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ABSTRACT: This study was carried out during two successive seasons of 2018 and 2019 on
cherry tomato F1 hybrid Cherubino which harvested at turning stage (25% red colour) from a private
Farm at El Salhia El Gadeda District, Sharkia Governorate, Egypt. The aim of this work was to study
the effect of dipping the fruits in solutions of some edible materials, (arabic gum, cellulose, pectin,
xanthan) on maintaining quality and storability of cherry tomato fruits and postharvest rots during
storage at 13°C and 90-95% relative humidity for 40 days. Weight loss percentage, general
appearance, fruit firmness, TSS, titratable acidity, lycopene fruit content, pH values, vitamin C, dry
matter and sensory evaluation as well as postharvest rots for fruits treated with arabic gum at 5% or
10% and pectin at 2%, were slightly affected by the prolonging of the storage period comparing with
untreated fruits and other treatments. General appearance, fruit firmness, titratable acidity, pH values,
vitamin C and dry matter (%) were decreased as the storage period prolonged, whereas weight loss
percentage, TSS and lycopene fruit content were increased. Coating cherry tomato fruits with arabic
gum at 5 or 10% and pectin at 2% were the superior treatments during storage at 13°C and 90-95%
RH in reducing weight loss (%), lycopene fruit content and TSS, meanwhile maintaining general
appearance, fruit firmness, titratable acidity, pH values, vitamin C and dry matter (%). In addition,
sensory evaluation showed that 10% or 5% arabic gum coating maintained the overall quality of the
tomato fruit during storage, meanwhile treating cherry tomato fruits with arabic gum at 10% was the
most effective treatment against fruits rots in both artificially and naturally infected fruits followed by
arabic gum at 5%.
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INTRODUCTION

Tomato is one of the most popular vegetables
grown in the world (Causse et al., 2003).
Currently, “cherry” tomato Solanum lycopersicum
Mill. ~ var. cerasiforme (previous name
Lycopersicon esculentum Mill. var. cerasiforme)
became a popular vegetable and is grown in
North Europe under protection (Kowalczyk and
Gajc-Wolska, 2011). It is proved that daily
intake of fresh or processed tomatoes by human
decreases risk of chronic diseases, like
cardiovascular diseases and cancer (llahy et al.,
2011).
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Tomato fruit is climactric in nature, having a
respiratory peak during ripening due to release
of ethylene (Hong et al., 2012). Fruits are very
perishable vegetable with a short shelf life and a
high susceptibly to fungal disease (Nabi et al.,
2017). Common inherent postharvest problems
of tomato fruits after harvesting include significant
metabolic and physiological activities, quality
degradation and shriveling, as well as fast
physical decay and physiological senescence
(EI-Ramady et al., 2015).

It is necessary to use some technique
treatments (Arabic gum, cellulose, pectin and
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xanthan) as postharvest treatments that
conjunction with low temperature to extend
shelf life, maintain quality and improved
storability of tomato fruits during storage.

Edible coatings generate a modified
atmosphere by creating a semi-permeable barrier
against O, CO,, moisture, and solute
movement, thus reducing respiration, water loss,
and oxidation reaction rates (Ali et al., 2010).
Different materials have been used as edible
coatings and are commonly based on proteins,
lipids, or polysaccharides (Valencia-Chamorro
et al., 2010). The great benefit conferred by
edible coatings is that these are natural
biodegradable products (Sanchez-Gonz et al.,
2011).

Arabic Gum (AG), extracted from stems of
Acacia tree comprising galactose, rhamnose,
arabinose and glucoronic acid (Anderson et al.,
1991). When used gum arabic showed some
positive results and significantly delayed
maturity of cold-stored fruits (EI-Anany et al.,
2009). In a previous study revealed that AG not
only enhanced shelf-life but also maintained
postharvest quality of repine-green tomatoes for
up to 20 days during storage at 20°C (Ali et al.,
2010; Ruelas-Chacon et al., 2017).

Pectin and cellulose are polysaccharide made
up of galactouronic acids and these are
considered as amorphous, white coloured
colloidal carbohydrate. The pectin based edible
coating incorporated with oregano essential oil
was found to be effective in reducing the fungal
decay and also resulted in the increased
antioxidant activity of tomatoes (Iselaet al.,
2016). Felix and Mahendran (2009) and
Abebe et al. (2017) found that, tomato fruits
coated with pectin at 3% delayed the ripening
process with better fruits quality than uncoated
ones, delay the change of weight loss, disease
incidence, disease severity and ripening index as
compared to control fruits. Moreover, coated
fruits revealed higher amount of ascorbic acid,
lycopene and phenolic contents.

Xanthan is one of the most extensively
investigated polysaccharides. It is high in
molecular weight (1-2 million) and is produced
by a pure culture fermentation of a carbohydrate
by naturally occurring bacterium Xanthomonas
compestris (Sharma et al., 2006). Usingl.4%

xanthan gum as edible coating may form a
protective barrier on the surface of acerola, the
ripening process of acerola can be delayed and
prevented oxygen penetration. It can be prolong
the preservation of acerola during 6 days at
30°C without any negative effects on quality of
fruit (Quoc et al., 2015).

Guava fruits coated with 1% xanthan gum
achieved the lowest decay percent, maintained
fruit firmness, vitamin C and reduced weight
loss (Gad and Zagzog, 2017).

Therefore, the aim of this investigation was
to improve cherry tomatoes storability with high
marketable quality and controlling postharvest
storage rots. This may be achieved by testing the
effect of some edible coating materials (Arabic
gum, cellulose, pectin and xanthan) as
postharvest treatments on quality attributed of
cherry tomatoes fruits during storage.

MATERIALS AND METHODS

This work carried out during two successive
seasons of 2018 and 2019 to study the effect of
dipping cherry tomatoes fruits in solutions of
some edible materials on maintaining quality
and storability during cold storage. Cherry
tomatoes (Solanum lycopersicum Mill. var.
cerasiforme) F1 hybrid Cherubino were
harvested at turning stage (25% red colour) on
4™ and 3" February in the first and second
seasons, respectively from a private Farm at El
Salhia El Gadeda District, Sharkia Governorate,
Egypt, and transported soon to the Handling
Lab., Hort. Dept., Fac. Agric., Zagazig Univ.,
Egypt, within two hours after harvesting. Fruits
of the same size (20-25mm in diameter), shape
and free from visual damage or defects, washed
initially with tap water, and allowed to dry for
lhour at room temperature.

Arabic gum powder was supplied by Jumbo
Trading Co., Ltd. Bangkok, Thailand. To prepare
gum arabic coating solutions at 5 and 10%
(W/V): 5 and 10g of powder was dissolved in
100 ml purified water. The solutions were
stirred with low heat (40°C) for 60 min on a
magnetic stirrer/hot plate (Model: HTS-1003),
then filtered to remove any undissolved
impurities using a vacuum flask. After cooling
to 20°C, glycerol monostearate (1.0%) (Sigma)
was added as a plasticiser to improve the
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strength and flexibility of the coating solutions.
The pH of the solutions was maintained at 5.6
using 1N NaOH.

The concentration of arabic gum, cellulose,
pectin and xanthan were prepared by dissolving
the required amounts in 1000 ml distilled water.
Cellulose, pectin and xanthan were obtained
from EI-Gomhoria Chemical Co., Egypt. While,
arabic gum was purchased from perfumer.

Cherry tomato fruits were divided into 9
treatments as follows:

. Fruits dipped in distilled water (control).

. Fruits dipped in arabic gum solution at 5%.

. Fruits dipped in arabic gum solution at 10%.
. Fruits dipped in cellulose solution at 1%.

. Fruits dipped in cellulose solution at 2%.

. Fruits dipped in pectin solution at 1%.

. Fruits dipped in pectin solution at 2%.

. Fruits dipped in xanthan solution at 0.5%.

© 0O N o O A W N PP

. Fruits dipped in xanthan solution at 1%.

Each dipping treatment period was 5
minutes. All treatments of cherry tomato fruits
were dried for 2 hr., at room temperature and
packed in punntes, each punnet contained about
250 g represented as an experimental unit (EU)
represted one replicate. Twelve (EU) from each
treatment were prepared then placed in carton
box and stored at 13°C and 90-95% RH.
Samples were arranged in complete randomized
design.

Three replicates (EU) were randomly taken
and examined immediately after treatment and
at 10 days intervals (0, 10, 20, 30 and 40 days)
for the following properties:

Weight Loss Percentage

Weight loss percentage of cherry tomatoes
fruits were estimated according to the following
equation:

Weight loss (%) = Initial fruit weight — fruit weight
of sampling date + Initial fruit weight x 100

General Appearance

General appearance was determined using
score system of 9 =excellent, 7 = good, 5 = fair,

3 = poor, and 1 = unsalable. This scale depends
on the morphological defects such as shriveling
or decay.

Fruit Firmness

Fruit firmness of each individual cherry
tomato fruits was measured at two points of the
equatorial region by Push Pull dynamometer
(Model FD101). The firmness of the flesh was
expressed as g/cm?.

Total Soluble Solids (TSS)

The percentage of total soluble solids (TSS
as brix°) was determined by measuring the
refractive index of fruit juice by a hand
refractometer and the results were expressed as a
percentage.

Titratable Acidity (TA)

The TA was measured by titration of 10
grams of fruit juice in 20 ml distilled water with
a solution of 0.1 N NaOH using phenolphthalein
as indicator. The titratable acidity mg/100ml
juice was expressed as citric acid according to
the AOAC (2000).

Lycopene Fruit Content

It was determined by using petroleum ether
method (Ranganna, 1979).

pH

pH of fruits juice was measured using a pH
meter (HI 198/30 Hanna instrument).

Ascorbic Acid Content (Vitamin C mg/
100 ml juice)

It was determined using the dye 2, 6-
dichloro-phenol indophenols method (AOAC,
2000).

Dry Matter (%0)

It was determined after drying at 85°C till
constant weight.

Sensory Evaluation

Sensory evaluation of the fruit for pulp
colour, texture, flavour and overall acceptability
for all the samples was done at the end of the
storage period using the method of Bai et al.
(2003) with some modifications. Based on their
consistency and reliability of judgment, a panel
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of seven judges with age ranging from 25 to 40
years was set up. Panelists were asked to score
the difference between samples where 0-2
represented extreme dislike; 3-5 fair; 6-8 good;
and 9 excellent for pulp colour, texture, flavour
and overall acceptability

Fungi and Culture

Botrytis cinerea and Alternaria alternata,
were obtained from Postharvest Diseases
Department, Plant Pathology Research Institute,
Agriculture Research Center (ARC) Giza,
Egypt. All fungi were cultured on potato
dextrose agar medium (PDA) packed in
polypropylene bags and incubated overnight at
20£1°C under 85-90% RH.

Effect of Edible Coating Treatments on
Linear Growth of Botrytis cinerea and
Alternaria alternata In vitro

Arabic gum, cellulose, pectin and xanthan
were evaluated for their capability to suppress
fungal growth of Botrytis cinerea and Alternaria
alternata in vitro. Each tested treatment was
amended in PDA medium at concentrations of 5
and 10% for arabic gum, 1% and 2% for
cellulose and pectin and 0.5 and 1% for xanthan
treatments and they were added from stock
solutions just before media pouring. The stock
solutions were prepared using sterilized water
and triton B as dispersal agent at the rate of
0.05%. Treated and not-treated media with
arabic gum, cellulose, pectin and xanthan were
poured into Petri dishes 3 per each treatment.
The control plates contained triton B at the
concentration to the different added stock
solution of arabic gum, cellulose, pectin and
xanthan treatments. After medium solidification,
Petri dishes were inoculated with inoculums
discs of 7day-old culture of Botrytis cinerea and
Alternaria alternata. Growth inhibition was
calculated as the percentage of inhibition of the
radial growth relative to the control. Mean
diameters of linear growth were recorded and
incubated at 20+1°C until the mycelium of any
treatment cover the medium surface in the Petri
dish. After incubation period, the linear growth
(mm) of each fungus was recorded and
reduction percentages in colonies diameters
caused by the tested treatments were calculated
using the formula suggested by Fokemma
(1973) as follows:

Reduction percentage = de — di + de x100

Where:
de = maximum linear growth in control set.
di = maximum linear growth in treatment set.

Effect of Edible Coating Treatments on
Decay Development in  Artificially
Inoculated Fruits

Fruits at turning stage of maturity were
harvested, and transported to the laboratory one
day before storage, and kept overnight at 13°C
and 90% RH. In the second day, uniform fruits,
free of physical defects and fungal infections,
were selected. Fruits were dipped in solution of
1% sodium hypochlorite for 2 min, rinsed with
tap water, and air dried before wounding. Cherry
tomatoes were wounded with a sterile puncher
to make uniform 2-mm deep x 5-mm wide
wound on their peel at the equatorial region.
Aliquots of 5 and 10% for arabic gum, 1% and
2% of cellulose and pectin and 0.5 and 1% of
xanthan, or sterile distilled water (control) were
pipetted into each wounded site. After that,
spore suspension of B. cinerea and A. alternata
at a concentration of 4x10° spores/ml were
pipetted into each wound. Treated tomatoes
were stored at 13°C and 90 % RH for 40 days.
Severity of infection was estimated as
percentage of the external rotten area in
proportion to the total area of the fruit (Morcos,
1984). Decay percentage was expressed as
number of rotten fruits per total fruits.

Efficiency (%) = Control disease severity —
Treatment disease severity + Control disease
severityx 100

Statistical Analysis

All data obtained were subjected to the
proper statistical analysis using the MSTAT
statistical software and the treatments means
were compared by using the LSD at 0.05 level
of probability as described by Snedecor and
Cochran (1989).

RESULTS AND DISCUSSION

Weight Loss Percentage

It is clear from the results in Table 1 that
there were a considerable and continuous
increase in weight loss (%) as the storage period
was extended from 0 to 40 days. Normally, the
weight loss occurs during the fruit storage due to
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Table 1. Effect of some edible coating materials on weight loss percentage of cherry tomato
fruits during cold storage in 2018 and 2019 seasons
Treatment (T) Weight loss (%)
2018 season 2019 season
Storage period in day (S)

0 10 20 30 40 Mean O 10 20 30 40 Mean
Control - 156 209 311 558 3.08 - 151 2.033.05 553 3.03
Arabicgumat5% - 060 1.11 162 256 147 - 058 108159 253 144
Arabicgumat10% - 053 1.09 143 232 134 - 050 104140 230 131
Cellulose at 1% - 080 140 235 426 220 - 079 136232 422 217
Cellulose at 2% - 072 132 214 409 206 - 070 127211 400 2.02
Pectin at 1% - 069 121 195 333 179 - 066 1.181.92 330 1.76
Pectin at 2% - 063 109 172 311 164 - 0.60 1.061.70 3.07 1.60
Xanthan at 0.5% - 135 182 285 458 265 @ - 130 1.77 280 452 260
Xanthan at 1% - 100 166 260 446 243 - 1.00 1.63258 441 240
Mean (S) - 087 142 219 381 - - 085 138216 376 -
LSD at 0.05 level T=005 S=003 TxS=0.09 T=0.03 S=002 TxS=0.05

Treatments = (T), Storage period = (S)

its respiratory processes, the transference of
humidity and some processes of oxidation
(Sakaldas and Kaynas, 2010). In support to
this result, Ibrahim and Abdullah (2018), on
tomato and sweet pepper and Abdullah and
Ibrahim (2018) on cherry tomato, found that
increasing storage period significantly increase
weight loss percentage of fruits.

With regard to treatments, results in Table 1
show that weight loss percentage of tomato
fruits was significant by different tested
materials as compared with control treatment
during storage period. Cherry tomato fruits
which coated with arabic gum at 10% or 5%
were the most effective treatments with
significant difference between them, followed
by pectin at 2% or 1% with significant difference
between them, while the other treatments were
less effect in this concern. The highest value of
weight loss percentage was observed in case of
control treatment. This reduction in weight loss
was probably due to the effect of the coating as
a semi-permeable barrier against O,, CO,,

moisture and solute movement, which decreased
respiration rate, water loss and oxidation
reaction rates and consequently retarded fresh
weight loss (Baldwin et al., 1999).

These results are similar to those found by
Ali et al. (2010) and Ruelas-Chacon et al.
(2017) for arabic gum on tomato and Abebe et
al. (2017) for pectin.

With respect to the interaction between
treatments and storage period on the loss in
weight the same results in Table 1 show
significant effect in both seasons, the minimum
weight loss (%) at the end of storage period (40
days) was noticed by the fruits which dipped in
arabic gum at 10% that gave 2.32 and 2.30% in
the first and second seasons, respectively,
followed by arabic gum at 5% which recorded
2.56 and 2.53% in both seasons, respectively.
On the contrary, the maximum value of weight
loss percentage at the end of storage period (40
days) was recorded by control treatment which
gave 5.58 and 5.53% in first and second seasons,
respectively.
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General Appearance (GA)

Results in Table 2 show that, general appearance
(score) of cherry tomato fruits declined with the
prolonging of storage period in both seasons,
where the minimum values were occurred at the
end of storage period. The decrease of general
appearance during storage period might be due
to shriveling, colour change and decay
(Gonzalez-Aguilar et al., 1997). Similar results
were obtained by Abdullah and Ibrahim (2018)
on cherry tomato and Ibrahim and Abdullah
(2018), on tomato and sweet pepper. With
respect to treatments, results in Table 2 show
that, cherry tomato fruits coated with arabic gum
at 5% or 10% gave the beast appearance (higher
score) with no significant differences between
them in the two seasons followed by cellulose
treatment at 2% and pectin at 1 or 2% with no
significant differences between them in the two
seasons, while the other treatments and
untreated (control) gave the lowest score of
general appearance. The keeping quality of
general appearance was improved by using
arabic gum attributed to the effect of arabic gum
on the reduction of weight loss and rot rate of
cherry tomato fruits. Arabic gum treatments
have beneficial effects on fruit physiology such
as delaying ripening of fruits, in the same time
ethylene production by fruits can be reduced by
arabic gum (Ali et al., 2013), and this reduction
keeps the appearance of fruits in the beat state.
Regarding the effect of interaction between
edible coating materials and storage period,
results in Table 2 show significant effect on
general appearance, the minimum values of AG
at the end of storage period (40 days) were
noticed by the fruits which coated with xanthan
at 0.5 and 1% and control without significant
differences among them, they gave 5.67 in both
seasons. On the contrary, the maximum values
of AG at the end of storage period were
recorded by tomato fruits which coated with
arabic gum at 5 or 10% and cellulose at 2%
which displayed acceptable appearance without
any pathological signs in both seasons of study.

Fruit Firmness

It is obvious from the results in Table 3 that
firmness of cherry tomato decreased as the
duration of storage period increased, the highest
values of fruit firmness were recorded at
harvesting time (640 and 660 g/cm?) in the first
and second seasons, respectively while the

lowest values were noticed at the end of storage
period, these results are true in both seasons.

The post harvest storage of fruit is
accompanied by loss of cell wall integrity due to
breakdown of peptic substances, which led to an
increase in soluble pectin and decrease in fruit
firmness (Mirdehghan et al., 2007). Similar
results were obtained by Abdullah and Ibrahim
(2018) on cherry tomato and Ibrahim and
Abdullah (2018) on tomato and sweet pepper.

Regarding treatments, it is clear from the
results in Table 3 that coating cherry tomato
fruits with the most of tested substances had
significant effect on fruit firmness. Cherry
tomato fruits which coated with arabic gum at
10% or 5% and pectin at 2% were the most
effective treatments in reducing the loss of
firmness without significant difference among
them, while the other treatments were less effect
in this concern. On the other hand the lowest
values of fruit firmness were recorded by control
treatment, these results are true in both seasons
of study.

Concerning the effect of interaction between
edible coating materials and storage period, the
same results showed significant effects in both
seasons, the maximum values of fruit firmness
at the end of storage period (40days) were
noticed by the fruits which coated with arabic
gum at 10% that gave 570 and 610 g/cm? in the
1% and 2" seasons, respectively followed by
arabic gum at 5%.

Total Soluble Solids (TSS)

It is obvious from the results in Table 4 that a
pronounced increase was recorded in TSS
percentage of cherry tomato fruits until the end
of storage period (40 days). The lowest values of
TSS were recorded at the beginning of storage,
where the highest values were recorded at the
end of storage period in both seasons. The
increase in TSS(%) at the end of storage might
owe much to the higher rate of moisture loss
through respiration.

As for the effect of treatments, it is clear
from the results in Table 4 that coating cherry
tomato fruits with the most of tested substances
had significant effect on total soluble solids. The
lowest values in this respect were recorded by
arabic gum at 10% followed by arabic gum at
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Table 2. Effect of some edible coating materials on general appearance of cherry tomato fruits
during cold storage during 2018 and 2019 seasons

Treatment (T) General appearance score*
2018 season 2019 season
Storage period in day (S)
0 10 20 30 40 Mean 0 10 20 30 40 Mean
Control 9.00 9.00 9.00 6.67 5.67 8.07 9.00 9.00 9.00 800 5.67 8.13

Arabicgumat5% 9.00 9.00 9.00 9.00 7.67 8.73 9.00 9.00 9.00 9.00 7.67 8.73
Arabic gum at 10%9.00 9.00 9.00 9.00 7.67 8.73 9.00 9.00 9.00 9.00 7.67 8.73
Cellulose at 1% 9.00 9.00 9.00 833 5.67 820 9.00 9.00 9.00 833 5.67 8.20
Cellulose at 2% 9.00 9.00 9.00 867 7.67 8.67 9.00 9.00 9.00 8.67 6.67 8.47
Pectin at 1% 9.00 9.00 9.00 9.00 6.67 853 9.00 9.00 9.00 9.00 6.67 8.53
Pectin at 2% 9.00 9.00 9.00 9.00 6.67 853 9.00 9.00 9.00 9.00 6.67 8.53
Xanthan at 0.5% 9.00 9.00 9.00 8.33 5.67 820 9.00 9.00 9.00 833 5.67 8.20
Xanthan at 1% 9.00 9.00 9.00 833 5.67 820 9.00 9.00 9.00 833 5.67 8.20
Mean (S) 9.00 9.00 9.00 859 654 - 9.00 9.00 9.00 8.63 6.44 -

LSD at 0.05 level T=026 S=016 TxS=047 T=019 S=018 TxS=0.53

* Score: 9= Excellent, 7= Good, 5= Fair, 3= Poor « Treatments = (T), Storage period = (S)

Table 3. Effect of some edible coating materials on fruit firmness of cherry tomato during cold
storage during 2018 and 2019 seasons

Treatment (T) Fruit firmness (g/cm?)
2018 season 2019 season
Storage period in day (S)
0 10 20 30 40 Mean 0 10 20 30 40 Mean
Control 640 620 600 560 480 580 660 640 620 570 500 598

Arabicgumat5% 640 630 620 600 560 610 660 650 640 620 590 632
Arabic gum at 10% 640 630 620 600 570 612 660 650 640 630 610 638
Cellulose at 1% 640 610 600 580 520 590 660 640 630 590 540 612
Cellulose at 2% 640 610 600 580 540 594 660 640 640 600 550 618
Pectin at 1% 640 630 620 600 550 608 660 650 640 620 560 626
Pectin at 2% 640 630 620 600 560 610 660 650 640 630 570 630
Xanthanat0.5% 640 620 610 570 510 590 660 640 630 580 540 610
Xanthan at 1% 640 620 600 560 500 584 660 640 620 570 520 602
Mean (S) 640 622 610 583 532 - 660 644 633 601 553 -
LSD at 0.05 level T=9 S=5 TxS=15 T=13 S=3 TxS=9

Treatments = (T), Storage period = (S)
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Table 4. Effect of some edible coating materials on total soluble solids of cherry tomato fruits
during cold storage in 2018 and 2019 seasons

Treatment (T)

TSS (Brix®)

2018 season

2019 season

Storage period in day (S)

0 10 20 30 40 Mean O 10 20 30 40 Mean
Control 7.50 833 850 9.17 950 860 7.17 850 9.17 9.50 10.0 8.87
Arabicgumat5% 7.50 7.67 8.17 833 850 803 7.17 750 7.67 8.00 8.17 7.70
Arabic gum at 10% 7.50 7.67 8.00 8.17 833 793 7.17 733 7.50 7.67 8.00 7.53
Cellulose at 1% 750 8.00 850 8.67 917 837 7.17 8.00 850 9.00 9.33 8.40
Cellulose at 2% 750 8.00 817 850 8.67 817 7.17 8.00 833 8.67 9.17 8.27
Pectin at 1% 7.50 8.00 850 867 9.00 833 7.17 7.67 8.17 850 9.00 8.10
Pectin at 2% 750 767 817 833 850 803 7.17 7.67 8.00 817 833 7.87
Xanthan at 0.5% 7.50 8.17 833 9.50 9.67 8.63 7.17 8.17 8.67 9.17 950 8.53
Xanthan at 1% 750 8.17 8.67 9.67 100 880 7.17 850 9.00 9.33 9.67 8.73
Mean (S) 750 796 833 8.78 9.04 - 717 792 833867 9.02 -
LSD at 0.05 level T=022 S=030 TxS=091 T=028 S=024 TxS=0.73

Treatments = (T), Storage period = (S)

5% and pectin at 2%. On the other hand the
highest values of total soluble solids were
recorded by control treatment and xanthan at
1%, these results are true in both seasons of
study.

Regarding the effect of interaction between
edible coating materials and storage periods, the
same results showed significant effect in both
seasons, the minimum values of total soluble
solids at the end of storage period (40 days)
were noticed by the fruits which coated with
arabic gum at 10% that gave 8.33 and 8.00° Brix
in the 1% and 2™ seasons, respectively followed
by arabic gum at 5%.

Titratable Acidity

It is clear from the results in Table 5 that
there were a considerable and continuous
decrease in titratable acidity as the storage
period was extended from 0 to 40 days, the
minimum values of titratable acidity were
occurred at the end of storage period and it
reached to 2.24 and 2.26 (mg/100 ml juice) in
the first and second seasons, respectively.
Similar results were obtained by Abdullah and
Ibrahim (2018) on cherry tomato.

Respecting treatments, it is clear from the
results in Table 5 that coating cherry tomato
fruits with all tested substances had significant
effect on titratable acidity. Cherry tomato fruits
which coated with arabic gum at 10% or 5%
were the most effective treatments in reducing
the loss of titratable acidity without significant
difference between them, while the other
treatments were less effect in this concern. On
the other hand the lowest values of titratable
acidity were recorded in case of control
treatment, these results are true in both seasons
of study.

As for the effect of interaction between
edible coating materials and storage period,
results in Table 5 showed significant effect in
both seasons, the maximum values of titratable
acidity at the end of storage period (40 days)
were noticed by the fruits which coated with
arabic gum at 10% that gave 2.64 and 2.86
(mg/100 ml juice) in the 1% and 2™ seasons,
respectively followed by arabic gum at 5%. On
the other hand the lowest values in this respect
were recorded in case of control treatment.
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Table 5. Effect of some edible coating materials on titratable acidity of cherry tomato fruits
during cold storage in 2018 and 2019 seasons

Treatment (T)

Titratable acidity (mg/100ml juice)

2018 season

2019 season

Storage period in day (S)

0 10 20 30 40 Mean O 10 20 30 40 Mean
Control 3.50 286 243 219 180 255 3.65 273 225220 182 253
Arabicgumat5% 350 3.41 318 288 260 311 3.65 340 3.173.00 273 3.19
Arabic gum at 10%3.50 3.46 3.22 3.00 264 316 3.65 344 321311 286 3.25
Cellulose at 1% 350 325 284 250 210 284 365 320 255254 230 285
Cellulose at 2% 350 330 291 266 222 292 3.65 323 260261 236 2.89
Pectin at 1% 350 333 300 271 230 297 365 330 287280 218 296
Pectin at 2% 350 338 316 285 255 3.09 365 338 3.00288 224 3.03
Xanthan at0.5% 3.50 3.20 2.76 240 200 277 3.65 3.10 239233 200 2.69
Xanthan at 1% 3.50 3.00 264 232 193 268 365 3.06 236230 190 2.65
Mean (S) 350 324 290 261 224 - 365 320 271264 226 -
LSD at 0.05 level T=006 S=005 TxS=014 T=005 S=004 TxS=0.11

Treatments = (T), Storage period = (S)

Lycopene Content

Results in Table 6 show that lycopene
content was gradually increased as the storage
time increased, where the minimum values were
occurred at the beginning of storage, and then
increased significantly with the prolongation of
the storage period in the two seasons,
meanwhile the maximum values were noticed at
the end of storage period (76.1 and 73.5 mg/ 100
g F.W) in the first and second seasons,
respectively. The increasing in lycopene content
with the elapse of storage period may be due to
that, production of lycopene content is directly
correlated with ripening, and the formation of
lycopene depends on the temperature range and
rate of respiration during storage (Javanmardi
and Kubota, 2006). These results are in
agreement with those obtained by Ali et al.
(2013) on tomato and Abdullah and Ibrahim
(2018) on cherry tomato.

Concerning treatments, it is obvious from the
same data in Table 6 that, treating cherry tomato
fruits with all tested materials significantly
decreased lycopene content of tomato fruits as
compared to control treatment which significantly

increased lycopene content in both seasons of
study. The superior treatments for decreasing
lycopene content, arabic gum at 10% or 5%
which were the most effective treatments with
significant difference between them. The early
increase in lycopene content in untreated fruits
might be due to the faster ripening of fruits than
in the fruits treated with other material, while,
arabic gum treatments have beneficial effects on
fruit physiology such as delaying ripening of
fruits, in the same time slowed down the
respiration rate and ethylene production in
tomato (Ali et al., 2013).

As for the effect of interaction between
edible coating materials and storage period,
results in Table 6 show significant effect on
lycopene content in both seasons of study, the
minimum values at the end of storage period (40
days) were noticed by tomato fruits which
coated with arabic gum at 10% that recorded
65.8 and 62.5 mg/100gm F.W followed by
arabic gum at 5% which gave 67.7 and 65.2 in
the first and second seasons, respectively.
Similar results were obtained by Ali et al.
(2013) on tomato.
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Table 6. Effect of some edible coating materials on lycopene pigment of cherry tomato fruits
during cold storage in 2018 and 2019 seasons

Treatment (T)

Lycopene (mg/100gm F.W)

2018 season

2019 season

Storage period in day (S)

0 10 20 30 40 Mean O 10 20 30 40 Mean
Control 355 604 653 834 89.0 66.7 282 502 553702 845 57.7
Arabicgumat5% 355 41.6 49.0 541 67.7 49.6 282 385 42.653.7 652 456
Arabic gum at 10% 35.5 39.7 432 527 658 474 282 353 402518 625 436
Cellulose at 1% 355 493 59.1 694 79.7 586 282 446 493634 758 523
Cellulose at 2% 355 472 578 66.2 764 566 282 423 474612 724 503
Pectin at 1% 355 455 556 634 712 542 282 408 46.6 589 69.5 488
Pectin at 2% 355 438 525 602 698 523 282 39.6 44256.1 67.7 471
Xanthan at 0.5% 355 59.6 634 80.6 854 649 282 493 53.769.2 834 56.7
Xanthan at 1% 355 53.0 592 761 801 608 282 47.0 50.066.5 803 544
Mean (S) 355 489 56.1 673 76.1 - 28.2 43.1 47.7613 735 -
LSD at 0.05 level T=11 S=06 TxS=19 T=05 S=04 TxS§=12

Treatments = (T), Storage period = (S)

pH

It is clear from the results in Table 7 that
there were a considerable and continuous
decrease in pH values as the storage period was
extended from 0 to 40 days, the minimum values
of pH values were occurred at the end of storage
period and it reached to 2.64 and 2.78 in the first
and second seasons, respectively. Similar results
were obtained by Raafat et al. (2016) on cherry
tomato.

Regarding treatments, it is clear from results
in Table 7 that coating cherry tomato fruits with
all tested materials had significant effect on pH
values. Cherry tomato fruits which coated with
arabic gum at 10% or 5% were the most effective
treatments without significant difference between
them followed by pectin at 2%, while the other
treatments were less effect in this concern. On
the other hand the lowest values of pH were
recorded in case of control treatment, these
results are true in both seasons of study with
respect to the effect of interaction between
edible coating materials and storage period, the

same results showed (Table 7) significant effect
in both seasons, the maximum values of pH at
the end of storage period (40 days) were noticed
by the fruits which coated with arabic gum at
10% that gave 3.00 and 3.23 in the 1% and 2™
seasons, respectively, followed by arabic gum at
5%. On the other hand the lowest values in this
respect were recorded in case of control
treatment.

Vitamin C

Results presented in Table 8 indicate that
there were a significant reduction in vitamin C
content with the increase of storage period from
0 to 40 days, the minimum values of vitamin C
content were occurred at the end of storage
period and it reached to 15.48 and 15.91
mg/100ml juice in the first and second seasons,
respectively. Wills et al. (1981) attributed the
reduction of Vitam. C during storage to great
metabolic activity during storage as it is
respired. Paradis et al. (1995) found that the
reduction in ascorbic acid content during storage
period might have been due to the higher rate of
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Table 7. Effect of some edible coating materials on pH values of cherry tomato fruits during
cold storage in 2018 and 2019 seasons

Treatment (T) pH values
2018 season 2019 season
Storage period in day (S)
0 10 20 30 40 Mean 0 10 20 30 40 Mean
Control 425 342 322 281 222 318 450 366 334294 234 3.35

Arabicgumat5% 4.25 392 370 352 294 366 450 420 375360 320 3.85
Arabic gum at 109%4.25 400 3.81 3.60 3.00 373 450 423 383366 323 3.89
Cellulose at 1% 425 365 348 320 260 344 450 3.70 352329 266 3.53
Cellulose at 2% 425 371 353 327 265 348 450 3.82 3.603.32 270 3.59
Pectin at 1% 425 380 360 338 271 355 450 391 3.70 3.40 285 3.67
Pectin at 2% 425 3.84 364 343 283 360 450 4.00 3.72 3.48 3.07 3.75
Xanthanat05% 4.25 355 335 311 244 334 450 3.86 352316 252 351
Xanthan at 1% 425 350 330 300 238 328 450 3.75 343300 246 3.43
Mean (S) 425 371 351 326 264 - 450 3.90 3.603.32 2.78 -
LSD at 0.05 level T=0.09 S=0.06 T x$5=0.19 T=005 S=0.05 TxS =0.14
Treatments = (T), Storage period = (S)

Table 8. Effect of some edible coating materials on vitamin C of cherry tomato fruits during cold
storage in 2018 and 2019 seasons

Treatment (T) Vitamin C (mg/100ml juice)
2018 season 2019 season
Storage period in day (S)
0 10 20 30 40 Mean 0 10 20 30 40 Mean
Control 20.40 17.00 16.60 15.00 14.00 16.60 21.10 17.60 16.8015.10 14.40 17.00

Arabic gum at 5% 20.40 19.60 19.10 17.00 16.80 18.58 21.10 19.80 19.3018.00 17.00 19.04
Arabic gum at 10%020.40 19.80 19.20 17.50 17.10 18.80 21.10 20.20 19.7018.20 17.40 19.32
Cellulose at 1%  20.40 18.40 18.10 15.70 15.00 17.52 21.10 18.70 18.0016.20 15.40 17.88
Cellulose at 2%  20.40 18.60 18.20 16.00 15.40 17.72 21.10 19.00 18.6016.50 16.00 18.24
Pectin at 1% 20.40 19.00 18.40 16.10 15.70 17.92 21.10 19.40 18.2017.10 16.50 18.46
Pectin at 2% 20.40 19.30 18.80 16.40 16.00 18.18 21.10 19.60 19.0017.60 16.80 18.82
Xanthan at 0.5% 20.40 18.00 17.60 15.40 14.80 17.24 21.10 18.40 17.5015.80 15.00 17.56
Xanthan at 1% 20.40 17.50 17.00 15.10 14.50 16.90 21.10 18.00 17.1015.30 14.70 17.24
Mean (S) 20.40 18.58 18.11 16.02 1548 - 21.10 18.96 18.2416.64 1591 -

LSD at 0.05 level T=045 S=054 TxS=164 T=052 S=043 TxS=1.28

Treatments = (T), Storage period = (S)
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sugar loss through respiration than water loss
through transpiration. These results agree with
Raafat et al. (2016) and Abdullah and
Ibrahim (2018) on cherry tomato, Ibrahim and
Abdullah (2018), on tomato and sweet pepper.

With respect to treatments, it is clear from
the results in Table 8 that coating cherry tomato
fruits with the most of tested materials had
significant effect on vitamin C content. The
superior treatments in reducing the loss of
vitamin C were arabic gum at 10% or 5%
followed by pectin at 2% without significant
difference among them, while the other
treatments were less effective in this concern.
On the other contrary the lowest values of
vitamin C content were recorded in case of
control treatment, these results are true in both
seasons of study. Similar results were obtained
by Ali et al. (2010) for arabic gum on tomato.

Regarding to the effect of interaction between
edible coating materials and storage period, the
same results showed significant effect in both
seasons, the maximum values of vitamin C
content at the end of storage period (40 days)
were noticed by the fruits which coated with
arabic gum at 10% that gave 17.10 and 17.40
mg/100 ml juice in the 1% and 2™ seasons
respectively, followed by arabic gum at 5%
which recorded 16.80 and 17.00 mg/100ml juice
in the first and second seasons, respectively,
without significant differences between them.
On the other side, the lowest values in this respect
were recorded in case of control treatment.

Dry Matter Percentage

It is clear from the results in Table 9 that
there were a significant reduction in dry matter
percentage with the increase of storage period
from 0 to 40 days, the minimum values of dry
matter percentage were occurred at the end of
storage period and it reached to 7.60 and 7.53 %
in the first and second seasons, respectively. The
decline in dry matter percentage may be due to
the higher rate of dry matter consumption
through respiration than that of moisture loss
through transpiration rate.

Regarding treatments, it is clear from the
results in Table 9 that coating cherry tomato
fruits with all tested materials had significant
effect on dry matter percentage. Cherry tomato
fruits which coated with arabic gum at 10% or

5% were the most effective treatments, in
maintaining dry matter (%) during storage
followed by pectin at 2% with significant
difference among them, while the other
treatments were less effective in this concern.
On the other side the lowest values of dry matter
percentage were recorded in case of control
treatment, these results are true in both seasons
of study with respect to the effect of interaction
between edible coating materials and storage
period. The same results showed significant
effect in both seasons, the maximum values of
dry matter (%) at the end of storage period (40
days) were noticed by the fruits which coated
with arabic gum at 10% that gave 8.24 and
8.43% in the 1% and 2™ seasons, respectively
followed by arabic gum at 5%. On the other
hand the lowest values in this respect were
recorded in case of control treatment.

Sensory Evaluation

Sensory evaluation of coated and uncoated
fruit at the end of the storage period revealed
significant differences in pulp colour, texture,
flavour and overall acceptability (Table 10).
Cherry tomato fruits which coated with arabic
gum at 10% or 5% were the most effective
treatments which gave the highest scores in all
parameters after 40 days of storage, while those
coated with xanthan and cellulose developed
poor pulp colour and inferior texture and had
off-flavours. The latter fruits which not acceptable
to the panel of experts were untreated fruits
compared with 5% or 10% arabic gum, control
fruit and fruit treated with xanthan had lower
scores for flavour and overall acceptability. These
results suggest that arabic gum up to 10% can be
used successfully as an edible coating for
prolonging the storage period and improving
tomato fruit quality during storage. Similar
results were observed by Ali et al. (2010) when
they treated tomato fruits with arabic gum
coating.

Effect of Some Edible Coating Materials
Treatments on Linear Growth of B.
cinerea and A. alternata In vitro

In vitro study results varied according to the
type of treatment, and its concentration as
shown in Table 11. The results showed that
linear growth of B. cinerea and A. alternata in
vitro for tomato fruits were significantly by
different tested materials as compared with control
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Table 9. Effect of some edible coating materials on dry matter percentage of cherry tomato
fruits during cold storage in 2018 and 2019 seasons

Treatment (T) Dry matter (%)

2018 season 2019 season

Storage period in day (S)

0 10 20 30 40 Mean 0 10 20 30 40 Mean
Control 9.50 8.00 750 7.00 6.67 7.73 9.75 845 8.007.36 650 8.01
Arabicgumat5% 9.50 9.15 9.13 850 8.00 885 9.75 948 9.188.80 8.22 9.08
Arabic gum at 10%9.50 9.24 9.12 861 824 894 9.75 953 9.12886 843 9.14
Celluloseat 1%  9.50 8.85 843 7.83 733 839 975 8.80 8.418.00 7.37 8.46
Cellulose at 2% 950 9.00 865 800 750 853 9.75 883 864830 7.60 8.62
Pectin at 1% 950 9.00 880 814 7.74 863 9.75 9.00 885843 781 8.77
Pectin at 2% 950 9.12 893 833 787 875 975 9.32 9.198.75 8.00 9.00
Xanthan at 0.5% 9.50 833 7.80 760 745 813 9.75 861 830800 7.00 8.33
Xanthan at 1% 950 848 800 775 7.60 826 975 850 822750 6.85 8.16
Mean (S) 9.50 8.79 848 7.97 7.60 - 9.75 894 865822 7.53 -
LSD at 0.05 level T=002 S=002 TxS=006 T=0.02 $S=0.02 TxS=0.07

Treatments = (T), Storage period = (S

Table 10. Effect of some edible coating materials on sensory evaluation of cherry tomato fruit
at 40 days after storage in 2019 season

Treatment (T) Pulp colour Flavour  Texture  Overall acceptability
Control 6.0 5.0 5.0 6.0
Arabic gum at 5% 9.0 8.0 9.0 9.0
Arabic gum at 10% 9.0 8.0 9.0 9.0
Cellulose at 1% 7.0 6.0 7.0 7.0
Cellulose at 2% 8.0 7.0 8.0 8.0
Pectin at 1% 8.0 7.0 8.0 8.0
Pectin at 2% 8.0 7.0 9.0 9.0
Xanthan at 0.5% 7.0 6.0 6.0 7.0
Xanthan at 1% 7.0 6.0 7.0 7.0

LSD at 0.05 level 1.0 1.1 1.2 1.1
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Treatment (T)

2018 season

2019 season

A.alternata B.cinerea A.alternata B.cinerea
Linear Inhibition Linear Inhibition Linear Inhibition Linear Inhibition
growth growth growth growth
(mm) (mm) (mm) (mm)
Control 81.00 00.00 90.00 00.00 84.00 00.00 91.00 00.00
Arabic gum at 5% 11.11 86.28 12.22 86.42 11.18 86.69 12.79 85.94
Arabic gum at 10%  7.25 91.05 10.32 88.53 7.86 90.64 10.86 88.06
Cellulose at 1% 35.80 55.80 33.33 62.97 36.04 57.09 29.12 61.74
Cellulose at 2% 29.62 63.43 28.88 67.91 29.97 64.53 38.27 68.00
Pectin at 1% 13.58 83.23 15.55 82.72 14.09 83.22 14.98 83.54
Pectin at 2% 8.44 89.58 9.51 89.43 8.78 89.54 11.81 87.02
Xanthan at 0.5% 38.27 52.75 37.77 58.03 38.60 50.04 38.27 57.94
Xanthan at 1% 34.26 57.33 34.44 61.73 35.04 58.28 35.42 61.07
LSD at 0.05 level 4.06 7.04 2.36 7.65 3.16 3.41 1.77 2.88

treatment. Arabic gum at 10% was the most
effective treatment completely suppressed
fungal growth followed by arabic gum at 5%
without significant differences between them,
while the other treatments were less effect in
this concern. The least treatments efficiency was
observed in case of control treatment. The
antibacterial and antifungal potential of arabic
gum is due to it is high terpene contents.
Terpenes are biologically active molecules and
are considered to be part of plants defense
systems and as such have been included in the
large group of protective molecules found in
plants named as phytoprotectants (Morrissey
and Osbourn, 1999). It was concluded that,
arabic gum at 10% or 5% may help in
controlling B. cinerea and A. alternata infection
on cherry tomato in vivo.

Effect of Some Edible Coating Materials
Treatments on Disease Severity in
Artificially and Naturally Infected Fruits

As shown in Table 12 cherry tomatoes
treated with 10 % arabic gum did not show any
sign of fungal decay after a storage period of 40
days at 13°C and 90% RH. Treating cherry
tomatoes with arabic gum at 10% strongly
suppressed B. cinerea and A. alternata

development in either artificially — inoculated
and naturally infected cherry tomatoes. These
results are in agreement with Bnuyan et al.
(2015) who stated that arabic gum play a role in
plant defence mechanisms against
phytopathogenic microorganisms. The used
arabic gum significantly minimized microbial
counts in preservative solution especially when
arabic gum was added to preservative solution at
10%. A majority of the described antimicrobial
effect of arabic gum have been attributed to their
secondary metabolites or due to presence of
saponin, saponin glycosides, volatile oil,
hydrolysable tannin, triterpenoid, flavonoids,
phenol and alkaloids (Morrissey and Osbourn,
1999). Arabic gum at concentration of 5% was
also effective in reducing disease incidence by
B. cinerea and A .alternata.

Such effects of arabic gum are attributed to
the high salt content of Ca*?, Mg*™ and K** of
polysaccharides in AG, and the effect of gum in
the metabolism of Ca and possibly phosphate. It
is also known that cyanogenic glycosides and
AG contains many types of enzymes such as
oxidases, peroxidases, and pectinases, some of
which have antimicrobial properties (Tyler et
al., 1977; Saini et al., 2008).
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Table 12. Effect of some edible coating materials on disease severity of artificially and naturally
infected cherry tomato fruits at the end of storage (40days) in 2018 and 2019 seasons

Edible coating Fungi Disease severity (%)
treatments 2018 season 2019 season
Al Efficiency NI Efficiency Al Efficiency NI Efficiency
(%) (%) (%) (%0)
Control A. alternata 39.90 00.00 10.38 00.00 41.38 00.00 11.56 00.00
B.cinerea 48.13 00.00 15.32 00.00 52.50 00.00 18.75 00.00
Arabic gum at 5% A.alternata 3.75 90.60 0.82 9210 279 9325 0.88 92.38
B.cinerea 3.10 9356 0.80 9478 3.64 93.06 0.82 95.62
Arabic gum at 10% A. alternata 3.30 91.73 0.00 100.0 215 9480 0.00 100.0
B.cinerea 285 94.08 0.00 100.0 3.04 9421 0.00 100.0
Cellulose at 1% A.alternata 4.76 88.07 1.25 8795 425 89.73 125 89.18
B.cinerea 5.13 89.34 134 9125 551 8950 115 93.86
Cellulose at 2% A.alternata 4.14 89.62 096 90.75 351 9152 0.96 91.69
B.cinerea 481 90.00 1.00 9347 523 90.04 0.98 94.77
. A. alternata 12.78 67.96 6.25 39.78 1193 71.16 6.25 45.93
Pectin at 1% .
B.cinerea 1541 6798 6.12 60.05 16.17 69.20 5.85 68.80
Pectin at 2% A.alternata 10.57 7351 6.25 39.78 9.89 76.10 6.25 45.93
B.cinerea 14.69 6948 6.45 5790 15.33 70.80 5.98 68.10
xanthan at 0.5% A. alternata 13.67 65.74 7.34 29.28 1106 73.27 751 35.03
B.cinerea 18.13 62.33 6.91 5489 17.47 66.72 6.45 65.60
xanthan at 1% A.alternata 12.34 69.07 7.85 2437 11.23 7286 7.79 32.61
B.cinerea 20.00 58.44 7.38 51.82 18.15 6542 7.54 59.78

A.alternata 0.77 2.04 029 194 046 113 034 213
B.cinerea 141 301 050 180 194 341 086 218
NI = Naturally Infection

LSD at 0.05 level

Al = Artificially Infection

Conclusion

From the previous results, it could be
concluded that, tomato fruit coated with 10% or
5% arabic gum showed a significant delay in the
change of weight, general appearance, firmness,
total soluble solids, titratable acidity, lycopene
concentration, pH values, vitamin C. amount
and dry matter percentage during storage at
13°C and 90-95 % RH as compared to uncoated
control fruit or other treatments. In addition,
sensory evaluation showed that 10% or 5%
arabic gum coating maintained the overall
quality of the tomato fruits during storage,
meanwhile pathogen measurements showed that
arabic gum is considered potent antimicrobial
agent.
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