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contaminate food during production, processing, and stor-
age. The main bacteria correlated with spoilage are (Car-
nobacterium spp., Lactobacillus spp., Lactococcus spp., 
Brochothrix thermosphacta, Leuconostoc spp., Stretococcus 
spp., Weisella spp, Pediococcus spp., and Kurthia zopfii,). 
The primary cause of contamination in cheese is thought 
to be raw milk. Furthermore, if dairy workers do not prac-
tice proper hygiene, bacteria might be transferred to cheese 
[3]. Environmental sources, such as air, water, and soil, are 
major causes of cheese contamination. Moreover, microor-
ganisms could be transferred to cheese during manufacture 
and storage from food contact surfaces such as equipment, 
utensils, and packaging materials [4]. The growth of bacteria 
and other microorganisms” on the cheese surface can cause 
rapid contamination. Because of the suitable acidity condi-
tions and suitable water activity, the surfaces of cheeses are 
more susceptible to being contaminated by microorganisms 
[5].

Cheese packaging, like other areas of the food business, 
has become an important aspect of cheese production, dis-
tribution, and retailing. It is critical to consider elements 
such as the type of cheese, shelf life requirements, stor-
age circumstances, consumer preferences, and regulatory 
constraints [6]. Furthermore, establishing effective and 
successful cheese packaging solutions requires balancing 

Introduction

Cheese is a popular dairy product that is consumed all 
around the world, and it is largely recognized as a healthy 
food, which has contributed to its widening public popular-
ity. The nutritional composition of cheese varies by type, 
but in general, cheese is high in fat, mineral, and protein 
content, both of which have been linked to biological activi-
ties such as antihypertensive, antioxidant, and anti-inflam-
matory properties [1]. Cheese consumption is widespread 
around the world and varies depending on the region and 
culture. Cheese, also as a nutrient-dense dairy item, is prone 
to contamination and spoilage [2].

Numerous microorganisms such as (bacteria, yeasts, 
molds, virus, and parasites) from several sources can 
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Abstract
Cheese is one of the most popular and extensively consumed dairy products. It comes in a variety of flavors, textures, 
shapes and is prone to infection and decomposition. Edible coatings as cheese packaging serve various key functions in 
the preservation and enhancement of cheese quality, including increasing shelf life, retaining texture, boosting sensory 
qualities, and lowering plastic waste and environmental impact. In recent decades, the development of edible coatings 
has witnessed tremendous growth, and it is projected to have a significant impact on the quality of cheese products in 
the next few years. Novel edible materials and processing methods are of great interest due to their intriguing potential 
as revolutionary cheese packaging systems. This review summarizes recent trends in adding edible coating to increase 
the quality and the shelf-life of cheese, plus the functional of edible coating and their application on cheese to reduce the 
plastic waste and environmental impact.
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functionality, food safety, branding, and sustainability 
issues. Nowadays, edible packaging for cheese is a novel 
concept that involves wrapping or coating cheese prod-
ucts with appetizing components [7]. Edible packaging, as 
opposed to traditional packaging materials such as plastic 
or paper, provides a more sustainable and potentially envi-
ronmentally benign option. As research and development 
continue, we may expect to see more breakthroughs and the 
adoption of edible packaging in the cheese sector [8–15].

Nanotechnology in food packaging has demonstrated a 
significant promise for improving packaging material quali-
ties, where the control of materials properties at nanosized 
scale will allow explore new functionalities. The use of 
nanocomposites antimicrobial packaging systems results 
in strong interfacial contacts between polymer bonds and 
nanofillers, considerably increasing bionanocomposites 
properties such as mechanical, barrier, thermal, and antibac-
terial capabilities [16]. Nanotechnology and edible coatings 
have shown great potential for improving the packaging 
of cheese [17], edible coatings combined with nanomate-
rial have been developed to address this issue and improve 
the shelf life of cheese by inhibiting bacterial growth and 
spoilage. Bacteria, such as Gram-positive or Gram-negative 
bacteria, can grow on the surface of cheese and cause spoil-
age, which can lead to changes in the texture, flavor, and 
overall quality of the cheese [18]. These coatings form a 
barrier between the cheese and its surrounding environment 
as shown in (Fig. 1), preventing contamination and preserv-
ing the cheese’s quality.

Materials like lysozyme, chitosan, and other additives are 
utilized in the formulation of these coatings to improve their 

antibacterial qualities and protect the cheese’s quality [19]. 
Other components that can be used in cheese edible coatings 
include liquid acid whey protein concentrate, apple pectin, 
sunflower oil, glycerol, sodium caseinate, plant extracts, 
and essential oils. These materials contribute to the preser-
vation and quality improvement of cheese [20]. The present 
review discusses the concept and possibilities of contem-
porary scientific findings on edible coatings for cheese, 
including their edible materials, different additives, charac-
teristics, processing techniques, functional properties, and 
recent application for various types of cheese.

Cheese history, production and 
consumption

Cheese production dates back to the earliest civilizations, 
such as Sumer and Egypt, and was well established in clas-
sical Rome. Cheese production moved throughout Europe 
and the Middle East, then to North and South America, and 
lastly to Oceania, where it evolved into at least 1000 types. 
Until the mid-nineteenth century, cheese production was a 
farm-based activity, and much cheese is still manufactured 
at an artisanal level. However, the major types are now pro-
duced in very large, highly mechanized plants using cutting-
edge technology. Cheese is the generic term for a variety of 
fermented milk-based food products made all over the world 
in a wide range of flavors, textures, and forms. According 
to Sandine and Elliker [21], there are about 1,000 different 
types of cheese. Burkhalter [22] identified 510 types, while 
Harbutt [23] provides images and descriptions of over 750 

Fig. 1  The common additives 
of edible coatings for cheese 
applications
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varieties. Walter and Hargrove [24] characterized roughly 
400 varieties and recorded the names of another 400. 
Cheese output worldwide is ~ 19 × 106 tonnes a year (35% 
of total milk production) and has increased at an annual 
rate of 4% on average over the last 30 years. Europe is the 
greatest producing block, with an annual production of 
~ 11 × 106 tonnes [25]. Cheese consumption in most nations 
has steadily increased over many years; cheese, along with 
fermented milks, is the primary growth product in the dairy 
sector.

The history and the purposes of packaging of 
cheeses

Throughout the years, cheese packaging has evolved to 
match improvements in materials, technology, and con-
sumer needs, with the ultimate goal of preserving the qual-
ity and freshness of cheese while guaranteeing its safe 
transportation and accessibility. Cheese was frequently pre-
served and carried in ancient times in simple vessels made 
of materials such as leaves or woven baskets. Cheese, for 
example, was extensively preserved in ancient Rome in clay 
pots or wooden barrels. Cheese manufacturing and distribu-
tion were increasingly organized during the Middle Ages, 
and specialized cheese-making regions arose. Cheese mak-
ers began wrapping their cheeses in cloth to allow longer 
trips and increase sanitation. Cloth was still used for cheese 
wrapping throughout the nineteenth century, especially for 
aged and hard cheeses [26]. The discovery of the tin can 
and the introduction of wax-coated paper revolutionized 
cheese packaging in the late nineteenth and early twenti-
eth centuries. These materials provided improved spoil-
age protection, a longer shelf life, and easier distribution 
over longer distances [27]. With the rise of plastics in the 
mid-twentieth century, cheese packaging underwent more 
changes. Because of their flexibility, transparency, and abil-
ity to form an airtight seal, plastic films and wraps became 
widely employed. Cheese packaging now comes in a vari-
ety of shapes and sizes to accommodate varied cheese kinds 
and consumer preferences. Furthermore, in recent years, 
sustainable packaging has become an increasing concern. 
Cheese manufacturers and customers are increasingly 
choosing environmentally friendly materials and packaging 
designs that reduce waste and environmental impact [28]. 
Cheese packaging plays several important roles in ensuring 
the quality, safety, and preservation of the cheese [29]. So, 
the main purposes of packaging cheeses are summarized as 
follows:

Extended Shelf Life

Cheese packaging can extend its shelf life by creating an 
optimal storage environment, reducing spoilage growth, 
and preventing flavor deterioration. Modified atmospheric 
packaging (MAP) is one of the technologies that helps pre-
serve the freshness, flavor, and texture of cheese by serving 
as a barrier against pollutants, moisture, light, and oxygen 
[30]. MAP inhibits microbial growth and delays spoilage by 
modifying the air inside the package. Many bacterially-rip-
ened cheeses are packaged in low gas permeability plastic 
bags or coated with film-forming material. These packaging 
materials act as a barrier against moisture, oxygen, light, 
and contaminants, preserving the cheese’s freshness, flavor, 
and texture [31, 32].

[Cheese packaging plays a role in addressing sustainabil-
ity concerns. Manufacturers are increasingly exploring eco-
friendly packaging options, such as recyclable materials, 
biodegradable films, or reduced packaging waste [33, 34]. 
Moreover, packaging design and branding play a signifi-
cant role in differentiating cheese products on the market. 
Unique and visually appealing packaging can help attract 
consumer attention, create brand recognition, and convey 
the product’s quality. Packaging can contribute to the overall 
brand image and influence consumer purchasing decisions 
[35]. Packaging is essential for cheese, providing essential 
information like type, brand, origin, nutritional content, 
ingredients, allergen warnings, and storage instructions. It 
ensures compliance with regulations, protects cheese during 
transportation, and provides convenience through features 
like easy-open seals or user-friendly formats [36].

The main factors for selecting cheese 
packaging materials

When picking the perfect choice for cheese packaging mate-
rials, several factors come into play. By understanding pres-
ervation techniques, shelf life, and sustainability concerns, 
Packaging solutions that help extend shelf life, such as vac-
uum sealing or active packaging with antimicrobial agents, 
can be beneficial in reducing waste and ensuring your prod-
uct remains fresh for consumers. Cheese should be stored 
at the appropriate temperature to prevent spoilage and 
maintain its quality. Insulated packaging materials or those 
that can withstand refrigeration or freezing were crucial for 
temperature-sensitive cheese [37]. Packaging materials that 
help regulate humidity are essential to prevent cheese from 
drying out or becoming too moist. Different cheese types 
require varying levels of airflow. While some cheeses bene-
fit from limited airflow (e.g., soft cheeses), others may need 
a more breathable packaging material (e.g., blue cheeses). 
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ensuring adherence on the surface. Roll coating involves the 
food product being rolled or tumbled in a coating material. 
The coating material is often contained in a drum or on a 
conveyor belt with an adjustable speed. As the food product 
passes through, the coating adheres to its surface. Moreover, 
brush coating involves manually applying the coating solu-
tion on the cheese’s surface using a brush, sponge, or pas-
try brush. It allows for more control over the thickness and 
distribution of the coating process, making it suitable for 
smaller or delicate items.

Furthermore, spray coating is a versatile method that 
allows for precise application of the coating solution. It 
is commonly used in industrial settings, where the cheese 
product is passed through a conveyor system while a spray 
system delivers a fine mist of the coating solution. Spray 
coating ensures uniform coverage and can be adjusted for 
different coating thicknesses [40]. Correspondingly, vac-
uum infusion is a technique used to enhance the penetration 
of the coating solution into the cheese’s surface, resulting in 
a more uniform and thorough coating [41]. By subjecting 
the product to reduced pressure in a vacuum chamber, the 
coating solution is drawn into the food’s surface more effec-
tively. Vacuum infusion is particularly useful for porous or 
absorbent food items. Similarly, laminating involves apply-
ing an edible film or wrap on the food product’s surface. 
The film adheres to the product, providing a protective bar-
rier and enhancing its shelf life. Laminating is commonly 
used for items like cheese, where the film helps maintain 
its freshness and prevents drying out [2]. Also, enrobing 
involves fully coating a food product by passing it through 
a curtain or waterfall of the coating material. The product 

Choose materials that provide the right balance of airflow 
for your specific cheese type. It’s essential to consider the 
sustainability of your cheese packaging materials. Opt for 
eco-friendly options like biodegradable films, recyclable 
materials, or reusable containers to minimize your environ-
mental impact and appeal to eco-conscious consumers [38]. 
The type of cheese and its specific characteristics play a 
vital role in determining the most suitable packaging mate-
rials (Table 1).

Common methods of applying edible 
coatings to cheeses

It’s imperative to consider the specific requirements of each 
cheese type and consult with experts or cheese technologists 
to determine the most suitable coating solutions [39]. Fac-
tors such as the type and size of the cheese, the desired age-
ing process, the favorite coating thickness, moisture control, 
and expected appearance can influence the choice of coating 
solution for a particular cheese type.

Dip coating is a straight-forward method where the food 
product is submerged in the coating solution for a specific 
amount of time. The coating solution adheres to the surface 
of the product, and excess solution is allowed to drain off, 
resulting in a thin coating on its surface. The cheese is then 
removed and allowed to drain, forming a thin coating on its 
surface. This method is often used for smaller cheeses or 
individual portions [39]. Also, rolling is a technique used for 
applying dry coatings, such as herbs, spices, or powdered 
ingredients. The cheese is rolled in the desired coating, 

Table 1  Various types of cheese and their specific characteristics with the packaging requirements [17]
Cheese type Moisture 

content (%)
Fridge 
shelf 
life

Maturity Cheese specifications Packaging requirements

Hard
(Parmesan, Romano, Sap-
sago, Spalen, and Ras)

Less than 
25% 
moisture

4–6 
months

Long 
period rip-
ening (6–24 
months).

-Low moisture
-firm texture
-High salt
-Sharp flavor
-Ripen for a very long time in 
an anaerobic environment.

-Required very low permeability packag-
ing to protect them from drying out
-Preventing exposure to external 
contaminants.

Semi hard
(cheddar, Granular, 
Emmental, Gruyere, 
Gouda, and Swiss)

25–36% 2–4 
months

Ripening 
period 
ranging ~ 3 
months > 2 
years.

-Slightly higher moisture con-
tent than hard cheeses
- Stronger flavor

-Required very low permeability against 
oxygen and UV, and moisture.
-Rrequired packaging that maintains their 
shape and texture

Semi soft
(Brick, Munster, Limgur-
ger, Trappist,
Roquefort, and Halloumi)

36–40% 1–2 
months

Ripening 
period 
rang-
ing ~ 2–6 
months.

-Creamy texture
-Higher moisture content.
-Mild flavor

-Required to control relative humidity 
(RH) and microbial growth.
-The packaging barrier to moisture should 
allow for a balance between the external 
RH and the RH surrounding the cheese.

Soft
(Cottage, Cream, Baker’s, 
Ricotta, Primost)

Greater 
than 40% 
moisture

2–3 
Week

Unripe -These cheeses have the high-
est moisture content and the 
shortest shelf life
-These cheeses are not aged 
and have a mild flavor

- Required using medium-barrier 
packages
-Required to preserve fresh cheeses from 
losing moisture, permeability to oxygen 
and UV.
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Gelatin is a protein obtained from collagen, commonly 
sourced from animal bones and connective tissues. It forms 
transparent and flexible films. Gelatin films have good adhe-
sion and can contribute to the desired texture of the coated 
product [49]. Whey protein is a by-product of cheese pro-
duction and is known for its excellent nutritional profile. 
It contains a mixture of proteins, with beta-lactoglobulin 
and alpha-lactalbumin being the major components. Whey 
protein isolates or concentrates can be used to form edible 
coatings [50]. Casein is the primary protein found in milk, 
accounting for about 80% of total milk proteins. It is avail-
able in different forms, such as sodium caseinate or calcium 
caseinate and used as film-forming agent in active edible 
coating [51].

Polysaccharides

Polysaccharides obtained from sources like cellulose deriva-
tives (methylcellulose, ethyl-cellulose), starch, pectin, algi-
nate, or chitosan are widely used in edible coatings. They 
can form films or coatings with good water vapor barrier 
properties and have the ability to improve the mechanical 
strength and stability of the coatings. Cellulose deriva-
tives, such as methylcellulose or ethyl-cellulose, are used 
as edible coatings to provide a protective barrier and control 
moisture migration in cheese. These coatings help main-
tain the desired texture and prevent surface cracking, cel-
lulose derivatives are commonly used on soft and semi-soft 
cheeses like Brie, Camembert, or Blue cheese [52]. Gum 
Arabic is a natural polysaccharide derived from the sap 
of Acacia trees [53]. It forms clear and glossy films and is 
widely used as a film-forming agent in various food applica-
tions, including edible coatings. Gum Arabic provides good 
adhesion and barrier properties [54]. Carrageenan is a natu-
ral polysaccharide extracted from red seaweed [55]. It has 
excellent gel-forming properties and can be used as a film-
forming agent in edible coatings.

Carrageenan films have good moisture retention capa-
bilities and can provide a smooth and uniform coating [56]. 
Agar is a natural polysaccharide derived from red algae. It 
forms gel-like films and can be used as a film-forming agent 
in edible coatings. Agar films have good water-holding 
capacity and can provide a protective barrier for the coated 
food [57]. Pectin is a natural polysaccharide found in fruits, 
particularly in the peels and cell walls. It can be used as 
a film-forming agent in edible coatings; pectin films have 
good water vapor barrier properties and can contribute to 
the preservation of food quality [58]. Alginate is a natural 
polysaccharide extracted from brown seaweed and is often 
used as an edible coating material for cheese. It forms a gel-
like film that provides a protective barrier against moisture 
loss and microbial growth. Alginate coatings can be used 

moves on a conveyor belt while the coating material is con-
tinuously poured or sprayed over it.

Edible coating materials that are commonly 
used on cheese

Edible coatings can be formulated using a wide range of 
edible materials derived from natural and synthetic poly-
mers. The specific choice of film-forming agents depends 
on factors such as the cheese type, desired properties of 
the coating (e.g., flexibility, adhesion, barrier properties), 
and regulatory considerations. The choice between natural 
and synthetic polymers may be influenced by factors such 
as availability, cost, compatibility with the food matrix, 
and consumer preferences for natural ingredients. Dif-
ferent manufacturers or cheese producers may have their 
preferred coating materials or formulations based on their 
specific requirements and processes [42]. These are some of 
the most commonly utilized natural and synthetic polymer 
ingredients in the development of edible coatings.

Natural polymers

Proteins

Proteins derived from plant sources (such as soy protein, 
wheat gluten, or pea protein) or animal sources (such as 
gelatin, whey protein, or casein) can be used as film-form-
ing agents in edible coatings [43]. These coatings provide a 
protective film that helps retain moisture, prevent oxidation, 
improve structural integrity, film-forming ability, barrier 
properties, and improve the cheese’s appearance. Protein-
based coatings are commonly used on a variety of cheese 
types [44]. Soy protein is derived from soybeans and is 
widely used in the food industry. Soy protein isolates or con-
centrates contain a good balance of essential amino acids and 
have functional properties suitable for film formation [45]. 
Wheat gluten is a protein complex extracted from wheat. It 
consists of glutenin and gliadin proteins and is mainly used 
in baking applications. However, wheat gluten can also be 
employed as a film-forming agent in edible coatings due to 
its ability to form a cohesive and elastic film [46]. Pea pro-
tein is obtained from yellow peas and has gained popularity 
as a plant-based protein source. It has high protein content 
and provides a good amino acid profile. Pea protein isolates 
or concentrates can be used, and contributing to their barrier 
properties and film stability [47]. Zein is a natural protein 
derived from corn. It forms clear, glossy films and is com-
monly used as a film-forming agent in edible coatings. Zein 
films have good adhesion properties and can provide a pro-
tective barrier for various food products [48].
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Protein-based packaging drawbacks

Protein-based films or coatings may have lower barrier 
properties compared to synthetic packaging materials. They 
may allow oxygen or moisture transfer, which can lead to 
quality deterioration of the cheese over time. Correspond-
ingly, protein-based materials can be sensitive to environ-
mental factors such as temperature and humidity. High 
humidity can cause proteins to absorb moisture and become 
less effective as barrier materials. Moreover, some individu-
als may have allergies or sensitivities to certain proteins, 
and the presence of protein-based packaging materials can 
trigger allergic reactions in susceptible individuals [67].

Polysaccharide-based packaging drawbacks

Polysaccharide-based films or coatings can be sensitive to 
moisture, leading to changes in their structure and barrier 
properties. This sensitivity can affect their effectiveness 
in preserving the quality of the cheese. Also, Polysaccha-
ride films may have lower mechanical strength compared 
to synthetic polymers. They can be more prone to tearing 
or puncturing, which can compromise the integrity of the 
packaging and the protection it provides. As well, polysac-
charides often require specific processing conditions and 
additives to form films or coatings with desired properties. 
These processing challenges can increase the complexity 
and cost of production [68].

Lipid-based packaging drawbacks

Lipid-based materials, such as edible lipids or lipid coatings, 
can be prone to oxidation when exposed to oxygen. This can 
lead to off-flavors and rancidity in the cheese. Besides, lipid-
based films or coatings may have lower mechanical strength 
compared to synthetic packaging materials. They may be 
more susceptible to damage or punctures during handling 
and transportation. Furthermore, lipid-based materials can 
have melting points close to room temperature, making 
them sensitive to temperature variations. High temperatures 
can cause the packaging to soften or melt, compromising its 
barrier properties [69]. However, many of these disadvan-
tages are overcome by composite type of edible packaging, 
blending, and layered structures materials.

Mold cultures

For soft cheeses, such as Brie, Camembert, or Blue cheese, 
one of the most commonly used edible coating materials 
is mold cultures. These cultures consist of specific strains 
of Penicillium or other mold species that are intentionally 
applied to the surface of the cheese. The mold grows and 

on various cheese types [59]. Chitosan is a natural polymer 
derived from chitin, which is found in the exoskeleton of 
crustaceans. It has antimicrobial properties and can be used 
as an edible coating material to inhibit microbial growth 
on cheese surfaces. Chitosan coatings are typically used in 
combination with other materials and are suitable for vari-
ous cheese types [60].

Lipid-based Coatings

Edible lipid-based coatings, oil-based emulsions, edible 
oils, such as vegetable oils or mineral oils, or natural waxes, 
such as beeswax, carnauba wax, and shellac, are commonly 
used as edible coatings for cheese. Shellac is a natural resin 
derived from the lac beetle; beeswax is a natural wax pro-
duced by bees; and carnauba wax is a natural wax obtained 
from the leaves of the carnauba palm tree [61]. These coat-
ings provide a protective barrier against moisture loss, 
maintain texture, enhance the flexibility of the coating, and 
prevent unwanted microbial contamination. They also give 
the cheese a glossy appearance. Waxes are often used on 
hard and semi-hard cheeses like Gouda, Cheddar, or Parme-
san to coat cheese surfaces [62].

Synthetic polymers

Polyvinyl alcohol (PVA) is a synthetic polymer that forms 
transparent and flexible films [63]. Polyethylene glycol 
(PEG) is a synthetic polymer that can form films with good 
mechanical properties [64]. Polyvinyl pyrrolidone (PVP) is 
a synthetic polymer with film-forming properties. It is solu-
ble in water and can form clear films, making it suitable for 
certain food coating applications. Synthetic polyesters, such 
as poly (lactic acid) (PLA) or polyhydroxy butyrate (PHB), 
can be used as film-forming agents, and they offer good bar-
rier properties [65].

Composite materials

Composite edible coatings can be created by combining dif-
ferent polymers, synthetic or natural polymers to achieve 
specific properties. For example, a blend of polyvinyl alco-
hol, polysaccharides or proteins can lead to improved film-
forming ability and mechanical strength [17, 66].

Drawbacks of the protein, polysaccharides and lipid 
based packaging

Protein, polysaccharide, and lipid-based packaging mate-
rials offer various advantages; they also have some draw-
backs as the following.
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Quality parameters of the edible coating

The characterization of edible coatings involves assessing 
various properties to evaluate their performance and suit-
ability for specific applications [80].

Edible coatings analysis

Edible coatings should provide an effective barrier against 
moisture, oxygen, and other gases to protect the coated 
product from quality deterioration. Techniques like water 
vapor transmission rate (WVTR) measurements and oxy-
gen permeability testing can be employed to assess the 
barrier properties of the coating [81]. The edible coatings 
may possess antimicrobial properties to inhibit the growth 
of spoilage or pathogenic microorganisms. Testing meth-
ods, such as (microbial enumeration, mechanical attributes, 
thermal stability and surface morphology) were used for 
evaluating the edible coatings. The microbial enumera-
tion can be employed to assess the antimicrobial activity or 
effectiveness of the coating [82]. As well, the edible coat-
ing’s durability against handling, deformation, and stress 
during storage and transportation are also determined by 
its mechanical attributes, such as tensile strength, flexibil-
ity, and elasticity. These attributes can be measured using 
devices such as a universal testing machine or a texture ana-
lyzer. Furthermore, the thermal properties of the edible coat-
ing, including glass transition temperature (Tg) and thermal 
stability, influence its behavior during storage, processing, 
and application. Differential scanning calorimetric (DSC) 
or thermogravimetric analysis (TGA) can be employed to 
characterize the thermal properties of the coating. Moreover, 
the surface morphology of the edible coating influences its 
appearance, adherence to the substrate, and interaction with 
the coated product. Scanning electron microscopy (SEM) 
or atomic force microscopy (AFM) can be used to visualize 
and analyze the surface structure and roughness of the coat-
ing. The water solubility or water absorption characteristics 
of the edible coating affect its stability and performance in 
different food environments [83]. These properties can be 
evaluated by measuring the weight change of the coating 
after exposure to water or by conducting a water solubil-
ity test. Correspondingly, the optical properties of the edible 
coating, such as transparency, gloss, and color, contribute 
to the visual appeal of the coated product. These properties 
can be assessed using colorimeters, spectrophotometers, or 
visual inspection [84].

Functions of edible coatings on the cheese

Edible coatings are thin layers of edible materials that are 
applied to the surface of food products, including cheese, 

forms a natural, edible rind on the cheese, contributing to 
its characteristic flavor, texture, and appearance. The mold 
cultures help protect the cheese, control moisture levels, 
and add unique sensory qualities. This natural rind forma-
tion is an integral part of the production process for many 
soft cheeses [70].

Additives of edible coatings used for cheese 
products applications

Edible coatings for various cheese products can be formu-
lated using a variety of additives to enhance their func-
tionality and performance. These additives serve different 
purposes and contribute to the overall properties of the 
edible coating. There are some common additives used 
in edible coatings for cheese as shown in (Fig.  1). These 
additives help inhibit the growth of spoilage-causing micro-
organisms and extend the shelf life of the cheese. Natural 
antimicrobial agents like essential oils (such as oregano or 
thyme oil), plant extracts (such as rosella or garlic), organic 
acids (such as lactic acid or acetic acid), and bacteriocins 
(such as nisin) [71].

Metal NPs as synthetic antimicrobial agents (such as 
TiO2, ZnO, SiO2, and CuO nanoparticles) can be incorpo-
rated into the edible coating [72]. Antioxidants are used to 
delay or prevent the oxidation of fats and oils in cheese, 
thereby helping to maintain the quality and flavor of the 
product. Common antioxidants include vitamin E, ascor-
bic acid (vitamin C), and rosemary extracts [72]. Plasticiz-
ers are used to improve the flexibility and pliability of the 
edible coating [74]. They help prevent cracking or brittle-
ness and enhance the adherence of the coating to the cheese 
surface. Common plasticizers include glycerol, sorbitol, and 
polyethylene glycol [76].

Colorants can be added to the edible coating to enhance 
the visual appeal of the cheese. Natural colorants like beet-
root extract, turmeric, or spirulina can be used to impart 
desired colors to the coating [77]. Flavor enhancers can be 
incorporated into the edible coating to improve or comple-
ment the taste of the cheese. Examples include natural fla-
vor extracts, herbs, spices, essential oils or cheese-specific 
ingredients like cheese cultures or cheese flavors [78]. Also, 
pH adjusters are used to maintain the desired pH level of the 
edible coating, which can influence its stability and func-
tionality. Acids or bases are added as needed to achieve the 
desired pH range. Common pH adjusters include citric acid, 
acetic acid, or sodium bicarbonate [79]. Texture modifiers 
can be added to the edible coating to impart specific textural 
attributes or control the texture of the coating. Examples 
include gums (such as xanthan gum or guar gum) or modi-
fied starches.
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preventing the formation of undesirable textures, such as the 
development of a dry or tough rind. Coatings can also help 
maintain the desired moisture content, preventing excessive 
softening or hardness of the cheese [88].

Appearance enhancement  Edible coatings can improve the 
appearance of cheese by providing a glossy or matte fin-
ish and enhancing its visual appeal. Coatings can also help 
retain the natural color of cheeses or provide a decorative 
effect by incorporating colorants or other additives [89]. The 
specific mechanism of edible coatings on cheese may vary 
depending on the composition of the coating material, the 
type of cheese, and the desired objectives. Different coating 
materials, such as edible waxes, lipids, proteins, polysac-
charides, or composite materials, may be used to achieve the 
desired effects. The coatings are typically applied by spray-
ing, dipping, or brushing onto the surface of the cheese, and 
they can be formulated to be easily removed before con-
sumption or consumed along with the cheese, depending on 
the intended.

Edible coatings for cheese can provide various functional 
properties that help enhance the quality and shelf life of the 
product as revealed in (Fig. 2). It’s important to note that 
the specific functional properties of edible coatings may 
vary depending on the application method, and formulation 
used. Some of the functional properties of edible coatings 
for cheese include permeability, mechanical and antibacte-
rial properties [17]. By providing moisture and oxygen bar-
riers, edible coatings can help extend the shelf life of cheese 
by reducing spoilage and maintaining its quality for a lon-
ger duration. Edible coatings can help inhibit the growth of 
molds on the surface of cheese. By acting as a physical bar-
rier, they provide protection against mold spores and reduce 
the risk of mold-related spoilage [90]. This is especially 
important for cheeses that are prone to mold development.

Edible coatings can act as a barrier to moisture transfer, 
helping to prevent moisture loss from the cheese and main-
tain its desired moisture content. Moreover, edible coatings 
can help control the texture of cheese by reducing surface 
moisture and preventing the formation of undesirable crusts 
or rinds [17]. This property is essential in preventing the 
cheese from drying out and becoming tough or crumbly 
and its beneficial for certain types of cheeses that require 
specific textures, such as soft or semi-soft cheeses. Edible 
coatings can also act as a barrier to oxygen, reducing oxy-
gen exposure to the cheese. This property is crucial in pro-
tecting the cheese from oxidation, which can lead to flavor 
deterioration and quality loss. Edible coatings can create a 
physical barrier that helps inhibit the growth of spoilage-
causing microorganisms and extends the shelf life of the 

to provide various benefits such as extending shelf life, 
improving texture, enhancing appearance, and preventing 
microbial spoilage [85]. The employing edible coatings on 
cheese involve several key functions:

Barrier function  One of the primary functions of edible 
coatings on cheese is to create a barrier between the cheese 
and its surrounding environment. This barrier helps to 
reduce moisture loss, control gas exchange, and prevent 
the transfer of contaminants. The coating acts as a physical 
barrier, preventing the entry of oxygen, moisture, and other 
gases that can cause spoilage and affect the quality of the 
cheese [2].

Moisture control  Edible coatings can help regulate the 
moisture content in cheese by reducing moisture loss or 
absorbing excess moisture. This is particularly important 
for certain types of cheese that are prone to drying out or 
becoming too moist. The coating material can act as a mois-
ture barrier, slowing down moisture migration between the 
cheese and the environment [86].

Microbial Protection  Edible coatings can provide a protec-
tive layer that inhibits the growth of spoilage microorgan-
isms and extends the shelf life of cheese. Some coating 
materials have antimicrobial properties or can release anti-
microbial compounds, such as essential oils, that can inhibit 
the growth of bacteria, yeasts, and molds [87].

Texture improvement  Coatings can enhance the texture 
and mouth-feel of cheese by reducing surface moisture and 

Fig. 2  The most important benefits of edible coating for cheeses
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Conclusion and future prospects of edible 
coating for cheese

Edible coatings on cheese offer several benefits. They can 
prevent moisture loss, which helps to maintain the cheese’s 
moisture content and prevent it from drying out. These coat-
ings also act as a barrier to oxygen, reducing the risk of 
oxidation and off-flavor development. Additionally, edible 
coatings can provide a protective shield against microbial 
contamination, thereby enhancing the safety and extend-
ing the shelf life of cheese. Furthermore, edible coatings 
can contribute to the sensory attributes of cheese. They can 
improve the cheese’s appearance by providing a glossy or 
matte finish and enhancing its visual appeal. Edible coat-
ings can also help to control moisture migration, maintain 
the desired texture, and prevent texture defects such as sur-
face cracking or hardness. Research and development in the 
field of edible coatings for cheese are ongoing, focusing on 
improving coating materials, application techniques, and 
functionality. Researchers are exploring the incorporation 
of antimicrobial agents or natural extracts into coatings to 
enhance cheese safety and quality. They are also investigat-
ing the use of edible coatings to enable the controlled release 
of flavors or additives, enhancing the taste experience for 
consumers. As research continues and technology advances, 
edible coatings hold the potential to further revolutionize 
the cheese industry, ensuring the availability of high-quality 
cheese with extended freshness and improved sustainability.

Various types of biopolymers may be utilized for shelf 
life extension of cheese while maintaining their quality 
attributes. There are many examples of biopolymers were 
used in cheese coating such as, (chitosan, Whey protein, 
Alginate, corn starch or potato starch, and Pullulan), these 
coatings can help maintain the moisture content of cheese 
and prevent the growth of spoilage microorganisms, thereby 
extending its shelf life by providing preserving quality.

There is significant research and development in the field 
of edible coatings for cheese, the practical implementation 
and widespread adoption of these technologies may take 
time. Factors such as regulatory considerations, cost-effec-
tiveness, and scalability of production processes will also 
play a role in determining the future of edible coatings in the 
cheese industry. While edible coatings offer several benefits 
for cheese, there are also some challenges and future pros-
pects associated with their use.

I.	 The use of nanomaterials in food products should be 
tested carefully due to safety reasons [140] and their use 
in edible coatings for cheese applications should be fur-
ther explored.

II.	 Edible coatings may not be compatible with all types 
of cheese. Each cheese variety has its own unique 

cheese. It can reduce the risk of contamination and maintain 
the cheese’s freshness and safety [91].

Edible coatings can improve the appearance of cheese 
by providing a glossy or matte finish, enhancing its visual 
appeal and marketability by adding colors, patterns, or 
designs. This can be particularly useful for special occasions 
or for creating unique branding and presentation options 
[92]. Edible coatings can help retain the flavor of the cheese 
by preventing the loss of volatile compounds during stor-
age by creating a protective barrier that minimizes the loss 
of these compounds responsible for the cheese’s distinctive 
smell. This property ensures that the cheese maintains its 
characteristic taste and aroma throughout its shelf life [93]. 
Edible coatings can be formulated with specific ingredients, 
such as antimicrobials, antioxidants, probiotic bacteria or 
flavor enhancers, to meet specific product requirements. 
This allows for customization based on the desired proper-
ties of the cheese [94].

Edible coatings can serve as an eco-friendly packag-
ing alternative to traditional plastic wraps or films. They 
can contribute to reducing plastic waste and environmen-
tal impact, as they are typically biodegradable and can be 
consumed along with the cheese [95]. Edible coatings can 
provide convenience to consumers by eliminating the need 
to remove or peel off additional packaging materials before 
consuming the cheese. They offer a ready-to-eat presenta-
tion with minimal preparation required [96].

The applications of edible coating on 
different types of cheeses

Edible packaging fulfills two functions by being both func-
tional and edible. It can increase the shelf life and quality 
of cheese while remaining safe to consume. The creation 
of edible cheese packaging corresponds with the increased 
demand for sustainable packaging solutions as well as the 
goal to reduce plastic waste. Biopolymers produced from 
natural sources, such as plant starches, proteins, lipids, poly-
saccharides, or composite materials, are frequently utilized 
in edible packaging. These materials can be produced into 
films or coatings that provide critical barrier features like 
moisture and oxygen resistance to protect the cheese from 
rotting and keep it fresh. Table 2 summarized some recent 
various applications of edible coatings for cheese, including 
their composition, functions properties, and applications.

1 3



S. M. El-Sayed, A. M. Youssef

Cheese type Edible coating materials Functions properties References
Mongolian (Hard cheese) Cassava starch/Chitosan Reduced weight loss and delaying microbial growth Lu et al. [97]
Paipa cheese
(Semi-hard)

Carvacrol /Starch enhanced the quality and coloring of the cheeses Poonia and Pet-
koska [102]

Mongolian (Hard) cheese Casein/ Chitosan / flaxseed gum Extend the shelf life of cheese by self-assembly on 
its surface

Ahmadimaram 
et al. [98]

Iranian Lighvan cheese
(Semi-hard)

Alginate-collagen films / betanin 
/ cumin essential oils

Changes and oxidation of lipids, increased the quality Siriwardana and 
Wijesekara [99]

Emmental
(Semi-hard)

Sweet whey /Glycerol Sunflower 
oil/ Guar gum

Improve the physicochemical, sensory attributes, and 
improve the shelf life of Swiss cheese

El-Sayed et 
al. [100]

Ras cheese
(Hard)

Chitosan/Guar gum Roselle calyx 
extract/ ZnO-NPs

Prolong the shelf life and improve the antioxidant 
and antibacterial properties, reduced weight loss

Guimaraes et al. 
[101]

Sliced of Flamengo (Semi-hard) whey protein concentrate/ Lacto-
bacillus buchneri

Reduce antifungal contamination in cheeses, quality 
enhancement

Bonilla and 
Sobral[107] 
and Poonia, & 
Petkoska [102]

Ras cheese
(Hard)

Chitosan/polyvinyl alcohol /
TiO2-NPs

Increased the quality, reduced weight loss, prolong 
the shelf life

Youssef et al. 
[103]

Argentine Pategrás (Semi-hard) Sodium caseinate /Oreg-
ano + Laurel essential oils

Improved the quality and antimicrobial properties, 
use as a carrier of active compounds

Alvarez et al. 
[104]

Tybo Semi (Hard) Natamycin / Corn starch/ PVA/ 
Polyurethane (PU)

Good physicochemical properties and antimicrobial 
properties for acting against molds

del Sol 
González-Forte 
[105]

Manchego cheese
(Hard)

Chitosan / Glycerol/ extract of S. 
chamaecyparissus

Enhanced antifungal and antioxidant capacities de Elguea-Cul-
ebras et al. [106]

Fresh-cut Cheddar
(Semi-hard)

Whey protein isolate/ Nanofibers/ 
Carvacrol

Preventing the growth of L. monocytogenes, S. 
aureus, S. enteritidis and E. coli

Wang et al. [73]

Sliced Prato
Cheese (Semi-hard)

Chitosan/Gelatin/ Boldo extract Improving the antioxidant and antibacterial activity 
and shelf life of cheese.

Bonilla & 
Sobral [107]

Gouda cheese
(Semi-hard)

Chitosan /Potato
starch/Thyme/ Safflower powders

Shelf-life enhancement and cheese protection during 
transportation and trade.

Youssef [108]

Chedder cheese
(Semi-hard)

Chitosan / Moringa oil nanopar-
ticles / gelatin

Increase antibacterial activity against L. 
monocytogenes
and Staphylococcus aureus

Lin et al. [109]

Gobek kashar
(Semi-hard)

Chitosan/fish oil Reduced the growth of molds and extend the shelf 
life of cheese.

Yangilar [110]

Gouda cheese
(Semi-hard)

Whey protein isolate / flour / 
lysozyme

Inhibit microorganism growth both at the surface and 
inside region of cheese during ripening.

Setyowati & 
Manab [111]

Kashr cheese
(Semi-hard)

Orange essential oil/Sorbitol/ 
Egg white protein powder

Reduce microbial load during storage, improved 
along with an increase in antimicrobial activity

Kavas & Kavas 
[112]

Kashar
(Semi-hard)

Whey isolate Antimicrobial carrier, enhanced the microbial barrier Kavas et al. 
[113]

Minas Padrao (Semi-hard) Zein/ Xanthan gum/ Oleic acid Improved the texture, surface color and proteolysis 
by decreasing the water vapor permeability

Pena-Serna et 
al. [114]

Ras cheese
(Hard)

Chitosan Reduced the growth of molds and prolong the shelf 
life of cheese

El-Sisi et al. 
[115]

Göbek Kashar
(Semi-hard)

Chitosan / Whey protein 
concentrate

Microbial barrier and increase the shelf life of 
cheese.

Yangilar [116]

Cheddar
(Semi-hard)

Casein / Whey protein
Concentrate

Oxygen, water, and microbial barrier, quality 
enhancement

Wagh et al. 
[117]

Gouda
(Semi-hard)

Whey based Antimicrobial carrier, prolong the shelf life of cheese Andriani et al. 
[118]

Bovine cheeses
(Semi-hard)

Whey protein
concentrate (WPC)/ Natamycin / 
Guar gum

Prevented growth of Staphylococcus spp., Pseudo-
monas spp., Enterobacteriaceae, yeasts and molds, 
enhanced the safety of cheese.

Henriques et al. 
[119]

Mozzarella
(Semi-soft)

Gelatin/ Persian gum/ Purple car-
rot extract PCE

Improve the shelf life of mozzarella cheese Arab et al. [120]

Acid curd
Cheese
(Soft)

Whey protein 
concentrate/Lactobacillus helve-
ticus MI-LH13

Improvement sensory perception, Preventing spoil-
age, and prolonging its shelf-life.

Poverenov et al. 
[49]

Table 2  Applications of edible coating applications on hard and semi hard cheeses in the last decade
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other hand, if the coating is not effective enough, it may 
fail to provide sufficient moisture protection.

IV.	 Applying edible coatings to cheese can be a complex 
process. Achieving uniform coverage and ensuring 
proper adhesion of the coating to the cheese surface can 
be challenging. The application method used must be 
carefully selected to ensure consistent and even coating 
distribution.

V.	 Edible coatings need to comply with food safety regu-
lations and be approved for use in cheese production. 

characteristics, and finding the right coating that com-
plements the cheese’s flavor, texture, and moisture 
content can be a challenge. The coating should not neg-
atively impact the sensory attributes or alter the taste of 
the cheese.

III.	 Despite the fact that edible coatings can help extend the 
shelf life of cheese by reducing moisture loss, they need 
to strike a delicate balance. If the coating is too imper-
meable, it can trap moisture within the cheese, leading 
to undesirable microbial growth and spoilage. On the 

Cheese type Edible coating materials Functions properties References
Fresh cheese
(Soft)

Whey protein concentrate 
(WPC)/ Rosemary + Sage

Protect the soft cheese from spoilage or pathogenic 
bacteria

Kontogianni et 
al. [121]

Fresh cheese
(Soft)

Alginate/ Bacteriocin-producing 
Lactococcus strains

Protective antimicrobial barrier by reducing bacterial 
contamination after processing

Silva et al. [122]

Mozzarella
(Semi-soft)

Natamycin / hydroxyethyl 
cellulose

Avoid Penicillium Spp. Growth on Low-Moisture 
cheese

Torrijos et al. 
[123]

Ultra-filtered
Cheese (Soft)

Chitosan / Sodium alginate / 
CMC

Improve the shelf life, decrease the loss in moisture 
content

El-Sayed et al. 
[124]

Acid curd
Cheese (Soft)

Sodium alginate / CMC/ wild 
garlic extract

Prolong the shelf life of cheese Mousavi et al. 
[125]

Panela cheese
(Soft)

sodium caseinate/ chitosan meso-
porous silica/ oregano essential 
oil

Good antimicrobial activities and increase the shelf 
life of soft cheese

Vasiliauskaite et 
al. [50]

Fresh curd cheese (Soft) Liquid whey protein concentrate/ 
Cinnamon extract

Extend the shelf life of perishable fresh curd cheese, 
enhance its functional value

Mileriene et al. 
[126]

Mozzarella
(Semi-soft)

Purslane extract / Chitosan Inhibited the oxidative damage and growth of micro-
organism during storage at room temperature or in 
the refrigerator.

Pratiwi et al. 
[127]

Mozzarella
(Semi-soft)

Hydroxypropylmethyl cellulose 
/ Nisin

Good antimicrobial activity, extend the shelf life Freitas et al. 
[128]

Ultra-Filtrated (UF) cheese
(Soft)

Chitosan / Natamycin Increased shelf life, enhances the nutritive properties 
with no negative effects on the quality

Nottagh et al. 
[129]

Double cream
(Soft)

Starch/ Microcrystalline cellulose 
Garlic + oregano oils

Inhibited the growth of pathogenic Molina-
Hern´andez et 
al. [130]

Karish
(Soft)

Whey protein concentrate/ Rose-
mary oils/ Candelilla wax

Prolong the shelf life of cheese enhanced the antimi-
crobial activity

El-Sayed et al. 
[131]

Mozzarella
(Semi-soft)

Semolina ZnO- NPs & 
nano-kaolin

Increase the shelf life, antibacterial action Jafarzadeh et al. 
[132]

Béja Sicilian cheese
(Semi-soft)

Pimpinella saxifraga essential oil 
(PSEO) / sodium alginate

Improving the oxidative and bacterial stability of the 
coated cheese

Ksouda et al. 
[133]

Karish
(Soft)

Chitosan/Polyvinyl alcohol /
TiO2-NPs

Enhance the quality during storage/increase the shelf 
life.

Youssef et al. 
[134]

Queso Fresco cheese
(Soft)

Chitosan / lauric arginate (LAE)/
Acidified calcium sulfate with 
lactic acid or /Sodium caprylate 
(SC)

Enhanced their antimicrobial activity and inhibit 
Listeria monocytogenes growth

Brown et al. 
[135]

Ultra-filterated cheese (Soft) Chitosan/Cellulose /Nisin/ ZnO 
NPs

Strong antibacterial activity L. monocytogenes in 
cheese samples as compared to control, prolonged 
the shelf life

Divsalar et al. 
[136]

white cheese
(Soft)

Chitosan/Polyvinyl alcohol/ 
TiO2-NPs

Great antibacterial activity and increase the shelf life Youssef et al. 
[137]

Ricotta cheese
(Soft)

Chitosan/Gelatin/PVA/ Red cab-
bage extract

Film has great hydration ability and good visual dur-
ing storage

Bento et al. 
[138]

Mozzarella
(Semi-soft)

Sodium alginate Antimicrobial carrier, extend shelf life, Microbial 
barrier

Mastromatteo et 
al. [139]

Table 2  (continued) 
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4.	 S.M. El-Sayed, H.S. El-Sayed, A.M. Youssef, Recent Develop-
ments in Encapsulation Techniques for Innovative and high-
quality Dairy Products: Demands and Challenges (Bioactive 
Carbohydrates and Dietary Fibre, 2024), p. 100406

5.	 J. Proulx, G. Sullivan, L.F. Marostegan, Pulsed light and anti-
microbial combination treatments for surface decontamination 
of cheese: favorable and antagonistic effects. J. Dairy Sci. 100, 
1664–1673 (2017)

6.	 M.A. Farag, T.J. Ashaolu, H. Guirguis, I. Khalifa, (2023). Imple-
mentation of HACCP in the production of Egyptian cheeses: a 
review. eFood, 4 (2), e69

7.	 D. Daniloski, D. Gjorgjijoski, A. Trajkovska Petkoska, Advances 
in active packaging: perspectives in packaging of meat and dairy 
products. Adv. Mater. Lett. 11(5), 1–10 (2020)

8.	 S.S. Nair, J. Trafiałek, W. Kolanowski, Edible packaging: a Tech-
nological Update for the sustainable future of the Food Industry. 
Appl. Sci. 13(14), 8234 (2023)

9.	 M. Goswami, K. Mondal, V. Prasannavenkadesan, V. Bodana, 
V. Katiyar, Effect of guar gum-chitosan composites edible coat-
ing functionalized with essential oils on the postharvest shelf life 
of Khasi mandarin at ambient condition. Int. J. Biol. Macromol. 
254, 127489 (2024)

10.	 M. Farahani, F. Shahidi, F.T. Yazdi, A. Ghaderi, Antimicrobial 
and antioxidant effects of an edible coating of Lepidium sativum 
seed mucilage and Satureja hortensis L. essential oil in uncooked 
lamb meat. Food Control. 158, 110240 (2024)

11.	 S.Z. Iqbal, A. Haider, F. ur Rehman, G. Cui, M. Waseem, M. Iqbal, 
A.M. Khaneghah, (2024). Application of carboxymethylcellulose 
in combination with essential oils nano-emulsions edible coating 
for the preservation of kiwifruit. Int. J. Biol. Macromol., 129947

12.	 A.A. Talesh, S. Amiri, M. Radi, M. Hosseinifarahi, (2024). Effect 
of nanocomposite alginate-based edible coatings containing 
thymol-nanoemulsion and/or thymol-loaded nanostructured lipid 
carriers on the microbial and physicochemical properties of car-
rot. Int. J. Biol. Macromol., 129196

13.	 da A.C.P. Silva, J.R. Barbosa, da C. Silva Araújo, J.T.S. Batista, 
E.M.P.X. Neves, D.N.P. Cardoso, L. Lourenço, A new edible 
coating of fish gelatin incorporated into açaí oil to increase the 
post-harvest shelf life of tomatoes. Food Chem. 438, 138047 
(2024). D. F. H

14.	 R. Pholsin, K.A. Shiekh, S. Jafari, I. Kijpatanasilp, T.N. Nan, I. 
Suppavorasatit, K. Assatarakul, Impact of pectin edible coating 
extracted from cacao shell powder on postharvest quality attri-
butes of tomato (Lycopersicon esculentum Mill.) Fruit during 
storage. Food Control. 155, 110023 (2024)

15.	 N. Kumar, D. Daniloski, N.M. D’cunha, N. Naumovski, A.T. Pet-
koska, Pomegranate peel extract–A natural bioactive addition to 
novel active edible packaging. Food Res. Int. 156, 111378 (2022)

16.	 R. Sharma, S.M. Jafari, S. Sharma, Antimicrobial bio-nanocom-
posites and their potential applications in food packaging. Food 
Control. 112, 107086 (2020)

17.	 S. Jafarzadeh, A. Salehabadi, A.M. Nafchi, N. Oladzadabba-
sabadi, S.M. Jafari, Cheese packaging by edible coatings and 
biodegradable nanocomposites; improvement in shelf life, physi-
cochemical and sensory properties. Trends Food Sci. Technol. 
116, 218–231 (2021)

18.	 T. Fadiji, M. Rashvand, M.O. Daramola, S.A. Iwarere, A review 
on antimicrobial packaging for extending the Shelf Life of Food. 
Processes. 11(2), 590 (2023)

19.	 M.W. Iqbal, T. Riaz, I. Yasmin, A.A. Leghari, S. Amin, M. Bilal, 
X. Qi, Chitosan-based materials as edible coating of cheese: a 
review. Starch-Stärke. 73(11–12), 2100088 (2021)

20.	 N. Bagheripoor, S. Khoshgozaran-Abras, S. Sohrabvandi, N. 
Khorshidian, A.M. Mortazavian, N. MollaKhalili, S. Jazaeri, 
Application of active edible coatings to improve the shelf-life of 
cheese. Food Sci. Technol. Res. 24(6), 949–962 (2018)

Compliance with regulatory requirements can pose 
challenges, especially when using novel or unconven-
tional coating materials.

VI.	The acceptance of cheese with edible coatings can vary 
among consumers. Some individuals may find the pres-
ence of coatings unappealing or have concerns about 
the safety or taste of the coating material. Overcoming 
consumer perception and gaining acceptance for coated 
cheeses can be a hurdle.

VII.	Coated cheeses may need to comply with labeling 
regulations, including accurate and clear ingredient 
declaration. If the coating contains allergens or other 
substances of concern, appropriate labeling should be 
provided to inform consumers.

VIII.	 Edible coatings are often considered food addi-
tives, and their use must comply with regulations and 
guidelines specific to food additives. These regulations 
typically define permitted coating materials, their maxi-
mum allowable concentrations, and any restrictions or 
specifications regarding their use.

IX.	Cheese manufacturers are expected to follow good man-
ufacturing practices, which include maintaining proper 
hygiene, sanitation, and quality control measures during 
the production process. These practices help ensure the 
safety and quality of the coated cheese products.
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