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Abstract Sapota fruits are highly perishable and have
short shelf life at the ambient conditions. The edible coatings have
been used on different agricultural products in order to extend
their post harvest life. In the present study, the polysaccharide
based edible coating made up of sodium alginate and pectin (2%)
was studied on the shelf life of sapota fruits. The coating of the
fruits is done by dipping method with two dipping time (2 and
4 min). The both control and coated sapota fruits were stored at
refrigerated temperature (4+1°C). The physico-chemical analysis
including acidity, total soluble solids, ascorbic acid, pH, weight
loss, colour and firmness were measured on 1, 8, 15, 23 and 30th
day of storage. There was significant difference (p<0.05) in these
physico-chemical parameters between control and coated sapota
fruits with 2 and 4 min dipping time. The sensory analysis of
control and coated sapota fruits showed that, the polysaccharide
coating with 2 minutes dipping time was effective in maintaining
the organoleptic properties of the fruits.

K ey words: edible coating, sapota, Shelf life, sodium
alginate, pectin

INTRODUCTION

Most of the seasonal fruits and vegetables are harvested
in bulk and they are preserved in the suitable environment.
This is done to reduce the post harvest losses and market
them at their best quality (Prashant et al., 2014). The short
shelf life of fruits is the major concern in their transpor-
tation or trading. The respiration process continues even
in their post harvest life and results in the shorter shelf
life if the effective preservative methods are not applied
(Alvaro et al., 2010). The use of polymeric films (plastics)
for the packaging of the fresh fruits and vegetables is com-
mon in the food industries because of their low cost, easy
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availability, good barrier properties against the respiratory
gasses efc. But these packaging materials have adverse
effect on the environment due to their non biodegradability.
Therefore nowadays food industries are focusing on the eco
friendly biodegradable packaging such as edible films and
coatings (Galgano et al., 2015).

The concept of edible films and coatings is not new. In
the 12th century, the citrus fruits such as oranges and lem-
ons were coated with waxes to extend their post harvest life
for a longer period of time (Olivas ef al., 2008). The edible
films and coatings (primary packaging) are made from the
edible components. The edible films are used to cover or
wrap the food materials after they are separately produced,
whereas the edible coatings are directly formed onto the
surface of food (Melvin and Shin, 2013). The edible films
and coatings are gaining more importance because of their
biodegradability and in order to improve their properties
and application on the various food products, there is
requirement of more research by the food technologists.
These cannot be used to completely replace the traditional
packaging system of the food materials but these can be
used along with it to reduce the cost and the amount of
traditional packaging materials used (Carmen et al., 2010).
The main components which are used in the preparation
of edible films and coatings are polysaccharides, proteins
(hydrophilic) and lipids (hydrophobic) (Bourtoom, 2008;
Olivas et al., 2008). These components are also used in
combination to form the composite edible films and coat-
ings with the beneficial properties of both hydrophobic and
hydrophilic components (Olivas ef al., 2008).

© 2016 Institute of Agrophysics, Polish Academy of Sciences



552

The hydrophilic polysaccharide components are found
to have good mechanical properties but the edible films
and coatings made up of these components have greater
permeability for water vapour and gasses. Among polysac-
charides, chitosan derivatives, cellulose, alginate, pectin
derivatives, seaweed extract and starch are most common-
ly used in the preparation of edible films and coatings
(Bourtoom, 2008). The changes in the molecular charac-
teristics of polysaccharides results in the variation in their
film forming ability and performance after the formation of
coating (Galgano et al., 2015). The polysaccharide based
edible coatings have been used on many fruits and vege-
tables in order to extend their shelf life. These films and
coatings are also used as the carrier of many additives such
as antimicrobial, anti softening, antioxidant and nutraceuti-
cals efc. (Rosa and Jonathan, 2012).

The alginate is a polysaccharide component usually
derived from brown algae and soil bacteria and is used in
the form of gelling agent in the food industries (Maria et
al., 2008). The alginate, in the presence of divalent cations
usually calcium forms the gel like structure which makes
them suitable for using in the formation of edible films
and coatings (Bonnie, 2013). The commercially available
alginates are made up of 1, 4 linkage of B — D- Mannuronic
acid a- L- guluronic acid residues (Kurt et al., 2005). The
alginate based edible coating has been studied on the fresh
cut pineapples (Azarakhsh ef al., 2012). The fresh cut Fuji
apples coated with alginate coating maintained the desired
qualities and extended the shelf life nearly three times
when compared to that of control fruits stored at refrige-
rated temperature (Maria ef al., 2008). The alginate coating
on the pear fruits was effective in reducing the changes in
weight loss, pH, firmness, total soluble solids and colour
due to its lower water vapour permeability and higher ten-
sile strength. This alginate coating (2%) maintained the
physico- chemical properties of pear up to 15 days at 25°C
temperature (Kessiane et al., 2012).

The pectin is a polysaccharide which is used in the
preparation of jam, jelly efc. because of its gelling and
thickening properties (Padmaja and John, 2014). This high
molecular weight colloidal carbohydrate is usually found
in ripe fruits such as green apples, citrus etc (Arantzazu et
al., 2015). The fruits and vegetables such as apples, guava,
carrot, chestnuts, peach, melon, papaya, apricot, berries,
avocado, tomato and walnuts have been preserved using
the pectin based edible films and coatings (Arantzazu et
al., 2015). The cucumber coated with pectin based coat-
ing containing beeswax, sorbitol and monoglyceride were
in the edible state upto 14 days at refrigerated temperature
and 2 to 5 days at ambient conditions (Moalemiyan and
Ramaswamy, 2012). The strawberry fruits coated with pec-
tin retained physico-chemical properties and visual quality
better than the soy protein, gluten and starch coated straw-
berry fruits (Yossef, 2014).
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MATERIALS AND METHODS

The polysaccharides, cross linking agent and plasti-
cizer ie sodium alginate, pectin, CaCl, and glycerol were
purchased from SRL Pvt Ltd, Chennai. Sodium alginate
(2%), pectin (2%) with the glycerol (2.5%) were dissolved
in the distilled water using the magnetic stirrer. After all the
components were completely dissolved, the solution was
cooled to room temperature.

The sapota fruits were purchased from the local market.
The selection of the fruits was done based on the size and
colour of the fruits. The coating of the fruits was done by
dipping method. The fruits were divided into three batches:
control, coated fruits with 2 min dipping time and coated
fruits with 4 min dipping time. The control sapota fruits
were dipped in the distilled water for 2 min and then dried
at the room temperature. The sample fruits were dipped in
the coating solution for 2 and 4 min, respectively. After
the removal of excess coating for one minute, the coated
fruits were dipped in the 2% CacCl, solution for 2 and 4 min,
respectively. After drying, both control and coated fruits
were stored for 30 days at refrigerated temperature (4+1°C).
The physico-chemical analysis of both control and coated
sapota fruits were carried out on regular interval of time
(1, 8, 15, 23 and 30th day of storage). The fruits were sub-
jected to processing to obtain the fruit pulp juice and the
chemical analysis was carried out.

The hand refractrometer was used to measure the total
soluble solids (TSS) content of the fruits. The juice was
extracted from the fruit pulp and drop of this juice was
placed onto the plate surface of the refractrometer and the
reading was taken directly as °Brix (Padmaja ef al., 2015).

The pH of the fruit pulp was measured using the digital
pH meter. Initially the pH meter was calibrated using the
pH 7 bufter solution and then the probe of the pH meter was
placed into the fruit juice and reading was taken directly
(Ranganna, 1999).

Acidity was measured by the titration method using
0.1 N NaOH solution. The acidity was measured using the
following formula (Ranganna, 1999):

titre value x normality of NaOH x total volme acid factor

Acidity (%) = 100.

weight of sample x volume of filtrate taken

The L*, a* and b" values of the fruit peel was measured
during the storage using the Hunter Colourimeter. The L*
values depicts the lightness, a* values represent the extent
of the redness or greenness and b* values represent the
extent of blueness or yellowness (Ranganna, 1999).

Ascorbic acid is the major acid present in the sapota
fruits. The titration method was used in the measurement
of ascorbic acid using 2, 6 dichlorophenol indophenol
(Ranganna, 1999):
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mg
100 g

0.5mgV, 100 ml
V,5ml weight of sample

Ascorbic acid

of sample =

where: V| is the titre value of standard ascorbic acid, V, is
the titre value of fruit pulp.

The firmness of both control and the coated sapota fruits
was measured during the storage period by using the tex-
ture analyzer. The penetration test was used to determine
the firmness of fruits. A depth of 10 mm was penetrated
through the fruit surface using the 2 mm diameter probe.
During the analysis, the load cell of 50 kg, pretest speed
1.5 mm s, test speed 1.0 mm s, post test speed 10 mm
s' was maintained. The force that is required to penetrate
through the surface of fruits was measured in terms of gram
(Padmaja et al., 2015).

The control and coated fruit peel of both 2 and 4 min
dipping time was subjected to SEM analysis to study the
microstructure of the coating on the fruits (Athmaselvi
etal,2013).

The both control and coated sapota fruits were stored at
refrigerated temperature (4+1°C) for 30 days. The sensory
analysis of fruits was carried out on 30th day of storage to
study the effect of coating on the organoleptic properties of
the fruits. The 30 panelists belonging to 21-25 age groups
analysed and scored the samples using 9 point hedonic
scale. The parameters such as colour, appearance, flavour,
after taste, mouth feel and overall acceptability were con-
sidered in order to study the effect of coating on the sensory
attributes of sapota fruits (Natalia, 2012).

The ANOVA test (p<0.05) was performed for the
statistical analysis of the data using the SPSS software
version 19).

RESULTS AND DISCUSSION

There was increase in weight loss in both control and
coated sapota fruits during the storage. The control fruits
showed the weight loss in the range of 2.48+0.12% to
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37.21+0.54% where as in the coated fruits with 2 and 4 min
dipping time, the weight loss increased from 0.86+0.37 to
24.98+0.35% and 0.88+0.66 to 29.65+0.44%, respectively.
There was significant difference (p<0.05) in the weight loss
between the control and coated sapota fruits with both 2
and 4 min dipping time. This reduced weight loss in the
coated fruits is mainly because of the blockage of lenti-
cels by the coating (Padmaja et al., 2015). But the coated
fruits with 2 min dipping time was effective in reducing the
weight loss compared to the control and coated fruits with
4 min dipping time as shown in the Table 1. The composite
edible coating made up of sodium alginate and sunflower
oil was successful in reducing the weight loss in the straw-
berries when compared to that of control fruits (Waqas
and Masood, 2014). The sapota fruits coated with aloe
vera coating of 1:2 (water: aloe vera gel) ratio with 7 min
dipping time showed reduced rate of weight loss when
compared to that of control fruits (Padmaja et al., 2015).

There was increase in the TSS value in both control and
coated sapota fruits during the refrigerated storage. During
the storage, the complex carbohydrates present in the fruits
convert into simple sugar molecules which results in the
increase of TSS values (Padmaja ef al, 2015). The TSS
value of control fruits ranged from 10£0.05 to 29.34+0.09
°Brix and in the case of coated fruits with 2 and 4 min dip-
ping time, TSS ranged from 9.5+0.04 to 24.2+0.08 °Brix
and 10+0.06 to 28+0.12 °Brix, respectively. There was
significant difference (p<0.05) in the TSS values between
control and coated sapota fruits with 2 and 4 min dipping
time. The strawberry fruits coated with pectin edible films
did not show significant change in the TSS value with time
when compared to that of control fruits which showed
higher rate of increase in the TSS value (Yossef, 2014).
The sodium alginate (2%) edible coating on the pear fruits
reduced the increase in the TSS value during the storage
when compared to that of control fruits by slowing down
the polysaccharide degradation (Kessiane et al., 2012).

Table 1. Weight loss, TSS and pH of control and coated sapota fruits

Weight loss (%)

TSS (°Brix) pH

Days Coated (min, %)

Coated (min, °Brix) Coated (min)

Control (%) Cﬂont‘rol Control
2 4 ("Brix) 2 4 2 4
1 2.48+0.12a  0.86+0.37b  0.88+0.66b  10+0.05a 9.5+0.04b 10+0.06a 5.69+0.38a  5.62+0.55b  5.63£0.58b
8 13.03+£0.43a  9.03+0.15b  9.3+0.49¢ 16+0.03a 11.2+0.07b 11+0.15b 5.77+0.42a  5.64+0.49b  5.66+0.39b
15 17.33+0.28a  12.43+0.63b  12.97+0.58c  21+0.1a 14.4+0.02b  15+0.05¢ 5.82+0.23a  5.67+0.15b  5.7+0.36b
23 25.81+0.22a  18.9+0.76b  19.56+0.25c  25+0.05a 19.8+0.12b  22+0.08¢c 5.88+0.65a  5.73+0.53b  5.80+0.47c
30 37.21x0.54a  24.98£0.35b  29.65+0.44c  29.3+0.09a  24.2£0.08b  28+0.12a 5.93+0.21a  5.840.22b 5.88+0.83¢

Data is expressed as mean+SD, n=3. Means of weight loss, TSS and pH in each row followed with the different letters are significantly

different (p<0.05) by Tukey test.
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As the storage time passes, the senescence occurs in
fruits during which there will be increase in the pH value
(Natalia, 2012). It is also because of the decrease in acid-
ity and increase in TSS value as the fruits ripen during the
storage period (Padmaja et al., 2015). The pH value of
control fruits ranged from 5.69+0.38 to 5.93+0.21 whereas
that of coated fruits with 2 and 4 min dipping time showed
pH in the range of 5.62+0.55 to 5.8+0.22 and 5.63+0.58
to 5.88+0.83 respectively as shown in Table 1. There was
significant difference (p<0.05) in pH values between con-
trol and coated fruits of both dipping times. The pear fruits
coated with sodium alginate coating (2%) showed reduced
rate of increase in the pH values when compared to that of
control fruits during the 15 days of storage at 25°C tempe-
rature (Kessiane et al., 2012).

The acidity in both control and coated fruits was
reduced as the fruits ripened during the storage as shown
in Table 4. This decrease in acidity value is because of
the increase sugar content of the fruits during the ripening
process (Padmaja et al., 2015). The control fruits showed
higher rate of decrease in the total acidity when compared
to that of coated fruits with both dipping time. The similar
results were found in the case of sapota fruits coated with
aloe vera based edible coating (Padmaja ef al., 2015). The
acidity in the control fruits decreased from 0.77+0.36 to
0.192+0.33% and in the case of coated fruits with 2 and
4 min dipping time, the acidity decreased from 0.75+0.68
to 0.32+0.82% and 0.77+0.31 to 0.204+0.35%, respective-
ly. There was significant difference (p<0.05) in the acidity
values between control and coated fruits with 2 and 4 min
dipping time. The pectin coated strawberry fruits did not
show significant decrease in the titratable acidity values
during the storage at 10°C (Yossef, 2014).

During the refrigerated storage, there was decrease in
ascorbic acid in both control and coated sapota fruits. The
increased level of total soluble solids during the ripening
of fruits results in the reduction of ascorbic acid content
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(Padmaja et al., 2015). The coated fruits with 2 min dip-
ping time showed reduced rate of decrease in ascorbic acid
during the storage. The coated fruits with 2 and 4 min dip-
ping time showed the ascorbic acid values in the range of
14.740.16 to 8.82+0.17% and 15.3440.22 to 7.354+0.88%,
respectively. The control sapota fruits showed the reduc-
tion in the ascorbic acid in the range of 15.52+0.12 to
6.35+0.39%. There was significant difference (p<0.05)
in the ascorbic acid value between the control and coat-
ed sapota fruits with both 2 and 4 min dipping time. The
aloe vera pectin coated sapota fruits showed reduced rate
of decrease in the ascorbic acid content when compared to
that of control fruits. This decrease in the ascorbic acid is
mainly because of the increase in the sugar content as the
fruits ripened during the storage (Padmaja et al., 2015).

There was decrease in the firmness during the refriger-
ated storage in both control and coated sapota fruits, but
control fruits showed higher rate of decrease in the firmness
when compared to that of coated sapota fruits with both
dipping time. The control sapota fruits showed the decrease
in firmness in the range of 956.795+0.12 to 155.35+0.18
g and the coated sapota fruits with 2 and 4 min dipping
time showed the firmness in the range of 1061.238+0.64
to 328.60+0.20 g and 1038.508+0.98 to 224.79+0.19 g,
respectively. There was significant difference (p<0.05) in
the firmness between the control and coated sapota fruits
with 2 and 4 min dipping time. This reduction in the firm-
ness during the storage is in direct correlation with the
weight or moisture loss of the fruits. The aloe vera coated
sapota fruits maintained the firmness significantly when
compared to that of control fruits (Padmaja et al., 2015).
The multilayered antimicrobial alginate based edible coat-
ing significantly reduced (p<0.05) the decrease in firmness
in the fresh cut water melon stored at 4°C for 15 days
(Sipahi et al., 2013). The apple puree — alginate based edi-
ble coating containing vanillin essential oil maintained the
firmness in the fresh cut apples during the 21 days storage
at refrigerated temperature (Maria ef al., 2007).

Table 2. Acidity, ascorbic acid and firmness of control and coated sapota fruits

Acidity (%) Ascorbic acid (%) Firmness (g)
Q% Coated (min, %) Coated (min, %) Control Coated (min)
Control (%) Control (%)
2 4 4 © 2 4
1 0.77£0.36a  0.75+0.68a  0.77£0.31a  15.52+0.12a 14.7+0.16b  15.34+0.22a 956.795+0.12a  1061.238+0.64b  1038.508+0.98¢c
8  0.448+0.55a 0.64+0.32b  0.58+0.47c  10.41£0.25a 13.88+0.52b 13.99+0.45c 839.132+0.24a  941.482+0.59b  900.517+0.19¢
15 0.3844+0.43a 0.576+0.25b  0.512+0.29c 8.33+0.76a  11.27+0.64b  10.41+£0.29c 582.138+0.13a  653.063+0.19b  580.51+0.31c
23 0.256+0.78a 0.448+0.44b  0.38440.51c 7.84+0.18a  9.8+0.38b 8.82+0.14c  295.53+£0.78a  549.745+0.18b  424.80+0.14c
30 0.19240.33a  0.32+0.82b  0.204+0.35a 6.35+0.39a  8.82+0.17b  7.35+0.88c  155.35+0.18a  328.60+0.20b 224.79+0.19¢

Data is expressed as mean+SD, n=3. Means of acidity, ascorbic acid and firmness in each row followed with the different letters are

significantly different (p<0.05) by Tukey test.
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The colour values of peel of both control and coated
sapota fruits were measured during the storage period. As
the fruits ripened during the storage, the colour of the peel
changed into dark brown and hence there was decrease in
the L" value. The similar result was obtained for the sapota
fruits coated with aloe vera — pectin coating (Padmaja et al.,
2015). There was significant difference (p<0.05) in the L
values between control and coated sapota fruits with both
2 and 4 min dipping time. The coated fruits with 2 minutes
dipping time showed reduced rate of change in L* value
when compared to that of control and 4 min dipping time
coated fruits as shown in Table 3.

The shifting of the colour of the fruit peel towards red-
dish brown resulted in the increase of a’ values in both
control and coated fruits. The coated fruits with both dip-
ping times showed significant reduction (p<0.05) in the
change of a" value when compared to that of control fruits.
The sapota fruits coated with aloe vera based edible coat-
ing showed reduced rate of increase in the a" values during
the cold storage when compared to that of control fruits
(Padmaja et al., 2015).

The b" values of fruit peel of control and coated fruits
with both dipping time (2 and 4 min) showed significant
difference (p<0.05). The coated fruits with 2 min dipping
time showed reduced rate of decrease in b* value. The

Table 3.Colour values of peel of control and coated sapota fruits
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aloe vera coated sapota fruits also showed reduced rate of
decrease in b" value when compared to that of control fruits
(Padmaja et al., 2015).

The sensory analysis of both control and coated sapo-
ta fruits was carried out on 30th day of storage using 9
point hedonic scale. The parameters such as appearence,
after taste, mouth feel, colour, flavour and overall accep-
tability were considered to study the effect of coating on
the sensory attribute of the sapota fruits. The above para-
meters were analysed by the 20 panel members of 21-25
age group. The following 9 point hedonic scale is used for
the sensory analysis of the fruits: 9 — like extremely, 8 — like
very much, 7 — like moderately, 6 — like slightly, 5 — neither
like nor dislike, 4 — dislike slightly, 3 — dislike moderately,
2 — dislike very much, 1 — dislike extremely. There was
significant difference (p<0.05) in the sensory parameters
between the control and coated sapota fruits with both 2
and 4 min dipping time as shown in Table 4. The aloe vera
— pectin coated sapota fruits stored at the temperature of
15+£2°C were subjected to sensory analysis and the para-
meters such as firmness, visual aspect, sweetness, sourness,
crunchiness, juiciness and overall acceptability were ana-
lysed. The fruits with coating of 1:2 (water: aloe vera gel)
ratio and 7 min dipping time showed better organoleptic
properties compared to control fruits (Padmaja and John,
2014).

L* a* b*
2
5 Coated (min) Coated (min) Coated (min)
Control Control Control
2 4 2 4 2 4
1 52.3+£0.38a  52.89+0.33b  52.69+0.46b 5.58+0.45a  5.65+0.72b  5.62+0.88b  25.23+0.1la 24.48+0.26b 24.88+0.33¢
8  44.58+0.56a 49.6+0.21b  46.32+0.59c 8.98+0.62a  6.42+0.21b  7.93+0.26¢c  19.4+0.58a 22.62+0.61b 20.16+0.72¢
15 38.44+0.72a 44.87+0.47b 41.33+£0.68c 10.13+0.78a 7.03+0.74b  8.63+0.37c¢  18.69+0.39a 20.14+0.79b 19.37+0.28¢
23 34.1740.45a 40.23+0.34b  37.9440.16c 10.34£0.49a 8.37+0.45b  9.82+0.31c  17.344+0.23a 19.39+0.94b 18.56+0.51c
30  30.584+0.29a 38.54+0.62b  35.324+0.28c  11.65+0.23a  9.36+0.19b 10.3£0.22¢  16.48+0.55a 18.98+0.44b 17.15£0.13¢

Data is expressed as mean+SD, n=3. Means of L*, a* and b* in each row followed with the different letters are significantly different

(p<0.05) by Tukey test.

Table 4. Sensory analysis of control and coated sapota fruits

Sample Colour Appearence Flavour Mouth feel After taste accoe;f:ggity
Control fruits 3+0.82a 3.16+£0.96a 4.16+0.88a 4.05+0.76a 3.89+0.84a 3.65+0.94a
Coated fruits (2 min) 8.11+0.46b 8.21+0.54b 8.37+0.6b 8.47+0.51b 8.42+0.61b 8.32+0.3b
Coated fruits (4 min) 7.74+0.87¢ 8+0.79¢ 7.68+£0.95¢ 7.79+0.83¢ 7.95+0.97¢ 7.83+0.79¢
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Fig. 1. SEM image of sapota fruit peel: a — control, b — coated with
2 min dipping time, ¢ — coated with 4 min dipping time.

The scanning electron microscopy is used to study the
microstructure of control and coated sapota peels with both
2 and 4 min dipping time. Figure la shows the SEM image
of the control sapota fruit peel. In the Fig. 1b, the colloi-
dal complex of sodium alginate and pectin is uniformly
distributed onto the fruit peel surface ie the fruit peel with
2 min dipping time. In the Fig. lc, ie the coated fruit peel
with 4 min dipping time, the colloidal complex is not
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clearly visible because of the more thickness of the coat-
ing formed onto the fruit peel. The tomatoes coated with
aloe vera based edible coating with 2% total solids formed
the uniform thin coating over the surface which was effec-
tive in reducing the respiration rate and extended the shelf
life upto 39 days stored at ambient conditions (Athmaselvi
etal, 2013).

CONCLUSIONS

1. The sapota fruits coated with sodium alginate — pec-
tin edible coating (2%) with 2 min dipping time showed
significant reduction in changes in the physico-chemical
parameters such as weight loss, total soluble solids, acid-
ity, colour, ascorbic acid, firmness and pH at refrigerated
temperature storage (4+1°C).

2. The sensory analysis of control and coated sapota
fruits showed that, the polysaccharide coating with 2 min
dipping time was effective in maintaining the organoleptic
properties of the fruits upto 30 days of refrigerated storage
when compared to that of control sapota fruits.

Conflict of interest: Authors not declare conflict of
interest.
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