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Abstract

Due to the obvious global population growth, there is a rising need for fruits and vegetables. By growing demand, enhancing
distribution, and minimising losses, food supply and accessibility can also be improved. Fruit is prone to loss in post-harvest crops
because of its perishable nature, especially when it is distributed widely. Fruit that has been coated will help to reduce the amount
of deprivation. On fruits like bananas, strawberries, mangoes, pineapples, and avocados, various post-harvest coatings are used
to reduce water loss and chilling damage while extending the fruit's storage life. Future generations' supply demands must be met;
hence the food processing sector must stop postharvest losses. Numerous approaches are employed to preserve the food supply
for longer periods of time in order to address these issues. The most often used techniques worldwide include heat treatments, cold
storage, coating, Nano emulsion, and Nano technology. The food product is made more appealing, healthy, and has a longer shelf life
when different types of additives are combined with the edible coating. For the purpose of boosting these properties, many foods have
been coated. This study shows that adding edible film to tropical fruit can significantly increase its shelf life after harvest. Although the
research's primary goal, more work is still needed, particularly to improve our understanding of how biopolymer materials behave after
consumed in order to produce consumer-safe films. The information in this article will assist processors in making the best coating
material and density decisions for a variety of processed foods.
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Introduction

As we all are aware, Plastic performs a very vital function in industries and household appliances such as hand baggage,
containers, bottles, electrical equipments etc. It takes thousands of years to decompose but the plastic production nevertheless
exceeded 300 million tons until year 2015. The Different type of plastic used to develop the plastic films from polyethylene. During
the preparation of the plastic material, the release of hazardous gases causes contamination in atmosphere (Marichelvam et
al., 2019). In recent years, the degradation of climate and the lack of petroleum resources have become a serious issue all over
the world (Wittaya et al., 2012). These claims provide a new opportunity to develop the plastic material made from biopolymer
resources that can degrade quickly. This biopolymer mainly consists of various natural occurring polymers that can be found in
the living organisms (Suriyatem et al., 2019). The Biodegradable plastics were prepared mainly from various ingredients such as
protein, starch, chitosan and cellulose extracted from biomass that is reusable. Plastic waste, fossil fuels, carbon dioxide emissions
and other harmful gases can be limited with the use of biodegradable plastics. The production of biodegradable and edible films
from starches, proteins and other components adds value to low cost products and also serves as a strong preservative (Dias et al.,
2010). Basically, there are different methods such as refrigeration, active packaging, modified atmosphere packaging, controlled
atmosphere storage have all are used to inhibit the losses in foods. These packaging techniques also help to reduce the post-harvest
losses. Furthermore, these preserving processes have gained popularity from recent centuries due to its effectiveness in extending
the fresh produce's post-harvest shelf life (Alharthy et al., 2020). Out of these all methods, Coating is the most common method of
preserving the perishable foods (Mohebbi et al., 2012). This helps to prevent the physical, chemical and biological deterioration of
the food. As these carry certain active ingredients that can change the metabolic process of fruit, prolong shelf life, preservation
of texture, maintain the microorganisms, colouring and flavours which can helps to improve the various properties of food e.g.
light induced chemical changes, microbial growth, oxidation of nutrients, moisture migration. By acting as a foil to gases, oils or
vapours, the films or coatings will improve safety (Han et al., 2014). This also helps to maintain the security as well as presentation
of the product. Additionally, edible films enhance shine of the food so making it more appealing and desirable for customers
(Mohebbi et al., 2012). There are different ways to apply coating on food surfaces, such as dipping, spraying or brushing (Das et al.,
2013). The fruit coating principal is same as the modified atmosphere packaging in which environment is adjusted by maintaining
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the amount of CO, and O,. These significant environment changes will lead to the rate of respiration, conserve stored energy,
inhibits microorganisms, and hence improves the quality and storage life of the food product (Nor et al, 2020). The Chinese
invented this coating in the 12th and 13th centuries, which is used in food engineering for saving the food items. Wax was the first
edible coating that was used on the oranges and lemons to enhance the internal gas composition. The Chinese were unaware of
the importance of edible coatings; instead, they discovered that wax-coated fruits were better preserved than non-waxed fruits
but later in 1930s melted paraffin waxes for apples and pears became commercially accessible (Jemilakshmi et al., 2020) (Fig 1).

Edible coating

Applying thin layer of edible coating made from protein and lipids can inhibit the product from decay and extends the shelf
life. They serve as gas and moisture inhibitors which regulates the respiration rate, slowing down the ripening of vegetables.
Antimicrobial agents, enzymes, minerals, and vitamins are also used in edible coatings, which boost practical properties (Cha &
Chinnan 2004). According to the quality of the ingredients used in the coating solution preparation, edible coatings are divided
into three groups: hydrocolloids, lipids, and composites (Valencia C. et al., 2011). Since hydrocolloids are a weak against water
content and lipids have low gas barrier property so, they are often used together. The combination of the two strengthens structural
stability and functionality (Sharma et al., 2019).

Hydrocolloids

Hydrocolloids are the polymers which are soluble in water. These are derived from plants and organisms. These are available
natural but few of these can be derived from different chemicals e.g. chitosan. This type of coating alters environment, eliminating
the metabolic reaction of several vegetables. Chitosan, gums, cellulose, and starch are examples of polysaccharides used as edible
coatings.

Chitosen is non-toxic in nature, have great film-forming properties, good antioxidant and antimicrobial properties (Duran et
al., 2016). Polysaccharide of chitosan is made by the deacetylation of chitin in crustacean eggs, such as shrimp shells, and insect
shells (Yan et al, 2019). Chitosan is used as additive, active edible coating, drug manufacturing (Elsabee A. 2013). Basically chitosan
has a backbone that is somewhat similar to cellulose, but the hydroxyl group is different. Is a synthetic polymer with (14)-glycosidic
bonds linking the two forms of repeated units. Chitosan can form a semipermeable membrane, which slows the ripening of the
fruit and lowers the rate of transpiration. Chitosan can be used as an edible film without the use of any chemicals (Jemilaxmi et
al., 2020). Many studies have shown that a chitosan-based coating containing tea polyphenols and clove EO (essential oil) protects
Pacific white shrimp (Penaeus vannamei) from spoilage and Maillard reaction during refrigeration (Gan et al., 2021). The guava
conditions were able to control more easily as the nanoZnO incorporation of chitosan and alginate done (Arroyo et al, 2020).
Chemical composition of chitosan makes it a secure, free from allergy, bioactive solvent. This film has been used effectively on
commercial level. This coatings material is superb antibacterial and has strong O, and CO, resistance capabilities (Hassan et al.,
2,018). Similarly, Gum arabic, also known as gum acacia. It is in dry, greasy form. This is mainly obtained from Acacia species' stems
or branches. Due to the properties of formation of films, emulsification and perhaps easy to dissolve in hydrocolloids, it has been
widely used in the food industries. In a recent analysis by (Zapata et al., 2008), edible coatings of alginate or zein applied on tomato
fruit demonstrated effects in delaying the ripening process by reducing the rate of respiration rate and ethylene production, as
well as changes in the colour and texture due to the hormonal changes. Also (Anany et al., 2009) found the coating on apple used
different ingredients such as soybean and Arabic gum, delayed weight loss in weight, texture, total acidity, TSS and colour.

Cellulose is the synthetic form of plants, animals and several microorganisms. It has some useful properties for making
polymer composites, such as low density, combustibility, non-toxicity, biodegradability, and, lower cost than other polymeric
materials. Cellulose alternating cellobiose is a polysaccharide which is bonded by a -1, 4 linkages and inter - molecular hydrogen
bonding. However, it has some significant disadvantages, such as low interfacial adhesion and heavy water absorption, making
cellulose-fiber less appealing for industrial manufacturing processes.

Starch is a natural carbohydrate which is available all around the world. This is obtained from some of the natural resources,
such as rice, wheat and potatoes (Woggom et al., 2015). This is basically made up of two components amylose and amylopectin.
This contains approximately 0-30% amylose and varies with temperature change. Rice grains cultivated at lower temperatures
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Figure 1. The edible coating on strawberry fruit (Kaur et al, 2020).
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have high content of amylose than the rice cultivated at higher temperatures (nakamura et al., 2015). Amylose is linear branched
molecules, while molecular branching of amylopectin is large. Also the amylose has a major impact on the quality and gelatinization
properties of cooked rice (Nakamura et al., 2016).

Fibrous proteins and globular proteins are the most common types of proteins. H-bonding keeps fibrous proteins together,
while globular proteins are made up of hydrogen and covalent bonding that is folded into a complex form. Film formulation has
been researched using globular proteins such as, wheat gluten, whey protein etc. Due to the chain to chain interaction between the
protein molecules, it results stronger films but they will be less permeable to water, liquid and gas. Therefore, it is highly effective
to resist oxygen at low relative humidity (Hassan et al., 2018).

Lipid based edible coating

Lipids have strong moisture resisting properties because of its weak affinity for humidity. Beeswax, candelilla wax, carnauba
wax, triglycerides, fatty acids, fatty alcohols etc are some of the examples of edible lipids that are used in production of edible
coatings. Lipid composites and films are primarily used for their hydrophobic qualities, which act as a strong moisture shield. It
is also helps to minimize respiration, thus extending shelf life and enhancing the quality of fruits and vegetables by producing
a shine (Mahajan et al., 2018). Paraffin, palm extract, soybean, sunflower, Stearic acid, palmitic acid are popular lipids used in
coating formulations. On the other hand, Real and synthetic waxes, have greater water and oil barrier properties (Nasirifar et al.,
2018). The study of (Ibrahim et al, 2014) has stated that the combining the two different components such as wax and sorbitol fatty
acid inhibited the process of ripening in pineapple for longer period of time. While lipid coating has some of the negative effect on
coating which can leads to the browning of some fruits and vegetables. (Jesmin et al., 2018) have discovered that browning occurs
in litchi that has been covered with paraffin wax and inhibits the shelf life of fruit.

Composite coating

Composite film is made from different hydrocolloids. Particularly, polysaccharides, proteins are having excellent structural
and mechanical property which helps to make good film-forming materials, but they also have a low moisture barrier. As a
result, the hydrophobic lipid components plays great role by serving as excellent water barrier. To put it another way, these are
designed for blending the benefits of two different components such as lipid and hydrocolloids (Yousuf et al., 2018). The key goal
of composite film and coating production is to improve permeability and mechanical characteristics. The preparing process is the
biggest disadvantage of this coating material or film. In general, there are four steps involved. Out of those, two are casting and
two are dry method (Hassan et al., 2018).

Additives

According to the Food and Nutrition Board's Food Protection Committee, food additives are described as compound that is
present in a food. Different chemicals have been applied to foods since ancient times to serve specific functions. While basic foods
do not contain additives but more than 2500 different additives are applied to foods today to achieve a desired result. Different
additives types are available such as flavouring agents, colouring agents, preservatives, texturizing agents and nutritional
additives. In past years, there has been a rise in concern for food allergies and intolerance. Reactions have been linked to a wide
range of foods and dietary constituents. The recent opinion, as adopted by the World Health Organization's Codex Alimentarius
Commission, recognises eight foods or food categories to be the primary causes of food reaction. As the natural colour compounds
are legitimately exempt from Codex's list of foods and food types (Lucas et al., 2001).

Plasticizers

Basically cohesion and adhesion are needed for film formulation as a coating. Different properties of polymer such as polarity,
weight, structure are relevant to adhesion and cohesion which is related to unfavourable modifications. To control the problems,
plasticizers have been added during film preparation. Monosaccharide, disaccharides, or oligosaccharides, polyols and lipids and
derivatives are all widely used plasticizers in film preparation (Sothornvi & Krochta 2005).

Emulsifiers

Emulsifiers are added to the coating solutions to increase the consistent coating application. The use of a surfactant or
emulsifier improves the film's ability to prevent ageing (Sharma et al., 2019). Emulsifiers are used to make the substance more
stable and extend its shelf life. The final product characteristics, emulsion preparation methodology, the volume of emulsifier
applied, the chemical and physical characteristics of each process, and the involvement of other functional components in the
emulsion all play a role in emulsifier selection. For an example emulsifier is used in baking products as crumb softeners and dough
conditioners as an example. A third function is to change the way fat crystallises, such as reducing bloom in some candy goods.

Antimicrobial agent

Fruit and vegetable deterioration is caused by a variety of microorganisms, which reduces their consistency and shelf life.
Antibacterial coating without preservatives has been increasingly important in managing and avoiding foodborne microbial
infections in past times. Several found naturally microbial enzymes, are already being used as antimicrobial agents in the food
industry. Poor stability and operation are the major disadvantages of these enzymes if not held under favourable conditions
(Fayaz et al., 2009). Basically antimicrobials in food can prolong the lag period or deactivates growth of microorganisms. (Raju et
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al., 2018) have discussed about the handling systems of postharvest vegetable crops. He has done value addition of the products to
make it taste fresh and appeal to the senses. (Hoa et al., 2002) have used four different coating carnauba wax, shellac, zein, and/
or cellulose derivative but carnauba wax slowed more rates of respiration, the production of external and internal colour, and the
loss of firmness. On the other hand, there are also studies on the beneficial impact of AG as an edible surface layer on the shelflife
of sweet cherries. He looked at the benefits in terms of stem browning and dehydration, as well as maintaining the fruit's visual
appearance without affecting taste, scent, or flavour Tab. 1.

Table 1. Use of different coating materials on Fruits and Vegetables.

. . . Antimicrobial C'or!c. Of. Test Target Effect of coating Antimicrobial
Fruit Coating matrix antimicrobial e . . i L References
agent agent conditions microorganism matrix activity
0.5-0.25 Coated sample
. . L o . showed better
Sodium alginate, Cassia oil as minimum Total aerobic .
. . . 16 days at . ; results in pH, TA . De Paula et
Strawberry Chitosan, antifungal fungicidal o microorganisms and . Antifungal
: . values, and weight al, 2018
Carrageenan properties concentration total yeast-mold
loss as compared to
(MFC)
uncoated samples
Nisin, film coatings
natamysin, . - improved the
Strawberry Chitosan pomegranate 40 days at Aerobic me§ophll|c stability of pH, total Antimicrobial Duran et al,
4°C bacteria . 2016
and grape seed soluble solid content
extract and texture
Controls the TSS,
. . pH content and also
Sodium alginate, 15 days at ; . . Alharaty
Strawberry calcium chloride 2°C Molds increase in r_nO|_sture 2020
loss, respiration
rates
B. subtilis, E. coli
Mushrom  Fungal chitosan bacterium and S. Bodbodak
L et al, 2016
cerevisiae yeast
. ) Elsabee
Sea foods Chitosan 30 daoys at Ant|ba(_:ter|a| and Abdou
-3°C and antifungal
2013
retarding the
ripening process
of sweet cherries
Sweet Chitosanand olive leaves  Chitosan: 1% 25+5°C for Wlth.a maximum
: . S retention of phenolic Zam, 2019
cherry alginate extract (OLE) alginate: 3% 20 days
compounds
compared with
uncoated fruit
samples.
Coating reduces
oxidation activity
and fungal growth;
. Green tea 18 weeks Green tea extract . Sabaghi et
Walnut Chitosan extract - at RT Yeast and Mold at 10 g/L had Antifungal al., 2015
unacceptable
sensory
characteristic.
Inclusion of PPEwith
high antioxidant
Alginic acid, pomegranate and antimicrobial Antibacterial.  Paolucci et
Figs sodium saltand  peel extract 0.5% 15 days Enterobacteriaceae activities in an edible . ’
. Antifungal al., 2020
Agar (PPE) coating was best
for preserving the
quality of figs.
Alginate coating
with 0.05% active
concentration
Thyme and maintains lamb
Lamb meat Alginate garlic essential 0.05 % 2-4*Cior? meat q“?"W Guerrero et
oil days characteristics al., 2020

during the shelf life;
lower lipid oxidation
and better colour
maintenance.
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Active coating
solution treatment
was effective in
inhibiting microbial
growth against MAB, Antibacterial, Shin et al.,
MY and S. enterica,  Antifungal 2017
as well as the lipid
oxidation of ground
beef patties during
refrigerated storage.

mesophilic aerobic
3 % wiv bacteria, mold and
yeast

Carboxymethyl- Apple-peel

Beef patties cellulose powder

Future trends

Biodegradable materials, especially those extracted from natural resources, are increasingly replacing synthetic polymers.
Farmers and industry producers would gain greater economic benefits from the use of such bio-packaging. Bilayer and
multicomponent films with physical and barrier properties are similar to synthetic materials. Another technique useful in
composite biodegradable materials is cross linking of different molecules, either chemically or enzymatically (Tharanathan et
al., 2003). Making use of by-products or waste can also help to produce environmentally sustainable fabrics. The processes of
coating on food product can be relates to determine a satisfactory application of these products. Eventually, extensive analysis will
be conducted to investigate the reliability of products that can be stored for extended periods, including mechanical properties,
gas distribution, and thermal tolerance to respond to changing environmental conditions (Nor et al., 2020). Incorporating
effective antimicrobial agents into packaging structures poses technical difficulties. According to current patterns, packaging
may increasingly have antimicrobial substances, and sealing mechanisms will develop. Researchers have largely focused on
designing novel approaches and evaluating new techniques on model structures, rather than real-world implementations. In
addition to their environmental, bacterial, and physiological changes, antimicrobial packaging technologies would concentrate on
the technological viability, market adoption, and food safety implications of antimicrobial agents (Cha & Chinnan 2004). Future
developments are linked to manufacturing growth and the ability to manufacture goods that are sustainable in terms of value and
price. Established polysaccharide membranes must be improved, especially in physical and mechanical properties, liquid water
resistance, and water vapour permeability. Additives (such as lipids), compositions of various polymers, multi-layered membrane
construction, nanoparticle application, and chemical modification of polysaccharides are all possible techniques. This great
achievement is critical for a more environmentally friendly solution to food packaging manufacturing. As this process is time
consuming, modern techniques should be used to minimise production costs and make it more cost effective. Designing an edible
coating or film that used for different food products and boost the practical characteristics beyond shelf life should be prioritised.

Conclusions

Food processing enterprises must prevent postharvest losses in order to meet the supply needs of future generations. To
address these issues, a variety of strategies for preserving food for longer periods of time have been developed. Heat treatments,
cold storage, coating, nanoemulsion, and other methods are the most widely used around the world. The addition of various
types of additives to the edible coating makes the food product more appealing, nutritious, inhibits microbiological growth, and
extends the storage life. Several foods have been coated in order to improve these properties. In the bread and confectionery
industries, though, it is also used. These films aid in the preservation of the physical and chemical qualities of fresh and highly
processed fruits for longer periods of time. This study shows that edible film is a wonderful way to extend the post-harvest life of
tropical fruits. Although the focus of the research, further work is needed, particularly to better forecast the process of biopolymer
products till ingestion in order to create a safe film for consumer usage.

References

Alharaty G. & Ramaswamy, H.S. (2020). The Effect of Sodium Alginate-Calcium Chloride Coating on the Quality Parameters and Shelf Life of
Strawberry Cut Fruits. J Compos Sci 4: 123.

Arroyo B.J., Bezerra A.C., Oliveira, L.L., Arroyo S.J., De M. E. A., Santos, A.M.P. (2020). Antimicrobial active edible coating of alginate and chitosan
add ZnO nanoparticles applied in guavas (Psidium guajava L.). Food Chem 309: 125566.

Bodbodak S. & Moshfeghifar M. (2016). Advances in modified atmosphere packaging of fruits and vegetables. Eco Friendly Techno Postharvest
Prod Qual 127-183.

Cha D.S. & Chinnan M.S. (2004). Biopolymer-based antimicrobial packaging: A Review. Crit Rev Food Sci Nutr 44: 223-237.

Das D.K., Dutta H., Mahanta C.L. (2013). Development of a rice starch-based coating with antioxidant and microbe-barrier properties and study of
its effect on tomatoes stored at room temperature. LWT Food Sci Technol 50: 272-278.

Zapata M. A. D. L., Galindo A. S., Molina R. R., Herrera R. R., Cantu D. J., Aguilar C. N. (2015). Edible candelilla wax coating with fermented extract of
tarbush improves the shelf life and quality of apples. Food Packag Shelf Life 3: 70-75.

De P. R.L., Maniglia B.C., Assis 0.B.G., Blacido T.D.R. (2018). Evaluation of the turmeric dye extraction residue in the formation of protective coating
on fresh bananas (Musa acuminata cv.'Maca'). J Food Sci Technol 55: 3212-3220.

Dias A.B., Miiller C.M. 0., Larotonda F.D. S., Laurindo J.B. (2010). Biodegradable films based on rice starch and rice flour. J Cereal Sci 51: 213-219.

Duran M., Aday M.S., Zorba N.N.D., Temizkan R., Biiyiikcan, M.B., Caner C. (2016). Potential of antimicrobial active packaging ‘containing natamycin,
nisin, pomegranate and grape seed extract in chitosan coating'to extend shelf life of fresh strawberry. Food Bioprod Process 98: 354-363.


https://www.mdpi.com/2504-477X/4/3/123
https://www.mdpi.com/2504-477X/4/3/123
https://www.sciencedirect.com/science/article/abs/pii/S0308814619316905
https://www.sciencedirect.com/science/article/abs/pii/S0308814619316905
https://www.sciencedirect.com/science/article/pii/B9780128043134000049
https://www.tandfonline.com/doi/abs/10.1080/10408690490464276
https://www.sciencedirect.com/science/article/pii/S0023643812002356
https://www.sciencedirect.com/science/article/pii/S0023643812002356
https://www.sciencedirect.com/science/article/abs/pii/S2214289415000022
https://www.sciencedirect.com/science/article/abs/pii/S2214289415000022
https://link.springer.com/article/10.1007/s13197-018-3252-5
https://link.springer.com/article/10.1007/s13197-018-3252-5
https://www.sciencedirect.com/science/article/abs/pii/S0733521009001817
https://www.sciencedirect.com/science/article/abs/pii/S0960308516000195
https://www.sciencedirect.com/science/article/abs/pii/S0960308516000195

159 | Kaur.

Elsabee M.Z. & Abdou, E.S. (2013). Chitosan based edible films and coatings: A review. Mater Sci Eng 33: 1819-1841.

Gan H., Lv M., Lv C,, Fu, Y., Ma H. (2021). Inhibitory effect of chitosan based coating on the deterioration of muscle quality of Pacific white shrimp
at 4°C. J Food Process Preserv 45: 15167.

Guerrero A., Ferrero S., Barahona M., Boito B., Lisbinski E., Maggi F., Saiiudo C. (2020). Effects of active edible coating based on thyme and garlic
essential oils on lamb meat shelf life after long term frozen storage, J Sci Food Agric 100: 656-664.

Han, J.H., 2014. Edible films and coatings: a review. In Innov Food Packag 213-255.

Hassan B., Chatha S.A.S., Hussain A.l., Zia K.M., Akhtar N. (2018). Recent advances on polysaccharides, lipids and protein based edible films and
coatings: A review. Int J Biol Macromol 109: 1095-1107.

Hoa T.T., Ducamp M.N., Lebrun M., Baldwin E.A. (2002). Effect of different coating treatments on the quality of mango fruit. J Food Qual 25: 471-486.

Ibrahim S.M., Nahar S., Islam J.M., Islam M., Hoque M.M., Huque R., Khan M.A. (2014). Effect of low molecular weight chitosan coating on physico-
chemical properties and shelf life extension of pineapple (Ananas sativus). J Forest Prod Ind 3: 161-166.

Jemilakshmi T.V., Rakshana L., Priya S.K., Aishwarya B., Anithaee C. (2020). Postharvest Quality Enhancement of Fruits and Vegetables Using Edible
Coatings: A Review. J Crit Rev 7: 786-790.

Lucas C.D., Hallagan J.B., Taylor, S.L. (2001). The role of natural color additives in food allergy.

Mahajan B.C., Tandon R., Kapoor S., Sidhu M.K. (2018). Natural coatings for shelf life enhancement and quality maintenance of fresh fruits and
vegetables—A review. J Postharvest Technol 6: 12-26.

Marichelvam, M.K., Jawaid, M. and Asim, M., 2019. Corn and rice starch-based bio-plastics as alternative packaging materials. Fibers 7: 32.

Fayaz A. M., Balaji K., Girilal M., Kalaichelvan P.T., Venkatesan R., (2009). Mycobased synthesis of silver nanoparticles and their incorporation into
sodium alginate films for vegetable and fruit preservation. J. Agric Food Chem 57: 6246-6252.

Mohebbi M., Ansarifar E., Hasanpour N., Amiryousefi M.R. (2012). Suitability of Aloe vera and gum tragacanth as edible coatings for extending the
shelf life of button mushroom. Food Bioprocess Technol, 5: 3193-3202.

Nakamura S., Katsura J., Kato K., Ohtsubo K.I. (2016). Development of formulae for estimating amylose content and resistant starch content based
on the pasting properties measured by RVA of Japonica polished rice and starch. Biosci Biotechnol Biochem 80: 329-340.

Nakamura S., Satoh H., Ohtsubo K.I. (2015). Development of formulae for estimating amylose content, amylopectin chain length distribution, and
resistant starch content based on the iodine absorption curve of rice starch. Biosci Biotechnol Biochem 79: 443-455.

Nasirifar S.Z., Maghsoudlou Y., Oliyaei N. (2018). Effect of active lipid based coating incorporated with nanoclay and orange peel essential oil on
physicochemical properties of Citrus sinensis. Food Sci Nutr 6: 1508-1518.

Nor S.M. & Ding P. (2020). Trends and advances in edible biopolymer coating for tropical fruit: A review. Food Res Int 134: 109208.

Paolucci M., Stasio M. D., Sorrentino A., Cara F. L., Volpe M. G. (2020). Active Edible Polysaccharide-Based Coating for Preservation of Fresh Figs
(Ficus carica L.). Foods 9: 1793.

Raju P.S., Chauhan O.P,, Bawa A.S. (2018). Postharvest Handling Systems and Storage of Vegetables. Handb Veg Veg Process 247-264.

Sabaghi M., Maghsoudlou Y., Khomeiri M., Ziaiifar A. M. (2015). Active edible coating from chitosan incorporating green tea extract as an antioxidant
and antifungal on fresh walnut kernel. Postharvest Bio Technol 110: 224-228.

Sharma P, Kehinde B.A., Kaur S., Vyas P. (2019). Application of edible coatings on fresh and minimally processed fruits: a review. Nutr Food Sci

Sharma P, Shehin V.P,, Kaur, N., Vyas P. (2019). Application of edible coatings on fresh and minimally processed vegetables: A review. Int J Veg Sci
25:295-314.

Shin S. H., Chang Y., Lacroix M., Han J. (2017). Control of microbial growth and lipid oxidation on beef product using an apple peel-based edible
coating treatment. LWT 84: 183-188.

Suriyatem R., Auras R.A., Rachtanapun P. (2019). Utilization of Carboxymethyl Cellulose from Durian Rind Agricultural Waste to Improve Physical
Properties and Stability of Rice Starch-Based Film. J Polym Environ 27: 286-298.

Tesfay S. Z., Magwaza L. S., Mbili N., Mditshwa A. (2017). Carboxyl methylcellulose (CMC) containing moringa plant extracts as new postharvest
organic edible coating for Avocado (Persea americana Mill.) fruit. Sci Horti 226: 201-207.

Tharanathan R.N., (2003). Biodegradable films and composite coatings: past, present and future. Trends Food Sc Technol 14: 71-78.

Chamorro S. A.V, Palou L., Rio M.A. D., and Pérez-Gago, M.B., 2011. Performance of hydroxypropyl methylcellulose (HPMC)-lipid edible coatings with
antifungal food additives during cold storage of ‘Clemenules’ mandarins. LWT Food Sci Technol. 44: 2342-2348.

Wittaya T. (2012). Rice starch-based biodegradable films: properties enhancement. Struct Funct Food Eng 5: 103-134.

Yan J., Luo Z., Ban Z., Lu H., Li D., Yang D., Aghdam M.S., Li L. (2019). The effect of the layer-by-layer (LBL) edible coating on strawberry quality and
metabolites during storage. Postharvest Biol Technol 147: 29-38.

Yousuf B., Qadri 0.S., Srivastava A.K. (2018). Recent developments in shelf-life extension of fresh-cut fruits and vegetables by application of
different edible coatings: A review. Lwt 89: 198-209.

Zam W. (2019). Effect of alginate and chitosan edible coating enriched with olive leaves extract on the shelf life of sweet cherries (Prunus avium L.).
J Food Qual.

Zapata P.J., Guillén F., Romero, D. M., Castillo S., Valero D., Serrano M. (2008). Use of alginate or zein as edible coatings to delay postharvest ripening
process and to maintain tomato (Solanum lycopersicon Mill) quality. J Sci Food Agric 88: 1287-1293.


https://www.sciencedirect.com/science/article/pii/S0928493113000234
https://ifst.onlinelibrary.wiley.com/doi/abs/10.1111/jfpp.15167
https://ifst.onlinelibrary.wiley.com/doi/abs/10.1111/jfpp.15167
https://onlinelibrary.wiley.com/doi/abs/10.1002/jsfa.10061
https://onlinelibrary.wiley.com/doi/abs/10.1002/jsfa.10061
https://www.sciencedirect.com/science/article/pii/B9780123946010000096
v
v
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1745-4557.2002.tb01041.x
https://www.researchgate.net/profile/Md-Hoque-6/publication/269338612_Effect_of_Low_Molecular_Weight_Chitosan_Coating_on_Physico-chemical_Properties_and_Shelf_life_Extension_of_Pineapple_Ananas_sativus/links/549fa15a0cf257a635fe7743/Effect-of-Low-Molecular-Weight-Chitosan-Coating-on-Physico-chemical-Properties-and-Shelf-life-Extension-of-Pineapple-Ananas-sativus.pdf
https://www.researchgate.net/profile/Md-Hoque-6/publication/269338612_Effect_of_Low_Molecular_Weight_Chitosan_Coating_on_Physico-chemical_Properties_and_Shelf_life_Extension_of_Pineapple_Ananas_sativus/links/549fa15a0cf257a635fe7743/Effect-of-Low-Molecular-Weight-Chitosan-Coating-on-Physico-chemical-Properties-and-Shelf-life-Extension-of-Pineapple-Ananas-sativus.pdf
https://www.semanticscholar.org/paper/POSTHARVEST-QUALITY-ENHANCEMENT-OF-FRUITS-AND-USING-Jemilakshmi-Rakshana/cd081bbfaad4a7261c5d11cb39a1da000a8f246c
https://www.semanticscholar.org/paper/POSTHARVEST-QUALITY-ENHANCEMENT-OF-FRUITS-AND-USING-Jemilakshmi-Rakshana/cd081bbfaad4a7261c5d11cb39a1da000a8f246c
https://www.sciencedirect.com/science/article/abs/pii/S1043452601430051
http://jpht.in/MenuscriptFile/7f153ded-02a9-46f3-b8a0-1447650da263.pdf
http://jpht.in/MenuscriptFile/7f153ded-02a9-46f3-b8a0-1447650da263.pdf
https://www.mdpi.com/2079-6439/7/4/32
https://pubs.acs.org/doi/abs/10.1021/jf900337h
https://pubs.acs.org/doi/abs/10.1021/jf900337h
https://link.springer.com/article/10.1007/s11947-011-0709-1
https://link.springer.com/article/10.1007/s11947-011-0709-1
https://academic.oup.com/bbb/article/80/2/329/5939178?login=true
https://academic.oup.com/bbb/article/80/2/329/5939178?login=true
https://academic.oup.com/bbb/article/79/3/443/5939355?login=true
https://academic.oup.com/bbb/article/79/3/443/5939355?login=true
https://onlinelibrary.wiley.com/doi/full/10.1002/fsn3.681
https://onlinelibrary.wiley.com/doi/full/10.1002/fsn3.681
https://www.sciencedirect.com/science/article/abs/pii/S0963996920302337
https://www.mdpi.com/2304-8158/9/12/1793
https://www.mdpi.com/2304-8158/9/12/1793
https://onlinelibrary.wiley.com/doi/abs/10.1002/9781119098935.ch10
https://www.sciencedirect.com/science/article/abs/pii/S0925521415301046
https://www.sciencedirect.com/science/article/abs/pii/S0925521415301046
https://www.tandfonline.com/doi/abs/10.1080/19315260.2018.1510863
https://www.tandfonline.com/doi/abs/10.1080/19315260.2018.1510863
https://www.sciencedirect.com/science/article/abs/pii/S0023643817303699
https://www.sciencedirect.com/science/article/abs/pii/S0023643817303699
https://link.springer.com/article/10.1007/s10924-018-1343-z
https://link.springer.com/article/10.1007/s10924-018-1343-z
https://www.sciencedirect.com/science/article/abs/pii/S0304423817305289
https://www.sciencedirect.com/science/article/abs/pii/S0304423817305289
https://www.sciencedirect.com/science/article/abs/pii/S0924224402002807
v
v
https://books.google.co.in/books?hl=en&lr=&id=jqmZDwAAQBAJ&oi=fnd&pg=PA103&dq=38.%09Wittaya,+T.,+2012.+Rice+starch-based+biodegradable+films:+properties+enhancement.+Structure+and+function+of+food+engineering,+5,+pp.103-134.&ots=SUWcOapfZ2&sig=9srCA2TChtdO6Vus3w6SJsJ2eIw&redir_esc=y#v=onepage&q&f=false
https://www.sciencedirect.com/science/article/abs/pii/S0925521418305829
https://www.sciencedirect.com/science/article/abs/pii/S0925521418305829
https://www.sciencedirect.com/science/article/abs/pii/S0023643817308046
https://www.sciencedirect.com/science/article/abs/pii/S0023643817308046
https://www.hindawi.com/journals/jfq/2019/8192964/
https://onlinelibrary.wiley.com/doi/abs/10.1002/jsfa.3220
https://onlinelibrary.wiley.com/doi/abs/10.1002/jsfa.3220



