academic|ournals

Vol. 12(8), pp. 550-565, 23 February, 2017
DOI: 10.5897/AJAR2016.11648

Arficle Number: 092088462840 African Journal of Agricultural
ISSN 1991-637X
Copyright ©2017 Research

Author(s) retain the copyright of this article
http://www.academicjournals.org/AJAR

Full Length Research Paper

Effects of edible coating materials and stages of
maturity at harvest on storage life and quality of tomato
(Lycopersicon Esculentum Mill.) fruits

Zekrehiwot Abebe?’, Yetenayet B. Tola** and Ali Mohammed?

1Syngenta Flowers Ethiopia Cutting P. O. Box 62004, Ethiopia.
2Jimma University College of Agriculture and Veterinary Medicine, P.O.BOX, 307, Jimma, Ethiopia.

Received 1 September, 2016; Accepted 14 December, 2016

Tomato (Lycopersicon esculentum Mill.) fruits due to their high moisture content are spoiled and
deteriorate in short period of time. Once fruits are harvested, respiration and transpiration are the two
major physiological processes that significantly affect storage life and quality of the fruits. However,
effects of these processes can be minimized through optimizing harvesting stage of fruits and applying
physical barriers for oxygen diffusion and moisture migration. The aim of this work was to investigate
the combined effect of stage of harvesting of fruits and application of edible coating materials on
storage life and quality of tomato fruits. Treatment combinations were the three harvesting stages of
the fruits (mature green, turning and light red stages) and two coating materials (pectin and chitosan
with control). Treatments were laid out in a completely randomized design with three replications.
Sample fruits were evaluated periodically for different parameters. The study showed that, coating of
tomato fruits delayed the ripening process with better fruits quality than uncoated ones. Combined
treatment combinations resulted in a significant delay in the change of weight loss, disease incidence,
disease severity and ripening index as compared to control fruits. Moreover, in terms chemical
parameters, coated fruits revealed higher amount of ascorbic acid, lycopene and phenolic contents.
Fruits coated with either chitosan or pectin at turning stage of maturity showed relatively better results
for most of the quality parameters. Maximum shelf life was observed for fruits harvested at turning
stage coated by pectin (17 days) and chitosan (16 days) films than control (10 days) at the same stage
of maturity. Therefore, storage life of the fruits with better quality can be extended by combining
optimum stage of harvesting with use of edible coating materials.
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INTRODUCTION

Tomato is one of the vegetable crops which is widely (Martinez-Valverde et al., 2002). Its antioxidants are like
consumed either raw or after processing and can provide vitamin C and E, lycopene, R-carotene, flavonoids and
a significant proportion of the total antioxidants in a diet other phenolic compounds (Dumas et al., 2003). Their
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activity is based on inhibiting or delaying the oxidation of
biomolecules in human body by preventing the initiation
or propagation of oxidizing chain reactions (Radzevicius
et al., 2009). In addition to this, the fruit also consists of
different sugars, acids, phenols and minerals and
significant amount of water. However, due to its high
moisture content, the fruit is subjected to high rate of
metabolic degradation in ambient air. Due to these
reasons fast ripening after harvest and softening as well
as deterioration during storage is a major problem
(Kader, 2008). In tropical countries, about 40 to 50% of
post-harvest losses occur between  harvesting,
transportation and consumption of fresh tomato due to
short storage time (Kader, 1992). A study conducted in
central rift valley of the country, a postharvest lose of
20.45, 8.63, 2.93 and 7.3% were observed at producers,
wholesalers, retailers, hotel and cafeteria levels with a
cumulative loss of 39% (Gezai, 2013). Similarly, a study
conducted around Dire Dewa region, showed that
estimated postharvest losses of tomato was 45.32 (Kasso
and Bekel, 2016). This large annual loss of tomato fruits
has a great economic and nutritional implication unless
and otherwise appropriate ripening control measures are
taken to prolong storage life with better quality retention
(Hoberichts et al., 2002).

Proper harvesting stage determines the nutrient
contents as well as storage durability of any fruit. It was
found that maturity stage is an important factor that
influences the consumer preferences (Casierra-Posada
and Aguilar-Avendafio, 2009). Depending on distance of
market, purpose of use and production area, tomatoes
can be harvested at different stages of maturity from
mature-green stage to full ripe stage. Once harvested, it
is recommended to minimize the respiration and
transpiration rates of fruits using different methods. Low
temperature storage is a recommended method but not
feasible for small scale farmers in developing counties.
However, in recent years, there is increasing interest to
use edible coatings to maintain fruit quality (Tzoumaki et
al.,, 2009). Edible coatings can provide an alternative
option to extend postharvest life of fresh fruits with or
without low temperature storage. It also has the same
effect as modified atmosphere storage or packaging
where the internal gas composition is modified (Park,
1999). Edible coating acts as a semi-permeable barrier
against O,, CO,, moisture and solute movement, thus
reducing respiration rate, water loss and oxidation
reaction and then helps to maintain internal quality and
appearance (Arvanitoyannis and Gorris, 1999). The use
of edible coating has also received more attention in
recent years, due to the growing interest for reducing
environmental pollution caused by plastics, the need to
extend the shelf life of foods, and the increasing demand
for healthier and ecological foods (Espino-Diaz et al.,
2010).

Pectin is commercially produced from citrus peel as a
by-product from extraction of lime, lemon and orange
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juices; or from apple pomace (Attila and William, 2009).
Under certain circumstances, pectin forms gels; this
property has made it a very important as edible coatings.
Pectin coatings have been also studied for their ability to
retard lipid migration and moisture loss, and to improve
appearance and handling of foods (Ayranci and Tunc,
2004).

Chitosan is an edible and biodegradable polymer
derived from chitin. Some desirable properties of chitosan
are that it forms films without the addition of additives. It
has been successfully used in many postharvest aspects
of fruit and vegetables (Youwei and Yinzhe, 2013).
Therefore, the aim of this work was to determine
combined effects of optimum harvesting stage and edible
coating material for better fruit quality and extended
storage life of tomato fruits.

MATERIALS AND METHODS
Experimental site

This experiment was conducted in Jimma University College of
Agriculture and Veterinary Medicine (JUCAVM), Department of
Post-Harvest Management Laboratory, Jimma, Ethiopia, between
May and June, 2014. During the study time, mean temperature and
relative humidity inside the laboratory were 22°C+1 and 74.5%=1,
respectively.

Experimental material

Tomato fruits ((Lycopersicon esculentum Mill.) fresh type, variety
Barbados at different stages of maturity were collected from Jitu
Hawassa farm and transported to JUCAVM, Postharvest
Management Laboratory. Maximum care was taken to minimize
mechanical damage during harvesting, transportation and handling.

Preparation of experimental material

Fruit maturation level was precisely selected and the fruit color was
compared in the field using biological color chart of USDA (1991).
Harvesting was carried out manually in the morning and uniform
shape and size fruits without any injuries or defects were selected.
Harvesting stages were  mature green (tomato surface is
completely green), turning (tannish-yellow, pink or red color showed
on over 10%, but not more than 30% of the tomato surface) and
light red (pinkish-red or red color showed on over 60%, but red
color covers not more than 90% of the tomato surface) (Figure 1).
From each stage of maturity for each treatment, 18 uniform sized
fruits were washed again with tap water containing 2% (w/v) sodium
hypochlorite solution, and rinsed with sterile water, bloated using
cheese cloth and left dried at ambient air condition.

Preparation and application of edible coating materials
Preparation of pectin solution

Commercially, available pectin (30 g) with 50% Degree of
Esterification was dissolved in 1000 ml warm water (40°C), whilst
stirred with magnetic stirrer to prepare 3% (w/v) pectin solution and
allowed to homogenized with moderate stirring until the solute
completely dissolved, as indicated in Felix and Mahendran (2009).
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Figure 1. The three harvesting stages of tomato fruits used in the experiment.

Preparation of chitosan solution

The chitosan solutions were prepared according to El Ghaouth et
al. (1992). An amount of 20 g chitosan was dispersed in 900 ml of
distilled water to which 50 ml of glacial acetic acid was added to
dissolve the chitosan. The solutions were centrifuged to remove
undissolved particles. In order to guarantee the stability of the
emulsions, the pH value was adjusted to 5.6 with 1IN NaOH. Tween
80 (0.1% v/v) was added to the solutions to improve wettability of
the solution during coating.

Application of coating materials

Fruits were uniformly dipped for 2 to 3 min in each solution when
the temperature of the solutions reached at room temperature
(25°C). Meanwhile control fruits were dipped in distilled water for
the same duration and excess water/solution from the fruits were
removed and air dried for 3 h at room temperature. A dry layer with
plastic texture and general appearance of the fruits were used as
criteria to determine the end of surface drying. Surface dried coated
fruits were then packed in cardboard boxes with a size of 12 cm L x
10 cm H x 8.5 cm W having 6 openings of each with 7 cm® size on
four sides (except bottom and top parts). The data were recorded
before treatment (day 0O) and in 5 days interval for all
physicochemical parameters for 20 days.

Data collected

Data were collected for both physical, disease and chemical
parameters. First, the non distractive parameters were measured
then, the distractive measurements were taken.

Physiological weight loss

The weight losses of fruits were recorded on day zero treatment
through storage time under ambient storage conditions and then it
was recorded in every 5 days intervals. Relative percentage weight
loss was calculated using Equation 1 and the cumulative weight
loss was expressed as the cumulative percentage for the
respective treatments (Athmaselvi et al., 2013).

WL (%) = = X 100%

@

where WL (%) = percentage physiological weight loss, WI=initial
fruit weight in g, and WF=final fruit weight in g at the indicated
period.

Fruit firmness

The method indicated in Fan et al. (1999) was used to determine
fruit firmness using Texture Analyzer (TA-XT plus, UK). The force
required for the plunger to press into the fruit was recorded and
expressed in Newton. Stable Microsystems with 2 mm plunger tip,
with flat head stainless-steel cylindrical probe was used to measure
tomato fruit firmness. For the current study from each treatment two
fruits were used at a time and the average result was used for the
analysis. The start of penetration test was the contact of the probe
on tomato surface and finished when the probe penetrated the
tissues to depth of 5 mm with the probe speed of 1.5 mm/s. The
point where the maximum force measured at time of penetration
was recorded as the maximum value to determine fruit firmness and
expressed in Newton.

Total color change

Total colour change of samples were determined using Commission
Internationale de L’Eclairage (CIE) L*a*b* color space to evaluate
the effect of coating on color change of samples using tri-stimulus
colorimeter (Accu probe HHO6), which was calibrated with white tile
(L=83.14, a*=-3.67 and b*=10.79). Total color change were
expressed in terms of “L*” value, lightness ranging from zero (black)
to 100 (white), “@*” (redness) value and “b*” (yellowness) value.
Color measurement was made on day zero and when data were
collected on specified day intervals. Fruit colors on day zero were
considered a target sample color and color changes were evaluated
as compared to day zero color. Multiple readings (5 times) per fruit
were taken from each sample by changing the position of the
tomato fruits to get representative color measurements
(Maftoonazad and Ramaswamy, 2005). The total color change (AE)
was calculated using Equation 2.

AE=J(L'-1)’+(@ -a)’+ (b —h)’ @)

where AE is represents the total color change as compared to
raw; L* and L are initial and final lightness values, respectively; a*
and a are initial and final redness values, respectively; b* and b are
initial and final yellowness values, respectively.

Disease incidence

Disease incidence was calculated as number of infested fruits
showing any disease symptoms out of the total numbers of tomato
fruits stored. Five separate tomato fruits were allocated and used
for disease incidence and percent disease index evaluation were



performed according to Hossain et al. (2010) (Equation 3).

Number of fruits inf ected ,
Total number of fruits assesed

Disease incidence (1) (Frequency) =

©)

Determination of shelf life of stored fruits

The shelf life of tomatoes were calculated by counting the days
required for them to attain the last stage of ripening, but up to the
stage when they remained still acceptable for commercial
marketing. About 10% physiological loss in weight was considered
as an index of termination of the shelf life (threshold level) of fruit
commodities (Pal et al., 1997; Acedo, 1997).

Determination of pH and titratable acidity (TA)

The fruits were crushed and made into pulp juice, and used to
measure the pH using calibrated digital pH meter (CP-505). TA
(expressed as % citric acid) was determined by titration (AOAC,
2000). From the juice 5 ml was taken and added in to 250 ml
conical flask. Then 10 ml of water was added to make the fruit color
light to facilitate clear end point detection. To determine the total TA
of the pulp, fresh 0.1 N NaOH was used. TA of tomatoes expressed
as percentage of citric acid using Equation 4.

(ml NaOH ) (No. of the base in mol per liter ) (0.0064)
Sample volume in ml

% Acid = %100

4)

where 1 ml 0.1N NaOH is equivalent to 0.0064 g citric acid.

Determination of TSS

TSS content of tomato fruit pulp was determined using hand held
digital refractometer (DR 201-95). The percentage of TSS was
obtained from direct reading of the refractometer in °Brix after
taking the required temperature correction values. Multiple
measurements (3 to 5) were taken per a treatment and the average
values were used for analysis.

Determination of TSS/TA ratio (TSS:TA)

The ratio between total soluble solids and titratable acidity was
determined by dividing the TSS to that of TA in order to have a
sugar-acid balance of samples for each treatment. To calculate the
amount of sugar acid ratio, Equation 5 was used:

°brix value ©)

sugar acid ratio = ———
percentage acid

Determination of ascorbic acid content

Ascorbic acid content was determined by spectrophotometric
method (Mohammed et al., 2009). Five grams of tomato sample
was mixed with 100 ml of 6% trichloro acetic acid and transferred
into a 200 ml volumetric flask and shaken gently to homogenize the
solution. The obtained solution was filtered and centrifuged at 4000
rpm for 15 min, and then the sample transferred to a conical flask
and 1 to 2 drops of saturated bromine solution was added and
aerated, and to each 10 ml aliquot 10 ml of 2% thiourea was added.
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From 10 ml of aliquot, 4 ml was added into each of test tubes, then
1 ml of 2, 4-DNPH solution was added to form osazone. DNPH
reacts with ketone groups of dehydroascorbic acid under acidic
conditions to form a red osazone derivative. All samples and blank
solution were kept at 37°C for 3 h in a thermostatic hot water bath
(WB-8B, China). After all samples were cooled in an ice-water mix
for 30 min then treated with 5 ml chilled 85% H,SO., with constant
stirring. Finally, a colored solution absorbance was measured at
521 nm using spectrophotometer (T80 UV/VIS spectrophotometer,
UK) and concentration of vitamin C was estimated using Equation
6.

AA _[(As— Ab)x10] ®)
md 4009 [A104g std — Ab]

where As = Absorbance of samples; A,=Absorbance of blank; Ao g
stw=Absorbance of 10 pg AA standard.

Estimation of lycopene content

The lycopene content of the fruits were analyzed according to the
method described in Nagata and Yamashita (1992). Briefly, first
fruits were crushed and well homogenized, seeds were separated
and then one gram of the sample (tomato pulp) was taken. All
pigments in the sample were extracted by acetone and hexane
(4:6). The samples were well homogenized using homogenizer to
extract all pigments in the fruit. After homogenization samples were
placed to a beaker and allowed to stand for about 15 min so that
there was a clear pigment in a layer of the extractors (acetone and
hexane). Finally, the pigments from top part were collected with
quartz curvet (10 mm path length) and theiShbsorbance were
measured using spectrophotometer’s (T80 UV/VIS, UK) at different
wave lengths (663, 645, 505 and 453 nm). Wave lengths measured
were used to estimate total lycopene content using Equation 7 as
indicated in Nagata and Yamashita (1992):

Lycopene (m%)o gj = —0.0458A,, + 0.204A,,; +0.372A,,; —0.0806A,,
Q]

where Agss, Asos and Assz are absorbencies at 663, 505 and 453 nm

Determination total phenolic content

Total phenols were measured spectrophotometrically using Folin-
Ciocalteu reagent with gallic acid as a standard (Gao et al., 2011).
Briefly, 50 uyl of tomato extract were added to 3 ml of deionized
water plus 250 pl of Folin-Ciocalteu reagent (1N). After a 5 min
reaction time, 750 pl of 20% Na,CO; solution was added. The
mixture volume was made up to 5 ml with deionized water. Then,
the total phenolic content was measured at 760 nm after a 30 min
reaction time using spectrophotometer (T80 UV/VIS, UK). The
results are reported in terms of mg of gallic acid equivalent (GAE)
per 100 g of fresh weight. Pure Gallic acid (GA) was used as a
standard (covering the concentration range between 0.1 and 1.0
mg/ml) (R? = 0.993) and results were expressed as milligrams of
GAE per gram of fresh weight.

Design of the experiment and data analysis

In this study, all the experiments were laid in a Completely
Randomized Design (CRD) with a factorial treatment combination,
replicated three times, whereby 18 tomato fruits were used per
replication.
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Significance of treatment effects were evaluated by analysis of
variance model using SAS statistical program (Version 9.2) and the
mean of the variables whenever significantly different for main or
interaction effects, comparisons were made using Tukey’s test at
5% significance level. Data for disease incidence and severity were
analyzed using non parametric test.

RESULTS AND DISCUSSION
Physiological weight loss (PWL)

Weight loss is an important index of postharvest storage
life in fresh produces. It is mainly attributed to the loss of
water during metabolic processes like respiration and
transpiration. Both processes are affected by storage
environment of the fruit and the loss in weight is an
indicator how the product is handled and stored. Because
of this, physiological weight loss appeared to be the
major detrimental factor of storage life and quality of
tomato fruits in particular and horticultural crops in
general.

Weight loss of perishable crops has economical
implication, a loss in moisture results in loss in weight of
product to be sold. In this regard, maturity stage at
harvest and coating material showed significant (P<0.05)
interaction effect in terms of weight loss reduction as
compared to control with extended storage time. For
instance pectin and chitosan films coated fruits showed
less weight loss in green mature and turning stages than
fruits harvested at light red stage (Table 1). This result is
in line with Getinet et al. (2008) who reported that the
highest weight loss was recorded in Marglobe tomato
fruits harvested at light-red stage and the lowest was
from Roma VF variety harvested at mature-green stage.
However, a significant weight loss was observed from
mature green uncoated fruits than coated ones at light
red stage.

When combined effects are compared, fruits harvested
at turning stage and coated with pectin or chitosan film
showed lowest loss at 15th and 20th days of storage. But
with an increase in storage time, weight loss progressively
increased in different rate with the presence or absence
of coating films.

Moisture loss and gaseous exchange from fruits is
usually controlled by the epidermal layers provided with
guard cells and stomata. The film formed on the surface
of the fruit act as a physical barrier to reduce moisture
migration from the fruits (Togrul and Arslan, 2004). This
barrier property also reduces the oxygen availability and
uptake by the fruit for respiration process and hence
slows down rate of respiration and associated weight
(Abbasi et al., 2009).

Fruit firmness

Fruit firmness is a major attribute that dictates the

postharvest life and quality of fruits. It is associated to the
susceptibility of tomato fruit cell walls to different
postharvest handling factors. Firmness of the fruits was
better preserved by the application of coatings as seen in
Figure 2. The study revealed a significant (P < 0.01)
interaction effect between coatings and maturity stages
on fruits firmness. Firmnesses of fruits before coating
were 9.01, 7.47 and 6.3 N for mature green, turning stage
and light red fruits, respectively. The variation is due to
the strength of cell wall of fruits at different harvesting
stage. However, better firmness values were maintained
on coated fruits than uncoated ones (Figure 2). At the
end of 15th day storage, uncoated fruits clearly showed
the lowest firmness and went to deterioration and
discarded. The loss shows that loss in firmness of fruits
can be slowed down with the application of coating film,
particularly when combined with mature green stage of
harvesting as compared to control fruits. In a similar
study, Tilahun (2013) showed that the highest values of
firmness for mature green fruits than at full ripen stage.
Maftoonazad and Ramaswamy (2008) also indicated
that as the length of storage period extended, uncoated
peach fruits showed a significant decrease in firmness,
while loss of texture and softening were delayed in
coated fruits. In their former work, Maftoonazad and
Ramaswamy (2005) reported that firmness value in
coated samples was almost 1.5 times higher than that of
uncoated fruits, as reported for avocados coated with
methylcellulose. Similarly, Chauhan et al. (2013)
indicated that Shellac based surface coating retained
tomatoes’ firmness better than control fruits. Delay in loss
of cell wall firmness might be associated with limited
availability of oxygen from the ambient atmosphere for
respiration process and subsequent delay on cell wall
degradation. Generally, the combined treatment effect of
coating and early harvesting stage showed beneficial
effect on firmness retention as compared to uncoated
fruits for distant market shipment. Even though coating
materials showed significant interaction effects, but
relatively better fruit firmness was observed when pectin
coating combined with green mature stage (after 5 and
10 days storage) and turning stage (after 20 days
storage). This might be due to storage stability of pectin
coating on fruits surface as compared to chitosan film.

Total fruits color change

Color is a very important indicator of ripening and
determinant of quality and consumer acceptability. The
total color difference (AE) extensively used to determine
ripening due to chlorophyll degradation and formation of
lycopene. It is apparent that tomato fruits harvested at
different stages of maturity exhibit color difference.
However, for comparison purpose, original fruit color
immediately after coating was taken as a bench mark
color to evaluate color changes of fruits. Compared to
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Table 1. Effects of pectin and chitosan coatings on physiological weight loss (%) of tomato fruits harvested at different stages of

maturity.

Coatin Harvestin Days after application of coating materials and stored at ambient
¢ 'gl ¢ 9 condition mean temperature 22°C+1 and RH of 74.5%z+1
materials stages Day 5 Day 10 Day 15 Day 20

c | Mature green 3.4% 10.0° 14.0° -
ontro Turning stage 3.8° 11.1° 15.8° -
(uncoated) . a a a
Light red 53 13.3 18.7 -
Mature green 3.0° 6.97' 10.2% 14.5°
Chitosan Turning stage 3.4° 8.1° 9.5° 13.5°
Light red 4.3 9.1 11.0° 17.4
Mature green 2.9° 6.7' 9.5° 14.7°
Pectin Turning stage 3.7% 8.1° 8.5 13.0°
Light red 4.3° 9.0° 10.9° 15.8"
LSD (5%) - 0.4 0.6 0.8 0.6
CV (%) - 6.4 4.2 4.3 2.5

*After 15 day of storage all control fruits were spoiled and discarded; Means followed with the same letter (s) within a column are not
significantly different (p<0.05).

—— Cn-HS 3 —f— Cli-HS3 —i— Pe-HS3
- & = (Cn-HS1 ==f==Ch-HS1 «a@es Pe-HS1
—iF - (Cn-HS2 —-—Ch-HS2 — g~ Pe-HS2

Fruit Firmness(N)

-

0 5 10 15 20
Storage time (days)

Figure 2. Fruit firmness of coated and control tomato fruits harvested at different maturity stages
and stored at ambient temperature condition. Cn-HS1 = Uncoated Mature Green, Cn-HS2=
Uncoated Turning, Cn-HS3 = Uncoated Red; Ch-HS1= Chitosan coated Mature Green, Ch-HS2=
Chitosan coated Turning, Ch-HS3 = Chitosan coated Red; Pe-HS1= Pectine coated Mature
Green, Pe-HS2 = Pectine coated Turning, Pe-HS3 = Pectine coated Red.

initial color of fruits, coated fruits showed significant delay coating materials and maturity stage at harvesting. There
on change of color as compared to uncoated ones. was a fast color development from uncoated fruits and
Figure 3 shows progressive change of total color change become fully turn to red within 2 to 5 days as compared
with time from initial values as affected by types of to chitosan and pectin coated fruits (5 to 12 days)
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—+— (n-HS3 - m~ Ch-HS3 — & — Pe-l
—«—(n-HS1 --H--Ch-HS1 «-@e Pe-l
—— Cn-HS2 —=. . Ch-HS2 ———Pe-HS2

Total color change (AE)

Storage Time (days)

Figure 3. The effects of fruit coating materials on total color change of tomato fruits harvested at different
stage and stored under ambient condition. Cn-HS1= Uncoated Mature Green, Cn-HS2= Uncoated
Turning, Cn-HS3= Uncoated Red; Ch-HS1= Chitosan coated Mature Green, Ch-HS2= Chitosan coated
Turning, Ch-HS3= Chitosan coated Red; Pe-HS1= Pectine coated Mature Green, Pe-HS2= Pectine

coated Turning, Pe-HS3= Pectine coated Red.

depending upon stage of maturity. Similar results were
also indicated in Ali et al. (2011), a retardation of color
development in papaya fruits coated with higher
concentrations of chitosan due to slow rate of respiration
and reduced ethylene production. This, in turn, delayed
the ripening and senescence of the fruits, resulting in
reduced color change. Elevated CO, levels (>1%) in fruit
tissues (which could be achieved by coating materials)
might have been shown to retard fruit ripening by
inhibiting ethylene synthesis (Martinez-Romero et al.,
2007; Zapata et al., 2008).

Disease incidence (%)

Results in Table 2 indicate that percent incidence of
diseases was significantly (P<0.05) affected by the
interaction effect of coating and harvest stages. The
incidence was significantly lower on coated tomato fruits
as compared with uncoated ones. On the control, fruits
harvested at light red stage (more ripen fruits) the first
disease occurrence was observed on the 5th day of
storage which was 6.7% and as the fruit become ripen
they became more susceptible to fungal contamination
and exhibited a 100% incidence.

On other hand, after 15th day of storage at ambient
conditions the disease incidence on mature green fruits

of control, chitosan and pectin coated fruits were 53.33,
26.6 and 6.6%, respectively. Abbasi et al. (2009) also
observed that the decay control of irradiated chitosan
coated mango fruit as compared to uncoated ones. El-
Ghaouth et al. (1991) suggested that chitosan induces
chitinase, a defense enzyme, which catalyzes hydrolysis
of chitin, a common component of fungal cell walls, thus
preventing the growth of fungi on the fruit. Similarly,
Zhang et al. (2011) stated that Chitosan could effectively
inhibit postharvest diseases of fruits by direct inhibition of
spore germination, germ tube elongation and mycelial
growth of phytopathogens as well indirect inducement of
defense-related enzymes. Antimicrobial capacity of edible
coating materials also reported for gum Arabic. Fruits
treated with 10% gum arabic coating remained disease
free even after 20 days of storage. Many of the control
fruits (67%) were spoiled after 16 days of storage (Ali et
al., 2010).

As indicated in the earlier sections, application of
coating delayed the rate of firmness lose due to
preserving cell wall integrity. Furthermore, coating can
reduce rate of respiration and ethylene synthesis. These
conditions in combination could assist cell wall to retain
more integrity against fungal attack (Hassan et al., 2014).
Furthermore, coating helps to delay senescence, which
makes the commodity more vulnerable to pathogenic
infection as a result of loss of cellular or tissue integrity
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Table 2. Effect of coating materials during storage on disease incidence of tomato fruits harvested at different maturity

stages.

Days after application of coating materials and stored at ambient

Coating materials H?rvestmg condition mean temperature 22°C+1 and RH of 74.5%z*1
stages Day 5 Day 10 Day 15 Day 20
Mature green 0.0° 6.7° 53. 3° -
Control ted .
ontrol(uncoated) Turning stage 0.0° 33.3" 80.0° -
Light red 6.7° 53.3% 100% -
) Mature green 0.0° 0.0° 26. 7 33. 7°°
Chitosan . b c de ab
Turning stage 0.0 0.0 33.3 40.0
Light red 0.0° 13.3° 40. 0°° 53. 3°
Pectin Mature green 0.0° 0.0° 6.7" 11.4°
Turning stage 0.0° 0.0° 20. 0°f 31.4%
Light red 0.0° 6.7° 33.3% 40.0%®
CcVv - 0.4 0.4 0.35 0.2
LSD (5%) - 3.8 2.9 5 5.7

*After 15 day of storage all control fruits were spoiled and discarded; Means with the same letter (s) within a column are not

significantly different.

18 - 16 17
—_ i 15
% " 1 13
Tz 147 " 12
c -
& 12 10
s 10 - 9
5
o 8 -
[¢B)
2 6
o -
s 4
2 -
O T T T T T T T T 1

Cn-HS1 Cn-HS2 Cn-HS3 Ch-HS1 Ch-HS2 Ch-HS3 Pe-HS1 Pe-HS2 Pe-HS3

Harvesting stage and coating materials combination

Figure 4. Shelf life (days) of tomato fruits harvested at different maturity stages and coated with
pectin and chitosan films. Cn-HS1= Uncoated Mature Green, Cn-HS2= Uncoated Turning, Cn-
HS3= Uncoated Red; Ch-HS1= Chitosan coated Mature Green, Ch-HS2= Chitosan coated
Turning, Ch-HS3= Chitosan coated Red; Pe-HS1= Pectine coated Mature Green, Pe-HS2=

Pectine coated Turning, Pe-HS3= Pectine coated Red.

(Tanada-Palmu and Grosso, 2005).

Shelf life (days)

Shelf life implies time period, whereby a product is not
only safe to eat, but still has acceptable taste, texture and
appearance after being removed from its natural

environment (Nieto, 2009). The shelf life of tomato fruits
was considerably influenced by the coating and
harvesting stages at maturity. In the present study,
tomato fruits were decayed within 10 to 20 days of
storage after harvesting. As shown in Figure 4, maximum
shelf life was observed for tomatoes fruits harvested at
turning stage coated by pectin (17 days) and chitosan (16
days) films. However, minimum shelf life was for control
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Table 3. Effect of coating with pectin and chitosan and stage of maturity at harvest on pH of tomato fruit pulp during storage

under ambient condition.

Days after application of coating materials and stored at ambient

Cofm?gl Htarvestlng condition mean temperature 22°C+1 and RH of 74.5%z+1
materials stages Day 5 Day 10 Day 15 Day 20
Mature green 4.10° 4.38° 453° -
Control (uncoated) Turning stage 4.27° 4.49" 4.76° -
Light red 4.40° 4.63° 4.85° -
Mature green 4.07% 4.24' 4.38" 4.41°
Chitosan Turning stage 4.19° 4.38° 4.45° 4.64°
Light red 4.36% 452° 4.6° 4.74°
Mature green 4.03' 4.26' 4.29° 4.38°
Pectin Turning stage 4.16" 4.33° 4.39% 45°
Light red 4.33° 4.49° 4.53¢ 4.64°
LSD (5%) - 0.04 0.02 0.06 0.11
CV (%) - 0.6 0.3 0.7 0.5

*After 15 day of storage all control fruits were spoiled and discarded; Means with the same letter (s) within a column are not significantly

different.

tomatoes harvested at light red stage (9 days). For
tomatoes harvested at light red stage coated with pectin
had a maximum marketable storage life of 13 days
followed by chitosan (12 days). Similarly, Maftoonazad
and Ramaswamy (2008) also used a pectin-based
composite coating on avocados and evaluated the extent
of quality changes under different storage temperatures
for predicting the quality loss. Their results showed that
pectin-based composite coatings significantly reduced
the rate of physical, chemical and physiological changes
in avocados during storage and extended the storage life
by more than a month at 10°C storage. Felix and
Mahendran (2009) in their study showed that coated red
tomatoes fruits took 15 days to ripe at 30°C, whereas the
uncoated ones ripen within 5 days.

pH of fruit pulp

The pH of tomatoes is determined primarily by the acid
content of the fruit that determine the product safety. In
general, with an increase on days of storage and
harvesting stages regardless of coating materials, pH of
samples was showed an increase in value. Borji and
Jafarpour (2012) and Moneruzzaman et al. (2009) also
indicated that the pH of tomato fruit increased with
advancement in maturity stage from mature-green to full-
ripe stage. Significant (P < 0.05) difference in pH value of
tomato fruit was observed due to the interaction effect of
maturity stages and coating. The lowest pH values after
15 days of storage were observed for fruits coated with
pectin at different stages of harvesting, whereas the
highest for uncoated ones (Table 3). A decrease in pH
values associated with a decrease in titratable acidity of

the fruits and the higher acidity in coated fruits might be
because of reduced respiration rate due to limited
availability of oxygen (Jiang and Li, 2001). Athmaselvi et
al. (2013) also reported that, aloe vera treated tomato
fruits were better in keeping pH and showed a better
effect in comparison with untreated fruit. The same effect
was also reported in Maftoonazad and Ramaswamy
(2005), the pH of peache fruits increased at a higher rate
in control samples as compared to coated fruits.

Titratable acidity (TA)

The acidity of tomato plays a major role and imparts taste
to the fruits. TA is an important consumer variable as the
balance of TSS and TA relates to overall taste and
consumer acceptability. The TA values of coated and
uncoated fruits decreased with storage time (Table 4)
and the value was significantly higher (P<0.05) in
chitosan and pectin treated fruits compared to the control
due to the interaction effect of maturity stages and
coating materials. In coated fruits harvested at turning
and mature green stage, TA increased and peaked after
5 days of storage and showed a decline in concentration.
Getinet et al. (2008) indicated that higher value in TA
(0.67%) in fruits harvested at turning stage and the
lowest value (0.58%) was from fruits harvested at mature
green stage. On 15th day of storage, the highest TA
values were observed for fruits harvested at turning stage
but coated with Chitosan and pectin. The values were
almost double of that of uncoated fruits harvested at the
same maturity stage. This confirms that edible coating
materials reduce the rate of acid metabolism (Yaman and
Bayoindirli, 2002) as compared to control. Since organic
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Table 4. Effect of coating with pectin and chitosan and stage of maturity at harvest on titratable acidity (%) of tomato fruits.

Days after application of coating materials and stored at ambient

Coatmg Harvesting condition mean temperature 22°C+1 and RH of 74.5%z+1
materials stages Day 5 Day 10 Day 15 Day 20
Mature green 0.36" 0.28° 0.19° -
Control (uncoated) Turning stage 0.42° 0.24° 0.14° -
Light red 0.23' 0.14' 0.087° -
Mature green 0.39° 0.36" 0.28° 0.24°
Chitosan Turning stage 0.45% 0.34° 0.33% 0.19°
Light red 0.29° 0.21° 0.18° 0.16"
Mature green 0.41° 0.40% 0.27° 0.27°
Pectin Turning stage 0.47° 0.36" 0.31° 0.22°
Light red 0.31° 0.28° 0.25° 0.18°
-LSD (5%) - 0.024 0.020 0.028 0.025
CV (%) - 3.8 4.0 7.3 6.5

*After 15 day of storage all control fruits were spoiled and discarded; Means with the same letter (s) within a column are not significantly

different.

acids, such as malic or citric acid, are primary substrates
for respiration, a reduction in acidity is expected in terms
of rate of increase in respiration of cells of fruits (El-
Anany et al., 2009). The decreasing acidity at the end of
storage might be due to use of the acids as energy
source with an increase in ripening (Wills et al., 1998;
Castro et al., 2005). In another study, Abassi et al. (2009)
reported that chitosan coatings slowed the changes on
TA of mango, but on control fruits the rate of decline were
significantly higher. Result of this study is also in
agreement with Ali et al. (2010) who analyzed the effects
of gum arabic as an edible coating for preservation of TA
in tomato fruit.

Total soluble solids (TSS)

TSS is an important factor to be considered with respect
to consumer acceptance. It is expected to increase
during ripening and decrease towards senescence
(Tasdelen and Bayindirli, 1998). It has been reported that
TSS increases with stage of ripeness at harvest
(Znidarcic and Pozrl, 2006) and also it generally
increases with advancement in maturity during storage
(Getinet et al., 2008) which is in agreement with the
current result. In the present study, it was observed that a
significant (P < 0.05) interaction effect between coating
and maturity stages. TSS of control fruits at the end of
the storage period (15th day) was 4.8, 4.6, and 4.2 °Brix
for fruits harvested at mature green, turning and light red
stages, respectively. Borji and Jafarpour (2012) noted
that, maturity stages at harvest could affect the TSS
content of the fruit. The authors found that the TSS
content of mature green and full ripe tomatoes was 5.1
and 6.2 °Brix, respectively. Whereas tomato fruits coated

with pectin resulted in 4.9, 5.4 and 4.9 °Brix and that of
chitosan coated having a 5.1, 5.5 and 5 °Brix for the
same stage of harvesting, respectively. Similar results
were also reported when mango fruits were coated with
pectin (Moalemiyan et al.,, 2012). In all cases, fruits
harvested at turning stages showed relatively higher TSS
values, which might be associated with, higher
concentration of organic acid and soluble sugar balance
as compared to early or late mature fruits at both stages
of harvesting.

Coatings provide an excellent semi-permeable film
around the fruit, modifying the internal atmosphere by
reducing O, availability for respiration and degradation of
macromolecules. Decreased respiration rates slow down
the synthesis and use of metabolites resulting in slower
rate of increase on TSS (Yaman and Bayoindirli, 2002).
The decrease in TSS is caused by a decline in the
amount of carbohydrates and pectins, partial hydrolysis
of protein and decomposition of glycosides into sub-units
during respiration causing a decrease in TSS (Athmaselvi
et al., 2013; Moalemiyan et al., 2012).

TSS/TA ratio as a maturity index

The TSS/TA ratio is an important factor for quality
parameters of tomato fruits, since it is known that
sweetness and sourness are important criteria for tomato
flavour (Stevens et al., 1995). The relationship TSS and
TA which could be taken as maturity ripening index (RI)
showed a significant differences (P<0.05) as a function of
maturity stage, coating and their interaction. The TSS/TA
ratio increased significantly along with increased storage
time in both uncoated and coated fruits (Table 5).
TSS/TA at green stage for control, pectin and chitosan
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Table 5. Effect of treatment with pectin and chitosan at different harvesting stage on total soluble solids (°Brix) of tomato fruit.

Days after application of coating materials and stored at ambient condition

Coatlr_lgl Harvesting mean temperature 22°C+1 and RH of 74.5%z+1
materials stages Day 5 Day 10 Day 15 Day 20
Mature green 3.7° 4.5° 4.8° -
Control (uncoated) Turning 4.4° 5.1% 4.6° -
Light red 5.1 4.9° 4.2° -
Mature green 3.3 4.4° 4.9° 4.4°
Chitosan Turning 4.2° 4.9° 5.4% 4.8%
Light red 4.8 5.2 4.9° 4.5¢
Mature green 3.2 4.1° 5.1° 4.6°
Pectin Turning 4.2° 4.7° 5.5 5.1
Light red 4.6° 5.2 5.0°° 4.7°
LSD - 0.21 0.16 0.22 0.23
CV% - 3 2.0 2.5 2.8

*After 15 day of storage all control fruits were spoiled and discarded; Means with the same letter (s) within a column are not significantly different

Table 6. TSS/TA ratio for control, pectin and chitosan coated fruits harvested at different maturity stages and stored at ambient

condition.
Coatin Harvestin Days after application of coating materials and stored at ambient
¢ 'gl ¢ 9 condition mean temperature 22°C+1 and RH of 74.5%z+1
materials stages Day 5 Day 10 Day 15 Day 20
Mature green 10.0% 16.1° 25.6° -
Control (uncoated) Turning stage 10.6¢ 20.8° 32.7° -
Light red 22.0° 36.0° 49.4% -
Mature green 8.5' 12.3% 19.3¢ 18.4°
Chitosan Turning stage 9.4' 14.5% 17. 6 25.0°
Light red 17.0° 24.5° 27.7° 29.1°
Mature green 7.9' 10.3' 19.1¢ 16.8°
Pectin Turning 8.8' 13.1° 16.6° 21.1°
Light red 15.1° 19.1¢ 19.8¢ 24.8"
LSD - 1.49 2.52 4.42 2.54
CV% - 7.2 7.9 10.2 6.4

*After 15 day of storage all control fruits were spoiled and discarded; Means with the same letter (s) within a column are not significantly different.

treated fruits at day 5 was 10.09, 8.52, and 7.91,
respectively and subsequently reached to 25.65, 17.57,
and 19.10 by the end of the storage period with a
significant interaction effect between maturity stages and
coatings. Generally, coated tomato fruits revealed
relatively small ratio changes for all harvesting stages
(Table 6). Similar results were also reported in Al-
Mughrabi (1994) who demonstrated that harvesting at
mature-green stage had lower TSS/TA ratio values in
comparison with red-ripe fruits. In general from result of
this study, a ratio above 10 can be used as index to
determine degree of ripeness of tomato fruits. For
instance, uncoated fruit at light red harvesting stage of

5th day of storage showed almost equivalent ratio for
coated samples at 15th day of storage. As index of
ripening, the ratio can be used to investigate the positive
effect of coating materials on preserving of total soluble
compounds in fruits as compared to uncoated ones.

Ascorbic acid content

Table 7 shows the changes in the ascorbic acid content
of tomato fruits at three maturity stages, treated with
chitosan and pectin in 20 days of storage time at ambient
temperature. Significant differences were observed
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Table 7. Changes in ascorbic acid (mg/ 100 g) of tomato fruits harvested at three maturity stages, coated with pectin and

chitosan and stored at ambient temperature.

Days after application of coating materials and stored at ambient

Coatlr?gl SHtZrV:SS“ng condition mean temperature 22°C+1 and RH of 74.5%:z+1
materials d Day 5 Day 10 Day 15 Day 20
Mature green 14.6° 16.7° 17.9' -
Control (uncoated) Turning stage 31.6% 29.6" 15.8¢ -
Light red 21.0° 14.6' 13.0" -
Mature green 9.6% 20.0¢ 30.5° 21.1°
Chitosan Turning stage 12.9% 34.7% 34.3 27.1°
Light red 23.5° 25.5° 22.2° 15.7'
Mature green 8.3¢ 26.3° 30.1° 22.6°
Pectin Turning stage 11.2% 31.0° 38.0° 29.1°
Light red 21.0° 30.1° 26.7¢ 18.3°
LSD (5%) - 1.87 1.63 1.72 1.41
CV (%) - 4.9 3.6 3.9 3.6

*After 15 day of storage all control fruits were spoiled and discarded; Means with the same letter (s) within a column are not

significantly different.

among treatments (P<0.05) for their interaction. For fruits
at turning stage, the mean value of ascorbic acid content
was 15.80, 34.38 and 38.08 mg/100 g fresh weights for
control, chitosan and pectin, respectively (on 15th day
after coating). Green mature fruits showed ascorbic acid
values of 17.94, 30.60, and 30.10 mg/100 g fresh weight
for control, chitosan, and pectin treatments for the same
duration of storage. However, light red tomatoes showed
ascorbic acid values of 13.03, 22.20, and 26.70 mg/100 g
fresh weight for control, chitosan, and pectin treatments
(on 15th day after coating). Sharma et al. (1996) reported
ascorbic acid content ranged from 11.21 to 53.29
mg/100g in tomato genotypes which is in agreement with
values indicated in this study. Similar results were also
reported in Tigist et al. (2011) a general trend of increase
in ascorbic acid content, followed by a falling during full
ripening stage.

Results illustrated in Table 7 show a reduction in
ascorbic acid content along with the storage period not
only for coated fruits but also for the control. However, a
decrease in ascorbic acid content was significantly higher
in control as compared with coated fruits. High ascorbic
acid in coated fruits could be attributed with slow ripening
rate due to semi-permeable membrane films of chitosan
and pectin, since coatings serve as a protective layer and
control for the diffusion of O, (Srinivasa et al., 2006)
which is critical to initiate respiration processes (Ayranci
and Tunc, 2004). Ali et al. (2010) reported a similar slow
down of ascorbic acid degradation for gum Arabic coated
tomato during ripening. Likewise Ali et al (2011) also
reported papaya fruits coated with chitosan showed a
slower initial increase in ascorbic acid as compared to
uncoated fruits. This suggests that chitosan and pectin

coatings slowed down the synthesis of ascorbic acid
during ripening and also slowed down the rate of loss in
coated fruits which can be attributed with O, availability
for respiration and oxidation.

Lycopene content

Lycopene is the major carotenoid compound in tomatoes,
it gives the fruit its characteristic red color (Frusciante et
al., 2007). The lycopene content of tomatoes has been
previously reported to be in the range of 0.88 to 4.2
mg/100 g of fresh weight (Clinton, 1999). During ripening,
the chlorophyll content decreases, and there is a rapid
synthesis of the red pigment lycopene. Table 8 shows the
changes in the lycopene content of tomato fruits at three
maturity stages coated with chitosan and pectin over 20
days of storage at ambient condition. In the current study,
significant (P < 0.05) difference was observed on the
lycopene content of tomato fruits due to the interaction
effect of maturity stages and edible coating materials.
Generally, lycopene content of the tomato fruits
increased with the storage time in all treated and
untreated fruits (Table 8) which was associated with
ripening stages. However, the content of untreated fruits
increased sharply and reached to a maximum level after
15 days of storage. But similar lycopene concentration
was noted from pectin and chitosan coated fruits on 20th
day of storage. The ripening and antioxidant index of the
tomatoes (lycopene) also varies from one ripening stage
to the other and the variations were also observed with
coated and uncoated fruits. The results of the study
(Table 8) established that the content of lycopene from all
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Table 8. Lycopene (mg/g) content versus time for control, pectin and chitosan coated samples harvested at different stages and stored

at ambient condition.

Days after application of coating materials and stored at ambient

Coatlr?gl SHtZrV:SS“ng condition mean temperature 22°C+1 and RH of 74.5%z+1
materials d Day 5 Day 10 Day 15 Day 20
Mature green 0.22° 0.35¢ 0.81° -
Control (uncoated) Turning stage 0.27° 0.44" 0.88" -
Light red 0.30% 0.61% 0.95% -
Mature green 0.14° 0.26" 0.42' 0.93%
Chitosan Turning stage 0.19¢ 0.31° 0.51° 0.97%
Light red 0.27° 0.40° 0.59¢ 1.11°
Mature green 0.11' 0.23° 0.37° 0.88°
Pectin Turning stage 0.20° 0.28' 0.43' 0.94%
Light red 0.23° 0.39° 0.62¢ 1.05%
LSD (5%) - 0.019 0.015 0.038 0.16
CV (%) - 3.9 4.7 4.1 9.6

*After 15 day of storage all control fruits were spoiled and discarded; Means with the same letter (s) within a column are not significantly different.

treatments increased with storage time but at different
rates. The lowest concentration of lycopene (0.11 mg/100
g) was recorded in pectin coated fruits harvested at green
stage after 5 days of storage while the highest
concentration of 1.1 mg/100 g for chitosan coated fruits
which were harvested at light red stage on 20th day after
coating and of storage.

The early increase in lycopene content in control fruits
might be due to faster ripening rate of fruits which leads
to the conversion of chloroplasts to chromoplasts and
lycopene accumulation in internal membrane system
(Grierson and Kader, 1986). Results of this study is also
in line with Ali et al. (2013) who reported that lycopene
content of uncoated tomatoes increased sharply and
reached to a maximum peak after 12 days of storage but
those coated with gum arabic stayed for 16 days. It has
also been reported that the formation of lycopene
depends on the rate of respiration during storage
(Javanmardi and Kubota, 2006). As indicated in earlier,
coatings reduce rate of respiration of fruits through
limiting O, availability. Since uncoated fruits exposed fully
to atmospheric oxygen, the lycopene content of red light
fruits after 15th days of storage was 0.95, 0.59 and 0.62
mg/100 g, for control, chitosan and pectin coatings.

Total phenolic content

Polyphenols are common constituents of foods of plant
origin and are major antioxidants in the human diet.
These compounds possess diverse biological properties
which provide a number of benefits, including antioxidant,
apoptotic, anti aging, anti carcinogenic and anti

inflammatory activities, cardiovascular protection, and
also inhibit angiogenesis and cell-proliferation (Han et al.,
2007). In this study, significant (P < 0.05) difference on
total phenolic content of tomato fruit was observed due to
the interaction effect of maturity stages and coatings
materials. After 10th day of storage, higher values of total
phenolic content was observed on fruits harvested at
turning stage but coated with pectin (93.2 mg/100 g
sample) and followed by chitosan coated fruits (79.6
mg/100 g). The same trend was followed after 15 and
20th days of storage in terms of harvesting stages, but
values were decreased when storage time increased to
20th day (Table 9). At this stage of harvesting, fruits
could perceive coatings materials as a potential abiotic
stress, thereby resulting in production of secondary
metabolites like phenols in coated samples (Gonzélez-
Aguilar et al., 2010). The authors indicated that, edible
coatings can produce abiotic stress on produce,
modifying its metabolism and affecting the production of
secondary metabolites such as phenolic and flavonoid
compounds due to the oxidative stress created by
coating. Previous studies also showed that low O, and
elevated CO, concentrations increased the production of
phenolic compounds during the storage of fresh cut
melons, which was related to oxidative stress on the fruit
(Frusciante et al., 2007). The accumulation of phenolic
compounds may be promoted by PAL enzyme
(Phenylalanine ammonia-lyase) activity, which is
activated under stress conditions (Wu and Lin, 2002). In
grapes treated with edible chitosan coatings, an increase
in the PAL enzyme was also observed (Romanazzi et al.,
2002).

Since phenolic compounds contribute to fruit quality in
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Table 9. Total phenolic contents (mg/g) of tomato fruits harvested at different maturity stages and coated with pectin and chitosan films

before storage at ambient condition.

Days after application of coating materials and stored at ambient

Coatlr?g Harvesting condition mean temperature 22°C+1 and RH of 74.5%z+1
materials stages Day 5 Day 10 Day 15 Day 20
Mature green 56.0° 61.4° 60.8 -
Control (uncoated) Turning stage 69.8° 64.4° 50.2° -
Light red 64.9 58.5' 443" -
Mature green 52.4' 61.3% 69.8' 57.5°
Chitosan Turning stage 67.3° 79.6" 76.8" 70.8°
Light red 75.8" 73.3° 68.0° 49.2"
Mature green 47.0° 68.1¢ 73.9° 65.4°
Pectin Turning stage 68.9° 92.3% 85.4% 79.0°
Light red 79.1° 75.8° 70.7° 61.9¢
LSD(5%) - 0.030 0.032 0.025 0.018
CVv - 2.1 2.7 2.4 1.6

*After 15 day of storage all control fruits were spoiled and discarded; Means with the same letter (s) within a column are not significantly different.

terms of color, taste, aroma and flavor (Tomas-Barberan
and Espin 2001), those coated fruits with higher phenolic
content would have higher quality than controls.
Furthermore, from health point of view, an increase in
total phenolic content is related with the enhancement of
antioxidant capacity (Reyes and Cisneros-Zevallos,
2003) of fruits. Similarly, Ali et al. (2010) reported the
maximum amount of total phenolic content was observed
on gum Arabic coated fruit and reached to a peak after
12 days of storaage and decreased sharply at the final
days of storage.

Conclusions

Tomato is a highly perishable fruit that possesses a very
short shelf life and reaches to respiration peak of ripening
process in short period of time after harvesting. In view of
easy adoption and sustainability of technologies, edible
coatings can be a good alternative since they are simple,
low-cost and environmentally friendly alternative
technologies to extend postharvest life and reduce quality
loss. The study showed that surface coating of tomato
using pectin and chitosan solution can significantly (P<
0.05) delay changes in different quality attributes and the
shelf life was extended during ambient storage as
compared with uncoated fruits. Maximum shelf life was
observed for tomatoes harvested at turning stage coated
by pectin (17 days) followed by chitosan (16 days), and
minimum shelf life was for uncoated fruits for the same
harvesting stage (10 days). The most suitable stage for
coating was turning stage for both chitosan and pectin to
preserve better quality of tomato fruits. In the present
experiment, coated fruits contain higher amount of

ascorbic acid, lycopene and phenolic content. As both
chitosan and pectin resulted in comparable effect, the
choice of type of coating material depends on their price
and availability.
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