J.Bio.Innov 11(2), pp: 494-515, 2022 |ISSN 2277-8330 (Electronic) Kiruba et al,,

https://doi.org/10.46344/JBINO.2022.v11i02.23

EFFECT OF EDIBLE COATING IN EXTENDING SHELF LIFE OF FRUITS

Kiruba.S$* Vishwa Rohini.M**

Il MSc Food chemistry and food processing, Loyola College, Chennai**
Assistant professor, Food Chemistry and Food processing ,Loyola College ,Chennai**

ABSTRACT

Have you ever wonder an edible coating can extend the shelf life of fruits and prevent
franspiration losses during storage. In recent past years, there are many innovative
edible coatings from natural sources invented for packaging of fruits to increase their
shelf life as well as qualitative parameters during storage. Fruits are soon degradable as
they are perishable in nature and have low shelf life .Transpiration process starts after
harvesting of fruits from plant, which lead to loss of quality and ultimately shortens the
life of the fruit. In order to prevent from degrading of fruits, Edible coating act as a
protection and barrier against mechanical damage using natural sources. An edible
coating is any material formed from a combination of biopolymers and different
additives dispersed in aqueous media. Dipping method is mostly used for applying
edible coating for fruits ,dipped in coating solution for 5-30 seconds. There are many
edible coating materials used like polysaccharide, protein, lipid, herbal and-composite
materials. It is important to know the nature of the material substance used and type of
fruits for edible coating.This review paper presents different edible coating material and
its impact on preserving fruits using simple preservation method. This work also show
output of various natural coating materials providing beneficial effects on fruits.
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INTRODUCTION: .

Edible coating enhance the postharvest
quality of fresh fruits. Edible coating acts as
an additional protective and preservative
agent for fruits. Post-harvest losses of fruits
are major concern in food industry .There is
a consumer demand for fresh quality fruits
with a longer shelf life. By demand, edible
coating came into the worldwide market
turnover for protecting fruits by minimizing
respiration rate and maintaining quality
parameters. For centuries, Edible coating
are used to protect foods and prevent
moisture losses..In 12th century, Wax as are
edible coating was first used on citrus fruits
in  China(Hardenburg,1967) and prevent
from water loss and add shine o
fruits(Baldwin,1994).In Europe, Larding
process stores fruit in wax or fats for later
consumption(Conftreras-Medellin and
Labuza 1981).Edible coating defined as a
thin layer of material that covers surface of
food and eaten as a whole fruit(Guilbert et
al.1995,Raghav  PK et al.2016).Edible
coating is done in many simple as well as
technological- methods in_recent years.
Dipping method is the most common and
easiest widely used methods for fruits. It is
simple and cost effective for laboratory
purposes. The materials used for edible
coating are polysaccharide, protein, lipids,
herbal based and seaweed. Impact of
Different edible coating material in fruits
has been evident these days. Let see
detailed information on how edible
coatings preserve the fruits in different
ways.
I) CHARACTERISTICS OF EDIBLE COATING:
According to Elsa. D.M, Roberto .C.M
(2021),the important characteristics  of
edible coatings are
act as mechanical barrier such as dents or
cuts, (Guminaraes A et al.2018)
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contains  bioactive
anfioxidants
oxidation,(Sanchez.A.et
Trujillo.et al.2017)

Helps in protecting against UV light and
other compounds(Debeaufort.F.et al.1998)
Aids in anfimicrobial properties , preventing

components  like
useful in preventing
al.2015,Salvia -

from bacterial production and
fungalcontamination (Krasniewska.K.et
al.2020)

Naturally made frombiodegradable

materials(Guminaraes A et al.2018)
Increasing shelf life of
product(Falguera.et al.2011)

the

I)EDIBLE COATING METHOD:

1. DIPPING METHOD :

Dipping method is widely used viscous
coating method in fruits . Fruits are dipped
in the coating solution between 5 to 30
secs.(Raghav et al., 2016).1t-involves three
steps for dipping the product: (Andrade et
al., 2012; Brinker, 2013; Costa et al., 2014;
Tavassoli-Kafrani et al., 2016)

a) Immersion - Fruit is dipped into the
coating solution at a constant speed in
order to coat properly.

b) Deposition — Developing a thin layer of
the precursor emulsion on the surface of
the food.

c) Evaporation — The excess solvent are
evaporated from the surface of the food
by drying procedure.

The most effective way 1o increase
microbial stability of fruits by dipping them
in solutions with antimicrobials. Dipping
method is the main laboratory coating
application method due to its simplicity
and low cost.

(Source: Suhag.R.Kumar ,et.al,(2020)

2. SPRAYING METHOD:
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i)Air spray atomization:

In this method of spraying the high velocity
stream of air is surrounding fluid flowing
from a tube at a low speed. Fluid-air friction
speeds up and disrupts the liquid fluid flow
and induces atomization. In this technique,
air is used for fine spraying of the droplet on
food products. (Valdés et al., 2017) l.
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protection against mechanical and
biological damage (Debeaufort&Voilley,
2009).

Ill) EDIBLE COATING MATERIALS:

POLYSACCHARIDE

(a)Gum

ii) Air assisted airless atomization: Aire
assisted airless spray guns first  partially
atomize the fluid with a special fluid nozzle

Gum Arabic
Xanthum gum
Guar gum

tip similar to a standard airless tip. Thif{b)Seaweed extract

method offers high production levels and o
high-quality finish. (Peretto et al., 2017) o

Carrageenan
Alginates
Agar

ili) Pressure atomization: In this technique|c)starch

the edible coating is applied to fooo
products by using pressure.During the

dextrins
amylose

processing, the pressure maintains belowd) chitin/chitosan
3.5 bars to avert the annihilation of the filme) Cellulose

forming system (Andrade et al.; 2012). The
droplets of coating solution are formed due
to high inerfial forces and low viscous
forces (Andrade et al., 2012)
[ ]
3. FLUIDIZED-BED PROCESSING METHOD: .
The fluidized-bed method of edible coating
is widely used in food processing anc
research applications. The coating solutiors
and suspension  are sprayed onto the
fluidized powder surface via a number o#

Carboxymethyl cellulose
Hydroxypropylmethyl cellulose
Methyl cellulose

II.LPROTEINS

Gelatin

Zein

Wheat gluten
Casein

Whey protein
Albumin + gelatin
Soy protein

nozzles to form a shell-like structure in allllipid films/coatings
fluidized coating process (Suhag.R.Kumafa)surfactants

et.al,2020).The application comprises o
wide range of high-quality food productse

fweens
lecithin

which include functional ingredients andb)waxes

additional products (leavens anck
enzymes), preservatives (acids and salts)s
fortifying  substances (vitamins  ano

minerals), aromatic compounds (natuxal
and synthetic) flavours and spices (Chen e
al., 2009). This methodology is also ofters
used to coat seeds with pesticide slurry fos

beeswax
carnauba
paraffin

Resins

Female lac bug
Shellac

Wood rosin
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V.

Coumarone indene .
Composite films :

Blend of polysaccharide, protein, lipids or
resins.

Bilayer or conglomerate structure.

IV) IMPACT OF EDIBLE COATING MATERIAL
ON FRUITS:

1)POLYSACCHARIDE
COATING:
Polysaccharide based edible coating areb)
most common used coating material for
fruits.They can be obtained from natural
sources such as plants,crustaceans and
microorganisms(Kocira. o
A.et.al.,.2021).Microbidal
polysaccharide,Gums, Seaweed extract,
Starch, chitosan and cellulose derivatives
are the most polysaccharides used in the
making of edible coating. These coafings
have ability to prevent gases exchange,
ability to reduce the water loss, and
controls ripening and senescence.

GUM

Gum based edible coating are used due
to their ability either to form the gel or
make the viscous solution. or stabilize the
emulsion systems (Salehi and Kashaninejad,
2015; Wiliams and Phillips, 2000). Water-
soluble gums also known as *hydrocolloid”
are used for various applications as
thickening and gelling agent.fim  and
coating packaging and dietary fiber (Barak
and Mudgil, 2014; Dick et al., 2015)

Arabic gum: EI-Anany et al. (2009) reported
using Arabic gum as a coating for apple
fruit delays ripening compared to control
sample. Magbool et al. (2011) suggest thas
using 10% Arabic gum and 0.4% cinnamon
oil as a biofungicide for controlling
postharvest anthracnose of papaya. Khalig
et al. (2015) shown the result of 10% Arabic
gum with 3% calcium chloride improve the
mango quality during storage.

BASED EDIBLE
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Xanthan gum : L.P.T. Quoc.et.al. (2014)
showed the effect of xanthan gum in
acerola fruit by reducing respiration
process, increasing storage time and
keeping the color.Adetunji.C.O.et al(2014).
Reported that xanthan gum delayed
softening of the fruit, ascorbic acid and TSS
losses and maintained the quality of
papaw fruit.

SEAWEED BASED EDIBLE COATING:

Seaweed Edible coating such as alginate,
carrageenan and agar are products
obtained from marine algae.

ALGINATE: These are polysaccharides
obtained from marine brown
algae(Phaeophyceae). Alginate is soluble
in water; it also has good fiiming and good
adhesion properties. Alginate has white,
yellow, fibrous powder form. Alginate
polymers form gels, i.e., ionic cross-linksform
in the presence of several-divalent cations
such as Ca2 *, Mg2 *, Sr2 * and Ba2 *, by
cross-linking the carboxylate groups of the

guluronate groups on the polymer
backbone.( Aarushi
Sachdeva,et.al.2021).According to
GhaidaaAlharaty.et al.(2020),Sodium

alginate-calcium chloride edible coating
extended the shelf life of strawberry cut
fruits stored at 4 -C for up to 15 days. Based
on sodium alginate and its blends with
ascorbic acid coating method have
proven to be a useful strategy for the
preservation of the visual appearance of
minimally processed pineapple under
refrigerated storage(Alex L.et al(2019).

CARRAGEENAN: Carrageenan is a natural
hydrophilic polymer and has a high
potential for film-forming. Carrageenan is
produced from various genera and species
of family Rhodophyceae. According to
Fenny .M.D .et al.,(2020);At 20°C storage,
1.5% Carrageenan coating treated for
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banana extended the shelf life for six days
than control.

AGAR AGAR: Agar-agar, a polymer made
up of a subunit of galactose sugar
extracted from red-purple marine algae,
mainly Gelidiumamansii.lt is used as food
additive and considered as
GRAS(Generally Recognized as Safe) by
FDA. The output is agar suspensions at
different concentrations, especially at 2 g -

I-1, applied by dipping banana fruit for 1@)

min could be a promising protective
coating agent for management of
postharvest rot disease(10 days). El Sayed
Hussein Ziedan,.et.al.,(2018).

STARCH BASED EDIBLE COATING:

Starch is a complex form of carbohydrate
which is made up of long chain of sugar or
glucose molecules. Starch is the storage
polysaccharide found in legumes, cereals,
and tubers vegetables, like potato,
cassava, corn, rice, banana etc. It is a
good barrier to oxygen transmission but
poor to water vapour.( K. Susmitha Reddy
and Jatinder  Singh.2020).Strawberries
coated with cassava starch without
antimicrobial agent showed good
conditions for acceptance upto 12 days of
storage(Loreno .C.G, et al.2012).

d) CHITOSAN BASED EDIBLE COATING:

Chitosan ,an edible polymermade by
treating the chitin shells of shrimp and other
crustaceans with an alkaline substance, like
sodium hydroxide. It is a natural product
which is non-toxic and eco-friendly.
Chitosan has an antibacterial and
anfifungal property which helps in food
protection. These films are flexible, tough,
high durable and very difficult to tear.( K.
Susmitha Reddy and Jatinder Singh.2020).
Edible coating prepared with 2% chitosan
of 80% DD and without the addition of TEA
emulsifier was proved to be the most
effective coating for banana in terms of

Kiruba et al.,

weight loss reduction, vitamin C retention,
and desirable sensory analysis.(Natalia
Suseno,et.al(2013). is Chitosan
nanoparticles and chitosan can provided a
good effects on postharvest quality of
banana include shelf-life, starch content,
weight loss, pulp to peel ratio,Total soluble
solids and sensory quality.
(Cita.L,et.al(2018).

CELLULOSE BASED EDIBLE COATING:
Cellulose is the polysaccharide produced
from plant source such as methylcellulose,

hydroxypropyl cellulose (HPC),
carboxymethyl cellulose (CMC), and
hydroxypropyl  methylcellulose  (HPMC)

have good fiim-forming properties. These
are usually transparent, tasteless, odorless,
flexible, and of moderate strength, water-

soluble, resistant to fats and oil, and
resistant to  oxygen and  moisture
tfransmission. (K. Susmitha~Reddy and

Jatinder Singh.2020).CMC help to maintain
the original- firmness and crispiness of
apples,berries,peaches.(D.F.Mason.1960,At
ul.T.et.al.2016).

2) PROTEIN BASED EDIBLE COATING:

Proteins edible coating material are used
to avoid the moisture loss and to improve
the shelf life of the product. Protein used in
EC is usually in forms of isolate protein
powder that can come from plant source
(Soy protein isolate) or dairy/poultry industry
(Whey protein isolate, Albumin).Soy protein
isolate contains more than 90% protein and
is obtainex by aqueous or mild alkali
extraction by isoelectric
precipitation.(Elizabeth.A.Baldwin.et

al.2011) The outputis 5% SPI exude the best
result to control the weight loss of the
banana.( Wan Mahfuzah Wan Ibrahim.et
al.2020).The use of zein 5% and gelatin 10%
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could be a good alternative in maintaining
the quality attributes and extending the

shelf life of mango  fruit  during
storage.(Neeta B. GOL,et.al.2013).
Compared fo commercial shellac

coatings, zein coatings are favorable for
gloss and other quality characteristics on

apples (Bai and others 2002, 2003aq,
2003b).Caseinate and Whey protein
isolate coatfings were reported tfo

efficiently delay browning of apple and
potato slices by acting as oxygen barriers
(Le Tien and others 2001).Whey protein
represents approximately 20% of total milk
proteins(Brunner  1977)  with  diverse
functional properties.Casein edible
coatings have been applied to whole and
fresh cut fruits.Shelf life of Kinnow fruits was
extended by 20 days when fruits coated
with casein formulations and stored in high
density  polyethylene bags(Alam and
Paul,2001)

3)LIPID BASED EDIBLE COATING

Lipid based edible coating is used widely in
ancient times.such as waxes for citrus fruit
and contains glyceride compounds. The
important characteristics of lip based
edible coating aids in water-vapor barrier
and imparting hydrophobicity.Paraffin and
waxes with  some chemical substances like
fungicide or growth regulators are stored
long time in fruits.(Furkan.K et al.(2017). An

emulsion coating with CMC as the
hydrophilic phase and paraffin wax,
beeswax, or soybean oil as the

hydrophobic phase also extended shelf life
and reduced weight loss of apples,
peaches, and pears (Togrul and Arslan

2004, 2005).Shahid and Abbasi (2011)
evaluated the influence of bee wax
coating to maintain  physical and
biochemical parameters of sweet
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orange.The main properties of Shellac and
other resin-based coatings having lower
permeability towards 02, CO2, and
ethylene gas. Shellac coatings also dry fast
and produce a shiny surface on coated
produce (Baldwin 1994). Resin coatings are
least permeable to gases meaning that
fruit  can easily undergo anaerobic
respiration and flavor changes that are
usually undesirable(Daniel Lin and Yanyun
Zhao.2007) The beneficial properties of
lipid-based coating act as a water-vapor
and gas-barrier in comparison  with
polysaccharides and protein-based
coatings (Greener and Fennema 1992).

4) HERBAL BASED EDIBLE COATING:

Herbal based extracts like aloevera gel,
neem, fulsi, lemon grass, turmeric and
rosemary contains  antimicrobial
antioxidant and therapeutic properties and
also act as a nutraceutical. (Pramod.k.R.et
al.2016 and K. Susmitha Reddy and
Jatinder Singh(2020))Chauhan et al.(2014)
reported the effect of antifungal and anti
bacterial on grape fruit.by aloe vera gel
coating and neem extract has
antfimicrobial property , extend the shelf life
of apple for 45 days. According to Roller et
al.(2002),Cinnamic acid and Carvacrol
reduced the microbial spoilage of kiwifruit
and fresh-cut melon.Herbal coating are
excellent coating because of its non-toxic
and eco-friendly nature.

5) COMPOSITE BASED EDIBLE COATING:

Composite based edible coating is the
combination of polysaccharide,protein as
well as lipids. Lipid coating are less
permeable characteristics to water vapor,
so it can combine to other coating for
extending shelf life. Kittur et al.(2001), effect
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of combining Chitosan, modified starch
and cellulose and glycerol and tween-80
extend the shelf life of banana.
Combination ofAlginate,chitosan, apple
fiore and orange fiber.Glycerol, inulin and
oligofructose shows improvement of
sensory quality and increase in shelf life of
blueberries(Alvarez, M.V.et al.(2018)

V)FOOD ADDITIVES

PLASTICIZER:

A plasticizer is a substance which s
significantly non-volatile, non-separating
and has a high boiing point(Banker
GS.1996)CGlycerol, sucrose, polyethylene
glycol, and acetylated monoglyceride, are
used as a plasticizer material for coating of
fruits. (K. Susmitha Reddy and Jatinder
Singh.2020)

ANTIOXIDANT

Addition of antioxidants also helps in
increasing the shelf-life, increasing food
stability, maintaining  food quality and
maintaining the nutritional value
(Embuscado ME, Huber
KC.2009,Garcia.MP.etal.2016,Shahidi.F.2000
).Natural antioxidants such as tocopherols,
tocotrienols, ascorbic acid, carotenoids,
citric acid are also used

ANTIIMICROBIAL AGENT:

Antimicrobial  substances confrol the
contamination by increasing the lag-phase
or by inhibiting the growth rate of the
micro-organisms  which  are  targeted
(Quintavalla S, Vicini
L.2002)Eg.Potassiumsorbate.

SURFACTANT
Surfactants are added with edible coatings
and films as it promotes the adhesion of
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coating material, increases the wettability
of the product and also reduces moisture
loss.( SenturkParreidiT.et al.2018). Some
common surfactants are: Sorbitan esters
(commonly known as spans) and their
ethoxylates (commonly known as
tweens).(AarushiSachdeva.et al.2018)

CONCLUSION

This review work provides an recent studies
about application of edible coating in
fruits. Edible coating is an effective agent
for extending shelf life and reduce
respiration loss in fruits. Dipping method is
one of the most commonly used method
for coating fruit in laboratory scale.
Fluidized bed processing method is used in
food industry for coating of foods.Different
edible coating materials were used such as
polysaccharide, protein, lipid, resin, herbal
and  composite based coating for
fruits.Combination of _different edible
coating material gives the best result for
extending shelf life and minimize losses in
fruits.Other than that, food additives also
plays a role inplasticizer,antioxidant,
anfimicrobial and" surface active agent.
This paper gives summary on different
edible coating on fruits with their impacts.
Overall, Edible coating plays a vital role in
protecting fruits from  environmental
barriers.
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APPLICATION OF EDIBLE COATING IN FRUIT

Type of coating Fruit Composition  Benefits Reference

POEYSACCHARIDE S =TT Bl Gellan gum Improvement in apple quality Moreira et al.(2015)
GUM BASED Apple parameters by pulsed light in

EDIBLE combined with gellan based
COATING coatings

Arabic gum Shows significant delay in
with soybean  change of weight loss, El- Anany et al.(2009)
gum, jojoba ripening, firmness, TSS during

wax, glycerol  storage

Apricot Basil seed gum Provide high improvement in Hashemi et al.(2017)
with essential ~ quality, odor and overall
oils acceptability of apricot

Banana Arabic gum 10% Arabic gum with 0.4% Maghboolet.al(2011)
with cinnamon oil as a biofungicide

Lemongrass for controlling postharvest
and cinnamon  anthracnose.
oils.

Guava Arabic gum Increase shelf-life and quality =~ Murmu and
with sodium of guavas Mishra(2017)(2018)
caseinate and
tulsi extract
Also with
essential oils.

Mandarin Locust bean Improve against fungi causal Parafati et al.(2016)
gum with agents of postharvest decay.
biocontrol
yeasts
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Mango

Melon

Orange

Papaya

Pears

Apples

Mango

Melon

Arabic gum

Arabic gum
with calcium
chloride

Xanthan gum
with B-
carotene
nonocapsules

Guar gum with
pea starch and
oleic acid

Arabic gum
with
lemongrass
and cinnamon
oils

Xanthan gum
with cinnamic
acid

Alginate

Alginate

Alginate with
cinnamon oil

Influence on the mango
ripening, quality and aroma
biosynthesis.

Reduces weight loss, TSS,color
changes, respiration rate,
ethylene production and
maintain high
firmness,ascorbic acid.

Improves the characteristics
and increase shelf time to 21
days at 4°C.

Increasing shelf life of oranges

10% Arabic gum with 0.4%
cinnamon oil as a biofungicide
for controlling postharvest
anthracnose

Xanthan gum(2.5g/L) and
cinnamic acid(1g/L) slow
down surface browning and
increase the shelf life of pear
slices.

Increasing shelf-life and
quality of gala apples

Act as a anti-browning agent
on bioactive compounds and
antioxidant activity.

Significant differences in
taste,odor and firmness of fresh
cut melon
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Dang et al.(2008)

Khaliq et al;.(2015)

Zambrano-Zaragoza et
al.(2017)

Saberi et al.(2018)

Magbool et al.(2011)

Sharma and Rao (2015)

Olivas et al.(2007)

Robles-Sanchez et
al.(2013)

Raybaudi-Massila et
al.(2008)
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Papaya Sodium More effective in preserving Denise.A.S.et al.(2014
alginate,cellulo papaya stored for 12 days
se acetate

Pineapple Alginate and Increasing shelf life and quality Azarakhsh et al.(2014)

lemongrass of fresh-cut pineapple
essential oil
Plum Alginate The weight and acidity losses,  Valero et al.(2013)
softening and color changes
slow downs
Raspberry Alginate , Protects them from pathogen Adriana.C.G et al.(2015)
pectin and spoilage
essential oils
Strawberry Sodium Extend the shelf life of Ghaidaa.A et al.(2020)
alginate and strawberry cut fruits stored at
calcium 4C for 15 days.
chloride
Sapota Sodium Significant reduction in
alginate, pectin changes in the physic-chemical
and glycerol parameters such as weight loss, Joslin.Met.al(2016)

TSS, acidity , colour and pH.

Banana Agar Reduce weight loss, firmness  El Sayed Hussein
loss and fruit infections by Ziedanet.al.(2018)
pathogenic fungi, and in turn,
the extension of the shelf-life
of banana fruit.

Carrageenan At 20°C,1.5% carrrageenan can Fenny.M.D.et al.(2020)
extend the shelf life and
maintain fruit quality
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Apricot

Banana

Figs

Guava

Mango

Orange

Papaya

Strawberries

Chitosan

Chitosan and
cinnamon oil

Chitosan with
cinnamon
essential oil,
acetic acid

Chitosan with
cassava starch
and
LippiagracilisS
chaue

Chitosan

Chitosan
,Bergamot
thyme and tea
tree essential
oil

Chitosan

Chitosan and
beeswax

Increasing quality of apricot
during storage.

Increase quality of banana fruit
during storage

Antioxidant capacity, color
change delays

Increase shelf life upto 10 days
at 25°C

Improve quality and shelf life
of sliced mango fruit

Increasing postharvest quality
of orange

Fungal decay and increasing
shelf life of oranges

Control papaya shows Early
increase in respiration and
ethylene producing as
compared to 1.5% chitosan
coated sample

Decrease in senescence and
weight loss, retention of the
color and the texture and
titrableacidity,pH, soluble
solids, enhancement
antimicrobial properties of
chitosan
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Ghasemnezhadet.al(201
0)

Win et al.(2007)

Contreras .S.S. et

al(2020)

Aquino et al.(2015)

Chien et al.(2007)

Chafer et al.(2012)

Ali et al.(2011)

Velickova et al.(2013)
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Orange

Plum

Papaya

Apples

Persian lime

Bananas

Citrus Fruits

Orange

Hydroxypropyl
methy!I
Cellulose(HP
MC)

HPMC,
shellac, stearic
acid and
glycerol

CMC
(Carboxymeth
yl cellulose)
with essential
oil

Whey protein
+ Gellan gum

Soy protein-
based coatings
including some
antimicrobial
compounds

Soy protein

isolate

Waxes

Shellac, gelatin
and Persian
gum

Extended shelf life of orange

Effect were only noticeable at
long term storage

Extend shelf life and maintain
postharvest characteristics

Reduce weight loss,better TSS,
acidity content

Regulates infestation of blue
mould, lessens water loss and
thus maintains colour.

Control weight loss

Prevent water loss and add
shine .

TSS,weight loss,
firmness,titrableacidity,pH,
ascorbic acid,total antioxidant
capacity and respiratory rate
were influenced by the
coatings
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Adetunji et al.(2012)

Perez-Gago et al(2003)

Zilloet al.(2018)

Javanmard(2011)

GonzalezEstrada et al.,
(2017)

WanMahfuzah Wan

Ibrahim.et al.(2020).

Hardenburg,(1967)

Khorraam et al.(2017)
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Fresh cut
melon

Apple

Table grapes

Peach(Prunus
persica)

Papaya

Banana

Orange

Blueberries

Alginate based
Cinnamom,
palmarosa and
lemongrass
oils

Aloe vera gel

Aloevera gel
with ascorbic
acid and citric
acid

Cinnamon leaf
essential oil ,
pectin (3%)
+glycerol

Carrageenan
and
carboxymethyl
cellulose

Chitosan,
modified
starch and
cellulose+
glycerol and
tween-80

Chitosan and
locust bean
gum with
pomegranate
peel extract

Alginate,
chitosan,apple
and orange
fiber
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Improve shelf life from
microbiological (9 days)and
physiochemical(14days)

Increase shelf life and act as a
bio-preservarive

Reduce weight loss, browning,
cracking and decrease fungal
and bacterial count.

Antimicrobial, antioxidant
activity, Odour acceptability up
to 10 days(5°C

Decaying percentage, sugar
content, phenols and ascorbic
acid delayed.

Improved shelf life and quality
of banana

Reduce disease incidence by
49% and 28%

Extension of shelf life of fruit
and improvement in sensory
quality

Kiruba et al.,

Raybaudi-Massila et
al.(2008)

Ergun &Satiei(2012)

Chauhan et al.(2014)

Ayala-Zavala et
al.(2013)

Vyas et al.(2013)

Kittur et al.(2001)

Kharchoufi et al.(2018)

Alvarez, M.V.et
al.(2018)
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Jackfruit alginate and of fruit and growth of microbes al(2017)
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