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Abstract: Edible coatings and films for food preservation are becoming
more popular thanks to their environmentally friendly properties and active
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ity decay by limiting oxidation and deterioration of foods. Many reviews analyze
the different compounds with which films and coatings can be created, their
characteristics, and the effect when applied to food. However, the possibility
of adding plant extracts and essential oils in edible coatings and films to pre-
serve processed animal-derived products has been not exhaustively explored.
The aim of this review is to summarize how edible coatings and films enriched
with plant extracts (EXs) and essential oils (EOs) influence the physico-chemical
and sensory features as well as the shelf-life of cheese, and processed meat and
fish. Different studies showed that various EXs and EOs limited both oxidation
and microbial growth after processing and during food preservation. Moreover,
encapsulation has been found to be a valid technology to improve the solubil-
ity and stability of EOs and EXs, limiting strong flavor, controlling the release
of bioactive compounds, and maintaining their stability during storage. Overall,
the incorporation of EXs and EOs in edible coating and film to preserve pro-
cessed foods can offer benefits for improving the shelf-life, limiting food losses,
and creating a food sustainable chain.
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1 | INTRODUCTION

external environment which could lead to deterioration
and loss of initial characteristics (Huang et al., 2021).

Food preservation aims to inhibit and/or slow down spon-
taneous alternative processes. During production, process-
ing, storage, and distribution, it is necessary to maintain
stable environmental and chemical food storage param-
eters. Therefore, food must limit interaction with the

In particular, cheese, processed meat, and fish products
present a high risk of contamination by microorganisms
due to high moisture, optimal pH, and features that pro-
mote microbial growth (Donnelly, 2018; Sivamaruthi et al.,
2021). In addition, lipid oxidation can change the con-
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centration of certain chemical compounds in products,
affecting nutritional and organoleptic characteristics (Wu
et al., 2022).

However, over the years, various coating innovations
have been developed to maintain the quality and safety
of food products. One strategy to increase food shelf-life
is applying edible coatings and films. These strategies
are cost-effective and environmentally friendly. They are
generally obtained from food waste and byproducts, thus
enabling their reuse in the food chain (Chiralt et al., 2020).
The possibility to consume edible coatings and films with
cheese, meat, or fish, avoid the formation of waste. The
characteristics of the possible constituents of edible coat-
ings and films, their potential, and limitations in their food
application are widely analyzed in the literature (Chhikara
& Kumar, 2022; Paidari et al., 2021).

However, it also needs to be highlighted that over the
years, the demand for biodegradable coatings and films
with functional plant extracts (EXs), and/or essential oils
(EOs) is becoming a viable alternative to conventional
coatings and films. Biologically active agents obtained
from plant matrices, such as antioxidants and antimicro-
bial molecules, reduce the risk of microbial proliferation,
improving the shelf-life and quality of packaged products
(Al-Tayyar et al., 2020). Different plant EXs/EOs derived
from spices and herbs with antioxidant and antimicro-
bial activity, added in the formulation of edible coatings
and films were tested for the preservation of cheese, pro-
cessed meat, and fish. The edible material increased the
microbiological quality, decreased lipid oxidation and tex-
ture change of packaged food, and increased shelf-life
(Figure 1). On the other hand, there is no literature review
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Application of plant extracts or essential oils in edible coating and film to preserve processed animal foods.

on the application of EXs and EOs in edible coatings/films
in the preservation of processed animal foods such as
cheese, meat, and processed fish.

The objective of this review is to summarize the advan-
tage in the application of edible coatings and films, and
the bioactive features of plant-derived EXs and EOs.
Particularly, scientific publications on the application of
plant-based EXs and EOs in edible coatings and films
for the preservation of cheeses and processed meat and
fish products were analyzed. Moreover, the attention was
focused on the antioxidant and antimicrobial activity of
the EXs and EOs in edible coatings and films and its abil-
ity to increase the shelf-life of the products. In addition,
the impact of the EXs and EOs into edible coatings and
films on the physico-chemical and sensory characteristics
of animal-derived foods was discussed.

2 | EDIBLE COATINGS

In response to the environmental crisis, new food preserva-
tion techniques, that limit the use of plastics and pollution
with non-biodegradable products, have been studied in
recent years. Edible coatings and films are environmen-
tally sustainable strategies for food preservation (Sun et al.,
2022). Their advantage is based on the biodegradability of
the materials used, which can also be consumed with food.
Furthermore, the materials are mainly derived from food
waste and byproduct. This allows material that is not yet
exhausted to be fed into the production cycle, thus follow-
ing the concept of circular economy (Chiralt et al., 2020).
Edible coatings and films for food preservation positively
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impacts the circular economy as, unlike conventional coat-
ings, they are biodegradable, non-toxic, and effectively
exhibit barrier properties. In addition, agro-food waste and
byproducts enables the creation of a coating that pro-
vides functional bioactive molecules for food preservation
(Gaspar & Braga, 2023).

Edible coatings and films are transparent edible films
that can be removed by simply washing with water. This
term includes all type of covering which can be consumed
with food. Their thickness is generally less than 0.3 mm
(Ribeiro et al., 2021). In the literature, there are authors
who use the term film and edible coating indifferently.
In other cases, it is considered useful to define a differ-
ence given the technique of application to the product.
The edible films are first molded as solid sheets which
are then applied in wrap form on the food. Differently,
edible coatings are applied in liquid form on the food,
usually by soaking the product in a solution consisting of
a structural matrix (carbohydrates, proteins, lipids, or a
multi-component mixture) (Maan et al., 2021).

During the production of films and edible coatings,
the basic components are dispersed and dissolved in a
solvent such as water, alcohol, or a mixture of other
solvents. By adjusting the pH and/or heating the solu-
tions, the dispersion of a specific polymer can be facil-
itated. During the process, plasticizing substances (glyc-
erol, sorbitol, fatty acids, and monoglycerides), cross-
linking, antimicrobial agents, structural agents, antioxi-
dants, dyes, and flavorings can be added to intensify the
final functional properties, increase the coatings and films’
adaptability, reduce brittleness, and make it suitable for
using.

Edible coatings can be applied using the dipping method
where the food is dipped directly into the corresponding
coating solution. After natural drying, a thin coating layer
forms on the surface of the product. Another method is
the spraying method, which can be used for solutions with
low viscosity to be applied at low pressure (Suhag et al.,
2020). The spreading method, on the other hand, consists
of directly brushing the coating solution onto the prod-
uct (Ju et al., 2019). On the other hand, film application
is usually carried out by wrapping the film in contact with
the product. The performance of edible coatings and films
depends on the physical-chemical characteristics of mate-
rials like solubility, density, viscosity, and surface tension.
Furthermore, the choice of material depends on the type
of food (high-moisture or dry products), and the storage
conditions (temperature and relative humidity).

Chitosan is among the most widely used polysaccha-
rides of animal origin for edible coatings and films. This
is obtained from the exoskeleton of crustaceans or the cell
wall of fungi (Chhikara & Kumar, 2022). This has a good
barrier property against O, and CO,, is transparent, flexi-

ble, and lipid resistant. It also exhibits antimicrobial and
antioxidant activity. Nevertheless, it has a high perme-
ability to water vapor, due to high hydrophilic nature of
chitosan (Peter et al., 2021). This could lead to a water loss
of the packaged product. For this reason, chitosan is com-
bined with other biomaterials to ameliorate properties of
film/coating for food preservation (Igbal et al., 2021). Com-
bining chitosan with gelatinized maize starches can reduce
water vapor transmission rates. While, the combination
with protein molecules can improve mechanical proper-
ties (Cazén & Vazquez, 2020). Plant-derived polysaccha-
rides include cellulose derivatives such as hydroxypropyl
methylcellulose, methylcellulose, and carboxymethylcel-
lulose, which form water-soluble polymers. This group of
compounds exhibits good barrier properties, are fat and
oil resistant, and protect coated foods from O, mechani-
cal characteristics show a flexible nature (Mohamed et al.,
2020).

In the plant derivate section there is starch, which has
excellent barrier properties for water and O, (Panahirad
et al., 2021) but show moderate mechanical properties
which are overcome by combining it with other edible
materials. On the other hand, alginate forms insoluble
polymers when it binds to calcium ions and present excel-
lent colloidal properties. It is obtained from seaweed, and
forms a coating/film with low water permeability, delaying
the oxidation of fats in coated foods, and maintaining their
sensory characteristics (Chhikara & Kumar, 2022).

Among the protein sources that can be used to obtain
coatings are animal proteins. In particular, whey proteins
are obtained from casein and cheese production. They
can be concentrated or isolated depending on the pro-
tein content (20%-80% and >90%, respectively). These
proteins can form flexible, transparent, tasteless, and
oxygen-impermeable films but are ineffective due to water
vapor permeability (Costa et al., 2018). However, studies
have shown that mixing whey proteins with water and
glycerol resulted in a flexible and water-resistant mate-
rial (Chen et al., 2019; Srour et al., 2016). Purified proteins
from cereals can also be used for film/coating formation.
Soy proteins show an effective oxygen barrier, antimi-
crobial activity, reduce moisture loss and lipid oxidation
(Zhang et al., 2018). However, soy proteins applied alone
have poor mechanical properties and high water solubil-
ity. Blending with other biodegradable polymers, such as
gelatin and caseinate, is a promising method to improve
the mechanical properties of the coating/film (Zhao et al.,
2020).

Lipid-based edible coatings/films are another alterna-
tive for food preservation. These compounds can be of
plant or animal origins. Lipids, being lipophilic, exhibit a
high barrier capacity against moisture loss (Hassan et al.,
2018). The lipids classes also include essential oil that
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exhibits an antioxidant and antimicrobial activity when
added in coating/film formulation (Ju et al., 2019).

The application of one or more of the above-mentioned
compounds allows coatings/films or composite coat-
ings/films to limit food spoilage and increase shelf-life.

3 | PLANT-DERIVED EXTRACTS AND
ESSENTIAL OILS

Plant EXs and EOs in coating formulations are widely
used nowadays to delay food deterioration. Plant com-
pounds are derived from spices and seeds (cinnamon,
cumin, clove, turmeric, papaya seed, and cardamom),
leaves and flowers (tea, kecombrang, kaffir lime, and
kesum), herbs (oregano, rosemary, basil, coriander, thyme,
and mint), but also from fruit and vegetable waste and
byproducts (garlic, fennel, orange, and cucumber). These
matrices of plant origin have a high amount of secondary
metabolites, such as phenols, flavones, terpenes, ketones,
aldehydes, and alcohols (Butnariu, 2021; Chiocchio et al.,
2021). In traditional medicine, plants are described for their
health properties like antioxidant, antimicrobial, antisep-
tic, anti-inflammatory, analgesic, stimulant, digestive, and
lenitive effects (Guarrera & Savo, 2013). Subsequently,
plant-derived extracts have been used as a source of
bioactive compounds also in food industry.

Principal application of plant EXs/EOs in food formu-
lation is for their antioxidant and antimicrobial power.
Depending on quantity added to food, they can exhibit
antioxidant activity and retard the growth of pathogenic
microorganisms (Tongnuanchan & Benjakul, 2014). EXs
and EOs act on the cell structure and vital activities of
pathogens by limiting their growth. Gram-positive bacte-
ria are more susceptible to the effects of EXs/EOs than
gram-negative bacteria due to the less complex struc-
ture that protects the internal constituents of the cell
(da Cunha et al., 2018). Bioactive compounds can modify
cell membrane permeability or destroy membranes with
subsequent release of cell contents. It can also act by mod-
ifying DNA and RNA synthesis. Moreover, the antioxidant
activity, exhibited mainly by polyphenolic compounds in
plant matrices, reduces free radical scavenging, limits
lipid oxidation, and peroxide formation in food (Blasi &
Cossignani, 2020).

3.1 | Herbs, leaves, and flowers

Herbs and leaves are the leafy green part of a plant that
does not develop persistent woody tissue. Together with
the flowers they account for the aerial part of the plants.
The aromatic herbs present high diversity of volatile,

aromatic, and low-molecular-weight compounds which
can be extracted for pharmaceutical, cosmetic, and food
applications (Kumar et al., 2018).

The oregano and thyme contain phenolic compounds
such as carvacrol (53.4%), borneol (6.1%), linalool (4.8%),
thymol (4.5%), sesquiterpene hydrocarbons (8.8%), and
oxygenated sesquiterpenes (8.2%) as the major substances.
They are widely used as food additives due to their antiox-
idant action and antimicrobial effect against gram-positive
and gram-negative bacteria (Diego et al., 2015). In particu-
lar, carvacrol is able to disintegrate the outer membrane of
gram-negative bacteria, releasing lipopolysaccharides and
increasing the permeability of the cytoplasmic membrane
to ATP. In gram-positive bacteria, it alters their cation
permeability (Burt, 2004). The rosemary herb consists
of eucalyptol, a-pinene, borneol, terpineol, myrcene, and
camphene. They allow the destruction of the cell mem-
brane of bacteria and an antioxidant action. Eucalyptol
(1,8-cineole) is the major constituent (15%-50%), exhibiting
anti-inflammatory activities, that occurs by suppression
of lipopolysaccharide-induced proinflammatory cytokine
production, and reduction of oxidative stress through
radical scavenging activity and regulation of signaling
pathways (Do Nascimento et al., 2020). Herbs include basil
that show linalool (31.66%), methyl chavicol (17.37%), and
methyl cinnamate (15.14%) as major constituents. Several
studies on basil highlighted its beneficial effects, in par-
ticular, antifungal activity against different fungal species,
such as Candida albicans and Cryptococcus neoformans,
and a strong antioxidant activity (11.23 to 55.15 mg/mL)
(Ahmed et al., 2019; Carrasco et al., 2012). Mint herb counts
numerous bioactive compounds. Particularly, in EOs was
found limonene (1%-7%), isomenthone (2%-8%), men-
thofuran (1%-10%), menthyl acetate (2%-11%), 1,8-cineole
(eucalyptol) (5%-13%), menthone (15%-32%), and menthol
(33%-60%). Due to the high phenols content, 335.4 mg GAE
(Gallic Acid Equivalents)/100 g, mint performs an antiox-
idant action and an inhibition of Salmonella typhimurium
and Escherichia coli O157:H7 (Wani et al., 2022). Several
studies have showed the bioactivity of laurel. Eucalyptol
was the most abundant monoterpenoid (25%-60%) present
in laurel, follow by a-pinene (2.5%-32%), sabinene (0.07%—
13%), and linalool (0.1%-18%) (Anzano et al., 2022). These
compounds enable the inhibition of the growth of Enter-
obacteriaceae, Staphylococcaceae, and Pseudomonadaceae.
Particularly, linalool retards the overall development and
propagation of different fungi through the respiratory
restriction of their aerial mycelia (Anzano et al., 2022).

Tea is among the leaves most commonly used
in medicine and food. It is very rich in flavonoids
(20.63 mg/g), catechins (136.72 mg/g), and polyphenols
compounds (217.10 mg/g) (Ma et al., 2022). They have been
shown to suppress the growth of important pathogens
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such as Staphylococcus aureus, E. coli, Listeria monocy-
togenes, S. typhimurium, Clostridium perfringens, and
Pseudomonas aeruginosa (Grzesik et al., 2018). Although
less well known, the leaves and flowers of Cornus
officinalis, kaffir lime, kecombrang, kesium, artemisia,
Moringa oleifera, Paulownia tomentosa, pine needle,
Pimpinella saxifraga, Rubia cordifolia, Portulaca oleracea,
Roselle calyx, Santolina chamaecyparissus, and Terminalia
arjuna, have bioactive constituents that exert antioxidant
and antimicrobial activities (Table 1).

3.2 | Spices and seeds

The spices are derived from plants and present aromatic
or pungent substances that are used to flavor foods. The
harvest period, type of processing, drying, and storage con-
dition can change bioactive compounds content. Several
spice plants present EOs described by their antioxidant
and antimicrobial activity, which depend on their chemical
composition (Do Nascimento et al., 2020).

The terpenes, alcohols, phenols, and aldehydes are the
major classes present in cumin. Particularly, cuminalde-
hyde, eugenol, and b-pinene showed a complete inhibition
zone against different gram-negative and gram-positive
bacteria including Penicillium citrinum, Bacillus cereus,
Bacillus subtilis, S. aureus, and P. aeruginosa. Among
the constituents there is carvacrol. Several studies have
demonstrated its antioxidant potential (Mnif & Aifa, 2015).
Clove (Syzygium aromaticum) is a spice that contains
approximately 15%-20% of EO. It is characterized by high
levels of eugenol (50%), followed by eugenyl acetate, 8-
caryophyllene, a-humulene, diethyl phthalate, caryophyl-
lene oxide, cadinene, a-copaene, 4-(2-propenyl)-phenol,
chavicol, and a-cubebene. Eugenol, the major constituent,
showed an antimicrobial, anti-inflammatory, antioxidant,
and anticancer activity. Instead, eugenyl acetate has a
potent antioxidant activity; it showed 90.30% DPPH free
radical scavenging at 35 pg/mL (Haro-Gonzalez et al.,
2021). The Zingiberaceae family includes cardamom and
ginger. Cardamom seeds are rich sources of quercetin,
kaempferol, and luteolins that neutralize free radicals by
preventing oxidation of other components. The profiling
of EO of cardamom exhibited the presence of 1,8-cineole
(28.94%), a-terpinyl acetate (26.7%), a-terpineol (14.6%),
sabinene (13.5%), nerol (5.0%), and a-pinene (2.4%). The
application of 10 mg/mL of EO showed antibacterial
activity against S. aureus, E. coli, Salmonella typhi, Strep-
tococcus mutans, Bacillus pulmilus, and L. monocytogenes
(Ashokkumar et al.,, 2020). Otherwise, the bioactivity
of ginger is given by the presence of phenolic com-
pounds (6-gingerol, 8-gingerol, 10-gingerol, quercetin,
zingerone, gingerenone-A, and 6-dehydrogingerdione)

and terpens (B-bisabolene, a-curcumene, zingiberene, a-
farnesene, and f-sesquiphellandrene). Different studies
showed a strong antioxidant and antimicrobial activity.
Especially, gingerenone-A and 6-shogaol exhibited an in
vitro inhibitory effect on S. aureus thanks to the inhibition
of 6-hydroxymethyl-7,8-dihydropterin pyrophosphokinase
in the pathogen (Mao et al., 2019). Other spices like cur-
cuma, anise, and pimento showed bioactive compounds
than displayed functional properties (Jarquin-Enriquez
et al., 2021; Yu et al., 2021; Zhang et al., 2017).

3.3 | Agri-food byproducts
Fruit and vegetable industry produces a significant quan-
tity of waste and byproducts, representing 10% to 35% of the
gross mass (Majerska et al., 2019). The potential of byprod-
ucts refers to the presence of bioactive compounds to be
added in food formulation (Difonzo et al., 2023).
Cucumber peel is a good source of dietary fiber
and phytochemicals compounds such as polyphe-
nols (8.51 mg/g), glycosides (32.23 mg/g), terpenoids
(26.27 mg/g), and steroids (11.69 mg/g). Numerous studies
showed antioxidant, anti-carcinogenic, anti-inflammatory,
anti-hyperglycemic, diuretic, antimicrobial, and analgesic
effects (Uthpala et al., 2020). Fennel is an important
Apiaceae species from the Mediterranean area and is
among the most widespread medicinal plant worldwide.
In particular, fennel seeds are considered also as source
of many health beneficial compounds including gallic,
caffeic, and ellagic acid, quercetin, kaempferol, minerals,
vitamins, and others which explain their applications
for pharmaceutical and food industries. Fennel EO was
obtained from seeds. The main volatile active compounds
are trans-anethole (70.7%), and fenchone followed by
anisketone and p-anisaldehyde. These bioactive com-
pounds displayed an antioxidant activity (35.85-60.36
Trolox Equivalent umol/g), and an antimicrobial activity
particularly against S. aureus (Ahmad et al., 2018). Garlic
is one of the most important vegetables throughout the
world. Among the byproducts of this vegetable are the
leaves that contain a large amount of sulfur compounds.
These are responsible for the renowned medicinal
properties of garlic, such as anticancer, antidiabetic,
anti-inflammatory, antimicrobial, antioxidant, cardio-
protective, and immunomodulatory activities. Further
significant volatile compounds with highly bioactive
properties are ajoenes, as well as allicin, 1,2-vinyldithiine,
allysine, and S-allylcysteine, and sulfides, such as mono-,
di-, tri- and tetra-sulfides of diallyl, methyl, and dipropyl,
which are formed after the decomposition of thiosul-
fates. In nature, these compounds are used by plants in
defensive mechanisms against parasites and pathogens.
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TABLE 1 Plant products, their bioactive compounds and actions. List obtained by considering the main extracts and essential oils used
in edible coatings and films analyzed in this collection.

Product Bioactive compounds Reference

Anise Trans-anethole, terpenoids, polyphenols, coumarins, (Yu et al., 2021)
scopoletin, umbelliferon, terpene hydrocarbons

Artemisia Monoterpenes, sesquiterpenes, hydrocarbons, (Nigam et al., 2019)
polyphenols

Basil Phenolic acids, quercetin, anthocyanins, vitamins, (Do Nascimento et al., 2020)

Black cumin
Boldo

Cardamom

Cinnamon

Clove

Coriander

Cornus officinalis

Cucumber peel

minerals, linalool, methyl chavicol, methyl
cinnamate, eugenol

Phenolic compounds, monoterpenoids, p-cymene

Alkaloids, proanthocyanidins, flavonoids, tannins,
coumarins, terpenoids

Quercetin, kaempferol, luteolins,1,8-cineole, a-terpinyl
acetate, a-terpineol, sabinene, nerol, a-pinene,
flavonoids, tannins, phenolic compounds,
tocopherols

Cinnamaldehyde, cuminaldehyde, B-carotene, eugenol

Eugenol, eugenyl acetate, S-caryophyllene,
a-humulene, diethyl phthalate, caryophyllene oxide,
cadinene, a-copaene, 4-(2-propenyl)-phenol,
chavicol, a-cubebene

Sterols, unsaturated fatty acids, tocopherols, linalool,
terpinene, geranyl acetate, phenolic acids, flavonoids

B-carotene, triterpenoid, phenols

Polyphenols, glycosides, terpenoids, steroids, dietary
fibers, minerals

(Hassanien et al., 2015)
(Mariano et al., 2019)

(Ashokkumar et al., 2020)

(Do Nascimento et al., 2020)

(Haro-Gonzailez et al., 2021)

(Laribi et al., 2015)

(Park et al., 2022)
(Uthpala et al., 2020)

Cumin Cuminaldehyde, eugenol, b-pinene, terpenes, phenols, (Mnif & Aifa, 2015)
flavonoids
Curcuma Terpenes, a- and S-turmerone (Lanyue Zhang et al., 2017)
Fennel Phenolic acids, quercetin, kaempferol, minerals, (Ahmad et al., 2018)
vitamins, trans-anethole, fenchone, anisketone,
p-anisaldehyde
Garlic Organosulfur (allicin), phenolic acids (Martins et al., 2016)
Ginger Phenols (gingerols, shogaols, paradols, quercetin, (Mao et al., 2019)
zingerone, gingerenone-A, 6-dehydrogingerdione),
terpenes (B-bisabolene, a-curcumene, zingiberene,
a-farnesene, 5-sesquiphellandrene)
Green tea Alkaloids, polyphenols, phenolic acids (Xu et al., 2019)

Kaffir lime leaves

Kecombrang leaves and flowers

Kesum leaves

Limonene, citronellol, terpinen-4-ol, a-pinene,
p-cimene, phenolic compounds, a-tocopherol,
limonoids, dietary fiber, glycerolipids, coumarins

Polyphenols, alkaloids, flavonoids, steroids, saponins

Phenolic acids, caryophyllene, dodecanal, decanal,
drimenol, a-caryophyllene, quercitrin,
scutellarein-7-glucoside, tannins, catechins,
flavonoids

(Agouillal et al., 2017)

(Naufalin et al., 2021)
(Ain et al., 2022)

Laurel Flavonoids, organic acids, polyunsaturated fatty acids, (Anzano et al., 2022)
tocopherols, 1,8-cineole, camphene, limonene,
p-cymene, linalool, a-pinene, a-terpinene,
a-terpineol

Mint Limonene, isomenthone, menthofuran, menthyl (Wani et al., 2022)

acetate, 1,8-cineole (eucalyptol), menthone, menthol

(Continues)
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TABLE 1 (Continued)
Product

Moringa oleifera

Orange peel

Oregano

Papaya leaves and seeds

Parijoto
Paulownia tomentosa
Pimento

Pimpinella saxifraga

Pine needle

Portulaca oleracea

Pu-erh

Roselle calyx

Rosemary

Rubia cordifolia

Sage

Santolina chamaecyparissus

Terminalia arjuna

Thyme

White tea

Yerba mate

= | wiL ey Food Seience

EDIBLE COATINGS AND FILMS IN PROCESSED FOODS PRESERVATION

Bioactive compounds

Vitamins, terpenoids, polyphenols, flavonoids,
glucosinolates, alkaloids, glycosides, carotenoids

Vitamin C, carotenoids, phenolic acids

p-Cymene, carvacrol acetate, borneol, thymol, linalool,
sesquiterpene hydrocarbons, oxygenated
sesquiterpenes, flavonoids, polyphenols

Alkaloids, sulfur compounds, flavonoids, triterpenes,
organic acids, tannins

Flavonoids, alkaloids, saponin, tannins, 3-carotene
Syringin, flavonoids, phenols, thymol, phytol
Eugenol, gallic acid, quercetin, rutin

Terpenoids, polyacetylene compounds, phenolic
compounds, coumarins, tannins, flavonoids,
phenolic acids, vitamins

Quercetin, catechin, kaempferol, myricetin, resveratrol,
glycoside, pinoresinol, a-pinene, S-pinene,
B-phellandrene, a-terpineol, camphene

a-Tocopherol, ascorbic acid, S-carotene, lutein,
zeaxanthin, phenolic compounds, flavonoids, lignins,
stilbenes, terpenoids, saponins, tannins

Polyphenols, catechins, gallic acid, flavonoids, caffeine,
dietary polysaccharides

Phenolic acids, flavonoids, anthocyanins, organic acids

Eucalyptol, B-pinene, a-pinene, borneol, y-cadinene,
a-terpineol, myrcene, camphene, phenols,
triterpenes, triterpenic acids, flavonoids, phenolic
acids

Alkaloids, saponins, tannins, phenols, glycosides,
terpenes, carotenoids, quinones

Phenolic acids, tannins, a and b-thujone, 1,8 cineole,
camphor, flavones, phenylpropanoid glycosides,
triterpenoids, diterpenes, tocopherols, carotenoids

Flavonoids, phenolic compounds, terpenoids

Tannins, glycosides, triterpenoid saponin, flavonoids,
gallic acid, ellagic acid, oligomeric
proanthocyanidines, phytosterols, minerals

p-Cymene, carvacrol acetate, borneol, thymol, linalool,
sesquiterpene hydrocarbons, oxygenated
sesquiterpenes, flavonoids, polyphenols

Caffeine, epigallocatechin, flavonoids, catechins,
phenolic compounds, amino acids

Polyphenolic acids, xanthines, flavonoids, minerals,
vitamins

Reference

(Vergara-Jimenez et al., 2017)

(Wedamulla et al., 2022)

(Do Nascimento et al., 2020)

(Ananthanayagi et al., 2022)

(Milanda et al., 2021)

(He et al., 2016)
(Jarquin-Enriquez et al., 2021)
(Slobodianiuk et al., 2021)

(Dziedzinski et al., 2021)

(Petropoulos et al., 2016)

(Liu et al., 2021)

(Izquierdo-Vega et al., 2020)
(Senanayake, 2018)

(Humbare et al., 2022)

(Zivkovié et al., 2017)

(Aourach et al., 2021)
(Gupta et al., 2018)

(Do Nascimento et al., 2020)

(Ma et al., 2022)

(Aleksandra et al., 2021)

Furthermore, it was proved that garlic oil can damage
the membrane functions of both gram-positive and gram-
negative bacteria like B. cereus, E. coli, L. monocytogenes,
S. typhimurium, and S. aureus (Martins et al., 2016). The
citrus processing industries generate a large amount of
citrus waste, approximately 50%-60%. Orange peel is very
rich in polyphenolic compounds that protect fruit against

UV and IR rays of the sun, and microbial infections.
Phenolic compounds in citrus peel include p-cinnamic,
ferulic, synaptic, isoferulic, 5-hydroxyvaleric, vanillic, and
2-oxybenzoic acid. Flavonoid compounds perform antiox-
idant, anti-carcinogenic, and anti-inflammatory activities
and induce lipid antiperoxidative effects. Orange peel has
also been identified as an excellent source of pectin, a
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fiber with high phenols as a natural preservative in foods
for the capacity to control lipid oxidation (Wedamulla
et al., 2022). Also, parijoto and papaya leaves and seeds,
present alkaloids, flavonoids, polyphenols, quinones,
saponins, and tannins that exhibit antimicrobial activity
against Bacillus stearothermophilus, L. monocytogenes,
Pseudomonas spp., and E. coli, and antioxidant, anticancer,
anti-inflammatory, anti-hypertensive, hepatoprotec-
tive, histaminergic, diuretic, and immunomodulatory
properties (Ananthanayagi et al., 2022; Milanda et al.,
2021).

4 | APPLICATION OF EDIBLE
COATINGS

The potential of the plant-based EXs and EOs refers to
the presence of bioactive compounds and their beneficial
effect if added to food. Their quantity differs according
to the type of EX or EO, the treatments, and the type
of application. Several studies have shown the ability of
edible coatings to increase the shelf-life of cheese, and pro-
cessed meat and fish (Dehghan et al., 2021; Pluta-Kubica
et al., 2020, 2021). This is due to the antioxidant activity
exerted by the added EX/EO and the ability to inhibit the
growth of pathogenic microorganisms (Gediko glu, 2022;
Karunamay et al., 2020; Rios-De-benito et al., 2021). In
addition, a change in physico-chemical, sensory and tex-
ture characteristics was evidenced when products were
stored with edible coating (Bashir et al., 2022; Loépez-
Cordoba, 2021).

The following chapters of this review will analyze the
applications of the various edible coatings enriched with
plant-based EXs/EOs in cheese, and processed fish and
meat. The results regarding a change in antioxidant activ-
ity, antimicrobial activity, and an increase in shelf-life
were discussed. Furthermore, the possible impact on the
physico-chemical, and sensory characteristics of coated
processed foods was highlighted. The main applications of
edible coating with plant-based EXs/EOs in cheese, and
processed fish and meat, their purpose, and results are
summarized in Tables 2—4.

4.1 | Cheese

Cheese is dairy product that is very popular among con-
sumers (Paszczyk, 2022). The easy spoilage of cheese,
especially fresh cheese, is due to the high water content
and high pH value, which allow easy microbial growth and
weight loss of cheese if not stored properly (Igbal et al.,
2021). The weight loss of cheese during storage depends on
the type of packaging used. It is necessary to store cheese

with materials that have good permeability to water vapor,
limiting the possibility of dehydration of the product. The
resistance to oxygen and water is also useful in prevent-
ing the proliferation of bacteria and fungi that could grow
quickly due to a matrix with optimal growth conditions.
Many pathogens are able to develop during cheese storage
(Khorshidian et al., 2018).

Edible coatings and films incorporating plant-based nat-
ural agents with antioxidant and antimicrobial potential
have been investigated in the dairy sector for their ability
to improve microbial safety and extend shelf-life of cheese
by reducing oxygen and moisture transmission, limiting
microbial contamination, and preserving technological
features such as texture, color, and flavor. Considering the
antioxidant activity, it limits the oxidation of lipids lead-
ing to the formation of hydroperoxides, which can result
to the production of off-flavor. This phenomenon, followed
by the release of fatty acids and increasing the microbial
growth, can lead to qualitative decay and unacceptability
(Wu et al., 2022). Several studies have demonstrated the
high potential of edible coatings and films with EXs or EOs
to preserve the quality of various cheeses.

Joseph-Leenose-Helen et al. (2022) showed that pine-
needle EX in beeswax edible coating increased DPPH
radical scavenging activity by about 7% in Kalari cheese
(Joseph-Leenose-Helen et al., 2022). It is important to
note that the antioxidant activity increased with the
amount of EX, reflecting positively on the samples shelf-
life. The power of pine-needle EX could be attributed
to flavonoids, quercetin, catechin, resveratrol, and other
bioactive compounds (Dziedzinski et al., 2021). Mei et al.
(2015) confirmed the antioxidant potential and compounds
bioactivity adding pine-needle EOs (0.35% v/v) in chitosan-
starch edible coating to preserve Bod Ljong cheese. In this
case, the 2-thiobarbituric acid (TBA) assay values of the
cheese were significantly lower during 25 days of storage in
comparison to the uncoated cheese (0.55 mg malondialde-
hyde [MDA]/kg for coated cheese and 1.36 mg MDA /kg for
uncoated cheese). In addition, a greater ability to counter-
act lipid oxidation was shown compared to C. officinalis
EX and nisin applied in the same cheese formulation (Mei
et al., 2015). Also, tea EX may be a natural antioxidant
agent. Indeed, it has a high concentration of polyphenols,
mainly catechins that may have antioxidant action when
applied during food storage (Nain et al., 2022). Active edi-
ble furcellaran-whey protein coating with white tea EX
exhibited antioxidant activity added at 20% w/w in the film
formulation. This film was found to prolong the shelf-life
of fresh soft cheese (Pluta-Kubica et al., 2020). The same
trend was obtained with whey protein film enriched in
2.5% w/w of green tea EX to coat Latin-style fresh cheese.
At TBA analysis, cheese samples packed with the active
film had 3.2 and 3.7 mg MDA/kg sample, respectively,
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EDIBLE COATINGS AND FILMS IN PROCESSED FOODS PRESERVATION

(Continued)

TABLE 2

Functional
substance

References

Study and key finding

Formulation

Type

Cheese type

(Ahmadimaram &

| Lightness, water loss, hardness. T a* and b* color

Cumin EO (4%, 6%, 8%

Coating SA, collagen, GY

Lighvan

Mostaghim, 2021)

value, moisture, thickness, water solubility, water

W/W)

vapor permeability, antioxidant activity. No negative

effect on organoleptic acceptance.

(Karunamay et al.,

Best performance of oregano EO and 1 microbiological,

Oregano and clove EO

Film Carboxymethyl

Paneer

2020)

physic-chemical stability and shelf-life (+5-6 days).

(0.5% w/w)

cellulose, starch,

GY
WP, GY

(Gurdian et al., 2017)

| Lipid oxidation, yeast and mold counts, lightness and

Oregano EO (3% w/w)

Film

Queso Blanco

a* color parameters. T b* color parameters.

(Hajirostamloo

| Total count bacteria, coliform, E. coli. T Odor and

Cardamom EO (1, 5,

Soy protein isolate,

Film

Iranian

et al., 2022)
(Ksouda et al., 2019)

flavor, color, sensory acceptance.

10%, 20% W/W)
Pimpinella saxifraga

GY
SA, GY

| Weight loss, lipid peroxidation, pH, mesophilic

Coating

Béja Sicilian

bacteria, lactic bacteria. T Lightness, a* and b* value.

EO (1%, 2%, 3% w/w)

Abbreviations: 1, increase; |, decrease; CH, chitosan; EO, essential oil; EX, extract; GY, glycerol; SA, sodium alginate; TBC, total bacteria count; WP, whey protein.

Food Science v, gy ™

while those packed with the control film had 4.2 and 4.4 mg
MDA/kg sample, respectively (Robalo et al., 2022). Con-
sidering lipid oxidation, Bonilla et al. (2019) tested 1% v/v
boldo EX in gelatin-chitosan edible film obtaining a sig-
nificant reduction in peroxide number (1.80 meq/kg of fat
in functional cheese and 4.15 meq/kg in the control sam-
ple) in coated Prato cheese (Bonilla & Sobral, 2019). While,
green tea EX added in whey protein edible coating at 2.5%
w/w to preserve fresh goat cheese showed a reduction
in TBA assay (3.2-3.7 mg MDA/kg in functional samples
and 4.2-4.4 mg MDA/kg in control sample) (Robalo et al.,
2022). The application of black cumin EO also intensified
the barrier properties of whey protein edible coating by
inhibiting lipid oxidation of gouda cheese (Saravani et al.,
2019). M. oleifera EX in ricotta cheese and cucumber peel
EX and cumin EO in ultrafiltered cheese were also shown
to be effective in counteracting lipid oxidation (Esparvarini
et al., 2022; Mezhoudi et al., 2022). Also oregano EO are
able to limit oxidation during storage. This is confirmed
by Gurdian et al. (2017) that adding 3% w/w in edible film
to preserve Queso cheese significantly limits lipid oxida-
tion during 60 days of storage. Contrasting results have
been found by Machene et al., that investigated the effect
of different EOs on the protein oxidation of cheese. The
sulfhydryl group (SH) and the disulfide bonds (S—S) are
important for maintaining the structure and functions of
native proteins. In particular, they highlighted a decrease
in protein oxidation when artemisia and mint EOs were
applied. Instead, rosemary and basil EOs increased the
protein oxidation of cheese at 10 days of storage (0.87 com-
pared to the uncoated sample 0.67 MM) (Mahcene et al.,
2021).

Considering the antimicrobial effect showed by EXs and
EOs, the addition of 2.5% w/w of Portuguese green tea
EX in whey-based protein film for preservation of Latin-
style fresh cheese decreased the growth of mesophilic
microorganisms compared with the film without EX (2.9
x 10% and 1.1 x 107 CFU/g, respectively). Same trend
was noted for E. coli counts (Robalo et al., 2022). How-
ever, Pluta-Kubica et al. (2020, 2021) applied 20% w/w of
white and green tea EX in furcellaran-whey protein film
for the preservation of fresh soft rennet-curd cheese and
acid-curd cheese. In both cheeses, there was no change
in total bacterial count (TBC). The main microorganisms
highlighted with TBC were found to be lactic acid bac-
teria. Thus, this indicates that edible film does not limit
the growth of non-degrading microorganisms. In contrast,
yeasts decreased with the application of functional film
in fresh soft rennet-curd cheese and increased in acid-
curd cheese. This highlights that acid-curd cheese is a
more favorable matrix for yeast development than pre-
samic cheese. Thus, the tea EX concentrations applied in
the acid-curd cheese study were not sufficient to improve
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(Continued)

TABLE 3

Functional
substance

Processed meat

type

References

Study and key finding

Formulation

Type

(Utami et al.,

1 pH compared to control during storage. Modification

Kaffir lime leaves EO

Coating Tapioca flour, GY

Besto beef

2018)

of color parameter during storage. | TBA, microbial

growth. Best 0.2%.

(0.2%, 1.4% v/v)

sausages

Science

(Soni et al., 2018)

| TBA, pH, microbial growth (psychrophilic,

Oregano (0.1% v/v)

Carrageenan, GY

Film

Chicken patties

Staphylococcus aureus and total plate count) during
storage. 1 Shelf-life (+5 days), sensory profile.

and thyme (0.15%

v/v) EO
Garlic EO (2% v/v)

EDIBLE COATINGS AND FILMS IN PROCESSED FOODS PRESERVATION

(Esmaeili et al.,

| TBA, peroxide, microbial growth. T Sensory

CH, WP, tween 80, GY

Film

Beef sausages

2020)

parameter.

Abbreviations: 1, increase; |, decrease; CH, chitosan; EO, essential oil; EX, extract; GY, glycerol; SA, sodium alginate; TBC, total bacteria count; WP, whey protein.

the microbiological quality of the cheeses (Pluta-Kubica
et al., 2020, 2021). Among the most commonly used EOs
in edible coating and film formulation we have oregano
and rosemary EOs. Yangilar (2017) showed that the addi-
tion of 0.5% v/w oregano EO in edible coating for storage
of Kashar cheese increased total aerobic mesophilic bacte-
ria counts during 90 days of storage. A concentration of 1%
v/w significantly reduced their growth. In the same study,
itwas shown that between rosemary and oregano EO, rose-
mary EO most inhibited coliform growth (Yangilar, 2017).
EOs of oregano is able to reduce the growth of E. coli
0O157:H7 by 1.48 Log and S. aureus by 2.15 Log during stor-
age when applied in whey protein edible films for storage
of Kashar cheese (Seydim et al., 2020). Furthermore, the
presence of carvacrol in the EOs of oregano and rosemary
exhibited high antifungal action for the genera Penicillium
and Mucor. These results were highlighted by Embuena
et al. (2017) in the preservation of goat cheese with edible
chitosan film (Embuena et al., 2017). Kavas et al. showed
the antimicrobial action of different EOs in edible coat-
ing to preserve Cokelek and Kashar cheeses. Particularly,
ginger, curcuma, orange, and lavender EOs (1%-2% w/w)
limited E. coli O157:H7, L. monocytogenes, and S. aureus
growth (Kavas et al., 2016, 2017b, 2018). Otherwise, Mile-
riene et al. (2021) included 0.3% w/w of cinnamon EX in
whey protein coating to preserve curd. In particular, the
coating was applied alone or in combination with vac-
uum packaging. The results showed a strong antimicrobial
effect of edible coating, especially in vacuum-packaging
condition (Mileriene et al., 2021). Considering the antifun-
gal power, Elguea-culebras et al. focused their study on
improvement of antifungal activity by adding S. chamae-
cyparissus byproduct EX (1% w/v) in chitosan coating to
preserve Manchego cheese. The results highlighted an
increase in antifungal activity compared to the film with-
out the EX and additionally, a reduction of gas exchange
(Elguea-culebras et al., 2019).

The antioxidant and antimicrobial actions have a posi-
tive effect on the shelf-life of the cheeses. Several studies
have obtained satisfactory results about the application
of EXs/EOs in edible coatings/films for foods to extend
shelf-life. In particular, in the majority of the studies, an
increase in shelf-life was indicated as a result, but only a
few studies quantified, by numbers of days, the increase
in the shelf-life of the cheeses analyzed. Thyme EO added
in edible coatings showed a 2 weeks increase in shelf-life
when applied for the storage of Karish cheese (Al-moghazy
et al., 2021). Instead, Karunamay et al. (2020) showed a 5-6
day increase in the shelf-life of Paneer cheese when coated
with a film enriched with 0.5% (w/w) oregano and clove
EOs (Karunamay et al., 2020).

Above the oxidation and microbial growth, the physico-
chemical parameters of cheese that are affected by edible
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EDIBLE COATINGS AND FILMS IN PROCESSED FOODS PRESERVATION

coating/film preservation with EXs/EOs include color. The
phenolic compounds of EXs/EOs can cause light scatter-
ing and refraction, which leads to the production of darker
films. This phenomenon was highlighted by Pluta-Kubica
et al. (2020) that, coating fresh soft rennet-curd cheese
with furcellaran/whey protein films with 20% w/w yerba
mate and white tea EXs obtained lower brightness and
higher yellow and green values than the control sample
(Pluta-Kubica et al., 2020). Similar trend was obtained by
Pieretti et al. (2019) that applied oregano and rosemary
EOs in sodium alginate coating to preserve Minas frescal
cheese (Pieretti et al., 2019). Opposite results were shown
by Mezhoudi et al. (2022), that obtained higher bright-
ness and lower yellow values by coating ricotta cheese
with edible film from triggerfish gelatin and M. oleifera EX
(Mezhoudi et al., 2022). In contrast, applying boldo EX in
gelatin-chitosan edible film in Prato cheese kept bright-
ness and red unchanged, with a significant increase in
yellow (Bonilla & Sobral, 2019). Instead, Ahmadimaram
et al. (2021) and Ksouda et al. (2019) have shown a corre-
lation between color parameters and the amount of added
extract. In particular, a higher concentration of P. saxifraga
EO (1%, 2%, and 3% w/w) in sodium alginate coating caused
an increase in lightness and yellowness and lower red-
ness value in Béja Sicilian cheese (Ksouda et al., 2019). The
higher amount of cumin EO added in alginate coating (4%,
6%, 8% w/w) induced a reduction in lightness and yellow-
ness values and major redness values in Lighvan cheese
(Ahmadimaram & Mostaghim, 2021).

The structural characteristics of products during stor-
age are constantly subject to changes. Pine-needle EX in
been wax edible coating for Himalayan cheese resulted
in improved cheese texture. The hardness value of coated
cheese increased significantly, but at the same time the
hardness value was significantly lower than that of fresh
cheese after 14 days. This showed the preservative effect
of the coating on moisture retention. The coated cheese
was also more cohesive during storage (Joseph-Leenose-
Helen et al., 2022). Cucumber peel EX and cumin, basil,
rosemary, artemisia, and mint EOs showed a similar trend
limiting the moisture loss and hardness reduction of
ultrafiltered and homemade cheeses (Ahmadimaram &
Mostaghim, 2021; Esparvarini et al., 2022; Mahcene et al.,
2021). The edible coating can improve the barrier proper-
ties of the film against water vapor permeability resulting
in increased moisture content. This was confirmed by El-
Sayed et al. (2020) which resulted in the maintenance
of body and texture of Ras cheese during 4 months of
ripening storage when coated with chitosan-R. calyx EX
coating (El-Sayed et al., 2020). Orange peel pectin also
showed a reduction in weight loss when added in the
coating formulation during ricotta cheese storage. Indeed,
at 7 days of storage, control cheese had 9.25% of weight

loss while experimental cheese resulted in 0.47% of this
parameter.

An important aspect in obtaining and applying new
edible coatings and films is the sensory appreciation of
the product. This is an essential aspect to consider, and a
limitation when negative results are obtained from panel
during the sensory analysis of an experimental product.
Excessive oxidation can cause an unpleasant flavor, and
additionally, accelerate protein breakdown and promote
the deterioration of the product. In addition, EXs/EOs can
bring sensory notes to the packaged product by changing
its characteristics as perceived by the taster. In this regard,
the publications analyzed showed conflicting results. The
application of pine-needle EX in edible coating to preserve
Himalayan cheese showed significantly higher scores for
appearance and texture, especially when increasing the
amount of EX. In contrast, flavor and taste showed lower
values, probably due to the typical smell of pine needles
(Joseph-Leenose-Helen et al., 2022). Similarly, cucumber
peel EX and cumin EO incorporated in gelatin-starch
coating resulting an increase of all attributes of sensory
analysis (Esparvarini et al., 2022). It was shown, how-
ever, that in some cases, although the addition of the EX
in edible coating was functional, it led to a reduction in
the sensory acceptability of the product. This trend was
showed with the application of green tea and Pu-erh EX
in furcellaran-sodium alginate coating to preserve Quark
cheese (Pluta-Kubica et al., 2021). Instead, other authors
did not obtain significant differences to sensory analy-
sis scores by adding Cymbopogon citratus EO to preserve
Coalho cheese (Lima et al. 2021) and by adding cinnamon
EX to preserve curd Mileriene et al. (2021).

4.2 | Processed meat and fish
Physico-chemical alteration of processed meat and fish
during storage is a major cause of quality decay. Meat con-
tains pro-oxidants such as myoglobin and hemoglobin that
can promote oxidation of unsaturated lipids resulting in
quality deterioration, subsequent discoloration, due to oxi-
dation of heme proteins, and formation of unpleasant odor,
for the production of volatile compounds (Richards, 2010).
Similarly, fish spoilage includes biotechnological mecha-
nisms that include enzymatic autolysis (proteolysis and
lipolysis), chemical oxidation of unsaturated fatty acids,
and microbial action, mainly psychrotolerant species, in
the production of biogenic amines (Hussain et al., 2021).
Indeed, edible coatings and films must exhibit good char-
acteristics that limit quality decay of meat and fish. The
addition of plant EXs/EOs in coating formulation for food
preservation has proven to be efficient in counteracting
degradation of food constituents.
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As far as processed meat, the 0.5% w/w of green tea
EX in chitosan edible coating was studied to coat ham-
burger patties. The results showed a three-fold lower
lipid oxidation reduction in coated patties compared to
the control sample (2.50 mg MDA/kg treatment for the
control sample and 0.84 mg MDA/kg for coated patties,
TBA assay) (Ozvural et al., 2016). On the other hand,
Kristam et al. (2016) added 1% w/v of green tea EX in
alginate coating to preserve chicken nuggets achieving a
reduction in TBA values and peroxide number, increasing
the product shelf-life by 5 days when stored in refrigerated
condition and by 15 days in frozen storage. Similar trend
was highlighted by adding garlic, T. arjuna EXs, and
oregano EO in coating to preserve ready-to-eat spiced
chicken meat, Chevon sausages, and Portuguese sausages,
respectively (Catarino et al., 2017; Diao et al., 2020; Kalem
et al., 2018). In particular, their application limited pro-
tein and lipid oxidation without negatively affecting the
sensory properties. Indeed, the addition of EXs or EO
enhanced appearance and taste compared to the control
samples (Diao et al., 2020; Kalem et al., 2018). Particularly,
for the Portuguese sausages this was due to a reduction
in color drift of the sausages when they were not coated,
making the product more attractive. In addition, in the
two sausages analyzed, painhos and alheiras, the EO of
oregano added to the coating increased shelf-life by 20
and 15 days, respectively (Catarino et al., 2017).

The application of green tea EX (20% w/w) in
furcellaran-gelatin coating to preserve salmon nigiri
significantly inhibited oxidation, resulting in a reduction
of TBA at day 8 in the coated nigiri (0.81 vs. 0.47 mg
MDA/kg in control sample and coated nigiri, respec-
tively). However, the green tea EX significantly increased
the growth of thermotolerant coliform bacteria (Kulawik
et al., 2019).

Akcan et al. (2017) showed that enriching edible film
with laurel or sage EXs at 2% and 4% v/v reduced the forma-
tion of conjugated dienes during frozen storage of cooked
meatballs (Akcan & Est, 2017).

An alternative to the traditional application of EXs in
edible coatings is nanoemulsion-based edible coatings.
Nanoemulsion-based edible coating of rosemary EX as a
new antimicrobial material effectively releases active com-
pounds on the surface of products. This new technology
was tested on ready-to-eat carbonado chicken and patties.
Nanoemulsion-based edible coatings was more efficient
in reducing TBC, mold, and yeast counts and stronger
antimicrobial activity against E. coli, B. subtilis, and S.
aureus than coarse emulsion. This reflected positively
on the shelf-life which was increased by 4 and 6 days
for carbonado chicken and patties, respectively (Huang
et al., 2020; Qiu et al., 2022). Among the nanotechniques,
we find the nanoencapsulation. The direct incorporation

of EOs into edible coating for food preservation displays
disadvantages like intense aroma, low water solubility,
and high volatility. Encapsulation is a valid technology to
improve the solubility and stability of EO, limiting strong
flavor, control the release of bioactive compounds, and
maintain their stability during food storage. In this regard,
nanoencapsulation of P. tomentosa EO in chitosan coating
showed a higher lipid oxidation stability of ready-to-cook
pork chops, limiting a sensory decay during 15 days of
storage (Zhang et al., 2019).

Ruiz-Navajas (2015) studied the antimicrobial effect of
EO obtained from two endemic Spanish thyme species
(Thymus piperella and Thymus moroderi) on different
spoilage bacteria. EO was added in concentrations of 1%
and 2% w/w in chitosan edible films for the preserva-
tion of cooked cured ham. They reported that T. piperella
had a greater effect in inhibiting the growth of aerobic
mesophilic bacteria than T. moroderi. This is probably due
to the higher concentration of carvacrol in T. piperella
(Ruiz-Navajas, 2015). The concentration of the EX added in
edible coating for product preservation may be important
for the antimicrobial activity exhibited. Kecombrang leaves
and flowers EX applied in edible coating for preservation
of gourami sausages showed antimicrobial activity for E.
coli, P. aeruginosa, S. aureus, and B. cereus. In particular,
a higher efficiency was shown by increasing the concen-
tration of the added EX (Latifasari et al., 2019; Putri et al.,
2019).

The antimicrobial activity against gram-positive bacteria
such as S. aureus, Listeria innocua, and B.cereus has been
highlighted by adding kecombrang flower EX, oregano,
pimento, clove, and thyme EOs in coating for the preser-
vation of sausages and patties (Kalkan & Erginkaya, 2020;
Putri et al., 2019; Shukla et al., 2020; Soni et al., 2018). In
particular, the antimicrobial action of oregano and thyme
EO (0.1% v/v) in edible film increased shelf-life by 5 days
when applied to chicken patties. Similarly, the action of
clove EO in chitosan (0.5% w/w) coating increased the
shelf-life of chicken patties by 20 days. The ability of thyme
and thymbra EX to limit the growth of gram-negative
organisms like S. typhimurium has been highlighted on the
preservation of sliced bolognas, with an increase of 6 days
of storage (Gediko glu, 2022).

Despite the strong technological potential of the applica-
tion of EX and EO in edible coatings to preserve processed
meat and fish, one of the main obstacles still to be over-
come is the negative impact on sensory characteristics.
This was confirmed by Vital et al. (2021) that achieved
lower flavor acceptability by using thyme EO to preserve
lamb patties. Instead, parijoto fruit EX reduced smell,
taste, and texture values when applied in chitosan coat-
ing to preserve chicken sausages (Fatmawati & Susilowati,
2021).
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5 | CONCLUSION

This review highlighted the technological potential of sev-
eral plant-based EXs and EOs applied in edible coatings
and films for the preservation of cheese and processed
meat and fish products. The application of most EXs and
EOs showed effectiveness in contrasting quality decay by
reducing oxidation of the constituents of various prod-
ucts. In addition, the antimicrobial activity by limiting
the spoilage of the products, was highlighted. Further-
more, in some cases the physico-chemical characteristics
of the preserved products were improved and the shelf-
life increased. Thus, these preliminary results confirm the
possibility of conducting further studies on the application
of different EXs and EOs in edible coatings and films to
preserve processed foods coatings. This approach would
achieve the goal of increasing the shelf-life of products,
then reduce food losses and pursue a circular and sus-
tainable production system. Other studies are necessary
to optimize the formulation of edible coatings and films
to make them effective on the food preservation without
compromising the main physical, chemical, and sensory
features of foods.
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