both seasons, as shown in table (2). It is clear
from the data that weight loss percentage has
been affected by cold storage periods.

A continuous loss in fruit weight existed
with the extending of storage periods in both
seasons for all treatments. In the same context,
(Placido et al., 2016) and (Mshraky et al., 2016)
reported that the weight loss percentage for
Eureka lemon and Valencia orange fruits
increased significantly with the increase in
storage period.

However, weight losses were lower in the
fruits that have been treated by JO at "0.15 - 0.1
"%, GA at 10% and CHI at 3% in the first
season, while in the second season the
treatments of JO at "0.15 - 0.1, 0.05%" and GA
at 15% recorded the lowest values of weight
loss percentage of fruits respectively.
Moreover, (Layla et al., 2018) reported that the
application of JO in combination with low-
temperature storage played an effective role in
reducing the weight loss percentage of the
Navel orange fruits, we can say that JO has the
same effect as commercial wax.

Moreover, the reduction in weight loss was
probably due to the effect of the coating as a
semi-permeable barrier against Oz COs,
moisture, and solute movement, and hence,
reducing respiration, water loss, and oxidation
reaction rates (Abdel-Salam, 2016).
Furthermore, the treatments of control, GA at
5%, and CHI at 1% recorded the major weight
loss percentage of fruits in both seasons.
Results agreed with (Nasrin et al., 2020) who
observed maximum weight loss that occurred
in uncoated lemon whereas coated lemons
preserved their weight nicely throughout the
storage period.

Rind color (Hue angle h°) :

Table (3) shows the effect of different
dipping treatments on the hue angle of
Murcott tangor fruits during cold storage at
5+1C° in both seasons.

It was clear that, the fruit hue angle values
in general decreased with the progress of the
storage period for all fruits hold at 5+1C° in
both seasons, while the hue angle values
reached the minimum values after 100 days of
storage in both seasons. The highest significant
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value of hue angle value" obtained from GA at
10 %, JO at 0.15 % JO and CHI at 3%
treatments compared with the control in both
seasons. On the other hand, the lowest hue
angle values observed at Control, GA at 15%,
and CHI at 1% during the storage period in
both seasons. In addition, 3% of CHI reflected
the highest hue angle value for mandarin fruits
in this respect with regard to the effect of the
interaction during the different periods of
storage in two seasons of study. The increase
in color decreased in the hue angle value" due
to the acceleration of ripening which occurred
by the age progress of fruit and accompanied
by decreasing of phenolic compounds content
which  prevents the enzyme activity
responsible for carotene content (Bill, 2012).

These results coincided with (El-Eryan and
Tarabih, 2020) who revealed that the hue angle
value of coated Egyptian Banzahir lime fruits
decreases during the cold storage period
compared with uncoated fruits, the edible
coating (CHI, JO, and GA) significantly
reduced the change rate in hue angle of
Valencia Orange, mandarin, ‘Navel’ oranges,
and ‘Star Ruby’ fruits compared with control
during the cold storage period (Arnon ef al.,
2014, Mshraky et al., 2016, Placido et al., 2016,
and Nasrin et al., 2018). While, (Nasrin ef al.,
2020) found that the hue angle value decreases
gradually with extending of storage period for
lemons to turn from green to yellow color. The
reason is that, during the storage period,
ethylene production and respiration rate were
increased which stimulate to degree lemons
changes of color (from green to yellow).

Fruit firmness kg/cm2:

Table (4) showed that fruit firmness
showed a linear decline with the advancement
of storage period for all fruits hold at 5, C° in
both seasons. These results agreed with
(Zagzog et al., 2011) who noticed slight and
gradual decline in firmness of Kinnow
mandarin fruits during cold storage.

However, the fruit firmness values were
higher in fruit treated with JO at 0.15% and
0.1%" and CHI at 3% in both seasons. These
results coincided with (Mshraky et al., 2016,
Nasrin et al., 2018, Shibambu 2018, and Atrash
et al., 2018) who found that GA, JO, and CHI
treatments maintained the firmness of Valencia
orange, mandarin “M37” and Mexican Lime
fruits during cold storage.

Application of GA has been shown to
reduce the activity of cell wall-degrading
enzymes during ripening and provided
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protection for cell membrane and maintained
fruit firmness (Mshraky et al., 2016).

On the other side, the lowest values of fruit
firmness were recorded in the fruits treated by
Control, followed in descending order by CHI
of 1%, and GA at 15% in both seasons. This is
due to that excessive water loss that occurs in
citrus during storage, as well as increasing
ethylene biosynthesis, therefore activating
polygalacturonase  and  degradation of
insoluble protopectin to the more soluble
pectic acid contributes to the decrease of
firmness of fruits (Liplap, 2013).

Total soluble solids (TSS) %:

The results in table (5) showed that there
were gradual slight increases in TSS % in
general with the extended storage periods,
while the TSS % reached the maximum value
at the end of storage 100 days at 5+1 C° in both
seasons.

The highest values of TSS were recorded by
control, followed in descending order by CHI
of 1%, GA at 15%, in both seasons. on the other
side, the lowest values of TSS were recorded
with the treatments of JO at 0.15% followed by
JO at 0.1%, CHI at 3%, and GA at 10% in both
seasons.

These results agreed with (Abdel-Salam
2016) who demonstrated that there were slight
increases in the TSS during the storage of
sweet lemon and grapefruit fruits for 80 days
at cold storage. In the same direction, (Ennab et
al., 2020) recorded that the increase in TSS of
Murcott mandarins throughout the storage
period was less in coated fruits compared with
control.

On the other hand, the cell walls contain
large amounts of polysaccharides, mainly
pectin and cellulose and are digested due to
the activity of the cell wall degrading enzymes
leading to a slight increase in TSS content
during storage (Nasrin et al., 2020).

Total acidity (TA) %:

Data in the table (6) illustrated that TA %
was decreased during storage in all fruit
treatments. The highest values of the TA %
were recorded in the fruits dipped in JO at
0.15% followed in descending order by JO at
0.1% CHI 3% in both seasons. On the other
hand, the lowest values of the TA% of fruit
were recorded with control, followed in
descending order by GA of 15%, and CHI of
1% during the storage period in the 1st and
2nd seasons. As for the combined effect of
storage period and treatments on TA %, JO
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and CHI, they were more effective in delaying
the changes decreasing TA % during cold
storage in both seasons of study.

These results were consistent with (EI-
Eryan and Tarabih 2020, Shibambu 2018, and
Din et al, 2015) who reported that the fruit
acidity continuously decreased with the
increase in cold storage period at 5£2 C° with
85-90% RH for all Banzahir lime fruits but the
decrease in acidity was slightly less in the
fruits treated by GA, JO, and CHI compared
with control. The decreasing trend in TA with
the increasing storage period might be due to
the oxidation of organic acid and its further
utilization in metabolic processes (Obenland et
al., 2011).

Ascorbic acid content (VC) mg/ 100 ml:

It is clear from table (7) that the different
dipping treatments affected the Vc content of
Murcott tangor fruits during cold storage at
5£1 C° in both seasons.

The Vc content values, in general,
decreased with the progress in the storage
period for all treatments and reached the
minimum values after 100 days of storage at
5#1 C° in both seasons. The results were
consistent with (Nasrin ef al., 2020 and (EL-
Eryan and Tarabih, 2020) who found that the
Vc of Kinnow mandarin fruits reduced
throughout the cold storage.

Furthermore, the values of Vc content has
differed between the treatments, the Vc
content values were higher in fruit treated by
JO at 0.15%, followed by JO at 0.1%, and CHI
of 3% in both seasons respectively. The
retention of Vc in the coated fruits could be
due to the decreasing of respiration process
and reduction of oxidation of V¢ content
according to (Abdel-Salam 2016 and Atrash el
al., 2018).

On the other hand, the lowest V¢ content
values were recorded with "Control and GA at
15%" in both seasons. The decreasing level of
Vc in these treatments might be due to the
increased respiration process and rapid
conversion of L- ascorbic acid into
dehydroascorbic acid in the presence of L-
ascorbic acid oxidize (Abdel-Salam 2016, and
Atrash el al., 2018).

Respiration rate (mg CO2. kg-1. H-1):

The fruit respiration rate was initially high
and then decreased once storing fruits at 5+1
C° after 20 days, in general. The respiration
rate also increased gradually by the progress
in the storage period for all Murcott tangor

Elnaggar et al.

fruits in both seasons regardless of treatments
as shown in (Table 8). Mandarin is non-
climacteric fruit and does not exhibit a rise in
respiration rate associated with ripening and
senescence (Luengwilai et al., 2007).Moreover,
the treatments of JO of 0.15 % followed by CHI
of 3 %, JO of 0.15 % and GA10 % recorded the
lowest respiration rate in the first and second
seasons. On the other hand, the treatments of
control and GA of 15% recorded the highest
respiration rate in both seasons. Interaction
data show significant reduced respiration rate
by CHI of 3% treatment. The results agreed
with (Nasrin et al., 2018) who mentioned that
the initial respiration rate of mandarin was
reduced to even less than half when mandarin
was coated with liquid paraffin wax,

CHI and coconut oil, where the application
of edible coating partially restricted gas
exchange through the fruit peel, and inhibited
ethylene and reduced respiration rate, thus
delaying the aging of fruits (Hassan et al,.
2014). Furthermore, (Arnon et al., 2014) found
that one of the main problems in using edible
coatings is their negative effects on gas
permeation, which results in the accumulation
of CO: and stimulation of anaerobic
respiration. This explains the rise in respiration
rate of fruits treated by high concentrations of
GA.

CONCLUSION

It could be recommended to use
postharvest coating 0.15 % of JO, was the most
effective in controlling postharvest decay of
Murcott Tangor mandarin fruits during
storage up to 100 days at 5+1 °C and 95% RH
and maintain on compositional changes by
delaying physical and chemical changes,
slowing down respiration rate and extending
postharvest life.
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Decay incidence (%)

2018 Season 2019 Season
Treatments
Storage period (days)
20 40 60 80 100 Mean 0 20 40 60 80 100 Mean
Control 400 17.33 22.67 3733 5000 2189 __ 133 533 1733 4000 5467 1978
5% GA 000  6.67 13.33 30.67 4200 1544  __ 133 267 1333 2533 3867 1356
10% GA 133 567 12.00 2867 4133 148  __ 000 400 1467 2933 4400 1533
15% GA 0.00 12.00 20.00 3867 5100 2028 __ 267 400 2000 3333 5200 1867
0.05% JO 133 533 13.33 2600 3933 1422 __ 267 533 1333 2033 4000 1511
0.1%J0 000 533 10.67 2633 3867 1350 __ 000 133 1200 3200 3733 1378
0.15%JO 133 4.00 10.67 2633 3967 1367 __ 000 133 667 1733 3333 978
1% CHI 133 8.00 18.67 35.00 4433 1789  __ 133 267 1333 3200 4667 1600
2% CHI 267  8.00 13.33 2900 3867 1528 __ 133 533 1467 3667 4267 1678
3%CHI 000 8.0 12.67 2267 3950 1381  __ 000 533 1467 3200 4000 1533
Mean 113 7.72 14.82 3031 4347  __ __ 103 369 1405 3154 4338  __
Treatments Storage period Treatments x Storage Treatments Storage period Treatments x Storage
LSD at 5% period period
1.23 0.59 2.14 2.39 0.75 2.68

Table 1. Effect of some postharvest treatments with edible coating materials on decay incidence of Murcott

tangor fruits stored at 5+1 C° in 2018 and 2019 seasons.

Table 2. Effect of some postharvest treatments with edible coating materials on weight loss of Murcott tangor
fruits stored at 5+1 C° in 2018 and 2019 seasons.

Weight loss (%)

2018 Season 2019 Season
Treatments -
Storage period (days)
0 20 40 60 80 100 Mean 0 20 40 60 80 100 Mean
Control __ 459 954 18.02 21.38 24.38 12.99 . 5.18 9.81 1471 17.89  21.83 11.57
5% GA - 461 822 1556 20.04 22.97 11.90 - 5.14 10.89 1447 1787 2115 11.59
10% GA - 368 718 13.10 15.91 18.84 9.79 - 5.87 1136 1419 1651  17.89 10.97
15% GA - 300 839 1451 16.20 18.25 10.06 - 4.68 9.42 13.07 1741  20.42 10.83
0.05% JO - 187 696 1344 15.97 19.77 9.67 - 4.44 9.16 1326  17.34  20.15 10.72
0.1% JO - 210 6.38 10.99 15.21 18.39 8.84 - 5.15 9.50 1312 1658  18.83 10.53
0.15%JO _ 181 561 9.09 11.77 16.66 7.49 - 4.01 8.33 13.94 18.01 18.01 10.38
1% CHI _ 370 812 15.78 19.77 22.59 11.66 - 5.56 1229 1463 16.66  19.53 11.45
2% CHI - 346 6.93 14.76 17.40 19.91 10.41 - 5.16 10.74 1447 1744 2064 1141
3%CHI - 299 659 1349 16.64 19.68 9.90 - 5.38 10.88 1446 1726  18.86 11.14
Mean __ 332 749 1433 17.39 20.24 __ __ 4.98 1022 1412 1746  19.90 __
. Treatments x Storage . Treatments x Storage
LSD at 5% Treatments Storage period period Treatments Storage period period
0.56 0.28 1.01 0.85 0.23 0.84
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Table 3. Effect of some postharvest treatments with edible coating materials on the hue angle of Murcott

tangor fruits stored at 5+1 C° in 2018 and 2019 seasons.

Hue angle
2018 Season 2019 Season
Treatments
Storage period (days)

0 20 40 60 80 100 Mean 0 20 40 60 80 100 Mean
Control 68.26 6458 6240 6217 6133 6006 6313 66.13 63.77 6263 61.80 6130 5820 62.30
5% GA 68.26 66.35 64.58 6328 63.85 63.12 6491 66.13 6525 63.85 6282 61.68 59.51 63.21
10% GA 68.26 67.23 66.12 6478 62.68 6131 65.06 66.13 66.40 6537 64.09 6173 6045 64.03
15% GA 68.26 66.83 6522 6237 6150 57.07 6354 66.13 6583 6247 60.77 60.38 60.07 6261
0.05% JO 68.26 66.25 6450 6385 61.85 6145 6436 66.13 6740 6530 6320 6192 59.07 63.84
0.1%JO 68.26 67.18 6570 6420 62.82 6205 6503 66.13 6514 6457 6432 6240 6113 63.95
0.15%J0 68.26 67.65 66.19 6482 6438 6305 6572 66.13 67.70 6590 63.67 6197 60.00 64.23
1% CHI 68.26 65.92 64.09 6298 6125 60.11 6377 6613 6470 63.03 6112 6072 6077 62.74
2% CHI 6826 66.55 6535 6478 62.82 61.02 6479 66.13 6590 63.33 6324 6155 6082 63.49
3%CHI 68.26 67.34 66.05 6505 6452 62.88 6568 66.13 66.55 64.18 6355 62.68 59.68  63.80

Mean 68.26 66.51 64.96 6386 62.62 61.08 -— 66.13 66.07 6421 62.62 6138 59.93 -

LSD at 5% Treatments Storage period Treatm%r;trsi: dStorage Treatments Storage period Treatmt:)r;trsig dStorage

0.71 0.42 151 1.02 0.58 2.08

Table 4. Effect of some postharvest treatments with edible coating materials on the firmness of Murcott

tangor fruits stored at 5+1 C° in 2018 and 2019 seasons.

Firmness kg/cm?

2018 Season 2019 Season
Treatments -
Storage period (days)
0 20 40 60 80 100  Mean 0 20 40 60 80 100  Mean
Control 292 266 231 226 221 204 2.40 242 215 208 193 172 167 1.99
5% GA 292 278 254 240 227 2.06 2.50 242 232 219 202 189 167 2.08
10% GA 292 272 252 242 235 231 2.54 242 227 218 212 203 181 2.14
15% GA 292 269 255 229 221 207 2.46 242 225 209 195 18 172 2.05
0.05% JO 292 281 257 253 249 248 2.63 242 230 221 205 200 182 2.13
0.1% JO 292 282 264 261 256 244 2.67 242 237 232 221 217 204 2.25
0.15%JO 292 285 279 259 256 250 2.70 242 240 235 224 214 209 2.27
1% CHI 292 258 250 230 221 206 2.43 242 237 223 182 179 163 2.04
2% CHI 292 268 252 247 238 211 251 242 236 217 200 189 1.80 211
3%CHI 292 273 268 257 249 219 2.60 242 240 232 213 198 1.89 2.19
Mean 292 272 257 244 236 221 - 242 231 221 204 193 182 -
Treatments  Storage period Treatments_ x Storage Treatments  Storage period Treatments_ x Storage
LSD at 5% period period
0.03 0.03 0.10 0.04 0.02 0.08
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Table 5. Effect of some postharvest treatments with edible coating materials on the Total soluble solids (TSS)
of Murcott tangor fruits stored at 5+1 C° in 2018 and 2019 seasons.

TSS %
Treatments 2018 Season : 2019 Season
Storage period (days)
0 20 40 60 80 100 Mean 0 20 40 60 80 100 Mean

Control 12.18 1223 1237 1248 1278 13.02 1251 1324 1339 1355 1364 1372 1382 13.56
5% GA 12.18 1225 1238 1256 12,65 12.72 1246 1324 1332 1347 1357 13,65 13.64 13.48
10% GA 12.18 1224 1230 1249 1250 1260 1238 1324 1325 1342 1352 13,60 13.63 13.44
15% GA 12.18 1233 1242 1256 1261 1272 1247 1324 1338 1352 1360 13.68 13.78 13.53
0.05%JO 1218 1227 1238 1251 1263 1276 1246 1324 1328 1343 1359 13.63 13.67 1347
0.1% JO 1218 1218 1227 1230 1251 1262 1234 1324 1325 1341 1348 1357 13.60 13.42
0.15%J0 1218 1220 1228 1241 1245 1251 1234 1324 1326 1339 1350 1352 1356 1341
1% CHI 1218 1226 1233 1246 1270 13.00 1249 1324 1337 1350 13.65 13.68 13.77 13.54
2% CHI 12.18 1228 1234 1248 1256 12.63 1241 1324 1327 1344 1352 1358 1371 13.46
3%CHI 1218 1219 1225 1229 1250 1271 1235 1324 1325 1342 1352 1360 13.65 1345

Mean 12.18 1225 1233 1246 1259 1274 - 1324 1330 1345 1356 13.63 1369 -
Treatments Storage Treatments x Storage Treatments Storage Treatments x Storage
LSD at 5% period period period period
0.03 0.02 0.08 0.04 0.04 0.14

Table 6. Effect of some postharvest treatments with edible coating materials on the Total acidity (TA) of
Murcott tangor fruits stored at 5+1 C° in 2018 and 2019 seasons.

TA%
2018 Season 2019 Season
2018 Season -
Storage period (days)
0 20 40 60 80 100 Mean 0 20 40 60 80 100 Mean
Control 131 126 121 0.99 0.85 0.85 1.08 122 1.19 0.83 083 0.77 0.77 0.94
5% GA 131 125 125 1.12 1.00 0.90 1.14 122 1.19 0.85 096 095 0.85 1.00

10% GA 131 130 124 107 09 09 114 122 121 1.02 093 0.93 092 1.04
15% GA 131 120 119 108 092 088 110 122 118 092 089 0.83 070 0.96
0.05% JO 131 129 1.28 113 091 098 115 122 122 097 092 09 08 101
0.1% JO 131 132 126 125 095 09 117 122 123 108 094 083 087 104
0.15%J0 131 128 125 124 107 102 119 122 121 112 1.07 097 090 108

1% CHI 131 130 125 115 090 0.88 1.13 122 122 118 094 082 075 1.02
2% CHI 131 128 126 115 090 0.95 1.14 122 121 1.09 097 0.89 079 1.03
3%CHI 131 124 121 113 108 0.98 1.16 122 121 1.00 096 092 0.92 1.04

Mean 131 127 124 113 096 094 - 122 120 101 094 088 0.83 -

. Treatments x Storage . Treatments x Storage
LSD at 5% Treatments  Storage period period Treatments  Storage period period
0.03 0.03 0.10 0.08 0.02 0.10
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Table 7. Effect of some postharvest treatments with edible coating materials on the Ascorbic acid content
(VC) of Murcott tangor fruits stored at 5+1 C° in 2018 and 2019 seasons.

VC mg/ 100 ml
2018 Season 2019 Season
Treatments
Storage period (days)
0 20 40 60 80 100 Mean 0 20 40 60 80 100 Mean
Control 35,68 32.87 31.00 29.04 2818 2719 3066 3572 3279 3042 29.23 2921 2833 3095

5% GA 3568 33.96 3321 3095 2940 2833 3192 3572 3346 3155 30.02 2972 29.74 31.70
10% GA 3568 33.65 3287 30.71 2940 2914 3191 3572 3277 3451 3090 3061 2936 3231
15% GA 3568 3397 3133 2973 2810 2687 3095 3572 3384 3201 3030 2936 27.69 31.49
0.05% JO 3568 3496 3389 3174 3078 2893 3266 3572 3525 3343 3319 3151 3027 33.23
0.1%JO 3568 3529 3488 30.71 30,53 2938 3275 3572 3447 3343 3291 3319 31.03 33.46
0.15%JO 3568 3574 3424 3201 3052 2979 33.00 3572 3449 3422 3342 329 3027 3351

1% CHI 3568 3400 3421 29.02 29.00 26.19 3135 3572 3484 3165 3002 2936 2824 31.64
2% CHI 35.68 3430 3354 3254 3030 2833 3245 3572 3484 3377 3123 3040 28.89 3247
3%CHI 3568 3531 3387 3170 30.73 29.94 3287 3572 3532 3534 3376 30.82 2898 3332
Mean 3568 3439 33.06 30.78 29.71 28.32 - 3572 3423 3294 3147 3059 29.36 -
LSD at 5% Treatments Storage period Treatm;r;tr?oz Storage Treatments Storage period Treatm;r;trsioz Storage
0.58 0.32 1.14 0.78 0.51 1.84

Table 8. Effect of postharvest treatments with edible coating materials on the respiration of Murcott

tangor fruits stored at 5+1 C° in 2018 and 2019 seasons.

Respiration mg CO2. kg*. H*!
2018 Season 2019 Season

Treatments
Storage period (days)
0 20 40 60 80 100  Mean 0 20 40 60 80 100  Mean
Control 772 476 492 583 704 926 659 728 424 437 490 577 7.06 560
5% GA 772 346 387 462 593 649 535 728 416 417 443 488 513 501
10% GA 772 378 379 440 521 583 512 728 395 408 427 466 503 488
15% GA 772 455 507 567 653 980 656 728 434 449 488 589 691 563
0.05% JO 772 370 384 471 543 679 537 728 401 407 430 472 529 494
0.1% JO 772 354 397 420 525 583 509 728 392 407 421 464 513 487
0.15%JO 772 313 388 405 475 570 487 728 416 416 418 433 489 483
1% CHI 772 401 498 55 6.00 658 581 7.28 436 462 485 504 6.01 536
2% CHI 772 384 427 495 516 6.08 534 728 426 433 436 475 519 503
3%CHI 772 356 389 412 477 575 497 728 398 396 411 443 504 480
Mean 772 389 431 483 568 6.8 -- 728 418 426 448 497 562 --
5D at 5% Treatments S;:rri%%e Treatmepr:etrsi ;dStorage Treatments Sptgrriz:l)gde Treatm(:)r;“trsi ;dStorage
0.39 0.26 0.97 0.42 0.29 1.03
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