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A B S T R A C T   

Food products are highly perishable in nature which undergoes quick quality deterioration. In this note, the kind 
of packaging decides the active preservation of food qualities. Especially, edible coating plays a significant role in 
minimizing the post-harvest losses like moisture loss, ripening and physio-chemical losses. The application of 
edible coating shows promising results in increasing the shelf-life, also preserving its quality. The application of 
edible coating for foods could be an alternative for harmful non-biodegradable packages. This current review 
provides the elaborate research knowledge on edible coatings composition, methods of production, regulations, 
pros and cons.   

1. Introduction 

The consumption of healthy and natural foods is amplifying the need 
for fresh food produce in the market throughout the year. As the pop
ulation increases the requirements in food sector also multiplies dras
tically. Though there are numerous existing food processing facilities, 
the requirements could not be matched up in eco-friendly manner. In 
addition, the fresh produces are mostly perishable by nature, also leads 
to quality deterioration quickly during storage and transportation [1]. 
Therefore, it faces major post-harvest losses in various manners before 
reaching the consumers. A study Galanakis [2]. revealed that about one 
third of food is wasted worldwide, around 14% waste occurs in various 
processing levels like harvest, farming and slaughtering. Thus, there is a 
huge demand in the food industry for finding alternative and innovative 
ways to enhance the shelf life of fresh foods including fruits and vege
tables. The packaging sector takes an integral part in deciding the shelf 
life of foods. The conventional packaging material is composed of 
non-biodegradable compounds. These compounds after the usage leave 
undesirable and unhealthy impacts on the environment. Since the con
sumers prefer highly safe and stable food products [3], the rise in 
biodegradable films and coatings turns into a vital segment in the 
packaging sector. The thickness below 0.025 mm is considered as edible 
coating whereas the thickness above 0.050 mm is considered as edible 
films/sheets [4]. These edible coatings and films not only fulfil the 
packaging needs but also minimize the post harvest losses of the fresh 

foods. The edible films can be used as an inner layer directly interacting 
with the foods in multi-layered packages with non-edible films. They can 
be effectively used in pizza, pie and candies to preserve their inner 
moisture and solute movement [5]. Apart from this, edible coatings can 
be used to preserve fresh and minimally processed fruits and vegetables 
[6,7], cheese [8] and meat products [9]. 

In 1992, the application of wax on the fruit surface termed to be the 
first official edible coating in practice [4]. Edible coating, a thin layer of 
solution applied over the surface of food to prevent it from quick dete
rioration. It also acts as a primary packaging in food packaging as they 
tend to maintain the textural and sensorial properties [1]. Different 
kinds of biopolymers like lipids, proteins, polysaccharides and com
posite substances are used in the making of edible coating. Thus, the 
coating material remains to be of a complete edible substance. The 
essential oils extracted from plant exhibits advantageous properties like 
antimicrobial and antioxidant action. There are growing research in the 
inclusion of essential oils in edible coating for functional foods [10]. 

The quality and safety of meat and dairy products majorly rely on the 
kind of packaging [11,12]. Meat and dairy products are consumed 
worldwide in large amount. Since they are enriched with full of proteins, 
vitamins, fatty acids and energy rich compounds. The inclusion of these 
foods in human diet is enough in fulfilling the protein, fatty acids and 
other micronutrients requirement [13]. The deterioration of meat starts 
to take place once the cattle is slaughtered. The complex chemical re
actions in meat results in the discolouration, off-flavours and many 
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undesirable chemical and structural changes. The myoglobin is the heme 
protein which imparts colour to the meat. This myoglobin gets oxidised 
and forms the oxymyoglobin (MbO2), further it gets converted into 
metmyoglobin (MetMb) in meat resulting in the brown colour of meat. 
The important parameter in consumer acceptance is itself getting 
affected in meat after slaughtering [14]. Similarly, the lipid oxidation 
occurs in the meat, forming primary and secondary products like alco
hols, aldehydes, ketones. These secondary products are key responsible 
factors in meat deterioration. The meat browning and lipid oxidation are 
major processes in meat spoilage, which are presented in the Fig. 1. Lipid 
oxidant happens in three distinct ways namely lipid autoxidation, 
photo-oxidation and enzymatic oxidation [15]. The inclusion of anti
oxidant rich additives in edible coatings of meat could easily scavenge 
the free radicals thereby reducing the meat deterioration process [10]. 

Whereas, in fruits and vegetables processing sector, the important 
quality deterioration processes are respiration and transpiration [16]. In 
transpiration, the slow reduction in the food quality is traced namely 
undesired texture, colour and appearance through water loss. Similarly, 
if respiration takes place there will be major weight loss as a result of 
reduction in carbon dioxide content. Thus, these edible coatings act as a 
barrier against moisture loss and gas (oxygen and carbon dioxide) ex
changes, thereby increasing the shelf-life of food [6]. The impacts of 
using edible coatings on fruits and vegetables are presented in the Fig. 2. 
The oxygen concentration below 10% is required for controlling the 
respiration rate of fruits and vegetables. Cheese, an example for highly 

perishable food in dairy products possess higher percentage of moisture, 
serving a suitable environment for the growth of yeast, mold and bac
teria [12]. On the basis of packaging, cheese is classified into hard, soft, 
semi hard and semi soft cheese with moisture percentage of <25, >40, 
25–36 and 36–40, respectively. Edible coatings on cheese shows better 

Fig. 1. Chemical changes in meat deterioration.  

Fig. 2. Impact of edible coatings on fruits and vegetables.  
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oxygen barrier properties, reduced water loss and water vapour 
permeability [17]. 

The Covid-19 pandemic mainly affected the food packaging sector 
since the need for fresh and nutritious food has increased among people 
drastically. The packaging should ensure high food safety and security 
with innovative ideas using distinct bioactive compounds [18]. Diverse 
functional bioactive compounds can also be incorporated in the coating 
solution involving antioxidants, minerals, flavours, vitamins, colorants, 
antimicrobials and nutraceuticals [19]. The bioactive compounds like 
vitamin A, D, E, and C aids in boosting innate immune system against 
common cold. Even the phenolic acids and flavonoids inhibits the 
replication of coronavirus thereby provides anti-inflammatory, antiox
idant and antimicrobial activities. Meanwhile the COVID-19 virus entry 
is disturbed by the action of bioactive lipids namely phytosterols, ca
rotenoids and fatty acids. The virus replication is inhibited by the action 
of secondary metabolites like quinoline alkaloids, isoquinoline alkaloids 
and β-carboline. Flavonoids and polyphenols like riboflavin, tercatain, 
genistein and hesperidin proven as strong inhibitors against corona virus 
protease enzyme. Thus, the consumption of herbal medicines and nat
ural foods containing these bioactive ingredients could eventually boost 
the immune system [20]. 

In order to achieve microbial inactivation while preparing the edible 
coating, various non-thermal technologies have been used. It includes 
pulsed light, ultra violet light, gamma radiations, hydrostatic pressure 
and ozone [21]. The wide analytical tools implemented in food pack
aging are block chain technology, artificial intelligence, sensor tech
niques and block chain technology. These technologies have led to the 
development of active, biodegradable and intelligent packaging. Pulsed 
light technique, non-thermal disinfection for the making of an 
eco-friendly food packaging system [18]. From edible coating till active 
intelligent packing the research works in this field have increased 
tremendously with intense and more innovative range of applications. 
Nowadays, applications of nanotechnology in developing edible coat
ings have been the major focus of research. 

The food industry faced major problems all over the world during the 
corona virus pandemic time. The problems like reduction in the supply 
of bioactive ingredients rich foods, maintaining food safety, security and 
the sustainability. This virus affected the people by particularly dis
turbing the immune system. In such case, the foods rich in bioactive 
ingredients helped in managing the collapsed immune level. For 
instance, the virus infectious rate gets lowered while consuming the 
fruits (sweet potato, spinach, carrots) rich with vitamin A (carotene, 
retinol and retinoic acid). FDA insisted more hygiene food package 
practise right from the preparation till the delivery stage in order to stop 
the spread of deadly COVID-19 virus. The supply of food during the 
uncertain condition is of primary importance which is monitored by 
Food and Agriculture Organization (FAO) [2]. 

Since the fruits and meat remains to be as living cells even after their 
harvest, the control over respiration and oxidation rate respectively 
could improve the shelf life. Therefore, the edible coating should possess 
certain characteristics for maintaining the quality standards of food 
produce. Some of the characteristics of edible coatings are listed below,  

➢ Low gaseous permeability is the important property of edible coating 
in order to slow down the respiration and transpiration processes, 
thereby reducing the ripening and senescence [9]. 

➢ The coating mainly controls/prevents the migration of oxygen, car
bon dioxide, solute compounds and moisture from outside environ
ment into the foods [22].  

➢ Inertness of coating substances is required to assure it as non reactive 
one with the food items which gets packed in.  

➢ The coating must be highly transparent in nature without any dark 
coloration since the coated food has to be clearly visible.  

➢ The edible coatings also retain the fresh juiciness of meat products 
(poultry, beef, pork) when packed [23].  

➢ The coating material should not produce any off flavour, smell or 
dark coloration over the food. Thereby the sensory properties should 
be retained as such without any modifications.  

➢ Some minimum scale of permeability barrier against water vapour to 
prevent desiccation of fruits and vegetables. Since, fruits and vege
tables loose freshness upon the loss of water.  

➢ Edible coatings should be digestible if consumed along with the 
packed foods, thus the coating substances should be non-toxic in 
nature [9].  

➢ The melting point of coating solution should be above 40 ◦C; the 
solution must be non-sticky, low viscous, economical and possess 
quick drying nature [24].  

➢ Study on the three regions (the environment, the coating layer and 
the food substance) is prominent in developing an edible coating to 
any fruits/vegetables.  

➢ The appearance of coating and light barrier properties plays a vital 
role in obtaining the attention of consumers.  

➢ In order to achieve uniform spreading and contraction of coating 
solution, it is important to maintain the proper ratio of adhesion and 
cohesion molecules [25]. 

In this descriptive review, the application of edible coatings in fruits, 
vegetables, meat and milk products were brought under one frame. This 
review is important in enriching wider knowledge about the post harvest 
deteriorations and solutions to overcome those in the food processing 
sector. Especially the rules and regulations followed for edible coating 
production and implementation is discussed. Using these cumulative 
knowledge on edible coatings as foundation, numerous novel research 
techniques can be developed with the existing facilities. 

2. Coating 

The thin layer of formulation applied over the food commodities in 
the urge of extending the product shelf-life is termed as an edible 
coating. The coating solution can be prepared by dissolving the specific 
coating materials/compounds in any organic or inorganic solvents. 
These materials could be of mainly polysaccharides, lipids, proteins or 
any kinds of composites [24]. The different types of edible coating 
materials were given in Fig. 3. To enhance the physiochemical proper
ties of the coating, a required amount of plasticiser or additives/active 
ingredient is added. The active ingredients employed in the solution 
preparation stage are antimicrobial agents, vitamins, antioxidants, 
essential oils, plasticisers. The solution is completely homogenised and 
then coated either by dipping, spraying, foaming, fluidized bed, brush
ing or panning techniques. A detailed description on the coating 
composition, nature and properties are as follows, 

Fig. 3. Various types of edible coating materials.  
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2.1. Polysaccharides 

Polysaccharides are more commonly available biopolymers used in 
the edible coatings and edible films [5]. The major polysaccharides used 
for the edible coating of fruits and vegetables include starch, chitosan, 
carrageenan, cellulose, alginates, pectin, etc [26]. The 
polysaccharides-based edible coating can inhibit foods’ oxygen and 
moisture migration thereby improving the foods’ mechanical properties 
[27]. Since polysaccharides are hydrophilic in nature, they have a poor 
water vapour barrier that limits their commercial application in edible 
coatings [5]. To overcome this drawback, the polysaccharides are used 
in combination with other polysaccharides or proteins and fats [27]. 
Panahirad et al. [19] discussed about the use of carboxymethyl cellulose 
and pectin in edible coating of various fruits and vegetables. The pectin 
based coatings in raspberry, apple, plum, persimmon and peach have 
greater results in reducing the microbial growth and spoilage. Applica
tion of gum arabica along with extract of moringa leaf enhanced the 
storage period of guava by reducing the decay and rhizopus infection 
during cold storage [28]. Vital et al. [10] worked on the application of 
alginate based coatings incorporated with essential oils extracted from 
oregano and rosemary. The meat subjected with this oregano essential 
oil coating showed reduced lipid oxidation than that of the uncoated 
one. Pork patty showed improved free radical scavenging activity and 
reduced lipid oxidation process when coated with pectin based edible 
coating [29]. Merits of using edible coating on meat are given in the 
Fig. 4. Coatings made using gum arabic acts as a strong antifungal layer 
for fruits like tomatoes and strawberries [30]. Similarly, coatings made 
using gum arabic and almond gum proved to slow down the ripening of 
sweet cherries, thereby increasing the storage period. 

2.1.1. Chitosan 
Chitin is an abundantly available natural polysaccharide present in 

insects, algae, fungi, crustaceans, vertebrates, and yeasts [5,31]. A de
rivative of chitin comprising of 1,4-linked 2-amino- deoxy-β-D-glucan, is 
termed as Chitosan which is a cationic linear polysaccharide [27]. 
Chitosan is non-toxic and biodegradable in nature and acts compactable 
with numerous substances like minerals, antimicrobial agents, and vi
tamins of foods [6,32]. Chitosan coatings are partially permeable coat
ings that act as an excellent oxygen barrier and help in retarding the 
transpiration and ripening of fruits and vegetables [5]. Chitosan pos
sesses hypolipidemic and hypoglycemic antioxidant activity, which 
prevents the microbial spoilage of coated food [26]. Suseno et al. [33] 
reported that the application of chitosan edible coating to Cavendish 
banana extended the shelf life of banana by reducing the decay and 
retarding the ripening process. Application of chitosan-based nano-
emulsions coating to fruits and vegetables acts as a suitable method for 
retaining the freshness and quality. It helps in satisfying the consumer 
expectations of chemical-free products [34]. Divya et al. [35] incorpo
rated chitosan nanoparticles in edible coating for the preservation of 
vegetables (tomato, chilly and brinjal). These chitosan nanoparticles 
resulted in significant antioxidant and antifungal activity against 
selected microorganisms. 

2.1.2. Cellulose 
Cellulose, a highly crystalline linear polymer comprising of D-glucose 

units joined through β-1,4-glycosidic bonds. Cellulose possesses some 
intramolecular hydrogen bonds, which makes it insoluble in water [36]. 
The cellulose-based edible coatings are more commonly used for the 
edible coating of fruits and vegetables as they act as a barrier to moisture 
migration and gases like O2 and CO2 [27]. Generally, four different 
cellulose derivatives were used in edible coatings and edible films, 
namely carboxymethyl cellulose, hydroxypropyl methylcellulose, 
hydroxypropyl cellulose, and methylcellulose [26]. One per cent con
centration of carboxymethyl cellulose coatings of plum fruits reduced 
the enzyme activity and improved the flavonoids and phenolic content 
of the fruit [37]. Ali et al. [38] reported that the application of 

carboxymethyl cellulose coating on kinnow mandarins had better sen
sory properties compared to uncoated fruits. The edible coating of 
pakchoi using novel carboxymethyl cellulose cross-linked with paraffin 
wax considerably reduced the peroxidation of lipids and enhanced the 
ROS scavenging activity [39]. The application of carboxymethyl cellu
lose edible coating to mangoes reduced the weight loss and delayed the 
softening of mangoes, which eventually enhanced their shelf life [40]. 
The edible coating of strawberries using hydroxyethyl cellulose of 
asparagus waste controlled the colour change during storage and had 
higher antifungal activity against Penicillium italicum. The coating even 
preserved the phenolic and flavonoid contents of the strawberry and 
extended the shelf life to 8 days at 25 ◦C and 80% Relative Humidity (R. 
H) [41]. The carboxymethyl cellulose coating of guava fruit cv. ‘Alla
habad Safeda’ maintained the firmness and quality of the fruits and 
extended the shelf life up to 12 days under ambient conditions [42]. 

2.1.3. Starch 
Starch acts as an important polysaccharide used in the edible coating 

due to its natural availability, low cost, and filmogenic capacity. Starch 
based coatings are colourless, non-toxic, tasteless, and odourless, 

Fig. 4. Merits of edible coating on meat.  
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making them more suitable for edible coating [36]. The potato, corn, 
sweet potato, and tapioca starch are the major starches used for the 
edible coating of fruits and vegetables due to their higher cultivation and 
production [43]. Starch based edible coatings of fruits and vegetables 
provide excellent gas barrier properties to reduce senescence, which aids 
in increasing the shelf life. This kind of coating possesses a strong gas 
permeability ratio as a result the respiratory exchange ratio can be 
controlled [44]. Starch based coating marks good record in maintaining 
the qualities of meat. The application of starch based edible coatings on 
meat and meat products helps in reducing the browning reactions, 
dehydration and oxidation [23]. 

The beef coated with plant based starch had maintained the colour 
and pH of meat with increased antimicrobial property [29]. Rice starch 
and cassava starch coating of minimally processed pummelo had less 
weight loss and low water vapour transmission rate with great extension 
in the product’s shelf life [45]. Applying starch based edible coatings of 
fruits and vegetables with antimicrobial agents can enhance the sensory 
and functional properties of coated materials. These antimicrobial 
coatings are advantageous compared to synthetic packaging in con
trolling the microbial activity [46]. The respiration rate of the minimally 
processed strawberry was considerably reduced using a cassava starch 
edible coating. The coatings increased the water vapour resistance of the 
strawberry and enhanced its sensorial acceptance [47]. Lemongrass 
essential oil incorporated cassava starch edible coating of papaya MJ9 
inhibited the microbial growth and weight loss of papaya fruits [48]. 
The edible coatings of tomatoes using mango kernel starch delayed fruit 
ripening and reduced tomato decay [49]. Rice starch sucrose esters 
blend edible coating of cavendish banana delayed the degradation of 
chlorophyll and ethylene synthesis which sequentially extended the 
shelf life up to 12 days at 20 ± 2 ◦C [50]. 

2.1.4. Aloe vera 
Aloe vera gel consists of a high amount of polysaccharides along with 

sugars, minerals, proteins, vitamins, and a low amount of fats [51]. It 
has numerous applications in the medicinal industry in promoting the 
immune system of humans as it possesses antiviral, wound healing, 
anti-diabetic, and anti-tumor properties [52]. Aloe vera is odourless and 
edible in nature with antimicrobial activity, making it more commonly 
used to coat fruits and vegetables [53]. Aloe vera coatings of fresh fruits 
and vegetables can be a better substitute for chemical-based processing 
methods and synthetic edible coatings used in post-harvest processing of 
fruits and vegetables [53]. The rosehip oil combined with aloe vera 
edible coating of plums and prunes delayed the ripening process by 
inhibiting the ethylene synthesis [54]. Chrysargyris et al. [55] reported 
that the application of 10% and 15% aloe vera coating to tomatoes 
prevented the ethylene production and preserved the quality charac
teristics of tomatoes. Aloe vera coating of tomatoes retarded the soft
ening process and delayed the ripening of tomatoes [56]. Aloe vera gel 
edible coating of table grapes reduced the weight and moisture loss due 
to the low respiration rate. It also inhibited the browning reactions 
during storage [57]. The edible coating of aloe vera gel along with sage 
essential oil led to a reduction in the decaying of tomatoes stored at 
11 ◦C and 90% R.H [58]. Application of Aloe vera gel along with neem 
extract and citric acid to tomatoes showed ripening on the 36th day of 
storage and preserved the quality of fruits [59]. 

2.2. Protein 

Generally, the different globular proteins like whey, gluten, soy, and 
zein are used in edible coating and possess excellent oxygen barrier 
properties [5]. Protein coatings are hydrophilic in nature which can be 
easily affected by a change in temperature and relative humidity of the 
storage environment [24]. Storage studies conducted for edible coating 
of guava using flaxseed proteins indicated that the browning of the fruits 
is controlled. The coating extended the decaying of fruits and enhanced 
the shelf life of guava fruits compared to control fruits by 6 days [60]. 

Similarly, the application of whey protein edible coating to freshly sliced 
potato and apple delays the occurrence of browning reaction [61]. 
Edible coating of fresh melons using tilapia protein isolates was found to 
be efficient in maintaining the colour and firmness. The coating also 
prevented the growth of yeasts, mold, and psychotropic microorganisms 
till 12 days of storage [62]. 

2.3. Lipids 

Lipids are small hydrophobic molecules, more commonly used in 
edible coatings to prevent moisture migration and water vapour trans
mission. Generally, lipids are used along with other materials like pro
teins and polysaccharides in combination for edible coating due to their 
low mechanical strength [63]. Lipid-based edible coating provides 
excellent moisture barrier property and improvises the appearance of 
foods due to its glossy and shining nature [64]. The materials used in 
lipid-based edible coating include natural waxes, petroleum-based 
waxes and oils, mineral oils, fatty acids, and resins [65]. Yaman and 
Bayoindirli [66] reported that the edible coating of cherries using 
commercial Semperfresh™ coating solutions, which are made up of 
sucrose esters of fatty acids, increased the firmness and effectively 
reduced the weight loss during storage. Edible coating of tomatoes using 
candelilla wax along with Flourensia cernua inhibited fungal growth and 
had consumer acceptance [67]. Waxes and shellac are the lipids used 
extensively for the edible coatings as it is used to improve the appear
ance of the fruits due to their shinning and glossiness [65]. 

Lipids are even mixed with other ingredients (extracted from natural 
sources) and coated on varied kinds of food stuffs. Few majorly used 
ingredients for lipid based coatings are lipids, oils (essential oils, pe
troleum based oils, vegetable and mineral oils), fatty acids, resins and 
waxes (natural and synthetic waxes) [4]. All the above mentioned 
substances are naturally hydrophobic in nature. Pérez-Gago and Rhim 
[68] discussed various composite films, developed using different 
combinations of lipid with polysaccharide and protein. Some commonly 
used lipid materials are corn oil, mineral oil, lauric acid, oleic acid, palm 
oil, beeswax, carnauba wax, shellac, candelilla wax, wood rosin, poly
ethylene wax coumarone indin resin and paraffin wax [19]. 

2.4. Composite 

Nowadays, composite or multiple layered edible coatings of food 
products are focused to eradicate the barriers of individual compounds 
and obtaining positive effects from individual compounds [69]. The 
application of composite edible coatings to fresh produce is generally 
based on the addition of lipids and hydrocolloids, which improvise the 
moisture retention and mechanical strength of the coating [70]. The 
different combinations that could be used for composite edible coating 
are carbohydrate and protein, proteins and lipids, carbohydrate and 
lipids [69]. In these combinations, the mechanical properties of the 
coating are greatly dependent on the carbohydrate or proteins used [6]. 
The shellac-tannic acid edible coating prolonged the storage of mangoes 
at room temperature and maintained the firmness and weight loss. The 
antifungal activity of the coatings was improved due to the addition of 
tannic acid, which led to increased shelf life [71]. The edible coating of 
tomatoes using whey protein – xanthan gum combination incorporated 
with clove oil improved the retention of total sugar, phenolics, and 
reducing sugar content. The coating inhibited the microbial growth and 
reduced the respiration rate, which increased the shelf life of tomatoes 
up to 15 days at 20 ◦C [72]. Multilayered antimicrobial edible coating of 
pineapples preserved the texture and quality attributes of fruits during 
storage, effectually reduced the microbial contamination [73]. Thakur 
et al. [74] reported that the composite coating of plum fruits using rice 
starch and carrageenan blended with sucrose fatty acid esters preserved 
the phytochemical properties during storage. 

Similarly, Jiao et al. [75] reported that the edible coating of peach 
fruits using chitosan grafted with chlorogenic acid inhibited the decay 
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index, respiration rate and maintained the ascorbic acid content of the 
fruits for 8 days at 20 ◦C. The multiple layer coating of 
native/cross-linked sesame protein, guar gum, calcium chloride, and 
mango puree increased the shelf life of fresh-cut mangoes at 5 ◦C for 15 
days. The coating preserved the colour, total sugars and delayed the 
degradation of carotenoid contents in fresh-cut mangoes upon storage 
[76]. Zhang et al. [77] reported that composite edible coating of soy
bean protein isolate – chitosan prevented the degradation of pectin in 
apricots, which led to the firmness of the coated fruits. The hydrox
ypropyl methylcellulose and beewax coating of red guavas formed a 
modified atmospheric condition around the surface of the fruits, which 
retarded the ripening of guava. They maintained the firmness and green 
colour of fruits during storage [78]. Arnon et al. [79] concluded that 
bi-layer coating of citrus fruits like mandarin, navel orange, and star 
ruby grapefruit using carboxymethyl cellulose in combination with 
chitosan improved the glossiness and retained the flavour of the fruits. 
The antimicrobial activity against Staphylococcus aureus has been ach
ieved in beef muscle slices immersed in alginate solution having nisin
palmitoyl [23]. The effect of edible composite coatings on cheese made 
by combining chitosan with other polysaccharides like starch, cellulose, 
gelatin and alginate [8]. This kind of coating provides protection against 
ultra violet rays and temperature. Higher retention of sensory properties 
can be seen in the ultra filtration cheese which is coated with composite 
having probiotics and sodium alginate [80]. 

3. Legislations 

3.1. Regulations 

The material used in edible coating makes direct contact with the 
food so that it supposed to gain safety approval before using it for 
commercial purpose. Thus, the edible material has to be Generally 
Recognised as Safe (GRAS) by the American Food and Drug Adminis
tration (FDA) federal agency prior to use [4]. In addition, the use of 
approved natural plant extracts and essential oils shows some allergic 
reactions with few toxic effects depending on the dosage. Therefore, 
proper measure has to be implemented to periodically check the 
toxicity, allergic nature of extracts and essential oils used in edible 
coating production. Green-packaging initiatives like US Environmental 
Protection Agency supported the research to develop pectin-based 
edible coatings which could improvise the shelf-life and quality of 
packed foods [36]. 

The materials used in edible coatings formation must be of food 
grade and non-toxic with proper hygiene processing practice. Edible 
coating production has to follow Goods Manufacturing Practice (GMP). 
Generally, edible coatings are categorised as food additives, food in
gredients or substances and food packaging materials as per the US FDA 
regulations and European Directive in the year 2006 and 1998 respec
tively [24]. A list of acceptable additives in each country varies with 
respect to the regulations. In Europe Directive regulations shellac, 
pectin, lecithin, fatty acids, polysorbates, arabic gums, karaya gums and 
beeswax, are included as food ingredients [81]. Whereas castor oil, 
cocoa butter, polydextrose and sucrose fatty acids are used as food ad
ditives in edible coating formulations under FDA, United States. 

For clear understanding about the nature of chemicals present in the 
food industries, the FDA and EFSA (European Food Safety Authority) 
grouped chemicals under three different categories [4]. The incorpora
tion of nanoparticles, antimicrobial, anti-browning, antioxidant and 
antifungal like agents in coating formulation is termed as food coating 
materials (FCM). The final product of packaging like coating or films is 
known as food contact articles (FCA), whereas the substances employed 
in making are known as food contact substances (FCS). While producing 
packaging materials the food producers must adhere to the norms 
implemented by both the country of origin and destination, as per the 
Codex Alimentarius. The packaging requirements and the GMP of such 
FCM has to abide to the norms set by the newly framed regulations no. 

1935/2004 and no. 2023/2006 respectively [13]. 
The edible coating materials for fresh foods must be made using 

acceptable materials which adhere to the regulations as they are part of 
the edible portion of food using good manufacturing and good hygienic 
practices [31,82]. The edible coating materials, which are considered as 
GRAS or a food additive approved by Food and Drug Administration 
(FDA), can be used as a coating material for fresh fruits and vegetables 
[36]. The primary ingredients used for edible coatings are generally 
made using the listed food additives in European countries. The regu
lations and rules governing the food additives and approved edible 
coating biopolymers vary based on country and care must be taken while 
developing any new edible coating materials [31]. A biopolymer which 
is not listed as GRAS cannot be used for edible coatings as it can lead to 
some toxicity and allergenicity upon consumption by humans [36]. The 
wax coating of fresh fruits and vegetables using carnauba or bee wax is 
permitted in India by the Prevention of Food Adulteration Act (PFA), 
which regulates proper labelling and declaration of material used for 
edible coating [24]. The application of synthetic resins and chemically 
modified resins for the edible coating of fruits and vegetables are 
monitored based on the standards given by USFDA and European 
legislation. Shellac, a GRAS substance is the more commonly used resin 
for edible coating; it is also used as a food additive. 

4. Coating methods with applications 

4.1. Dipping 

Dipping is the most widely used method in edible coating for fruits 
and vegetables. The primary advantage of dipping is to attain complete 
and uniform coating of food products. The food compound to be coated 
is completely immersed in the coating solution for a certain period of 
time [3]. The stages in the dipping method is as follows,  

⁃ Immersion of food sample which has to be coated.  
⁃ Contact with coating mixture for the deposition of thin layer of 

edible coating.  
⁃ Evaporation/Drying of coating and removal of excess coating 

mixture by heating. 

The time of exposure/contact depends on the parameters (density, 
surface tension, viscosity) of the coating solution, which usually lasts 
between 5 s and 3 min [83]. Then, the coated sample is left undisturbed 
for drying of the coated layer. Through this method a uniform layer of 
coating is attained over the fruits/vegetables sample. The contact time is 
crucial since the long time exposure leads to adsorption of more mois
ture. Meanwhile, the less period of contact leaves the food unevenly 
coated. In order to achieve coating on layers of hydrophobic nature, the 
layer-by-layer multifaceted/multilayered edible coating method can be 
carried out [83]. Usually higher viscous coating solutions are coated by 
dipping method only. The additives of interest like antimicrobial or 
antioxidant agents are mixed in the coating solution at appropriate ra
tios prior to the coating process. Sometimes, the coating is applied in the 
form of foam which results in uniform layer on the food’s surface upon 
rolling [3]. 

Khodaei et al. [84] studied the effect of edible coating on shelf-life of 
strawberries using four different compounds namely low methoxy 
pectin, carboxymethyl cellulose (CMC), persian and tragacanth gum. 
Upon coating of strawberries by dipping method, CMC showed better 
results in controlling the weight and decay loss. Whereas in Del-Valle 
et al. [85] work, the cactus mucilage was used as coating for extend
ing the shelf-life of strawberries. The application of prickly pear cactus 
mucilage retained the colour and firmness of strawberries to major 
extent. The researches on various kinds of coating formulations using 
the dipping technique are tabulated in the Table 1. Chen et al. [16] dealt 
with the use of protein-based coatings and films for fruits/vegetables 
packaging. In which, the coatings made using plant (soy protein, zein, 
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gluten) and animal proteins (gelatin, whey, casein) shows remarkable 
gas barrier properties. Atress et al. [86] investigated the effectiveness of 
wheat gluten and soy protein along with calcium chloride or thymol as a 
carrier for achieving better linkage between the food surface and the 
edible coating. The coating formulations were adjusted to make four 
different treatments to find the suitable one for increasing the shelf-life 
of strawberries. The coating prepared using thymol in wheat gluten or 
soy protein claimed to be the most promising one in maintaining the 
quality attributes of strawberry. Geraldine et al. [87] observed reduced 
respiration rate and moisture loss in garlic coated with agar-agar based 
coating containing chitosan and citric acid. The composite edible coat
ings (1% carboxymethyl cellulose and 1% chitosan; 1% hydrox
ypropylmethyl cellulose and 1% chitosan) prepared by Gol et al. [32] 
showed excellent inhibition action on enzymes involved in strawberry 
cell wall degradation. As a result, the ripening and senescence processes 
in strawberries are reduced to notable extent. Therefore, the coated food 
is preserved for longer time without quality deterioration. The various 
quality attributes of mango like colour, weight loss, firmness and 
ripening in research carried out by Moalemiyan et al. [88] The edible 
coating made up of pectin and beeswax incorporated with mono
glyceride and a plasticiser (sorbitol) was used. 

4.2. Spraying 

In this technique, the coating solution is sprayed over the food 
sample with the help of an atomizer. As the solution is sprayed at higher 
pressure, fine droplets are created over the food sample with the size 
ranging from micrometre to nanometre. The efficiency of spray coating 
is dependent on the rheological properties of the fluid like surface 
temperature, viscosity and temperature [83]. Therefore, coating 
mixture with proper fluid rheology is prepared and made to pass 
through the nozzle of atomizer. After spraying, the coated sample has to 
be allowed for some drying to take place. In this stage, the drying 
method, time and temperature decides the coating efficiency [3]. In 
addition, the design and kind of nozzle also plays a significant role in 
spraying. In industries, three different spraying procedures have been 
accomplished namely air spray atomization, air-assisted airless atomi
zation and pressure atomization. In air spray atomization, the solution is 
dispersed at slower speed along with the air at higher velocity which 
induces atomization. Whereas, in air-assisted airless atomization tech
nique, the atomization is carried out using compressed air after the 
ejection of coating solution from the nozzle. The coating of solution with 
the assist of pressure alone is termed as pressure or air-less atomization 
[98]. 

The nozzle used in spraying is categorised into different types based 
on their operations. The most commonly used nozzles are pneumatic 
and hydraulic atomizing nozzles (Solid stream, hollow cone, flat spray, 
full cone). Andrade et al. [98] discussed about the mechanisms on spray 
formation by the forces involved in atomization process. The viscous, 
inertial, surface tension and aerodynamic forces were the major 

contributors for the fine droplets formation. They are of two kinds 
namely disruptive and cohesive [99]. The disruptive forces (aero
dynamic & inertial) involves in breakdown of large size droplets into 
smaller one. Whereas, the cohesive forces (aerodynamic & surface ten
sion) involves in the initial formation of droplets over the surface of 
material. 

Spraying techniques provides uniform thin layer of coating solution 
in mozzarella cheese [100]. The edible coated cheese is given in the 
Fig. 5. The coating solution made out of starch from pea and guar gum 
was sprayed over the oranges for analysing the postharvest quality 
losses. From this Saberi et al. [101] found there was a reduced level of 
ethylene production in fruits coated with pea starch and guar gum. As 
well as, the loss of weight and firmness also declined to notable level 
when compared with the uncoated fruit samples. This results due to the 
effect of incorporated lipid molecules (shellac and oleic acid) in the 
coating mixture [101]. Ribeiro et al. [102] reported that, the carra
geenan films loaded with calcium chloride reduced the rate of microbial 
growth on strawberries upon edible coating application by spraying 
method. It also improved the firmness of the fruit in terms of external 
firmness recorded at day 2 and day 5, meanwhile the internal firmness 
did not show any significant difference. 

4.3. Fluidized bed processing method 

The first fluidized bed was found during the 1950s and coined as 
Wurster process. It is a modified version of fluidized bed drier, which is 
widely used in food industries for drying. Fluidized bed processing re
quires large amount of coating solution when compared with other 

Table 1 
Examples of edible coating of foods by dipping technique.  

Coating agents Additives Food Products Method of coating Advantages References 

Chitosan Lemon essential oil Strawberry Dipping Enhancement of fermentative process [89] 
Cactus pear Glycerol/Tween 20 Kiwifruit Dipping Maintained fruit firmness, ascorbic acid and pectin [90] 
Soy protein/Wheat gluten Thyme essential oil Strawberry Dipping Lowered post harvest losses [82] 
Shellac Aloe vera Tomato Dipping Slowed down senescence [91] 
Aloe vera Tween 20 Nectarine Dipping Retards ripening [92] 
Shellac Sodium alginate Green chillies Dipping Shelf-life extension [93] 
Aloe vera Garlic oil, Sodium alginate Tomato Dipping Extension of shelf-life [94] 
Pectin Green tea leaf extract Pork patty Dipping Decrease in lipid oxidation rate [95] 
Chitosan Aloe vera Tomato Dipping Shelf-life extension & delayed ripening [96] 
Aloe vera – Tomato Dipping Reduced lycopene, β-carotene and ethylene production [50] 
Basil mucilage Cumin essential oil Tomato Dipping Decreased weight loss & increased shelf-life [97] 
Aloe vera Rose hip oil Plums Dipping Improved post harvest attributes [49] 
Cactus mucilage Glycerol Strawberry Dipping Increase in shelf-life [81]  

Fig. 5. Edible coated cheese.  
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methods of coating. Among the three methods of fluidized bed (top, 
rotary and bottom spray) process, the top spray type remains to be the 
most efficient method [103]. In top spray fluidized bed, the coating is 
sprayed on the food stuffs through the nozzle (binary/pneumatic) at a 
low pressure. Also, Solís-Morales et al. [103] investigated the perfor
mance of fluidized bed coating method by comparing with the con
ventional tumbling process. It was found that fluidized bed coating 
recorded reduced amount of weight loss of ready to eat food with more 
resistant to attrition and increased crispness. This technique faces so
lution loss while coating the food, since major amount of coating gets 
adhered to the side walls of the coating unit [89]. At times, premature 
evaporation happens which could lead to uneven coating on the food 
surface. The advantage of using fluidized bed is no cluster formation and 
lesser processing time. 

4.4. Panning method 

A large pan like rotating container is utilised for the edible coating 
process named as panning method. In this method, the food to be coated 
is placed inside the pan, on which the coating solution is sprinkled or 
sputtered. A spray gun is fitted inside the coating chamber for the release 
of coating solution over the food products [7]. During the cycle of 
coating, the pan is continuously rotated at particular speed for overall 
distribution of the coating material [83]. Once the coating is done, the 
product is moved into the drying cycle, where the hot air is made to pass 
through it to achieve complete drying. The foods with round or oval 
shapes can be coated effectively by this technique. As mentioned by L. 
Kumar et al. [7], the amount of coating solution applied decides the 
thickness of the coating. 

5. Factors affecting coating process 

The post-harvest quality loss defines the challenges encountered 
during the production and application of edible coatings on fruits and 
vegetables. There are few factors which constrains the usage of edible 
coating on food products. These factors are listed below, 

5.1. Improper storage condition 

Maintaining the suitable storage condition for coated food products 
is more crucial and tedious one. The coating material modifies the in
ternal atmosphere by which the exchange of gases is controlled; there
fore the ripening of coated food products is delayed [6]. 

5.2. Limited gas barrier property 

The production of ethylene gas is only responsible for the ripening of 
fruit, thus the ethylene production is directly related to the ripening and 
senescence [90]. The action of strong barrier towards gaseous exchange 
is more predominant in edible coatings. 

5.3. Low adhesion 

The proper adhesion of coating material on the surface of food is an 
important parameter in making a successful edible coating. The post- 
harvest losses could be maintained in control, upon the proper coating 
of food material. The hydrophilic coatings have poor adherence to the 
hydrophobic surface of entire fruits as the two surfaces have distinct 
chemical compositions in nature. In such cases, surfactants are added to 
improve the adhesion and wettability of the edible coatings [6]. Also, 
the improper/uneven adhesion of coating mixture over the fruit to some 
extent looks unappealing in consumer views. 

5.4. Inadequate moisture barrier property 

If the moisture retention is low then the food firmness will be lost due 

the accumulation of more amount of water. The percentage of water 
present in the packed food is important to maintain the freshness and 
textural properties. The coatings based on mineral oils had lesser 
moisture loss when compared with the uncoated food [91]. 

5.5. Undesired sensory effects 

A careful selection of film-forming agents, additives and plasticisers 
is must in order to prevent off-flavours or undesirable sensory changes in 
the coated food [6]. The coating solution itself might be the reason for 
off-flavours in some cases. Therefore, utmost care has to be taken in 
framing the coating composition. 

6. Advantages and disadvantages of edible coating 

Few advantages of edible coating described by Dhall et al. [24] are 
listed below,  

• Edible coating provides glossy appearance to the coated food 
products.  

• Decreases the respiration rate and emission of ethylene gas, thereby 
declining the senescence phase of fruits/vegetables.  

• Eliminates the use of non-biodegradable and hazardous packaging.  
• Prevents the loss of volatile compounds present in food products.  
• Maintains fruit firmness and reduces the weight loss to some extent.  
• Aids in the shelf-life extension of fruits and vegetables.  
• Free from toxic and reactive chemicals which leads to harmful effects 

on humans.  
• Moisture loss can be minimized by the application of coating, which 

acts as a barrier.  
• Incorporation of some active ingredients provides antimicrobial 

protection to the coated food products.  
• Few physical damages can also be controlled. 

However, edible coatings also hold few disadvantages which are as 
follows,  

• Loss of food quality due to few modifications in the coating with 
respect to gaseous exchanges upon packaging.  

• Increased coating thickness leaves undesirable changes in the coated 
food product by altering its flavour, weight loss and texture. 

• Some sensory related alterations are noted while imparting antimi
crobial compounds.  

• The raw materials used for coating preparation results in allergic 
reaction when consumed.  

• Few kinds of coating methods incur huge cost, which eventually 
leads to hike in the price of commodities. 

7. Future trends 

Nowadays, consumer awareness of safe and chemical-free foods has 
changed the market dynamics, which has led to the emergence of edible 
coating as a better alternative solution in the current scenario. Gener
ally, permissible and GRAS-grade materials are used for edible coatings 
of different commodities. However, the coatings’ adequate moisture, 
oxygen barriers and other properties significantly affect their commer
cial usage. Therefore, determining the perfect combination of different 
polymers for the specific agricultural produce effectively enhances its 
shelf life. Even though the concept of edible coatings has evolved over a 
long period, the possibilities for commercialization in the market remain 
challenging. Further, research in the edible coating field is warranted to 
determine precisely the changes occurring due to the active compounds 
added in the edible coatings in the sensorial and organoleptic properties 
of the food products. 

8. Conclusion 

This review article discussed the kinds of materials used in edible 
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coatings as well as the techniques and regulations followed in the 
application. The edible coatings incorporated with essential oils, anti
microbials and other active ingredients have more potential applications 
in protecting the foods from spoilage. The utilization of various poly
saccharides, proteins and lipids from waste biomass aids in valorising 
the waste. With these innovative and novel kinds of edible coatings, the 
storage life of highly perishable foods can be increased to greater extent. 
Still intense research is required to know about the safety and reactivity 
of incorporated active ingredients in the coatings. Above all, the appli
cation of edible coatings in food products (fruits, vegetables, meat, and 
milk products) is an important and promising research field in the food 
sector. 
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