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Abstract

Plastic fragments from packaging material not only pollute the environment but also contaminate food material, causing detri-
mental health effects. The ultimate solution to this “white” pollution is biodegradable food packaging material. These films can be
produced using proteins, polysaccharide and lipid-based materials and can enhance the shelf life of perishable commodities like
meat and meat products by incorporating the natural antioxidant and microbial compound in packaging matrix, like essential oils.
Essential oils of the aromatic plants due to their diverse phenolic profile possess strong antimicrobial and antioxidant potential, they
open new doors of research to develop less hazardous food preservatives and drugs. These films and coatings improve nutritional
and sensory attributes of packaged food. These films not only improve food quality but also overcome the burden of environmental
pollution.
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Introduction synthetics involved [1]. However, there are certain perish-

Nowadays, with increasing awareness regarding the  able commodities which will deteriorate without use of
harmful impact of synthetic material both on health and  chemical additives. One of the most spoilage prone food
environment, people started focusing their attention on  category is meat and meat products; as they have high per-
usage of the natural and highly nutritious food with least ~ centage of fat content particularly unsaturated fatty acids.
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Lipid oxidation is the major type of quality deteriorative
change that occur in meat and meat products [2]. Dur-
ing lipid oxidation chemical reactions results in color and
textural changes, oft-odor, off-flavor, discoloration caused
due to myoglobin oxidation occur, which greatly impact-
ing consumer acceptance and choice [3]. In addition to or-
ganoleptic changes, certain toxic compounds like aldehyde
and ketones are formed during lipid oxidation and some
valuable nutrients are lost [4].

Deteriorative losses of meat and meat products cause
immense economic losses in global industry i. e. up to 40%
of total meat production [5]. In order to control these de-
teriorative losses, we need to explore and understand the
chemical interactions in the process of deteriorative chang-
es. Selection and designing of packing material crucial in
terms of material and format to reduce quality losses. One
of the most commonly adapted technique to prevent lipid
oxidation is by reducing oxygen levels in packaging either
by creating vacuum or by adding other gases like nitrogen
[6]. Residual oxygen even at low concentration (0.05%)
can still cause pigmentation and lipid oxidation [7]. In case
of fresh red meat, it is usually packed in oxygen rich envi-
ronment in order to maintain it pinkish red color due to
oxymyoglobin but this often result in to undesirable lipid
oxidative changes [8]. In order to deal with the above-
mentioned problems food industries and scientific com-
munity have been working to create new packaging sys-
tems that will extend meat shelf life and retain its desired
quality characteristics [9].

Packaging system in food processing occupy prominent
position, having dispensable use in distribution as well as
commercialization in the market [10]. Food packaging is
greatly influenced by emerging novel technologies and in-
novative materials like active packaging [11]. The increasing
consumer demand of natural, unprocessed and chemical
free food, can be fulfilled through sustainable packag-
ing system [12]. The central idea behind these innovative
technologies involves incorporation of active compounds
in packaging designs like antioxidant packaging contains
antioxidants either natural or synthetic with the purpose of
lipid oxidation prevention, which will eliminate the need
of adding antioxidants during meat processing [13]. The
objective of the current review is to study the impact of
biodegrade packaging material with plant extracts and es-
sential oils on safety profile of highly perishable meat and
meat products.

Objects and methods

Analysing the research of national and international
scientist from around the globe on effect of synthetic meat
packaging material on environmential pollution and ex-
ploration of safe and sustainable, natural biodegradeable
packagaing materials was the prime objective of the study.
Data collection was based on most recent advances and
findings regarding biodegradable meat packing available
on electronic sources like google scholar, ScienceDirect,

Elsevier, Wiley, PubMed and eLibrary. English keywords
like meat and meat products, antimicrobial, biodegradable,
edible film were used. Citation links were used to explore
thematically similar articles. While, the data that is irrel-
evant to the topic, uninformative, duplicated or from non-
peer-reviewed sources has been excluded from the study.

Synthetic material used in meat packaging

Different packaging materials are used for packing of
meat products: flexible plastic films as well as combination
of flexible plastic packing material, carton boards, rigid
containers are also used [14]. Mechanical strength provid-
ed by polymeric material is a necessity for proper protec-
tion of packaged food; particularly in the final application
where packages are subjected to low storage and transpor-
tation temperature [15]. For packing of meat, prime wraps
are usually the multilayer films made from polyvinylidene
chloride (PVDC) polymers [16]. Facilitating consump-
tion into the distant locations, meat packaging is one of
the most complicated domains into food packaging, as-
signed for proper protection of goods, combination of list
of materials and processes are developed [15]. In packag-
ing structures, different polymer families are used which
are polyethylene (PE), polypropylene (PP), polyvinylidene

chloride (PVDC) and different copolymers [17].

Various features can be aggregated into few elements
with the objective of protection are the following:

« Sealing for proper hermeticity;

+ For food protection, providing barrier to keep the in-
ternal environment safe;

« To evade failures due to internal punctures caused by me-
chanical impact from cured and bone meat pieces [15].
By modern processes such as co-extrusion, different ele-

ments are assorted into united mixtures [18]. To achieve the

objective, all packaging materials together, adhesive lami-
nation or co-extrusion coatings are used. Co-extrusions
coatings are being used for the few recent years because it
simplifies production process of packaging films, that com-
plies to the performance requirements by direct extrusion.

The responsibility of packaging designers is to reduce the

packaging impact on broadened product life, minimizing

footprint from packaging as well as product and providing
proper information of product life, materials usage, reus-
ing, disposing and recycling within the extended process in

order to select the appropriate process [19].

Environmental impact of synthetic material used in

food packaging

The need to provide ordinary plastic materials has been
a subject of paramount interest, considering their unsus-
tainable nature and maintenance of sheen appearance. In
the modern culture, these materials are found all over.
They are among the top used materials primarily because
of their principle attributes: they are adaptable, simple to
measure and control, naturally non-reactive, and can be
acquired at low expenses [20].
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All of the abovementioned properties have strongly
promoted using of plastics for various applications, from
cell phones, 3D printing to the food business [21,22]. These
days, plastic pollution is found all over the globe, including
soil, seas, drinking water resources, in living bodies being
found in residual form [23]. The deposition of plastics in
environment will increase by twofold over the course of the
following 20 years, outperforming to a disturbing degree of
the current waste administration and recycling capacities.
It appears to be that plastic contamination has become the
greatest ecological concern of present days. To deal with the
problem, various organizations are joining their efforts with
the assistance of non-administrative associations and com-
mon society, through various projects that address the cur-
rent issue, provide assistance for accessing the circumstanc-
es and develop remedial measures [24]. Indeed, in 2018, the
European Union, reclamation programs planned to cre-
ate systems to reduce the utilization of plastics in order to
conserve the climate [24]. There are two issues that should
be addressed; the first one is the monetary evaluation: it is
estimated that only 5% of the plastic materials is kept up
in the economy, the rest being lost after the primary use,
which brings about yearly financial losses of 70-105 million
Euros; and the second one: due to their diminished quality
over excessively significant period of time that it take, non-
reused plastic requires a long time to decay, unlike other
materials like glass, paper, or metals. In this way, loads of
non-degradable materials came into existence as a savior
of environment. Among all the plastic pollution cases, the
most disturbing results are gigantic sea depositions ranging
from 5 to 13 million tons/year [25].

It is assessed that burning plastics produces around 400
million tons of additional CO, each year. The methodology

600 million
tonnes of plastic are
produced annually worldwid

In 2020 we will generate

900% more

plastic than in 1980

By 2050
the oceans could contain
more plastics than fish

adapted by European pioneers revolves around the concept
of bioeconomy, with ultimate objective of protecting the
planet and its residents from the havocs of non-degradable
plastics. As indicated by these plans, by 2030, packaging
material used in European markets will be recyclable and
the utilization of plastics packaging will be diminished.
Various organization like European bioplastics are focused
on decreasing plastic waste, preventing mass stockpiling,
and putting resources into nature restoration, and develop-
ing new materials [26]. Reevaluating and improving this
framework require participation and due endeavors from
all players of the field, from plastic producers to recyclers,
retailers and its buyers. Without the dynamic contribution
of every prime-level entity, a definitive objective cannot be
accomplished i. e. to create revolutionized plastic economy.
The plan is to create plastic that can be reused, this activity
will relieve environmental constrains because of plastics
and its unfavorable effects on individuals and the overall
environment. Figure 1 shows the environmental impact of
synthetic material used in food packaging [27].

Biodegradable and edible packaging

The introduction of entirely biodegradable and edible
materials derived from bio-based polymers to the environ-
ment can be a real and authentic solution for eradication
of pollution. The polymeric materials derived from renew-
able raw materials are known as bio-based polymers [28].
Some noteworthy properties of these packaging material
includes its biodegradability, ability to be recycled, having
low cost of development, naturally abundancy, non-toxici-
ty and biocompatibility, these are the reasons behind their
possible extensive applications in order to generate novel
materials [29]. In 2011, production of bio-based polymers

https://www.podbean.com/ew/pb-45hcm-15d771

Figure 1. Artistic representation of the environmental impact of synthetic material used in food packaging
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was around 3.2 billion tonnes and it reach to 12 billion by
2020 [30]. Biomass can be used to generate bio-based poly-
mers in the food industry, which can be either synthesized
by microorganisms or by bio-derivative monomers. Bio-
based polymers used in the food industry can be obtained
from bio-monomers derived from biomass, produced by
microorganisms. While choosing these polymers, the re-
quirements of the coating material which has to fulfilled is
taken into keen consideration. The consumers’ interest in
minimally processed foods has been increased by applica-
tion these coatings or films [31].

Even though biodegradable packaging seems to be a cut-
the-edge technological solution, there are historic evidences
of its application since 16™ century [32]. Covering the meat
pieces or carcasses in lipid-based coatings have been used
since prehistoric times [33]. Emulsion derived from waxes
and oils in water is the most used and common method of
applying edible coatings to the meat. In case of food mate-
rial, it is sprayed directly on to the surface, which helps in
improving its sensory properties like glossiness, appearance,
color, fineness [34]. These coatings also control the brown-
ing process and loss of water from the tissue cells. Numer-
ous polysaccharide-based coatings and films are used to
enhance the quality and storage of meat including pectin,
alginates, cellulose and starch derivatives etc [35].

Edible packaging is defined as packaging technique in
which the packing material i. e., films, coatings etc. are a
part of that product and is consumed together with the
food [36]. Films are independent materials that cover the
surface of food materials while coatings are applied to the
surface directly. Edible properties of these coatings can
only be acceptable for food applications only if the ingredi-
ents used in the packing materials are food graded and the
methods of their processing and obtaining are approved
by the food safety regulating authorities. Product quality
and freshness of the food material depends largely upon
the correct selection of materials and the packaging tech-
nologies used [37].

Even though the edible films and coatings can be re-
garded as part of food, but it cannot be considered as the
finished product. Edible coatings are not classified within
food class as they do not provide the calculated nutritional
value [38]. Material used for generation of edible films and
coatings should have properties such as (a) decreased per-
meability (b) water tightness (c) strong barrier properties
and mechanical efficiency (d) high sensory quality [39] (e)
ability of endure low pressure processing conditions (f)
non-toxic and non-hazardous for consumer's health [40]
(g) decreased viscosity (h) non-polluting (i) physiochemi-
cal, microbiological and biochemical stability (j) produc-
ible through low cost and simple development technology
(k) easily emulsifiable and non-sticky (1) should not pro-
duce excessive CO, (m) made of cheap plant materials (n)
does not interfere with the food quality (o) has no taste
or smell which is detectable at the time of consumption
(p) mildly transparent but not like glass (q) have decreased
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Figure 2. List of the functions of food packaging material

viscosity. Refer to Figure 2 as it enlists the functions of food
packaging material [41].

Despite of the edible packaging with properties similar
to the plastics, on the basis of functional performance the
edible food packaging competes really well with the plas-
tics, especially due to strong barrier properties against loss
of vapors and solutions, but usage of these material requires
some additional packaging support to sustain hygiene and
handling operations. The efficiency of bio-based polymeric
coatings and films can be augmented by additions of natu-
ral substances which improve the physicochemical, me-
chanical and microbiological characteristics of the packag-
ing material [42]. Due to consumers’ demand for natural
products this trend is flourishing. To fulfil this consumer
requirement; dyes, antioxidants, essential oils and flavor-
ing compounds are being added to the food packaging [11].
Research trials are also being conducted for development
of smart nano-material packaging which have features far
more superior then the conventional films [43].

Renewable source derived polymeric materials are re-
garded as biopolymers. These materials have numerous
food applications. These biopolymers have three major
classifications on the basis of their origin and method of
production. First, biomass-derived polymers. For exam-
ple, protein-based polymers of casein and gluten, polysac-
charide-based polymers of chitin, cellulose, chitosan and
starch. Figure 3 shows the biopolymers which can be used
as meat packaging raw material. Second category includes
renewable monomeric biomass; polymers derived from
classical chemical synthesis e. g., polylactic acid, a lactic
acid monomer made via bio-polyester polymerization.
The third category includes polymers produced by micro-
organisms and genetically modified bacteria e. g., polyhy-
droxy alkenoates [6].

Commonly in retail trade the plastic trays, used in order
to pack fresh poultry, mutton, beef or fish, are destroyed
during storage due to dripping of juices, that makes the
packaging unappealing to the consumer [44]. Bio-based
meat coating have ability to retain natural meat juices which
help to reduce dripping, and eliminate the need of absor-
bent pads beneath meat cuts in the trays, thus, improving
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Figure 3. Biopolymers which can be used as the raw materials
for meat packaging

the product presentation [45]. Bio-based coatings also pre-
vent meat browning caused by myoglobin oxidation, pre-
vent rancidity due to low oxygen permeability, reduce dete-
riorative activity of proteolytic enzymes, reduce microbial
load in the packaged meat; these packaging materials also
restrict loss of volatile flavors, and prevent absorbtion of
foreign odors by poultry meat and seafood [6]. These bio-
based packaging contains natural antimicrobials and anti-
oxidant compounds, thus can be used for direct application
or covering onto the meat surface, resulting in color reten-
tion, delayed rancidity and decreased microbial load [46].
These coatings if applied prior to procedures like battering,
breading or frying, preserve product nutritional profile by
restricting oil uptake during cooking procedure [47].

Biodegradable meat packaging materials

Polysaccharide films in meat packaging

The polysaccharide derived films are made from ma-
terials like cellulose, starch, carrageenan, pectin, ether, al-
ginate, chitosan and etc. [35]. The peculiar properties of
these materials include compactness, rigidity, tackiness,
viscosity, thickening and structure in aggregate forming
the capability necessary to generate packaging films. Gas
permeability of polysaccharide film is higher in compari-
son to lipids films which create an anaerobic environment
within food package; making polysaccharide film is more
suitable for creating modified atmosphere-permeable
packaging to enhance product shelf life without creating
anaerobic conditions. These films also prevent rancidity,
dehydration and surface browning issues of the packaged
food. The polymeric network of polysaccharide films, re-
strict gaseous exchange across the film but being hydro-
philic in nature this material is a weak barrier against water
vapors [35]. In Japan for years these polysaccharide films
have been used to wrap the meat, when it is subjected to
steam smoke. During processing these films become inte-
grated to the meat surface, resulting in improved texture,
moisture retention, better structural characteristics [48].

Seaweed derived alginates have film forming proper-
ties; these films are usually created in combination with
cations like Ca, Mg, Fe or Al to improve gelling charac-
teristics. According to the findings of a study conducted
by Gutt and Amariei [37] sodium alginate base creates
eco-friendly meat packing material, and reduces the use
of plastic material. During this study it was found that al-
ginates, in particular sodium alginate films, are tear-resis-
tant, flexible, glossy, tasteless, odorless, feature low oxygen
permeability thus effectively prevent color and taste degra-
dation in meat.

Starch is composed by complex network of amylose
and amylopectin, has physical properties comparable to
synthetic plastics but is tasteless, colorless, odorless, non-
toxic biodegradable, it exhibits strong oxygen barrier and
has semi-permeability for carbon dioxide [49]. These
films not only protect meat quality during storage but
also become part of it during cooking. These films control
microbial growth by lowering water activity, reducing
drip losses and ensure moisture retention [50]. Accord-
ing to a study conducted by Zhao et al. [51] starch films
created by combination of chitosan and caravol have been
found effective in controlling Listeria monocytogens and
ham meat microbiota.

Mixture of various polysaccharides like carrageenan,
in combination with bioactive compounds like gallic and
ascorbic acid, improve microbial stability of boneless meat.
Farhan and Hani [52] created Kappa-carrageenan active
edible biofilms to prevent oxidation and to retain color of
packaged chicken breast. The study proved that bio-based
film improved antioxidant activity and controlled microbi-
al load on chicken breast during 7 days storage study. Cel-
lulose, non-digestible fiber, is resistant to fats and oils per-
meation, it is flexible and water soluble. Cellulose-based
films exhibit characteristics like mechanical strength, serve
as oxygen- and oil-resistant barrier, making it perfect to
store boneless meat. Pirsa and Shamu [53] created an ac-
tive packaging made from cellulose-polypyrrole-ZnO to
improve the shelf life of chicken thigh meat and found
that this film reduced the microbial load of stored meat,
increased its shelf life and improved rheological stability
of chicken thigh because of enhanced antimicrobial and
antioxidant activity.

Pectin, a plant-derived polysaccharide, has stable phys-
ical structure but it is poor moisture barrier. But there are
numerous studies about effective pectinate gel packaging
like Xiong et al. [54] prepared edible pectin coating con-
taining nano-emulsion of oregano oil and resveratrol for
preservation of pork loin, and found effective results at re-
frigeration temperature for 15 days. Similarly, Sani et al. [55],
prepared potato starch, apple peel film with ZnO, nanopar-
ticles and with microencapsulation containing Zataria
multiflora essential oil for quail meat packaging and found
that packaging film enhanced meat shelf life and retained
its physiochemical properties. Agar is a seaweed-derived
polysaccharide, having strong gel forming characteristics,
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it is also used for meat packaging. Chitosan, a biodegrad-
able polymer derived from arthropod exoskeletal com-
pound chitin, demonstrate antimicrobial and antioxidant
properties along with considerable tensile strength [56].
Souza et al. [57] created ecofriendly ZnO-chitosan pack-
aging films for fresh poultry meat packaging and demon-
strated its strong antimicrobial characteristics. Incorpora-
tion of nanoparticles enhanced antioxidant characteristics
of the packaging film. Similarly, Arkoun et al. [58], created
activated chitosan-based nanofiber meat packaging and
tested it against Salmonella enterica serovar Typhimurium,
Staphylococcus aureus, Escherichia coli and Listeria innocua
strains that are blamed in quality deterioration of boneless
meat, and found that film prevented meat contamination
and extended meat self-life up to 1 week.

Lipid films in meat packaging

Fats in foods have been used as oxygen and moisture
barrier in order to prevent shrinkage of food material.
Lipid films, particularly wax-based have flexibility, feature
better coating characteristics and improve cooking pro-
cedures by preventing sticking to utensils. These coatings
prevent food moisture loss, thus retaining the meat flavors.
Edible wax coating easily withstands rough market han-
dling, lessen surface dehydration and preserve meat color
[59]. Song et al. [34] incorporated sunflower oil into ed-
ible coating for pork meat hamburger, making it possible
to control oxygen levels as well as modulating water va-
pors, thus preventing undesirable deteriorative reactions
in meat. Despite the above-mentioned benefits at higher
storage temperatures lipid-based films exhibit lower gas
permeability particularly for ethylene, oxygen and carbon
dioxide, creating anaerobic conditions leading to food
safety issues. These films also have poor sticking properties
as the hydrophilic surfaces lack structural integrity and are
prone to oxidation, flaking, cracking, retain oft flavors and
have bitter aftertaste [60].

Protein films in meat packaging

Casein, gelatin/collagen, whey protein, fibrinogen,
wheat gluten, corn zein, egg albumen and soy protein
have been processed to produce biodegradable edible
films [61]. These protein-based films cannot resist water
diffusion but have ability to adhere to hydrophilic surfaces
and provide barriers for oxygen and carbon dioxide [62].
Commercially milk proteins, casein and whey have been
used in the manufacturing of these films. These proteins
are desirable for films formation not only because of their
packaging properties (excellent mechanical strenght,
barrier properties, water solubility, emulsification prop-
erties) but also because of their nutritional value. For
years research has been conducted on milk protein films
for packaging of fruits, vegetables and other dairy foods
and boneless meat [63].

Catarino et al. [64] prepared active whey protein coat-
ing enhanced with Origanum virens essential oil to increase

the shelf life of processed meat. The coated sample — Por-
tuguese sausage — was regularly monitored for 4 months
long for total microbial load and physicochemical charac-
teristics, and found an approximate 20 days extension in
its shelf life. During storage the study considered color re-
tention, the reduced lipid peroxidation was also observed.
Similarly, Furcellaran and whey protein isolates were used
to prepare biodegradable packaging material with Borago
officinalis extracts to preserve ham. A 21-day storage study
was conducted and the samples were tested every 7 day and
found satisfactory results of oxidation product build-up,
microbiological load and organoleptic characteristics [65].

Sanches et al. [66] prepared starch-based active pack-
aging containing sweet whey and red cabbage extract for
packaging of ground beef and found that films have strong
antioxidant potential, good machine-processing strength,
low permeability for water vapors, making it a suitable ma-
terial for packaging of meat and meat products like ground
beef. This film improves the shelf life due to presence of
anthocyanins. Song et al. [34] utilized whey isolates-coat-
ed multi-layer films as a gas barrier in order to minimize
qualitative changes in frozen and marinated meat loaves
and the results demonstrated that these films preserve
physicochemical and organoleptic characteristics of meat
loaves during 6-month storage study, proving the potential
of whey isolate-coated film for commercial application.

Edible meat packaging (films and coatings)

An edible coating/film is any material with an average
thickness of less than 0.3 mm and which can be produced
from combination of biopolymers and various additives
dispersed in aqueous media. In literature authors use the
terms of edible coating and edible films interchangeably;
however, some others consider that coating and films have
distinction in terms of the techniques used to incorporate
them into the food product. The edible coating is formed
directly on the food, whereas the edible film is as first pre-
pared separately and then applied onto the product [67].

Microbial growth in meat, fish and derived products re-
sult in the quality decay, which can be prevented by adding
or enhancing the antimicrobial activity of the packaging
films and coatings, making it an interesting strategy to ex-
tend the food shelf life [50]. Essential oils, ethanolic, aque-
ous extracts of plants provide a diverse range of natural
preservatives [68]. The key reason of encouraging the ap-
plication of these natural substances in food preservation
is linked to their compliance with desired characteristics
of biodegradability, bioactivity and edibility of these bio-
based edible film and coatings.

Films with incorporated active components like herb
extracts are rich in phenolic compounds and terpenoids
that prevent growth and propagation of microbial flora in
meat products. Essential oils contain bioactive compounds
like carvacrol, thymol, menthol, eugenol and etc. Isopropyl
phenols like carvacrol are hydrophobic compound with
capability to accumulate in the microbial cell membrane,
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where they induce conformational modification, that ul-
timately leads to microbial cell death. Monoterpenes like
thymol and menthol cause lipid fraction perturbation in
microbial cell membrane, re-arrange its permeability thus
resulting in leakage of microbial cell content. Similarly,
oregano essential oil transmutes microbial membrane per-
meability thus resulting in leakage of essential nutrients
like phosphates, potassium and protons. These bioactive
agents also upgrade film barrier properties due to chemical
interactions between film matrix and polyphenolic com-
pounds [69]. Figure 4 explains the possible mechanisms of
antimicrobial activity of bioactive compounds.
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Figure 4. Visual explanation of the possible mechanisms
of antimicrobial activity in bioactive compounds

Edible coating made of immiscible biopolymer com-
posite increases shelf life fresh meat cuts by reducing drip
losses, lipid oxidation, metmyoglobin formation and re-
tains natural volatile meat flavors [48]. Gheorghita et al.
[70] developed edible material film using stevia, sodium
alginate and agar for study of storage of ham slices and
cheese for 5 months at refrigerated conditions and after
the expiry of this period evaluated color, waters activity
index and peroxide index. The results made it evident that
the film does not support the growth of existing meat and
cheese microflora proving that this biopolymer can be a
promising substitute for unsuitable commercial plastics.

Giatrakou et al. [71] conducted a study on antimicrobial
impact of chitosan coating in a 4 weeks storage study on
pastrami, and reported one log of CFU/g reduction in aer-
obic plate count. Fattahian et al. [72] prepared edible chito-
san coating to create modified atmospheric packaging for
meat. Caminum cyminum essential oil was incorporated in
the film because of its antimicrobial and antioxidant pro-
perties. Bazargani-Gilani et al. [73] reported another in-
teresting outcome of chitosan film with Zataria multiflora

essential oil. This experiment was run on chicken breast,
kept at 4°C for a period of 20 days, revealed a significant
inhibition of both total viable and psychotropic microflo-
ra. Another trial on microbial growth of selected species
(Pseudomonas spp., Enterobacteriacea, yeasts and molds)
in untreated meat, packed in chitosan coating with grape
seed extract, exhibited significant reduction of microbial
growth in chicken breast meat [74]. Incorporation of oleo-
resin extracted from kaffir lime leaves into cassava starch
coating improved the microbial stability of beef samples
during storage [75]. The study indicated a remarkable re-
duction in the growth of microorganism in 2 weeks storage
study. Similar outcomes were reported by Dharmalingam
etal. [76] for beef fillets packaged in cassava starch coating
enhanced with clove and cinnamon essential oils.

There are numerous studies that highlight meat and
fish preservation against target microorganisms primar-
ily responsible for meat spoilage (Escherichia coli, Listeria
monocytogenes and Staphylococcus aureus). For instance,
in one study there was tested the antimicrobial activity of
thyme and oregano essential oil in soy protein coating at a
concentration of 3% for its capability to inhibit the growth
of Escherichia coli, Listeria monocytogenes and Staphylococ-
cus aureus in refrigerated beef fillets kept for two weeks.
The researchers monitored the samples periodically and
found that the growth of all microorganisms was drasti-
cally inhibited throughout the storage period [77]. In an-
other study of the wrapped flounder fillets, the protein
hydrolysate of agar film with incorporated clove essential
oil inhibited the growth of food spoiling microorganisms
under refrigerated storage conditions, thus, improving the
shelf life from 10 to 15 days [78].

Due to high protein content beef is more prone to micro-
bial and enzymatic spoilage. Pseudomonas spp., lactic acid
bacteria, Enterobacteriaceae, yeasts and molds are the major
spoilage causing agent. In order to prevent the oxidative re-
actions and microbial growth during a study of 20 days of
storage, chitosan edible film enhanced with Zataria multi-
flora Boiss oil and sumac extract was prepared to maintain
a modified atmosphere condition for beef packaging and
demonstrated encouraging results proving its suitability as
meat edible packaging for commercial applications [79].

Dalvandi et al. [80] created an edible poultry packaging
by dipping meat into solution of carboxy methyl cellulose
with added extracts of turmeric and black pepper seeds, vac-
uum-packed the meat and placed it under refrigerated con-
ditions for a storage study, and found that this edible packag-
ing can considerably enhance the durability of breast fillets
of chicken. In another study, edible composite film of gelatin
enriched with polyphenolic nano-emulsions was used to
create packaging for chicken meat and showed that water
stability and moisture of the film reduced with increasing
nano-emulsion concentration. This film has strong antioxi-
dant potential due to curcumin extracts in nano-emulsions,
which also prevented growth of Salmonella typhimurium
and Escherichia coli in packaged meat, thus, extending the
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shelf life of meat up to 17 days [81]. Interestingly, in another
study the antimicrobial characteristics of both sodium algi-
nate-carboxymethylcellulose film and coating infused with
Ziziphora clinopodioides essential oil, apple peel extract and
zinc oxide nanoparticles were prepared, and the results of
meat storage study exhibited the considerable improvement
in preservation of meat quality [82].

Conclusion

Current alarming levels of environmental pollution
are driving the researcher to develop the alternatives for
non-biodegradable packaging materials that naturally

disintegrate without causing damage to the environment.
These packaging materials are edible and are derived from
renewable and sustainable agricultural products. The ed-
ible films enhanced with natural plant extracts have an-
timicrobial and antioxidant properties that prolongs the
shelf life and safety of foods by preventing the growth of
pathogenic and spoiling microorganisms. In meat indus-
try, microorganisms may cause severe food safety issues
linked with health problems, such as foodborne diseases.
However, development of the new bio-based films and
coatings is urgently required to respond to the problems
of environmental pollution and provision of safe food.
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