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ABSTRACT

This study was conducted during two successive seasons (2012 and 2013) to
evaluate the effect of Carboxy Methyl Cellulose (CMC), Cellulose and beeswax at
concentrations of 2 and 3% as edible coatings on some "Murcott tangor" fruit quality
parameters. The coated and control (uncoated) fruits were stored under cold storage
conditions (5+1°C and 90-95% RH) and for 7 days at ambient conditions after every
cold storage period. The various physiochemical attributes of fruits were recorded
after 0, 20, 40, 60 days in cold storage and after 7 days at ambient conditions of every
cold storage period. Fruit weight loss (%), SSC (‘Brix), SSC/acid ratio, total carotenoid
(in peel) and pectic substances (in peel and edible portion) of Murcott tangor fruits
were increased in most cases; whereas, titratable acidity (%), V.C (mg/100g) and
juice ratio were decreased with advancing the storage period. However, the results of
the study indicated that Murcott tangor fruits coated with Carboxy Methyl Cellulose
showed a significant deterioration delay in the different determined parameters of
Murcott tangor fruits either at cold storage or ambient condition. Fruits coated with
Carboxy Methyl Cellulose (especially at 3%) can be successfully stored for 60 days
under cold storage conditions and for 7 days at ambient condition after cold storage
with highly acceptable sensory quality.

Keywords: Carboxy Methyl Cellulose, beeswax, Vitamin C, Cold storage and surface
coating.

INTRODUCTION

‘Murcott’ is a hybrid tangerine cultivar which is a cross between
tangerine (Citrus reticulata Blanco) and sweet orange (Citrus sinensis (L.)
Osbeck). At the present time, it is the most widely grown cultivar in Florida.
The fruit is marketed under the name of honey tangerine; however, the official
variety name is Murcott (Figueiredo, 1991). The flesh has rich orange color.
The fruit matures from January to March which making it the latest maturing
tangerine type fruit, and it has excellent qualities for the fresh fruit market
(Stephen and Jackson, 2003). The total cultivated area of tangerines,
mandarins, clementines and satsumas in Egypt reached about 42060
hectares (103934.446 feddan) producing about 885365 tons (FAO, 2012).
But the total cultivated area of Murcott in Egypt is limited compared to the
other tangors, since it is recently cultivated.

Currently, citrus fruit (in Egypt) are coated with commercial waxes at
the packing houses, in order to enhance gloss, reduce water loss and delay
shrinkage (Petracek et al., 1998). Recently, because of rising public concern
regarding human health issues and environmental protection, there has been
an increment interest in developing natural biodegradable edible coatings for



Samra, N. R. et al.

maintaining postharvest quality of fruit and vegetables. These would replace
the currently used commercial synthetic waxes (composed mainly of oxidized
polyethylene) by natural edible coatings which are composed of
polysaccharides, proteins, lipids or various composites of these (Valencia-
Chamorro et al., 2010 and Dhall, 2013).

In this study, we evaluated the efficacy of various polysaccharide-
based edible coatings, including cellulose derivatives and beeswax which are
relatively inexpensive and easy to dissolve in order to create modified
atmosphere and to reduce weight loss during transport and storage by
controlling the permeability and gaseous exchange (Cuq et al.,1995);
furthermore, they retard ethylene production and seal in flavor volatiles
(Baldwin et al., 1995). The present work was planned to study the effect of
various polysaccharide-based edible coatings [Carboxy Methyl Cellulose
(CMC) and Cellulose] and beeswax at different concentrations on shelf life
and quality of "Murcott tangor” fruits under cold and ambient storage
conditions.

MATERIALS AND METHODS

The experiment was conducted at Postgraduate Laboratory of
Pomology Department, Mansoura Univ. during 2012 and 2013. Murcott
tangor (Citrus sinensis (L.) Osbeck x Citrus reticulata Blanco) fruits were
harvested at proper physiological stage of maturity (when the fruits attained a
specific orange color according to the variety and area) from commercial
orchard at El-Khatatba city, Monifia Governorate, Egypt in mid-March. Before
the disinfection, all fruits were sorted based on similar size and the absence
of physical injuries or infections, and then disinfested with 1% sodium
hypochlorite (v/v) for 2 min, rinsed in clean tap water carefully and left to dry
on paper tissue at 21°C for 3 h. The clean dried fruits were then divided into 7
main lots each containing 90 fruits. Each treatment was replicated three
times.

Preparation of coating:

Both of Carboxy Methyl Cellulose (CMC) and Cellulose coatings (2
and 3%) were prepared by dissolving 4.0 g and 6.0 g of each of them in 200
ml of water-ethyl alcohol mixture (3:1L/L) at 80 ° C and stirred for 10 Min by
using magnetic stirrer. Ethyl alcohol was used to reduce drying time and
obtain a transparent and shiny coating. 2% propylene glycol was also added
in the formulation as plasticizer. Beeswax coatings (2 and 3%) were prepared
by dissolving 4.0 g and 6.0 g of beeswax in 200 ml of water-ethyl alcohol
mixture (3:1L/L) at 70° C and stirred for 10 min by using magnetic stirrer.
Coating and storage of fruits:

Different treatments at various concentrations of coating materials
(T1= Control, T2= 2% CMC, T3= 3% CMC, T4= 2% Cellulose, T5= 3%
Cellulose, T6= 2% beeswax and T7= 3% beeswax) were applied to the fruits.
Fruits were dipped in different coating formulations for 1 min [except T1 (the
untreated fruit) that was left as control), immediately taken out and dried
under blowing air at 252 °C.The dried coated fruits were placed in

1284



J. Plant Production, Mansoura Univ., Vol. 5 (7), July, 2014

ventilated carton box (50x30x12) cm which divided into three parts, each part
contain a known weight of fruits, then taken for cold storage at 5+1°C and 90-
95% relative humidity (R.H) for 60 days. Two carton boxes of each treatment
were taken every 20 days, one of them for physical and chemical analysis of
fruits quality during cold storage and the other box was held for 7 days at
room temperature (as shelf life) to evaluate the changes in physical and
chemical properties of fruits during ambient conditions which determined by
Thirmohydrograph as presented in the following table after each period of
cold storage:

Table (1): Average temperature and relative humidity % during shelf

life:
Date (day/month) 5-12/4 25/4 - 2/5 15 -22/5
Average Temp.°c 15.14 18.57 22.71
Average R.H % 24.57 26.71 31.14

Physical analyses:

The weight loss due to active metabolic rate was determined by
weighing the samples with digital balance and reported as percent loss in
sample weight based on its initial weight. Soluble solids content (SSC) in fruit
juice was recorded as °Brix by Refractometer (AOAC, 1994).

Chemical analyses:

Murcott tangor fruits were analyzed for different chemical parameters
after 20 days interval. Titratable acidity was determined as citric acid (AOAC,
1994).

Soluble solids content (SSC) /acid ratio was expressed by the ratio
between SSC and total titratable acidity.

Juice ratio: Fruit weighed with an electronic balance. Juice was extracted
and weight was taken. The juice percentage was expressed as percentage of
total weight at the time of measurement.

Juice weight x 100 / fruit weight (AOAC,1990).

Vitamin C was determined using 2,6- dichlorophenol indophenol
method (Mazumadar, 2003). A Known amount of edible portion of Murcott
tangor fruit was extracted with 3% metaphosphoric by thorough crushing. The
extract was filtered and made up to a known volume with 3% metaphosphoric
then titrated with the standard indophenol dye solution to a pink end point
(persisting for 15 sec) and vitamin ¢ was estimated by the following
equations:

0.5
Dye factor =
Average burette reading of dye solution
exdxb
Vitamin C (mg/100g) = x 100
cxa

where,a=weight of edible portion,b=volume made with metaphosphoric acid,
¢ = volume of aliquot taken for estimation, d = dye factor, e = average burette
reading for sample.

1285



Samra, N. R. et al.

Peel color of Murcott tangor fruits (as total carotenoids) was
determined by weighing 0.5 g fresh material which extracted by 10 ml
methanol for 24 hour under laboratory temperature after adding trace amount
of sodium bicarbonate. Both chlorophyll and carotenoids were determined by
spectrophotometer at the wavelength 452.5, 650 and 665 nm according to
the methods of Mackinny (1941) and the total carotenoid was estimated by
the following equations:

Chl.A=165E 665 — 83E 650
Chl.B=33.8E 650 — 125E 665
Carotenoids = 4.2 E 4525

carotenoids mg/100g fresh weight =
Weight of sample x 1000

Total pectic substances were determined in peel and edible portion
according to Mazumadar (2003) as following:

Known amount of tissue sample by weight was taken and boiled with
0.05 N hydrochloric acid at a 80-90°C for 2 hours to extract the pectic
substances. After extraction, the mixture was cooled to room temperature,
then filtered (Whatman No.4). The extraction was repeated for maximum
recovery of the pectin. The filtrate was made up to a known volume with
distilled water. An aliquot from the above extract (50 ml) was taken in a
conical flask and neutralized with 1 N sodium hydroxide solution. The excess
amount of sodium hydroxide solution was added to it with thorough mixing till
the mixture becomes slightly alkaline. The solution is allowed to stand
overnight, then 10 ml of 1N acetic acid was added to it. After 5 minutes, 5 ml
of 1 N calcium chloride solution was mixed with constant stirring and left for
an hour to precipitate the calcium pectate. The solution was then filtered
through a dried and pre-weighed filter paper (Whatman No.4). The precipitate
was washed repeatedly with boiling water to eliminate chloride ions
presented in the precipitate. The filter paper containing calcium pectate was
dried at 50°-60°C and weighed. The amount of total pectic substances (as
calcium pectate) presented in the sample was calculated by the following
formula:
Pectic substances (as calcium pectate) in sample % =d x c/b x a x 100
where, a = Weight of sample, b = Volume of aliquot taken for estimation,
C = Volume made with distilled water and d = Weight of calcium pectate.
Statistical analysis: Data were statistically analyzed as a completely
randomized design with three replicates by analysis of variance (ANOVA)
according to the procedure outlined by Snedecor and Cochran (1994), using
the statistical package software SAS (SAS Institute Inc. Cary, NC, USA).
Comparisons between means were made by using the least significant
differences test (LSD) at 5% level of probability as mentioned by Waller and
Duncan (1969).
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RESULTS AND DISCUSSION

Fruit weight loss %:

Regarding to the effect of the tested treatments, Tables 2 and 3
illustrate that all evaluated treatments succeeded in reducing weight loss
percentage of Murcott tangor fruits during storage duration in comparison
with uncoated fruits (control) in both seasons. Generally, the treatment of 3%
CMC proved to be the most efficient treatment in this concern, followed by
2% CMC treatment, without any significant differences in the second season.

Table 2: Weight loss percentage in "Murcott tangor" fruits under cold
storage and shelf life (seven days at room temperature) during
2012 season.

Weight loss % (Season 2012)
7 Days during shelf life after cold

Cold storage (day)

Treatment storage period
0 | 20 | 40 | e0 | Meanof | o5 | 50 | 40 | 60 | Meanof
treatment treatment
Control 0.00 | 234 [ 420 | 5.71 3.06 0.00 | 4.12 | 6.57 | 8.47 4.79
2% CMC 0.00| 1.81 | 2.66 | 4.44 2.23 0.00 | 3.43 | 467 | 7.16 3.82
3% CMC 0.00 | 1.75 | 2.21 | 3.83 1.95 0.00 | 3.23 | 4.07 | 6.81 3.53

2% Cellulose | 0.00 | 1.94 | 2.83 | 5.05 2.45 0.00 | 3.64 | 5.62 | 7.67 4.23
3% Cellulose | 0.00 | 1.87 | 2.86 | 4.87 2.4 0.00 | 3.56 | 5.17 | 7.42 4.04
2% beeswax | 0.00 | 2.02 | 3.52 | 5.26 2.7 0.00 | 3.72 | 5.78 | 7.85 4.34
3% beeswax | 0.00 ] 2.16 | 3.79 | 5.38 2.83 0.00 | 3.79 | 6.08 | 8.05 4.48

Mean of

storage period 0.00 | 1.98 | 3.15 | 4.93 - 0.00 | 3.64 | 542 | 7.63
Treatment (T) = 0.16 Treatment (T) = 0.078

LSD at 5% |Storage period(S) = 0.09 Storage period(S) = 0.059
TxS=0.23 TxS=0.16

These results agree with Rong et al. (2012), who reported that CMC
edible coating exhibited a beneficial impact on the overall quality of "Nanfeng"
mandarin by reducing the moisture loss and fruit spoilage, maintaining the
titratable acidity and ascorbic acid contents in comparison with uncoated
fruits.

That may be because the polymer chains of CMC edible coating
reduce moisture loss, restrict oxygen exchange, decrease respiration, retard
ethylene production and seal in flavor volatiles. Furthermore, CMC exhibits
excellent gas permeability properties, resulting in desirable modified
atmosphere that enhance the shelf life of the product without creating
anaerobic conditions (Baldwin et al., 1995).

As for the effect of storage periods, it is quite clear from Tables
2 and 3 that "Murcott tangor" fruits lost weight with the advancement of
storage period during ambient and cold storage. So, sixty days storage period
under cold storage recorded the highest value of loss, whereas "irrespective
of the initial reading” the lowest value was obtained after twenty days cold
storage in both seasons. The differences between the aforementioned cold
storage periods were highly significant. These results are in agreement with
those reported by Alam and Paul (2001) who studied the effects of cellulose-
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based coating (carboxyl methyl cellulose) on the shelf life of Kinnow
mandarin fruits and found that carboxyl methyl cellulose coating (0.5%) were
the most suitable for extending the shelf life up to 40 days without adversely
affecting the quality. Moreover, Abbasi et al. (2011) found that Carboxy
Methyl Cellulose (CMC) at 2% level delayed fruit ripening and improved the
keeping quality of the produce of mango by extending storage life with
appreciable retention of all the quality parameters.

Table 3: Weight loss percentage in "Murcott tangor" fruits under cold
storage and shelf.0264 N én-davi®@@thoBm temperature) during
2013 season.

Weigiarotaymidzasvoleom® of solution x100
7 Days during shelf life after cold
Treatment Cold storage (day) storage period
Mean of Mean of
0 20 40 60 treatment 0 20 40 60 treatment
Control 0.00 | 2.44 | 429 | 5.81 3.14 0.00 | 434 | 6.76 | 8.74 4.96
2% CMC 0.00 191 | 2.76 | 4.54 2.30 0.00 | 3.69 | 480 | 7.47 3.99
3% CMC 0.00 1.85 | 2.19 | 3.93 1.99 0.00 | 359 | 450 | 7.34 3.86
2% Cellulose 0.00 | 2.04 | 2.59 | 5.15 2.45 0.00 | 3.91 | 5.75 | 7.77 4.36
3% Cellulose 0.00 1.97 | 2.62 | 4.64 2.31 0.00 | 3.83 | 552 | 7.65 4.25
2% beeswax 0.00 | 2.12 | 3.62 | 5.36 2.78 0.00 | 4.15 | 5.92 | 7.97 4.51
3% beeswax 0.00 | 2.26 | 3.89 | 545 2.89 0.00 | 4.23 | 6.20 | 8.15 4.64
Mean of
storage period 0.00 | 2.08 | 3.14 | 498 - 0.00 | 3.96 | 5.63 | 7.87
Treatment (T) = 0.18 Treatment (T) = 0.051
LSD at 5% |[Storage period(S) =0.13 Storage period(S) = 0.069
TxS=0.35 TxS=0.10

Considering the interaction effect between tested edible coating
treatments and storage period, data presented in Tables 2 and 3 show that
the interactions of twenty days storage duration had the lowest percentages
of weight loss especially, CMC and Cellulose treated fruits in both seasons
but 3% CMC treatment was the best in this respect. On the contrary, the
highest percentage of weight loss was observed under those of 60 days
storage period combinations, particularly those uncoated fruits “control” in
both seasons. The other combinations showed an intermediate values in this
concern during ambient and chilled storage.

The recorded results on weight loss of "Murcott tangor" fruits go in
line with the findings of Cuq et al. (1995) who demonstrated that edible films
and coatings are used to create modified atmosphere and to reduce weight
loss during transport and storage by controlling the permeability and gaseous
exchange. Furthermore, Togrul and Arslan (2004) stated that weight loss is
mainly attributed to the loss of water during metabolic processes like
respiration and transpiration which is usually controlled by the epidermal
layers provided with guard cells and stomata; coating helps to reduce these
processes because it forms a film on the top of the skin acting as an
additional barrier to moisture loss.

Soluble solids content (SSC; °Brix):

Data in Tables 4 and 5 reveal that SSC of "Murcott tangor” fruits was

affected by using the different edible coating treatments in both seasons.
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However, the highest value of this parameter was gained by uncoated fruits
in both seasons during ambient and cold storage. Also, fruits coated with
beeswax increased SSC as compared with the other edible coatings during
both seasons.

Referring to the effect of storage period, SSC of "Murcott tangor"
fruits steadily increased with advancing the storage periods till reach the
maximum increase after sixty days under storage period in both seasons.

As for the interaction effect between the tested edible coating

treatments and storage periods, data in the same Tables indicated that all
resulted combinations increased SSC of "Murcott tangor” fruits as compared
with the initial readings, and the superiority was for the combinations of sixty
days storage period in most cases in both seasons. Anyway, the highest
values of this parameter were scored by uncoated fruits under cold storage
for sixty days at both seasons. On the opposite, the lowest values of this
parameter were related to the combination of twenty days storage period with
3% CMC coated fruits in both seasons during ambient and cold storage.
The results on this concern go in line with the findings of Wills et al. (1980)
who reported that the increase in SSC during storage may possibly due to the
breakdown of complex organic metabolites into simple molecules. The
slightly increase in SSC over a longer period of time in coated Murcott fruits
might be attributed to that coatings delayed the metabolic and respiratory
activity of fruit and hence might have retarded the fruit ripening and
senescence processes. These results are in agreement with the findings of
Sidhu et al. (2009) for wax coated pear fruits.

Table 4: SSC (°Brix) in "Murcott tangor" fruit juice under cold storage
and shelf life (seven days at room temperature) during 2012

season.
SSC (°Brix) (Season 2012)
7 Days during shelf life after cold
Treatment Cold storage (day) storage period
0o | 20 | 40 | 60 |Meanofi, 20 | 40 | 60 | Meanof
treatment treatment
Control 12.4012.98 |13.48|14.78| 13.41 |12.40 |13.28|13.98|15.48 13.79

2% CMC 12.40[12.77 |13.27 [13.97| 13.10 |12.40 |13.07|13.77|14.67| 13.48
3% CMC 12.40|12.55|13.09 |13.79| 12.96 |12.40 |12.85|13.52|14.49| 13.32
2% Cellulose | 12.40112.87 113.37 |14.17| 13.20 [12.40 [13.17|13.87|14.87| 13.58
3% Cellulose | 12.40 | 12.81|13.31|14.11| 13.16 [12.40 [13.11(13.81|15.81| 13.78
2% beeswax | 12.40 | 12.91 [ 13.41 |14.31| 13.26 |12.40 |13.21|13.91|15.01| 13.63
3% beeswax | 12.40 | 12.95]13.45|14.35| 13.29 [12.40 [13.25|13.95|15.05| 13.66

Mean of

storage 12.40 |12.82|13.32|14.21 - 12.4 |13.13|13.83|15.05 -
period
Treatment (T) = 0.02 Treatment (T) = 0.27
LSD at 5% |Storage period(S) = 0.02 Storage period(S) = 0.20
TxS=0.05 TxS=0.53
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Table 5: SSC (°Brix) in "Murcott tangor" fruit juice under cold storage
and shelf life (seven days at room temperature) during 2013

season.
SSC (°Brix) (Season 2013)
7 Days during shelf life after cold
Treatment Cold storage (day) storage period
0 | 20 | 40 | 60 |[MeANOT1 o5 | 20 | 40 | e0 |Meanof
treatment treatment
Control 12.90 [13.49|13.86 |15.28 | 13.88 [12.90|13.78|14.49|15.98| 14.29

2% CMC 12.90(13.28 (13.78 |14.48| 13.61 |12.90|13.32|14.28|15.17| 13.92
3% CMC 12.90 | 13.06 | 13.59|14.29 | 13.46 |12.90|13.27|14.03|14.99| 13.79
2% Cellulose | 12.90 | 13.38 | 13.88 | 14.68| 13.71 [12.90|13.67 |14.38[15.37| 14.08
3% Cellulose | 12.90 | 13.32 [13.82 | 14.62| 13.66 |12.90|13.57|14.32|15.31| 14.03
2% beeswax | 12.90 | 13.42113.92114.82| 13.77 [12.90[13.71|14.42|1551| 14.14
3% beeswax | 12.90 | 13.46 | 13.69 | 14.86| 13.73 |12.90|13.75|14.46 1556 | 14.17

Mean of

storage 12.90|13.34 (13.79 | 14.71 - 12,9 |13.58 | 14.34 | 15.41 -
period
Treatment (T) = 0.05 Treatment (T) = 0.09
LSD at 5% |Storage period(S) = 0.04 Storage period(S) = 0.07
TxS=011 TxS=0.19

Titratable acidity (%):

Data in Tables 6 and 7 showed that the lowest fruit acidity (%) of
"Murcott tangor" was gained by uncoated fruits in both seasons, whereas the
highest fruit acidity content was scored by those treated by 3% CMC in both
seasons. It was interesting to note that there was a negative relationship
between fruit acidity and storage periods. Hence, as the storage period
increased, the values of fruit acidity decreased toreach the maximum
reduction at the longest storage period (sixty days). This trend was true in
both seasons during ambient and chilled storage which may be attributed to
utilization of organic acid in pyruvate decarboxylation reaction occurring
during the ripening process of fruits (Echeverriaand Valich, 1989).
Furthermore, coatings helped in better retention of acidity as compared to
uncoated fruits, which might be due to the positive role of coatings in delaying
the ripening process of fruits (EI-Anany et al., 2009).

As for the interaction effect between the studied edible coatings
treatments and storage periods, data in Tables 6 and 7 declare that the
lowest values of this parameter were recorded by using the combination of
sixty days storage periods, particularly those of uncoated fruits and beeswax-
coated fruits in both seasons .While "irrespective of the initial reading” the
highest values of this parameter were scored by using the combination of
twenty days storage period. The remained treatments occupied an
intermediate position between the aforementioned treatments in both
seasons during ambient and chilled storage.
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Table 6: Titratable acidity % in "Murcott tangor" fruit juice under cold
storage and shelf life (seven days at room temperature) during
2012 season.

Titratable acidity % (Season 2012)
7 Days during shelf life after cold

Cold storage (day)

Treatment storage period
0 | 20 | 40 | 6o | Meanof | 20 | 40 | eo | Meanof
treatment treatment
Control 1.28 | 1.05] 0.93 ] 0.79 1.01 1.28 | 0.83 | 0.72 | 0.62 0.86

2% CMC 1.28 | 1.24 | 1.13 | 1.02 1.17 1.28 | 1.03 | 0.92 | 0.81 1.01
3% CMC 1.2811.27 | 1.16 | 1.05 1.19 1.28 | 1.06 | 0.95 | 0.84 1.03
2% Cellulose | 1.28 | 1.17 | 1.06 | 0.95 1.12 1.28 | 1.06 | 0.95 | 0.84 1.03
3% Cellulose | 1.28 | 1.20 | 1.10 | 0.99 1.14 1.28 | 1.03 | 0.93 | 0.82 1.01
2% beeswax | 1.28 | 1.13 | 1.02 | 0.91 1.09 1.28 | 0.92 | 0.81 | 0.70 0.93

3% beeswax | 1.28 | 1.10 | 0.98 | 0.87 1.06 1.28 | 0.88 | 0.77 | 0.66 0.90
Mean of
storage period 128 |1.17 | 1.05 | 0.94 - 1.28 | 0.97 | 0.86 | 0.76 -
Treatment (T) = 0.01 Treatment (T) = 0.01
LSD at 5% |Storage period(S) = 0.01 Storage period(S) = 0.01
TxS=0.02 TxS=0.03

Table 7: Titratable acidity % in "Murcott tangor" fruit juice under cold
storage and shelf life (seven days at room temperature) during
2013 season.

Titratable acidity % (Season 2013)
7 Days during shelf life after cold

Cold storage (day)

Treatment storage period
0 | 20 | 40 | e0 | MeaNOf | o | 50 | 40 | eo |Meanof
treatment treatment
Control 1.25 [ 1.02 | 0.90 | 0.76 0.98 1.25 | 0.80 | 0.69 | 0.58 0.83
2% CMC 125 1.21]1.10 | 0.99 1.14 1.25 | 1.00 | 0.89 | 0.78 0.98
3% CMC 1.25 124|113 | 1.02 1.16 1.25|1.03]0.92 |0.81 1.00

2% Cellulose | 1.25 | 1.14 | 1.03 | 0.91 1.08 1.25]1.03]0.92 081 0.99
3% Cellulose | 1.25 | 1.15 | 1.07 | 0.96 1.11 1.25 1 0.99 | 0.89 | 0.79 0.98
2% beeswax | 1.25 | 1.10 | 0.99 | 0.88 1.06 1.25]0.89 | 0.78 | 0.67 0.89
3% beeswax | 1.25 | 1.06 | 0.95 | 0.84 1.03 1.2510.85| 0.74 | 0.63 0.87

Meanof | 55 | 113|102 | 0.91 - 1.25 | 0.94 | 0.83 | 0.72 -
storage period
Treatment (T) = 0.01 Treatment (T) = 0.01
LSD at 5% Storage period(S) = 0.01 Storage period(S) = 0.01
TxS=0.02 TxS=0.03

SSC /acid ratio:

It is obvious from Tables 8 and 9 that uncoated "Murcott tangor" fruits
increased significantly SSC/acid ratio compared to the edible coatings
treatments; hence, 3% CMC coated fruits presented the lowest values in this
respect in both seasons during ambient and chilled storage.

In regard to the effect of storage period, SSC/acid ratio was gradually
increased as storage period advanced from harvest till 60 days either at cold
storage or during shelf life at room temperature. The increment in SSC/acid
ratio during the storage period mainly due to the increase of SSC content and
the reduction in total acidity in fruit juice as the storage period advanced.
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Concerning the interaction effect between storage period and tested
edible coatings treatments, data presented in Tables 8 and 9 showed that the
interactions of twenty days storage duration under cold storage recorded
statistically the lowest SSC/acid ratio especially, CMC coated fruits in both
seasons but 3% CMC treatment was the best in this respect. On the contrary,
the highest SSC/acid ratio was observed on those of 60 days storage period
combinations, particularly those uncoated fruits “control” in both seasons
during ambient and chilled storage. The obtained results go in the same line
with those reported by Manazano and Diaz (2003), who found that SSC/acid
ratio was increased with the passage of time for coated ‘Valencia’ oranges.

Table 8: SSC /acid ratio in "Murcott tangor" fruit juice under cold
storage and shelf life (seven days at room temperature)
during 2012 season.

SSC /acid ratio (Season 2012)
7 Days during shelf life after cold
Treatment Cold storage (day) g storgage eriod
0| 20 | 40 | eo | MeaNOf 1 o | 59 | 40 | 60 | Meanof
treatment treatment
Control 9.67 | 12.43|14.44 | 18.77 13.83 9.67 | 15.93]19.35 | 25.19 17.54
2% CMC 9.67 | 10.28 | 11.72 | 13.67 11.33 9.67 | 12.67 | 14.94 | 18.09 13.84
3% CMC 9.67 ] 9.86 [11.27|13.11 10.9 9.67112.10[14.21 |17.24 13.31
2% Cellulose | 9.67 | 11.01 | 12.64 | 14.97 12.07 9.67 |112.45|14.64 |17.79 13.64
3% Cellulose | 9.67 | 10.64 | 12.14 | 14.22 11.67 9.67 | 12.75[14.94 | 18.04 13.85
2% beeswax | 9.67 | 11.40 | 13.13 | 15.73 12.48 9.67114.3417.19 | 21.34 15.64
3% beeswax | 9.67 | 11.82 | 13.66 | 16.42 12.89 9.67 | 14.98 | 18.03 | 22.69 16.34
Mean of
storage period 9.67 | 11.06 | 12.71 | 15.27 - 9.67 | 13.60 | 16.19 | 20.05 -
Treatment (T) = 0.16 Treatment (T) = 0.29
LSD at 5% |Storage period(S) = 0.12 Storage period(S) = 0.22
TxS=0.31 TxS=0.58

Table 9: (SSC) /acid ratio in "Murcott tangor" fruit juice under cold
storage and shelf life (seven days at room temperature) during
2013 season.

SSC /acid ratio (Season 2013)
7 Days during shelf life after cold
Treatment Cold storage (day) Y storgage period
0 | 20 | 40 | 60 | Meanof | o | 59 | 40 | eo |Meanof
treatment treatment
Control 10.31|13.29 | 15.35| 20.19 14.79 10.31 | 17.16 | 20.96 | 27.39 18.96
2% CMC 10.31|10.96 | 12.51 | 14.61 12.09 10.31 [ 13.32 | 16.04 | 19.45 14.78
3% CMC 10.31|10.51]12.02 | 14.01 11.71 10.31|12.88 | 15.24 | 18.52 14.24
2% Cellulose |10.31]11.76|13.52 | 16.09 12.92 10.31(13.31|15.71]19.12 14.61
3% Cellulose [10.31|11.56 |12.97 | 15.20 12.51 10.31|13.71 ] 16.03 | 19.38 14.86
2% beeswax|10.31]12.19|14.06 | 16.86| 13.35 |10.31|15.40|18.53|23.06| 16.83
3% beeswax| 10.31|12.64 | 14.36 | 17.63 13.74 10.31[16.11 | 19.47 | 24.62 17.63
Mean of
storage 10.31|11.84 | 13.54 | 16.37 - 10.31 | 14.54 | 17.43 | 21.65 -
period
Treatment (T) = 0.19 Treatment (T) = 0.32
LSD at 5% |Storage period(S) = 0.14 Storage period(S) = 0.24
TxS=0.37 TxS=0.64
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Juice ratio:

In general, the juice ratio of "Murcott tangor" fruits declined with the
increase in storage period (Tables 10 and 11). However, the uncoated
Murcott tangor fruits showed gradual reduction in juice yield as compared to
those coated with different edible coatings. The average values of

Table 10: Juice ratio in "Murcott tangor" fruit under cold storage and
shelf life (seven days at room temperature) during 2012

season.
Juice % (Season 2012)
7 Days during shelf life after cold
Treatment Cold storage (day) storage period

o | 20 | a0 | 60 |[Meanof | o | 55 | 40 | eo |Meanof
treatment treatment

Control 41.69 | 36.96 | 34.17 | 31.83 36.16 41.69 | 35.93 | 33.50 | 29.77 35.22

2% CMC 41.69 | 41.58 | 40.48 | 38.38 40.53 41.69 | 41.38 | 40.08 | 36.38 39.88

3% CMC 41.69 | 41.67 | 40.57 | 38.47 40.6 41.69 | 41.47 | 40.17 | 36.47 39.95

2% Cellulose | 41.69 | 40.46 | 39.36 | 37.29 39.7 41.69 | 40.26 | 38.67 | 35.19 38.95
3% Cellulose | 41.69 | 40.66 | 39.59 | 37.49 39.86 41.69 | 40.46 | 39.19 | 35.39 39.18
2% beeswax | 41.69 | 39.67 | 38.60 | 36.44 39.1 41.69 | 39.47 | 38.20 | 34.34 38.43
3% beeswax | 41.69 | 39.17 | 38.44 | 36.34 38.91 41.69 | 39.04 | 37.43 | 33.91 38.02

Mea“pgfriz‘d‘”age 41.69 | 40.02 | 38.74 | 36.61 - 41.69 | 39.72 | 38.18 | 34.49 |-
Treatment (T) = 0.35 Treatment (T) = 0.37

LSD at 5% |Storage period(S) = 0.26 Storage period(S) = 0.28
TxS=0.69 TxS$=0.73

Table 11: Juice ratio in "Murcott tangor" fruit under cold storage and
shelf life (seven days at room temperature) during 2013

season.
Juice % (Season 2013)
7 Days during shelf life after cold
Treatment Cold storage (day) storage period
0o | 20 | 40 | 60 |[MeANOT1 5 | 50 | 40 | g0 |MeaNOf
treatment treatment
Control 40.79|35.93 [33.16 [30.93| 35.20 [40.79|34.86|31.97|28.87| 34.12
2% CMC 40.79|40.48 | 39.38 | 37.34| 39.50 |40.79|40.38|39.08 |35.48| 38.93

3% CMC 40.79140.57 [39.50 | 37.37 | 39.56 |40.79]40.47|39.17|35.57| 39.00
2% Cellulose | 40.79|39.36 | 38.29 | 36.19 | 38.66 |40.79 |39.26 | 37.67 [34.29 | 38.00
3% Cellulose | 40.79 | 39.56 | 38.53 | 36.39 | 38.82 |40.79|39.46 |38.19 |34.49| 38.23
2% beeswax | 40.79 | 38.57 | 37.54 | 35.36 | 38.07 |40.79 |38.47 |37.20[33.44| 37.48
3% beeswax |40.79(38.11 |37.37|35.21| 37.87 |40.79|38.01|36.37|33.01| 37.05

Mean of
storage period 40.79 | 38.94 | 37.68 | 35.54 - 40.79 | 38.70 | 37.09 | 33.59 -
Treatment (T) = 0.33 Treatment (T) =0.42
LSD at 5% |Storage period(S) = 0.25 Storage period(S) =0.32
TxS=0.67 TxS=0.83

juice vyield in control (uncoated) fruits were 36.16 & 35.20% under
cold storage conditions and 35.22 & 34.12% under ambient conditions during
first and second seasons, respectively.

As for the interaction effect between storage period and tested edible
coatings treatments, data presented in Tables 10 and 11 illustrated that the
interactions of twenty days storage duration under cold storage recorded the
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highest juice ratio especially, CMC treated fruits in both seasons but 3% CMC
treatment was the best in this respect. On the contrary, the lowest juice ratio
was observed on those of 60 days storage period combinations, particularly
those uncoated fruits “control” in both seasons during ambient and chilled
storage. The obtained results go in line with those found by Mahajan et al.
(2013) who reported that the maintenance of higher juice percentage in
coated fruits is obvious due to the reduction of moisture loss. Moreover, Dang
et al. (2008) reported that polysaccharide-based coatings like CMC and
Cellulose are used to increase the shelf life of fruits by reducing dehydration,
oxidative rancidity and permeability to water vapor.

Vitamin- C:

The vitamin-C content of fruits followed a declining trend
commensurate with advancement of storage period (Tables 12 and 13) and
that was in agreement with those stated by Kumar et al. (2000) who found
that ascorbic acid decreased with increasing period of storage in kinnow
fruits.

Table 12: Vitamin C (mg/100g) in "Murcott tangor" fruit under cold
storage and shelf life (seven days at room temperature) during
2012 season.

Vitamin C (mg/100g) (Season 2012)
7 Days during shelf life after cold

Cold storage (day)

Treatment storage period
0 | 20 | 40 | 60 | Meanof 15 | 50 | 40 | 6o |Meanof
treatment treatment
Control 66.87 |46.85| 36.57 | 20.31 42.65 66.87 [ 38.66 | 28.02|17.31| 37.71

2% CMC 66.87 |59.60| 55.55 | 45.45 56.87 66.87 | 54.04 | 45.12 | 33.05| 49.77
3% CMC 66.87 |61.59|57.41 |47.31 58.30 66.87 | 56.06 [47.17 [35.11| 51.30
2% Cellulose | 66.87 [53.43 | 48.42 | 38.33 51.76 66.87 | 48.16 | 38.15|26.09 | 44.82
3% Cellulose | 66.87 |56.40 | 51.23 | 40.79 53.82 66.87 | 51.14 |41.13|29.13 | 47.07
2% beeswax | 66.87 [51.42| 44.28 | 34.08 49.16 66.87 | 46.12 [ 34.18 | 22.11 | 42.32
3% beeswax | 66.87 |50.06 | 42.64 | 31.73 47.83 66.87 |44.76|32.4420.44| 41.13

Mean of
storage period 66.87 |54.19 | 48.01 | 36.86 - 66.87 | 48.42 | 38.03 | 26.18
Treatment (T) = 0.58 Treatment (T) = 0.51
LSD at 5% |Storage period(S) = 0.44 Storage period(S) = 0.39
TxS=1.16 TxS=1.03

But the reduction in ascorbic acid was less in coated fruits as
compare to control. The uncoated fruits recorded 42.65 & 40.49 under cold
storage condition while 37.71 & 36.43 mg/100g vitamin-C content under room
temperature conditions during first and second seasons, respectively. The
CMC coatings have the potential benefit of better retention of the ascorbic
acid especially 3% CMC coated fruits ; hence it recorded 58.30 & 55.55
mg/100g vitamin-C content under cold storage condition, and 51.30 & 50.14
mg/100g vitamin-C content under room temperature conditions during first
and second seasons, respectively and that was in agreement with Dhaka et
al. (2001) who observed that the retention of ascorbic acid content of
"Totapuri mango" depends on the concentrations of coating. Also, Shahid
and Abbasi (2011) found that coating treatments of sweet orange cv. “Blood
Red” maintained ascorbic acid and Mahajan et al. (2002) reported higher
ascorbic acid content in "Kinnow" as compared to uncoated fruits.
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Table 13: Vitamin C (mg/100g) in "Murcott tangor" fruit under cold
storage and shelf life (seven days at room temperature)

during 2013 season.
Vitamin C (mg/100g) (Season 2013)
7 Days during shelf life after cold

Cold storage (day)

Treatment storage period
0o | 20 | a0 | eo |[Meanof | 4 | 55 | 40 | go |Meanof
treatment treatment
Control 65.22 | 44.69 (33.10[18.95| 40.49 [65.22[37.39|26.0917.02 36.43
2% CMC 65.22 | 57.44 | 52.45 | 41.35 54.12 65.22 | 53.04 | 44.14 | 32.12 48.63

3% CMC 65.22 159.43|54.31 |43.24| 5555 |65.22|55.07|46.14|34.12| 50.14
2% Cellulose | 65.22 | 51.26 [45.32 | 34.23| 49.01 [65.22 |47.26 |37.15|25.16 | 43.69
3% Cellulose | 65.22 | 54.24 [48.13 | 36.73| 51.08 |65.22|50.24 |40.11 |27.83 | 45.85
2% beeswax | 65.22 | 49.25[41.18 | 30.38 | 46.51 |65.22|45.14|33.15|21.18| 41.17
3% beeswax | 65.22 | 47.89 | 39.54 | 28.39| 45.26 [65.22143.83|31.44[19.49| 39.99

Mean of
storage period 65.22 | 52.03 | 44.86 | 33.32 - 65.22 | 47.42 | 36.89 | 25.27 -
Treatment (T) = 0.48 Treatment (T) = 0.52
LSD at 5% |Storage period(S) = 0.37 Storage period(S) = 0.39
TxS=0.97 TxS=1.05

Total carotenoids in peel (mg/100g):

Data in Tables 14 and 15 declared that all tested edible coatings
treatments statistically increased total carotenoids significantly in peel of
"Murcott tangor" fruits, with superior for uncoated fruits as compared with
coated fruits in both seasons. As for the effect of storage periods, the same
tables showed that total carotenoid in peel of Murcott tangor fruits increased
with prolonging the storage periods in both seasons. So, sixty days storage
period scored the highest values in this sphere while twenty days storage
period “regardless of the initial reading” registered the lowest values in this
respect. This trend was true in both seasons. These results were confirmed
by Mohamed et al. (2013) who reported that edible coatings increased the
total carotenoids in "prickly pear" during 9 days of storage and that may be
due to that edible coatings serve as carriers of antioxidants and texture
enhancers and nutraceuticals which help in decreasing the water vapor and
oxygen gas transfer, resulting in the diminished respiration rate and ethylene
production (Rojas-Grau et al., 2008). Hence, Ethylene causes the loss of
chlorophylls, produces some minor changes in carotenoids, induces
carotenoid synthesis and thus has the potential to re-establish the orange
colors (El-Zeftawi and Garrett, 1978).

Referring to the interaction effect between edible coatings treatments
and storage periods, data in Tables 14 and 15 indicated that the combination
of sixty days storage period was the most promising in producing the highest
values of this parameter, especially those of uncoated fruits in both seasons.
On the reverse, the lowest values of this parameter were scored by the
combination of sixty days storage periods, particularly those coated with CMC
in both seasons. The remained combinations came in-between the
abovementioned treatments in both seasons.
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Table 14: Total carotenoids in peel (mg/100 g) of "Murcott tangor" fruit
under cold storage and shelf life (seven days at room

temperature) during 2012 season.
Total carotenoids in peel (mg/100 g) (Season 2012)
7 Days during shelf life after cold

Cold storage (day)

Treatment storage period
0o | 20 | 40 | 60 | Meanof 1 o 1 50 | 40 | 60 | Meanof
treatment treatment
Control 1.79 | 2.30 | 2.80 | 3.30 2.55 1.79 | 3.00 | 3.63 | 4.13 3.14
2% CMC 179 | 1.84 | 2.34 | 2.84 2.20 1.79 | 254 | 3.04 | 3.54 2.73
3% CMC 179|181 | 231|281 2.18 1.79 | 251 | 3.01 | 3.51 2.71

2% Cellulose | 1.79 | 1.92 | 2.42 | 2.92 2.26 1.79 | 2.62 | 3.12 | 3.62 2.79
3% Cellulose | 1.79 | 1.87 | 2.37 | 2.87 2.23 1.79 | 2.57 | 3.07 | 3.57 2.75
2% beeswax | 1.79 | 1.97 | 2.47 | 2.97 2.30 1.79 | 2.67 | 3.17 | 3.67 2.83
3% beeswax | 1.79 | 2.03 | 2.53 | 3.03 2.35 1.79 | 2.73 | 3.23 | 3.73 2.87

Mea”pgﬁizt;’rage 1.79 | 1.96 | 2.46 | 2.96 - 1.79 | 2.66 | 3.18 | 3.68 -
Treatment (T) = 0.03 Treatment (T) = 0.04

LSD at 5% |Storage period(S) = 0.02 Storage period(S) = 0.03
TxS=0.05 TxS=0.08

Pectic substances % (as calcium pectate) in peel and edible portion of
"Murcott tangor"” fruits:

It was clear from the results in Tables 16, 17, 18 and 19 that all
examined edible coating treatments succeeded in decreasing the pectic
substances percentage in peel and edible portion of Murcott tangor fruits in
both seasons.

Table 15: Total carotenoids in peel (mg/100 g) of "Murcott tangor" fruit
under cold storage and shelf life (seven days at room

temperature) during 2013 season.
Total carotenoids in peel (mg/100 g) (Season 2013)
7 Days during shelf life after cold

Cold storage (day)

Treatment storage period
0 | 20 | a0 | e0 | Meanof 1o | o5 | 49 | go | Meanof
treatment treatment
Control 1.88| 2.40 | 2.90 | 3.40 | 2.65 | 1.88| 250 3.00 | 350 | 2.72
2% CMC 1.88| 1.94 | 2.44 | 2.94 2.3 1.88 | 2.04 | 254 | 3.04 | 2.37
3% CMC 1.88| 1.01 | 241 | 2.91 | 228 |1.88| 201 251 |301| 2.35

2% Cellulose | 1.88 | 2.02 | 2.52 | 3.02 2.36 1.88 | 2.12 | 2.62 | 3.12 2.44
3% Cellulose | 1.88 | 1.97 | 2.47 | 2.97 2.32 1.88 | 2.07 | 2.57 | 3.07 2.39
2% beeswax | 1.88 | 2.07 | 2.57 | 3.07 2.40 1.88 | 2.17 | 2.67 | 3.17 2.48
3% beeswax | 1.88 | 2.13 | 2.63 | 3.13 2.45 1.88 | 2.23 | 2.73 | 3.23 2.52

Mean of

storage 1.88 | 2.06 | 2.56 | 3.06 - 1.88 | 2.16 | 2.66 | 3.16 -
period
Treatment (T) = 0.03 Treatment (T) = 0.03
LSD at 5% |Storage period(S) = 0.02 Storage period(S) = 0.02
TxS=0.05 TxS=0.05

However, the highest pectic substances percentage in peel and
edible portion of "Murcott tangor" fruits was recorded by uncoated fruits
followed in descending order by 3% beeswax-coated fruits, whereas the
lowest values of this parameter were scored by 3% CMC-coated fruits
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followed in ascending order by 2% CMC-coated fruits. This trend was true in
both seasons during ambient and chilled storage and that might be due to the
role of edible coatings in reducing moisture loss and respiratory activity and
thus maintained the turgidity of the cells (Ribeiro et al., 2007 and Adetun;ji et
al., 2012); furthermore, this reducing in moisture loss and respiratory activity
keep unbound water and that the balance between the unbound and bound
water is undisturbed thus enabling the compact cell structure and good
firmness of the fruit (Cyril and Methodius, 2012).

Referring to the effect of storage periods, the same tables indicate
that, regardless of the initial reading, the pectic substances percentage in
peel and edible portion of "Murcott tangor"” fruits was progressively increased
as the cold storage period was increased from twenty to sixty days. However,
stored "Murcott tangor" fruits for sixty days scored the highest values as
compared with storage periods for twenty days in both seasons. Pectic
substances are primarily responsible for the firmness of fruits; hence, during
ripening and maturation, protopectin (insoluble form of pectic substances) is
gradually broken down to lower molecular weight fraction (soluble pectin),
which are more soluble in water and cause softening of fruits (Wills et al.,
1981).

Table 16:Pectic substances % (as calcium pectate) in peel of "Murcott
tangor" fruit under cold storage and shelf life (seven days at
room temperature) during 2012 season.

Pectic substances % (as calcium pectate) in peel (Season 2012)
7 Days during shelf life after cold

Cold storage (day)

Treatment storage period
Mean of Mean of
0 20 40 60 treatment 0 20 40 60 treatment
Control 255|562 | 6.73 | 8.23 5.78 2.55 | 7.34 | 8.45 | 10.56 7.23
2% CMC 255|357 |4.68 | 6.18 4.24 255 |4.74 | 585 | 7.93 5.27
3% CMC 255|323 (434|584 3.99 255 (449|559 | 7.70 5.08

2% Cellulose | 2.55 | 4.29 | 5.40 | 6.90 4.79 255|551 |6.62| 872 5.85
3% Cellulose | 2.55 | 4.07 | 5.15 | 6.65 4.61 255|522 |6.33| 8.44 5.64
2% beeswax | 2.55 | 4.62 | 5.73 | 7.23 5.03 255|568 | 6.79 | 8.86 5.97
3% beeswax | 2.55 | 5.15 | 6.26 | 7.76 5.43 2.55|6.19 | 7.30 | 9.41 6.36

Mean of
storage 255|436 | 547 | 6.97 - 255|559 | 6.70 | 8.80 -
period
Treatment (T) = 0.09 Treatment (T) = 0.09
LSD at 5% |Storage period(S) = 0.07 Storage period(S) = 0.07
TxS=0.18 TxS=0.18

1297



Samra, N. R. et al.

Table 17:Pectic substances % (as calcium pectate) in peel of "Murcott
tangor" fruit under cold storage and shelf life (seven days at

room temperature) during 2013 season.
Pectic substances % (as calcium pectate) in peel (Season 2013)
7 Days during shelf life after cold

Cold storage (day)

Treatment storage period
0 | 20 | a0 | 60 | Meanof 1 | 55 | 49 | go | Meanof
treatment treatment
Control 295|602 |713|863| 618 |295|7.74|885|1096| 7.63
206 CMC 295|397 |508|658| 464 |295|514|625| 833 | 567
3% CMC 295|363 |474| 624 | 439 | 295|489 5909 | 810 | 548

2% Cellulose | 2.95 | 4.69 [ 5.80 | 7.30 5.19 295 (591|702 9.12 6.25
3% Cellulose | 2.95 | 4.47 | 5.55 | 7.05 5.01 2.95 562 | 6.73 | 8.84 6.04
2% beeswax | 2.95 | 5.02 | 6.13 | 7.63 5.43 2.95 | 6.08 | 7.19 | 9.26 6.37
3% beeswax | 2.95 | 5.55 | 6.66 | 8.16 5.83 2.95(6.59 | 770 | 9.81 6.76

Mean of
storage 295|476 |5.87 | 7.37 - 295|599 | 7.11 | 9.20 -
period
Treatment (T) = 0.09 Treatment (T) = 0.09
LSD at 5% |[Storage period(S) = 0.07 Storage period(S) = 0.07
TxS=0.18 TxS=0.18

Table 18:Pectic substances % (as calcium pectate) in edible portion of
"Murcott tangor" fruits under cold storage and shelf life (seven

days at room temperature) during 2012 season.
Pectic substances % (as calcium pectate) in edible portion (Season 2012)
7 Days during shelf life after cold

Cold storage (day)

Treatment storage period
0 | 20 | 40 | 60 | MeBNOT 1 g | 59 | 40 | eo | Meanof
treatment treatment
Control 1.41 | 448 | 559 | 7.09 4.64 1411619 | 7.31 | 942 6.08
2% CMC 1.41 |1 243 | 354 | 5.04 3.10 141 | 3.60 | 4.71 | 6.79 4.13
3% CMC 1.41 | 2.09 | 3.20 | 4.70 2.85 1.41 | 3.35 | 4.46 | 6.56 3.94

2% Cellulose | 1.41 | 3.15 | 4.26 | 5.73 3.64 1.41 | 437 | 548 | 7.58 471
3% Cellulose | 1.41 | 2.93 | 4.01 | 5.51 3.47 1.41 | 4.08 | 5.19 | 7.30 4.49
2% beeswax | 1.41 | 3.48 | 4.59 | 6.09 3.89 1.41 | 454 | 565 | 7.72 4.83
3% beeswax | 1.41 | 4.01 | 5.12 | 6.62 4.29 1.41 | 5.05 ] 6.16 | 8.32 5.23

Mean of

storage period 1.41 | 3.22 | 433 | 5.83 - 141 | 445 | 557 | 7.67 -
Treatment (T) = 0.09 Treatment (T) =0.09

LSD at 5% Storage period(S) = 0.07 Storage period(S) =0.07
TxS=0.18 TxS=0.19

Regarding the interaction effect between the tested edible coatings
treatments and storage periods, data in Tables 16, 17, 18 and 19
demonstrated that, "irrespective of the initial data (zero storage period)" the
lowest values of pectic substances percentage in peel and edible portion
were recorded by the combination of twenty days storage periods, especially
3% CMC-coated fruits. On the contrary, the highest values of this parameter
were registered by the combination of sixty days storage periods, particularly
those of uncoated fruits in both seasons. This trend was true in both seasons
during ambient and cold storage and go in the same line with Maria et al.
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(2006) and Mahajan et al. (2013) who reported that coating improved
firmness of mandarin and Kinnow fruits compared to uncoated samples.

Table 19:Pectic substances % (as calcium pectate) in edible portion of
"Murcott tangor" fruits under cold storage and shelf life (seven
days at room temperature) during 2013 season.

Pectic substances % (as calcium pectate) in edible portion

(Season 2013)
7 Days during shelf life after cold

Treatment Cold storage (day) storage period
0 | 20 | a0 | 60 | Meanof [ 5 | 55 | 49 | go | Meanof
treatment treatment
Control 1.87 | 4.94 [ 6.05 | 7.55 511 1.87 | 6.66 | 7.77 | 9.88 6.54
2% CMC 1.87 | 2.89 [ 3.99 | 5.49 3.56 1.87 | 406 | 5.17 | 7.25 4.59
3% CMC 1.87 | 2.55 [ 3.66 | 5.16 3.31 1.87 [ 3.81[4.92]7.02 4.40

2% Cellulose | 1.87 | 3.61 | 4.72 | 6.22 4.11 1.87 | 4.83 | 5.94 | 8.04 5.17
3% Cellulose | 1.87 | 3.39 | 4.47 | 5.97 3.93 1.87 | 454 | 5.65 | 7.76 4.96
2% beeswax | 1.87 | 3.94 | 5.05 | 6.54 4.35 1.87 | 5.00 | 6.11 | 8.18 5.29
3% beeswax | 1.87 | 4.47 | 5.58 | 7.08 4.75 1.87 | 551 | 6.62 | 8.73 5.68

Mean of
storage 1.87 | 3.68 | 4.79 | 6.29 - 1.87 | 492 | 6.03 | 8.12
period
Treatment (T) = 0.09 Treatment (T) =0.09
LSD at 5% [Storage period(S) = 0.07 Storage period(S) =0.07
TxS=0.18 TxS=0.18

Overall, coating "Murcott tangor" fruits coated with CMC followed by
storage under cold storage and at ambient conditions was found to be
beneficial because this treatment helped to extend the shelf life without
deterioration in fruit quality. This coating reduced the weight loss and
maintained the overall quality of Murcott tangor fruits up to 60 days under
cold storage (5x1°C and 90-95% RH) and for 7 days after this period which
gives an opportunity to presence of Murcott tangor in the Egyptian market
during May as the only kind of Rutaceae family members at this time, and in
turn increasing its economic value.
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