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Animal origin foods are widely distributed and consumed around the world due to their high nutrients availability but may also
provide a suitable environment for growth of pathogenic and spoilage microorganisms. Nowadays consumers demand high quality
food with an extended shelflife without chemical additives. Edible films and coatings (EFC) added with natural antimicrobials are a
promising preservation technology for raw and processed meats because they provide good barrier against spoilage and pathogenic
microorganisms. This review gathers updated research reported over the last ten years related to antimicrobial EFC applied to meat
and meat products. In addition, the films gas barrier properties contribute to extended shelf life because physicochemical changes,
such as color, texture, and moisture, may be significantly minimized. The effectiveness showed by different types of antimicrobial
EFC depends on meat source, polymer used, film barrier properties, target microorganism, antimicrobial substance properties, and
storage conditions. The perspective of this technology includes tailoring of coating procedures to meet industry requirements and
shelf life increase of meat and meat products to ensure quality and safety without changes in sensory characteristics.

1. Introduction stringent regulation system and sanitary control is practiced.
Outbreaks involving AOF comprise 40% of total US reported
cases [3]. The presence of foodborne pathogens in a country
food supply not only affects the health of local population but
also represents a potential for pathogens spread by tourists
and consumers where these food products are exported [4].
Edible coatings are food grade suspensions which may
be delivered by spraying, spreading, or dipping, which upon
drying form a clear thin layer over the food surface. Coatings
are a particular form of films directly applied to the surface
of materials and are regarded as part of the final product
[5]. On the other hand, edible films are obtained from food
grade filmogenic suspensions that are usually cast over an
inert surface, which after drying can be placed in contact with

Animal origin foods (AOF) constitute a good nutrients
source for human diet, where their protein provides high
biological value and essential amino acids which comple-
ment the quality of cereals and other vegetable proteins
[1]. However, AOF are susceptible to chemical deterioration
and microbiological spoilage and therefore represent a high
risk for consumer health, in addition to producer economic
losses. According to the Centers for Disease Control (CDC),
every year foodborne illnesses account for about 48 million
cases, 3,000 deaths, and 128,000 hospitalizations, reaching US
$77.7 billion economic burden in the United States. In addi-
tion, reduced consumer confidence, recall losses, or litigation

costs should be met by the food industry, whereas public
health agencies pay the cost of responding to illnesses and
outbreaks [2]. Losses can be greater in countries where less

food surfaces. Films can form pouches, wraps, capsules, bags,
or casings through further processing and one of the main
differences between films and coatings is their thickness.
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The use of films in foods dates back to the 12th century
in China where waxes were used to coat citric fruits to
retard water loss, whereas the first edible film used for food
preservation was made in the 15th century from soymilk
(Yuba) in Japan. In England lard or fats were used as coating
to prolong shelf life of meat products in the 16th century
and in Europe; this process was known as “larding” [6, 7]. In
the nineteenth century, a US patent was issued in relation to
preservation of meat products by gelatin coatings [7, 8].

Edible films and coatings (EFC) are an alternative to
extend the shelf life of AOF by acting as barriers to water
vapor, oxygen, and carbon dioxide and as carriers of sub-
stances to inhibit pathogenic and spoilage microorganisms.
Natural antimicrobial agents may be incorporated into the
corresponding suspensions, adding functionality to edible
films and coatings, leading to the antimicrobial edible films
and coatings (AEFC) obtaining.

There is increased interest in development and use of
AEFC to preserve meat quality for longer shelf life periods
while maintaining food safety, which is based on consumers
demand for natural and safe products. Industry is concerned
about these issues, while keeping competitive production
costs [9]. Other key issues are sustainability through the use
of biodegradable packaging materials and applications of by-
products from the food industry that can generate added
value [5].

Due to similar properties of edible films and coatings this
review discusses characteristics of both types of coverings
applied to meat products. This work focuses on a critical
discussion of issues raised by recent research findings on the
effectiveness of antimicrobial films and coatings and their
potential application to enhance safety and quality of meat
products.

2. Meat Products

2.1. Meat Importance and Consumption. Meat (including
poultry and fish) is the first-choice source of animal protein
for many people all over the world [10]. According to the
Codex Alimentarius [11] meat is defined as “all parts of an
animal that are intended for, or have been judged as safe
and suitable for human consumption” Worldwide meat pro-
duction is expected to be >250 million tons in 2014, with
pork as the main product (108.9 million tons), whereas
poultry production is expected around 87 million tons.
Fish and seafood is also an important market, since world
production in 2008 reached 142,287 tons [12]. Meat industry
represents a significant share of national economies and
therefore production and marketing systems should follow
meat sanitation practices and additionally emerging preser-
vation technologies such as the AEFC to extend shelf life and
to avoid economic losses.

Nutritionally, meat importance is derived from its high
quality protein containing all essential amino acids and its
highly bioavailable minerals and vitamins [13]. In 2010, the
average annual red meat consumption per capita in develop-
ing countries was 32.4 kg, whereas in industrialized countries
was 79.2kg, increasing to 124 kg/capita in the USA. Global
annual poultry consumption rose from 11.1 to 13.6 kg/capita
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between 2000 and 2012. In 2009, fish accounted for 16.6%
of world population intake of AOF and 6.5% of all protein
consumed [13].

2.2. Meat Spoilage. Meat quality is highly dependent on pres-
laughter handling of livestock and postslaughter handling of
meat [10]. Among the main factors affecting meat quality
is pH, which is determined by the glycogen content of the
muscle and varies from 5.4 to 5.7 in postrigor muscle; another
important factor is temperature, which must be quickly
decreased from 37°C to refrigeration temperatures (4-8°C)
(14].

There are three mechanisms involved in meat and
meat products deterioration during processing and storage:
microbial spoilage, lipid oxidation, and enzymatic autolysis.
Microbial population may arrive from native microflora of
the intestinal tract and skin of the animals or through
environmental, human, handling, and storage conditions
associated to the production chain [15]. Microbial growth in
meat can result in slime formation, structural components
degradation, decrease in water holding capacity, oft odors,
and texture and appearance changes [10]. Lipid oxidation
depends on fatty acids composition, vitamin E concentration,
and prooxidants such as free iron in muscles. Oxidation
products, such as hydroperoxides, aldehydes, and ketones,
can cause loss of color and nutritive value due to degradation
of lipids, pigments, proteins, carbohydrates, and vitamins [10,
16]. Enzymatic autolysis of carbohydrates, fats, and proteins
of the tissues results in softening and greenish discoloration
of meat and may lead to microbial decomposition. Proteolytic
enzymes are active even at low temperatures (5°C) leading to
microbial growth, loss of water holding capacity, and biogenic
amines production [17].

2.3. Meat Related Outbreaks. Meat products outbreaks are
often due to inadequate cooking or cross-contamination from
other foods. However, contamination may occur while meat
is processed, cut, packaged, transported, sold, or handled.
Pathogenic microorganisms do not survive thorough meat
cooking, but several of their toxins and spores do [10].

Red meat is frequently involved in outbreaks, mainly due
to the presence of Salmonella spp., Listeria spp., Clostridium
spp.» and Staphylococcus spp. [3]. Most outbreaks reported in
the EU in 2010 were due to meat and meat products consump-
tion in which Salmonella was the main pathogen involved
[18]. Listeria infection is often considered as the most lethal;
for instance, in 1998 hot dogs consumption caused 21 deaths
and >100 illnesses [3]. Recently, an outbreak of Salmonella
typhimurium was linked to the consumption of ground beef
which caused hospitalization of seven people [19].

In the case of poultry Salmonella and Campylobacter
account for most of the cases of food poisoning associated
with chicken [3, 20]. In 2010 turkey contaminated with
Clostridium perfringens caused 135 illnesses in Kansas (USA),
whereas in 2011 ground turkey contaminated with Salmonella
Heidelberg infected 136 people in 34 USA states [3].

Most outbreaks caused by fish and fish products are
caused by natural toxins (scombrotoxin and ciguatoxin),
rather than by bacteria or viruses. However, outbreaks caused
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mainly by Vibrio parahaemolyticus and V. cholerae in raw oys-
ters have been reported; additionally Clostridium botulinum,
Staphylococcus aureus, Salmonella enterica, and Escherichia
coli were also involved in illnesses due to fish consumption
[3,21].

3. Edible Films and Coating Types

EFC act as barrier between food and the surrounding envi-
ronment to enhance the quality of food products protecting
them from physical, chemical, and biological deterioration.
Design and application of EFC on meat products arises
from the search of new preservation methods, the need
to add value to by-products from renewable sources, the
desire to give food products a more natural or ecological
image, and reduction of environmental impact of using oil-
derived plastic packaging materials [22]. Additionally, they
may provide moisture loss reduction during storage of fresh
or frozen meats, prevention of juice dripping, and decrease
in myoglobin oxidation of red meats. There are two com-
mercially available edible films, New Gem™, which contains
spices and bilayer protein films that are used to enhance
ham glaze and Coffi", that is made from collagen nettings
used to wrap boneless meat products [23]. Antimicrobials
or antioxidant compounds incorporated into the polymer
matrix may prevent growth of spoilage and pathogenic
microorganisms, delay of meat fat rancidity, discoloration
prevention, and even improvement of the nutritional quality
of coated foods [24, 25].

3.1. Composition and Properties of Lipid-Based Films and
Coatings. A wide range of hydrophobic compounds has been
used to produce EFC, including animal and vegetable oils and
fats (peanut, coconut, palm, cocoa, lard, butter, fatty acids,
and mono-, di-, and triglycerides), waxes (candelilla, car-
nauba, beeswax, jojoba, and paraffin), natural resins (chicle,
guarana, and olibanum), essential oils and extracts (camphor,
mint, and citrus fruits essential oils), and emulsifiers and
surface active agents (lecithin, fatty alcohols, and fatty acids)
[26]. In meat products, emulsifiers and surface active agents
are sometimes used as gas and moisture barriers. However,
pure lipids can be combined with hydrocolloids such as
protein, starch, cellulose, and their derivatives providing a
multicomponent system able to be applied as meat coatings
[27]. In fresh and processed meats, lipid incorporation into
EFC can improve hydrophobicity, cohesiveness, and flexi-
bility, making excellent moisture barriers, leading to prolon-
gation of freshness, color, aroma, tenderness, and microbio-
logical stability [24].

Palmitoylated alginate is the only lipid-containing mate-
rial of AEFC recently reported to wrap beef muscle and
ground beef [28] (Table 1). However, essential oil extracts
have been widely used to promote antimicrobial activity of
AEFC (column 3, Tables 1-3).

3.2. Composition and Properties of Protein-Based Films and
Coatings. Film-forming proteins are derived from animals
(casein, whey protein concentrate and isolate, collagen,

gelatin, and egg albumin) or plant sources (corn, soybean,
wheat, cottonseed, peanut, and rice). Protein-based films
adhere well to the meat hydrophilic surfaces and provide
barrier for oxygen and carbon dioxide but do not resist water
diffusion [27]. Plasticizers, such as polyethylene glycol or
glycerol, are added to improve flexibility of the protein net-
work, whereas water permeability can be overcome by adding
hydrophobic materials such as beeswax or oils like oleic that
can affect films properties such as crystallinity, hydropho-
bicity, surface charge, and molecular size, improving films
characteristics and their application [6, 31, 34]. Despite their
advantages, protein films may be susceptible to proteolytic
enzymes present in meat products or allergenic protein frac-
tions may cause adverse reactions to susceptible people [24].

3.3. Composition and Properties of Polysaccharides-Based Film
and Coatings. Polysaccharide coatings are generally poor
moisture barriers, but they have selective permeability to O,
and CO, and resistance to fats and oils [25]. Polysaccharide
films can be made of cellulose, starch (native and modified),
pectins, seaweed extracts (alginates, carrageenan, and agar),
gums (acacia, tragacanth, and guar), pullulan, and chitosan.
These compounds impart hardness, crispness, compactness,
viscosity, adhesiveness, and gel-forming ability to a variety
of films [24, 44, 45]. Polysaccharide films and coatings can
be used to extend the shelf life of muscle foods by prevent-
ing dehydration, oxidative rancidity, and surface browning.
When applied to wrapped meat products and exposed to
smoke and steam, the polysaccharide film actually dissolves
and becomes integrated into the meat surface resulting in
higher yields, improved structure and texture, and reduced
moisture loss [27].

Materials recently used to obtain AEFC in meat and meat
products, poultry, and fish and fish products are shown in
column 2 of Tables 1, 2, and 3, respectively. Chitosan based
AEFC were the most commonly reported in recent years
and have been used to wrap pork meat hamburgers and
sausages [39, 42] (Table 1), as films and coatings on roasted
and sliced turkey [46, 47] (Table 2) and as films on cod fillets
[48] (Table 3). Chitosan was used as both polymeric material
and antimicrobial agent, for roast beef coating [32] (Table 1)
and chicken breast fillets (wrapping and coating) [49, 50]
(Table 2) and as coating of Atlantic cod and herring [51] and
as films on sea bass fillets [52] (Table 3). WPI and cellulose (or
its acetate salt), despite being less reported, are also materials
used in AEFC for meat and meat products [29, 30, 33, 35]
(Table1): turkey frankfurters [53] (Table2) and smoked
salmon [54] (Table 3). Several reports mention pectin for
production of AEFC to wrap cooked ham and bologna [40]
(Table 1) and chicken breast [55, 56] (Table 2), whereas other
reports show gelatin based antimicrobial films placed on top
or between slices of fish products [48, 57-59] (Table 3).

4. Common Antimicrobials Used in EFC

Incorporation of antimicrobial compounds into EFC as an
alternative to their direct application onto the meat surface
has the advantage of gradual release of the antimicrobial
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compound from the AEFC leading to a reduction of added
antimicrobial and to reduced sensory changes. Antimicrobial
compounds within AEFC are less exposed to interaction with
meat surface components than those added directly to the
surface and thus maintaining their activity [66-68].

Antimicrobial agents recently incorporated in AEFC for
meat and meat products, poultry, and fish and fish products
are shown in column 3 of Tables 1, 2, and 3, respectively. Target
microorganisms aimed by recently developed AEFC as well as
inoculation technique for meat and meat products, poultry,
and fish and fish products are shown in columns 4 and 5 of
Tables 1, 2, and 3, respectively.

The characteristics and mode of action of most common
antimicrobials used to promote meat safety are described
below.

4.1. Organic Acids. The antimicrobial effect of organic acids
depends on concentration of undissociated form, which can
penetrate the bacterial cell membrane. Inside the cell, their
dissociation leads to interference with membrane transport
and disruption of proton motive force [30]. Organic acids
incorporated into EFC include lactate and acetate [46],
propionate [18], and p-aminobenzoic acid [30]. WPI coatings
added with malic acid, nisin, and grape seed extract applied
on turkey frankfurters decreased to 2.3 log CFU/g of L.
monocytogenes and 5 log CFU/g S. typhimurium after 28d
of storage at 4°C [53] (Table1). Zein based AEFC using
calcium propionate combined with nisin, reduced up to 5 log
CFU/g of L. monocytogenes after 14 d at 4°C, when used to
coat chicken breast [18]. Sodium lactate combined with other
commercial antimicrobials reduced to 3.5 log/cm® of this
pathogen when roasted turkey was stored at 4°C for 8 weeks
[46] (Table 2). Thus, organic acids, especially when acting
combined with other antimicrobial agents, have an important
role in maintaining microbiological quality of meat and meat
products.

4.2. Essential Oils and Plant Extracts. Essential oils are com-
plex mixtures of volatile compounds obtained from plants,
which mainly include terpenes, terpenoids, and aliphatic
chemicals, all characterized by low molecular weight [69].
Oils containing phenols such as thymol, carvacrol, and
eugenol exhibit the highest activity against all kind of
microorganisms. Essential oils usually show higher antibac-
terial activity than mixtures of their major antimicrobial
components, suggesting that minor components are critical
for enhanced activity [69]. The antimicrobial mechanism is
attributed to the disturbance of the cytoplasmic membrane
disrupting the proton motive force; active transport and coag-
ulation of cell contents may occur [70]. Direct incorporation
of essential oils in the formulation of AEFC applied to meat
products is expected to reduce bacterial population but may
alter their sensory characteristics [68]. Microencapsulation
of essential oils or their ingredients may be an alternative
to protect them from interaction with environmental factors,
avoiding their oxidation or volatilization while exerting their
antimicrobial effect. Moreover, encapsulation increases the
oil solubility in water, prevents its release at an undesired
stage, and makes it easier to handle [71, 72]. Essential oils or
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their constituents that may be incorporated in AEFC on AOF
include those extracted from lemongrass, oregano, pimento,
thyme, or cinnamon [40, 57, 65]. Oregano essential oil has
been the most commonly reported in recent years including
a 1.5% extract (v/v), successfully used to reduce total viable
count by 2 log CFU/g of cold smoked sardine covered with
an AEFC after 20d storage at 5°C [58], whereas at 1.9% it
achieved L. monocytogenes population reduction by 2.4 log
CFU/g after 28d, at 4°C in wrapped cold smoked salmon
[65] (Table 3). Oregano essential oil combined with thyme
extract, was incorporated into a film placed on top and
bottom of fresh ground beef patties reducing Pseudomonas
spp- and coliforms populations [36], whereas mixed with
pimento essential oil, the films covering beef muscle slices
reduced to 1 log of E. coli O157:H7 after 7d of storage at
4°C[31] (Table 1). Grapefruit seed extract (GSE) incorporated
into AEFC was found to inhibit E. coli O157:H7 and L.
monocytogenes from pork loins [34], bacon [41], and salmon
[59] (Tables1and 3). However, some commercial GSE is adul-
terated with synthetic preservatives such as benzalkonium
and benzethonium chlorides, which are solely responsible for
the antimicrobial activity of GSE. These compounds show
toxicity and allergenicity to humans, and it is unlikely that
they are formed during any extraction and/or processing of
grapefruit seeds and pulp [73, 74].

4.3. Bacteriocins. Bacteriocins from lactic acid bacteria are
peptides produced by bacteria that inhibit or kill other
related and unrelated microorganisms [75]. These agents are
generally heat-stable, apparently hypoallergenic and readily
degraded by proteolytic enzymes in the human intestinal
tract [68]. Class I bacteriocins, such as nisin, bind to plasma
membranes via nonspecific electrostatic interactions and
have a dual mode of action. The antibacterial activity results
from pore formation in the bacterial plasma membrane,
leading to dissipation of the transmembrane potential and
vital solute gradients. The high efliciency of pore formation
is the result of a second mechanism involving the cell wall
precursor Lipid II which increases the affinity of nisin for
the membrane, stabilizes a transmembrane orientation of
nisin, and forms and integral part of the nisin pore. The
pore structure involves a complex made up of four lipid II
and 8 nisin molecules, which interferes with peptidoglycan
biosynthesis [76, 77]. Other bacteriocins such as pediocin
have been widely studied in food systems, but nisin remains
the only one approved by European Union (EU) and the
USA where it enjoys GRAS status [68, 78]. The effect of nisin
incorporation into AEFC is the most studied, either to protect
beef and turkey frankfurters, or turkey bologna against L.
monocytogenes [33, 53, 61] (Tables 1 and 2); but pediocin has
also been tested [35].

4.4. Proteins. Lysozyme is a naturally produced enzyme
active against gram-positive bacteria, by hydrolyzing N-
glycosidic bonds connecting N-acetyl muramic acid with
the fourth carbon atom of N-acetyl glucosamine of the
peptidoglycan molecule in the cell wall. This antimicrobial
has been formulated in whey protein isolate (WPI) films and
tested for its diffusivity and antimicrobial effect on salmon
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slices [79] and also tested in ground beef patties using zein
films [38] (Table 1).

4.5. Chitosan. Chitosan is a linear polysaccharide composed
of randomly distributed $-(1-4)-linked D-glucosamine and
N-acetyl-D-glucosamine. Chitosan is believed to chelate
certain ions from the lipopolysaccharide (LPS) layer of
the outer membrane of bacteria or to exhibit electrostatic
interactions among its NH; " groups and the negative charges
of microbial cell membrane. In both cases cell permeabil-
ity increases releasing key cellular components of bacteria.
The antimicrobial action of chitosan is influenced by type
of chitosan, degree of polymerization, and environmental
conditions. Chitosan coatings act as barrier against oxygen
transfer leading to growth inhibition of aerobic bacteria [42].
In addition to the functionality of chitosan as polymeric
material and antimicrobial agent (Section 3.3), it has been
used as coating and wrapper in salami [37] and as film and
coating combined with lauric arginate and nisin to reduce
L. monocytogenes population in sliced turkey deli meat [47]
(Tables 1 and 2) and also in seafood and fish [48, 52].

4.6. Lauric Arginate. Lauric arginate (LAE) is a food-grade
cationic surfactant that is highly active against a wide range
of food pathogens and spoilage microorganisms including
bacteria, yeasts, and molds. It is obtained through the reaction
of L-arginine, hydrochloric acid, ethanol, thionyl chloride,
sodium hydroxide, lauryl chloride, and deionized water [80].
LAE affects cells viability by disturbing membrane potential
and causing structural changes, although no disruption of
cells is detected. In gram-negative cells, LAE alter both the
cytoplasm membrane and the external membrane, while in
gram-positive cells, alterations were observed in the cell
membrane and in the cytoplasm. However, in both cases, cells
remained intact and cell lysis is not observed [81]. LAE is
nontoxic and is metabolized to naturally occurring amino
acids, mainly arginine and ornithine, after consumption.
Effectiveness of LAE, alone or in combination with other
antimicrobials, has been tested against L. monocytogenes, S.
enterica, and L. innocua in cooked ham and sliced turkey deli
meat producing 2 log reductions in all cases [43, 47] (Tables
land 2).

Antimicrobial agents recently incorporated in AEFC for
meat and meat products, poultry, and fish and fish products
are shown in column 3 of Tables 1, 2, and 3, respectively,
whereas application conditions and effect of AEFC are shown
in columns 6 and 7 of the same tables, respectively.

5. Migration of Antimicrobial
Agents from Films

Few reports have considered the migration extent of antimi-
crobial agents from edible films to the food surface. A study
showed the effect of film thickness, solution pH, and tem-
perature on nisin migration from an active WPI edible film
to an aqueous solution. Results indicated that nisin is able to
migrate from the film where diffusivity increased at lower pH
and thickness, while it increased at higher temperatures [82].
Sorbic acid migration from an active cellulose film into pastry
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dough was evaluated for 40 days and it was not significantly
affected by film thickness, achieving a migration of 0.07%,
(w/v) [83]. Nisin release measured from low density polyethy-
lene film was unpredictable but it was affected by temperature
and pH [84]. Migration of lysozyme from WPI-glycerol films
indicated that the diffusion coeflicient decreased as the WPI-
glycerol ratio increased or storage temperature decreased
[79]. Chitosan-glycerol films incorporated with 1-10% (w/v)
lauric arginate showed full release of the agent and followed
a Fickian behavior in a few hours at 4° and 28°C. Films were
active in liquid and solid media against bacteria, yeast and
fungi achieving 1.8-5.8 log reductions [50]. These findings
lead us to consider that antimicrobial agents incorporated
into AEFC may prevent microbial contamination of food
surfaces.

6. Application and Effect of AEFC on
Meat Products

Antimicrobial packaging can be a promising tool for pro-
tecting meat from pathogens contamination by preventing
microbial growth by direct contact of the package with its
surface. The gradual release of an antimicrobial substance
from a packaging film to the food surface for extended period
of time may be more advantageous than incorporating the
antimicrobial into foods [85].

Studies using chitosan films incorporated in meat prod-
ucts demonstrated that lipid oxidation is reduced, suggesting
that it may be due to the antioxidant activity of chitosan
[52], as well as its low oxygen permeability characteristic [42].
Similar results have been obtained when other compounds
were incorporated such as essential oils [57], grapefruit
extracts [41, 59], and lysozyme [38]. In all cases, the oxidation
rates decreased maintaining an acceptable quality in meat,
poultry, or fish products. However, even when the coating
may confer protection against lipid oxidation, other char-
acteristics may have changed, leading to modified sensory
attributes that made the food unacceptable for consumers.
Application of films on meat surface in some cases could
increase the stability of the red meat color [57], but if
coatings act as gas barriers undesirable color changes may
occur [38]. Sensory studies on fish indicated that not only
bacterial number is critical for fish acceptance, but other
factors such as bacterial types, autolytic activity, biochemical
properties of fish, and storage conditions are significant
[76]. In other studies, using chitosan film incorporated with
oregano essential oil did not negatively influence the taste of
chicken samples, extending the shelf-life of chicken fillets by
14 days, maintaining acceptable sensory characteristics [49].
Therefore, each particular application should be evaluated
to establish the conditions leading to maintain meat safety
without altering sensory characteristics.

Potential benefits of using AEFC for the meat industry are
prevention of moisture loss, avoiding texture, flavor, and color
changes, producing a significant economic impact by increas-
ing saleable weight of products. Other advantages include
reduction of dripping enhancing products presentation and
reduced use of absorbent pads at the bottom of trays. Low
oxygen permeability leads to decreased lipids oxidation and
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brown color-causing myoglobin oxidation, reduced load of
spoilage and pathogenic microorganisms, and partial inacti-
vation of deteriorative proteolytic enzymes at the surface of
coated meat. Volatile flavor loss and foreign odors pick-up by
meat, poultry, or seafood could be restricted by using edible
films and coatings and incorporation of additives such as
antimicrobial agents can be used for direct treatment of meat
surface. There are, however, some factors that may represent
disadvantages of using AEFC; there is wide diversity of meat
products whose characteristics may vary making it difficult to
standardize a single application procedure. Composition and
properties of AEFC will provide different functionality and
may affect scaling up of application methods for coatings.

Selection of the appropriate AEFC for a specific meat
product will depend on its nature, characteristics, specific
needs, costs, and benefits that this technology can offer to
the manufacturers and the consumer. Thus, more research
is needed to improve production and application processes
of AEFC intended for the meat industry to be economically
feasible and appropriate for each product.

7. Conclusions

The application and effects of AEFC of different nature have
been investigated in several AOF. Effectiveness shown by
each one depends on meat source, polymer used, film barrier
properties, target microorganism, antimicrobial substance,
and conditions of storage among others. EFC are a good
alternative to improve the quality and safety of food and also
to add value to food industry by-products. However, some
challenges remain such as the need to improve and standard-
ize coating procedures according to industry requirements
aiming to reduce costs and increase shelf life to meet
consumer demands without altering sensory characteristics
of meat and meat products.
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