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Recent foodborne microbial outbreaks are the driving force in the search for innovative ways to inhibit microbial growth
in food while maintaining its quality and safety. A new trend in food preservation consists of the incorporation of
antimicrobial films on food surfaces. Many studies have demonstrated that antimicrobial films and coatings are effective in
reducing levels of pathogenic organisms like Escherichia coli O157:H7, Listeria monocytogenes, Salmonella Typhi and
Staphylococcus aureus. Different matrices can be used to incorporate antimicrobial agents, including proteins, lipids,
polysaccharides or composites. The most frequent antimicrobials incorporated in food packaging films are organic acid,
enzymes, bacteriocins, polysaccharides and essential oils. Peptides are widely recognized as promising alternatives to use
as antimicrobials. The aim of the present review is to summarize current information about antimicrobial films and the
microorganisms that are inhibited by these antimicrobial agents.
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1. Introduction
Recent foodborne microbial outbreaks are the driving force in the search for innovative ways to inhibit microbial
growth in food while maintaining its quality and safety. A new trend in food preservation consists of the use of active
packaging in order to enlarge the safety margin and reassure high quality products and the incorporation of
antimicrobial agents in films, which can be used as active packaging. Films and coatings with antimicrobial properties
have innovated the concept of active packaging, being developed to reduce, inhibit or stop the growth of
microorganisms on food surfaces. In most fresh or processed products, the microbial contamination with the highest
intensity is found on their surface. Incorporation of antimicrobial compounds into films results in decreased diffusion
rates from the packaging material into the product, thus assisting in the maintenance of high concentrations of the active
ingredient where it is required. Many studies have demonstrated that antimicrobial agents when incorporated into edible
films and coatings could be effective for reducing levels of pathogenic organisms such as E. coli O157:H7, L.
monocytogenes, S. Typhi and S. aureus. Different matrices can be used to incorporate antimicrobial agents, including
proteins, lipids, polysaccharides or composites. The most frequent antimicrobials incorporated in food packaging films
are organic acid (e.g. sorbic, benzoic, citric and propionic acids), enzymes (e.g. lysozyme), bacteriocins (e.g. nisin),
polysaccharides (e.g. chitosan) and essential oils (e.g. bergamot, cinnamon, citronella, clove, ginger, oregano, pimento
and rosemary). According to [1] peptides are widely recognized as promising alternatives to use as antimicrobial agents.
The aim of the present review is to summarize current information about the antimicrobial films and microorganisms
that are inhibited by these antimicrobial agents.
According to [2], the protein-based materials experienced a boom of interest in the early twentieth century. Prior to
World War II, several types of protein-based films, coatings, plastics and textiles were commercially available. Textiles
developed from agricultural proteins were categorized as azlons. World War I and World War II created a substantial
demand for materials to make uniforms, blankets and other supplies for soldiers. Wool was the main textile material,
but wool substitutes were also created from such products as casein, soy, corn zein and peanut protein [3]. Casein-based
protein fibers had silk-like properties, and were commercialized under brand names such as Lanital, Merinova and
Arlac developed by the United States Department of Agriculture (USDA). Peanut protein fiber was sold as Ardil, and
corn zein was used to make the commercialized textile Vicara [4].
The inherent properties of proteins make them excellent starting materials for films and coatings. The distribution of
charged, polar and non-polar amino acids along the protein chain creates chemical potential. For example, in betalactoglobulin, the major protein found in whey, the shading illustrates the domains of polar and non-polar areas along
the protein chain. The resulting interactive forces produce a cohesive protein film matrix. Films are formed and
stabilized through electrostatic interactions, hydrogen bonding, Van der Waals forces, covalent bonding, and disulfide
bridges [5]. Protein film-forming capabilities are best demonstrated in emulsified systems in which amphipathic
proteins form films at air–water or water–oil interfaces. There are also secondary benefits for using proteins to form
films and coatings. Proteins have multiple sites for chemical interaction as a function of their diverse amino acid
functional groups, which can allow for property improvement and tailoring. Chemical changes can improve the stability
of films and coatings. Cross-linked protein films are often more stable than their polysaccharide-based counterparts and
have a longer shelf life [2,6].
In general the protein-based films and coatings are also biodegradable and compostable. As they degrade, they
provide a source of nitrogen, which contributes a fertilizer benefit not available from other non-protein-based films and
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coatings. Finally, there is emerging evidence that the bioactive peptides produced upon digestion of proteins (dairy
sources in particular) have antihypertensive and radical scavenging health benefits [7, 8]. Many antimicrobial peptides
(AMPs) have potent activity against bacteria, including those that are resistant to conventional antibiotics. Their activity
is often relatively-specifically directed against certain genera or groups of bacteria, which could limit damaging effects
on a patient’s commensal flora. AMPs generally exhibit high stability to wide ranges in pH and temperature,
characteristics that may be beneficial for their scaled-up production and formulation into deliverable products.
Moreover, due to their rather specific modes of action, many AMPs exhibit low toxicity for eukaryotic cells, providing
an alternative of use. Their typical mode of action is also linked to a low propensity for resistance development in target
bacteria. These unique features differentiate AMPs from many conventional antibiotics [9].

2. Methods of preparation of antimicrobial films
Elaboration of films has been possible thanks to the film forming capacity of natural polymers. Such ability is related to
the chemical structure of these compounds, which allows the association through hydrogen bonding of their polymeric
chains [10]. Many studies show that the most frequently used macromolecule (polymers) for antimicrobial films
formulation are proteins (whey protein, wheat gluten protein, soy protein, triticale protein, pea protein, fish protein),
polysaccharides (chitosan, starch, hydroxypropylmethylcellulose, carboxymethylcellulose) and blends of both [11-16].
The preparation of antimicrobial films must include at least one component capable of forming a suitable continuous,
cohesive and adhesive matrix. Such a formulation comprises a film-forming agent (macromolecule), solvent (water,
ethanol and others), plasticizers (glycerol, sorbitol and others), pH adjusting agent (acid, sodium hydroxide and others)
when necessary, and an antimicrobial agent [13-14,16]. Subsequently, the film-forming solution is poured on a support
and submitted to a dehydration process that allows an easy release from the mold or applied in a coating product [17].
As cited by [18], the film formation may involve the following mechanisms: melting and solidification, used on hard
fats and waxes; simple coacervation, which consists in the precipitation of a hydrocolloid dispersed in this aqueous
solution. This precipitation can be obtained by solvent evaporation (drying), by adding a non-electrolyte solute, and
wherein the hydrocolloid is insoluble (e.g. ethanol) by an electrolyte which induces precipitation or intersection
components, or modifying the pH of the solution; complex coacervation, which consists in obtaining the precipitation
by mixing two hydrocolloid solutions with opposite electric charges that interact to form the complex polymer; Gelation
or thermal coagulation, which consists in heating the macromolecules involving denaturation , gelling and precipitation.
Antimicrobial films can be formed in different ways, which may affect their properties via several processes depending
on the starting material [19].
The composition of the films contains a substance that forms a tough and solid matrix, through the interactions
between the molecules undergo chemical or physical treatments. The methods that can be used in the preparation of
antimicrobial films include: casting, tape-casting, extrusion and thermopressing. The casting method is one of the most
used methods by researchers in the preparation of films and comprehends the preparation of a colloidal solution of the
macromolecule (polymers) added or not of additives, dispersion of solution in adequate support and, drying under
strictly controlled conditions. After evaporation of the solvent, the dried film is removed from the support [20].
Antimicrobial films were prepared by incorporating different levels of sodium lactate (NaL) and ɛ-polylysine (ɛ-PL)
into sorbitol-plasticized whey protein isolate (WPI) films [21]. Whey protein isolate and glycerol were mixed to form a
matrix to incorporate antimicrobial agents and produce edible films with antimicrobial activity against Listeria
monocytogenes strains isolated from cheeses [22]. Antimicrobial biodegradable films have been prepared with sweet
potato starch by incorporating potassium sorbate or chitosan [23]. The antimicrobial activities against E. coli O157:H7,
as well as the stability of carvacrol, the main constituent of oregano oil, were evaluated during the preparation and
storage of apple-based edible films made by casting method [24]. This method of preparation of films has been used
extensively in research on films but has some disadvantages such as the difficulty of incorporating materials of different
nature, problems of withdrawal of the support film used for the casting and difficulty in scaling (scale-up to industrial
scale)[20].
One technique still slightly known to the preparation of hygroscopic films is the tape-casting or spread-casting. The
technique consists in controlled spreading of a suspension on a surface to be dried, which can be an alternative for the
preparation of films with dimensions much greater than those of films prepared by traditional casting. The thickness of
the suspension is controlled by means of a blade (doctor-blade) attached to the lower part of the spreading device and
drying the film is held on the support itself, whose temperature can be controlled and on which they can circulate heated
air. This method can be applied to the production of polysaccharides and proteins films in general. The production of
composite-films (based on cassava starch, glycerol, and cellulose or sisal fibers) was performed by the tape-casting
technique, aiming at the preparation of biodegradable bags with different thickness, by [24].
The extrusion method is used for obtaining films to be adapted for industrial scale production, with the following
advantages: it is fast, takes up less space, has a lower cost of production and the process is already employed in the
production of conventional synthetic packaging. The extrusion process is continuous, where the sample is melted,
molded and dried leaving the extruder. Basically, it consists of the entry of the polymer into a cylinder heated by the
action of one or two rotary screws, this material is previously softened and forced into a matrix to obtain continuous
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forms. The extruder performs heat exchange between the walls of the cylinder, the screw and the material. It also
behaves as a chemical reactor, since it is capable of cooking, denature and sterilize using high temperature and pressure.
In their study [26], developed active biodegradable packaging, able to increase the shelf-life of minimally processed
fruit. This was obtained by extrusion and thermopressing of a mass of starch gel (starch suspended in water) and
additives (plasticizers and / or active agents).
In the process of thermopressing, the filmogenic mixture is placed below a mold heated by electrical resistors placed
inside the equipment. The upper part is then placed down, so that the mass is spread over the surface of the mold. Upon
heating, the water begins to evaporate from the mixture and, the vapor causes expansion of the dough filling the whole
mold, causing solidification of the material which can be removed when still warm from the machine.

3. Antimicrobial films
Active compounds, such as antimicrobials, can be incorporated into biodegradable films and can act as active packing.
This alternative is developed to reduce, inhibit or stop the growth of foodborne pathogens and others microorganisms
on food surfaces [27]. In processed or fresh products, the microbial contamination is found with the highest intensity on
their surface requiring a system to control the growth of microorganisms. The direct addition of antimicrobial agents in
foods can inhibit their antimicrobial effect, because different components of these foods can decrease their efficiency.
The implementation of films as active packaging can be more efficient than antimicrobial additives used in the foods,
since they can migrate selectively and gradually from active film compounds to the surface of the food [28]. The
antimicrobial films are divided into two groups: in the first, the agent migrates to the surface of product, while in the
second they are effective against microbial growth surface without the need for migration into the product. In these
cases, an intense contact between the product and the antimicrobial agent [29].
The selection of an antimicrobial agent depends on its activity against a target microorganism. The growth of
potential microorganisms that can spoil food is predictable due to the food product characteristics such as pH, water
activity, composition, as well as storage conditions. The direct incorporation of additives in packaging films is a
convenient methodology by which antimicrobial activity can be achieved [30]. The incorporation of active agents into
polymeric systems results in a variety of release profiles with different stages. In some cases, the additive release has
been described as a simple matrix diffusion process, with degradation occurring at a later stage, post active substance
release [31]. Furthermore, the diffusion of antimicrobials from the film depends on the size, shape (linear, branched, or
cyclic), and polarity of the diffusing molecule, as well as the chemical structure of the film and the degree of molecular
crosslinking. The different interactions between the polymer matrix and antimicrobial agent can lead to various degrees
of inhibition against pathogens [32]. It should be noted that the antimicrobial activity also depends on the type of the
active compounds, its concentration and microorganism specie.
Besides the potential use of antimicrobial peptides as alternatives to antibiotics with respect to the
treatment/prevention of disease, numerous recent reports have also described the activity of antimicrobial peptides
against bacteria growing in biofilms, that is, communities encased in structured matrices of extracellular
macromolecules, on medical devices. Medical devices can become colonized with bacteria growing in biofilms, which
are resistant to elements of the host immune response and to extremely high concentrations of conventional antibiotics.
Consequently, resolution of medical device-related infections usually requires the removal of the device. Notably, low
concentrations of some AMPs have been shown to have inhibitory and disruptive properties that can eliminate even
well-established biofilms [9].
In general, some cell characteristics can suggest possible sites of action of an antimicrobial agent. A microbial cell
contains enzymes responsible for many metabolic processes; a semipermeable membrane (the cytoplasmic membrane)
which maintains the integrity of the cellular contents, selectively controlling the transport of substances between the cell
and its surroundings, in addition to being the site of some enzymatic reactions. The cell wall provides protection to the
bacteria, participating in certain physiological processes. Damage to any of these levels can initiate changes that lead to
cell death [33].
There are several categories of antimicrobials that can be potentially incorporated into films as showed in Table 1.
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Table 1 Antimicrobial used in films which showed antimicrobial activity against some microorganisms

Matrix film

Antimicrobial agent

Microorganisms

Reference

Gelatin from skin

bergamot and lemongrass
essential oils

E. coli, L. monocytogenes, S.
aureus and S. Typhimurium

[34]

Whey protein

potassium sorbate

E. coli O157:H7

[35]

Whey protein

malic acid, nisin and
natamycin

Penicillium aeruginosa, Y.
lipolytica, L.monocytogenes ,
Penicillium commune and
Penicillium chrysogenum

[22]

Hydroxypropylmethylcellulose

kiam wood (Cotyleobium
lanceotatum) extract

E. coli O175:H7, S. aureus and L.
monocytogenes

[12]

Carboxymethylcellulose

potassium sorbate

Aspergillus flavus, Aspergillus
parasiticus

[36]

Whey protein

lactic and propionic acids,
chitooligosaccharides and
natamycin

E. coli, S. aureus and Y. lipolytica

[14]

Soy protein

grape seed extract, nisin,
and EDTA

E. coli O175:H7, L.
monocytogenes and S.
Typhimurium

[16]

Wheat gluten

potassium sorbate

Aspergillus niger and Fusarium
incarnatum

[37]

Whey protein

p-aminobenzoic and sorbic
acids

L. monocytogenes, E. coli
O157:H7, and S. typhimurium

[32]

Fish skin gelatin and egg white

clove essential oil

C. perfringens, E. faecium, P.
aeruginosa, V. parahaemolyticus
and Y. enterocolitica

[38]

Chitosan-gelatin

chitosan

E. coli and L. monocytogenes

[13]

Pea protein isolate,
hydroxypropylmethylcellulose,
methylcellulose or sodium caseinate

bacteriocins

L. innocua

[15]

Triticale protein

oregano essential oil

S. aureus, E. coli and P.
aeruginosa

[39]

S. aureus, Salmonella spp.
Chitosan

propionic acid

Candida spp. and Penicillium
spp.

[30]

Chitosan

chitosan

E. coli and L. plantarum

[40]

clove essential oils

B. cereus, Clostridium
perfringens, P. fluorescens, V.
parahaemolyticus, B. coagulans,
E. faecium, A. niger and P.
expansum

[41]

Sunflower protein

Essential oils are categorised as GRAS (generally recognised as safe) by U.S. Food and Drug Administration [42].
Many essential oils have been used as antimicrobial into films including bergamot (Citrus bergamia), cinnamon
(Cinnamomum verum), citronella (Pelargonium citrosum), coriander (Coriandrum sativum), clove (Syzygium
aromaticum L.), cypress (Cupressus sempervirens L.) fennel (Foeniculum vulgare Miller), garlic (Allium sativum),
ginger (Zingiber officinale), lavender (Lavandula stoechas), lemongrass (Cymbopogon citratus), oregano (Origanum
vulgare), pine (Pinus sylvestris), rosemary ( Rosemarinus officinalis), sage (Salvia officinalis) and thyme (Thymus
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vulgaris) [21, 34, 38-39, 41, 43, 45-46]. The antimicrobial activity of essential oils is assigned to a number of small
terpenoids and phenolic compounds like thymol, carvacrol and eugenol [34, 37]. Terpenes have the ability to disrupt
and penetrate into lipid structure of the bacteria cell wall, leading to denaturation of proteins and destruction of cell
membrane, cytoplasmic leakage, cell lysis and eventually cell death [43]. The decrease in pH that occurs due to cell
membrane disruption resulted in a loss of control of cellular processes such as DNA transcription, protein synthesis and
enzyme activity [47]. The effect of antimicrobial films incorporated with essential oil was verified against many
pathogens like E. coli, E. coli O157:H7, L. monocytogenes, S. aureus, S. Enteritidis and S. Typhimurium [34, 38, 41,
48].
Chitosan is a polysaccharide that can be derived from deacetylation of chitin, a biopolymer that is abundant in a
variety of crustacean shells, such as crab shells, fungi cell walls and other biological materials, having antimicrobial
properties against some bacteria, fungi and yeast [49-50]. The potential of chitosan to act as an antimicrobial agent on
films against microrganisms as E. coli, S. aureus, L. monocytogenes, B. cereus, S. Typhimurium, Zygosaccharomyces
bailii, L. plantarum, Penicillium, Aspergillus, Rhizopus and others was reported for many studies [13, 40, 51-53].
Chitosan has significant antimicrobial activity owing to its NH2 group. It can be protonated to NH3+ and readily forms
electrostatic interactions with anionic groups of microbial cell membranes, leading to the leakage of proteinaceous fluid
causing disruption on the cell [40, 52].
Chitooligosaccharide (COS) is the oligosaccharide fraction prepared by chemical or enzymatic hydrolysis of
chitosan. It is known to possess antifungal and antibacterial activity [14, 54]. The aforementioned properties occur due
to the positively charged chitooligosaccharide molecules, which interact with negatively charged bacteria causing
disruption on the cell [54]. In many studies, films incorporated with chitooligosaccharide have antimicrobial activity
against S. aureus, E. coli, Y. lipolytica [14].
Organic acids and their salts have a long history as GRAS (generally recognized as safe) food preservatives by U.S.
Food and Drug Administration. A lot of research has been performed using films as retention matrices of preservatives'
agents such as, potassium sorbate, sorbic acid, p-aminobenzoic, malic acid, lactic acid, propionic acid and others in
matrix different (protein and polysaccharides). These organic acids can be efficient against pathogenic bacteria such as
E. coli O157:H7, L. monocytogenes, S. Typhimurium, S. aureus, B. cereus and on some fungi like A. niger, A. flavus, A.
parasiticus and F. incarnatum [14, 22, 30, 32, 35-37, 52]. Basically, the antimicrobial activity of organic acids occurs
due to pH reduction, disruption of substrate transport, and reduction of proton motive force [33]. As protonated acid
diffuses across the microbial membrane, an alkaline environment is encountered, favoring the dissociation of the acid
into the acid anion and free proton. In addition to shifting the internal pH out of range for optimal enzymatic activity,
protein and DNA/RNA synthesis are adversely affected by the presence of organic acids at elevated levels [14, 33, 36].
Nisin is used in the food industry as a safe and natural preservative and has been studied for its suitability to be
incorporated into whey protein isolate, soy protein isolate, chitosan and others films [16, 22, 52]. Nisin is an
antimicrobial peptide (bacteriocin) produced by strains of Lactococus lactis subsp. lactis, that exhibits antimicrobial
activity towards a wide range of Gram-positive bacteria but shows little or no activity against Gram-negative bacteria
[52, 55-57]. Its mode of action includes the inhibition of cell wall synthesis and the formation of pores in the
cytoplasmic membrane [10]. The film incorporated with nisin can be efficient against pathogenic bacteria such L.
monocytogenes, S. aureus and B. cereus [16, 52].
Compounds from plant extract, such as grape seed extract, showed effective inhibitory activities against foodborne
pathogens [47]. Inhibition of pathogens by the natural extracts occurs due to the hydroxyl groups and conjugated double
bonds in the reactive groups [16]. The groups of chemicals present in plant extracts include polyphenols, quinones,
flavanols/flavanoids and others. Soy protein films incorporated with grape seed extract demonstrated the greatest
inhibitory activity against L. monocytogenes [14]. The antimicrobial properties of hydroxypropylmethylcellulose films
containing kiam wood extract showed inhibitory activity against L. monocytogenes, S. aureus and E. coli [12].

4. Methods used to evaluate antimicrobial activity in edible films
Numerous studies have been performed to establish the effectiveness of antimicrobials in films. The election of the
method depends on the purpose of the assay, the nature of the antimicrobial and the characteristics of target
microorganisms, among others [10]. According to Clinical and Laboratory Standards Institute (CLSI) [58], the
developing disk diffusion tests consist in inoculum preparation, inoculation of test plates, disk application on inoculated
agar plates, incubation at specific conditions and measure of inhibition zone surrounding of the disk [10, 44, 58].
Generally, the inoculant should contain a turbidity standard corresponding to the number 0.5 of the McFarland scale,
which represents a total of 1 - 2 x 108 CFU/mL. The zones of film inhibition discs on the plates can be examined by
measuring their diameter and by visual observations through photographs at different times of inhibition, the data was
expressed in surface units (mm), subtracting the film area from the inhibition zone [14, 30]. The enumeration by plate
count of microbial population, at selected times, from inoculated surface agar plates in contact with film disk containing
the antimicrobial is a useful test to model wrapping of foods and obtained results that may suggest what can happen
when the film enters in contact with a contaminated surface [10, 59].
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Antimicrobial activity by diffusion of antimicrobials from the film disk depends on the size, shape, and polarity of
the diffusing molecule, as well as the chemical structure of the film [32]. This test gives information of the ability of the
antimicrobial incorporated in the film to inhibit microbial growth at a prefixed time [10]. This method can be used for
different microbial strains including: L. acidophilus, S. cholerasuis, L. innocua, Citrobacter freundii, E. coli, Shigella
sonnei, P. aeruginosa, Y. enterocolitica, Brochothrix thermosphacta, S. aureus, B. cereus, L. monocytogenes, C.
perfringens, Aeromonas hydrophila, Photobacterium phosphoreum, Shewanella putrefaciens, P. fluorescens, Vibrio
parahaemolyticus, B. coagulans, Bifidobacterium animalis subespecies lactis, Bifidobacterium bifidum, Enterococcus
faecium, Lactobacillus helveticus, Debaryomyces hansenii, A. niger, P. expansum, among others [41, 59-62].
[40] used two methods to evaluate the antimicrobial activity. On one hand, agar diffusion method adapted by [13]
was performed. Agar plates were spread with 0.1 mL of inoculum containing approximately 105–106 CFU/mL of
bacteria. Films (sterilized with UV light) were cut into a disc shape of 15 mm diameter and then placed on the surface
of MRS (Man Rogosa and Sharpe) agar for L. plantarum strain and on LB (Lysogeny Broth) agar for E. coli. After
incubation for 24 h at 37 °C for E. coli and at 28 °C for L. plantarum strains, the plates were optically examined for
width of inhibition in the contact area. The total area was used to evaluate the antimicrobial potential of films. In the
case of film forming solutions, 30 µL of solution were poured into agar wells and the same procedure described above
was applied. On the other hand, the antimicrobial effect of chitosan films and film forming solutions in the bacterial
growth were also evaluated by the suspension culture medium assay on 96-well polypropylene microplates. Cell
cultures were incubated at 28 °C for L. plantarum CECT748 and at 37 °C for E. coli 0157:H7 for 24 h in both cases.
The liquid culture assay was conducted in 200 µL of both broths with film pieces (sterilized with UV light) or 60 µL of
film forming solutions. Each well was inoculated with 2% (v/v) of an overnight bacteria culture. Antimicrobial activity
by diffusion of antimicrobials from the film disk depends on the size, shape, and polarity of the diffusing molecule, as
well as the chemical structure of the film [32]. This test is an end point assay and gives information of the ability of the
antimicrobial incorporated in the film to inhibit microbial growth at a prefixed time [10].
[63] evaluated the antimicrobial activity by zone inhibition method with a modified agar. Films based on kudzu
starch–chitosan were cut in 6 mm diameter disks then placed on nutrient agar in Petri dishes that had been seeded with
20 µl of bacterial cell suspensions. The Petri dishes were examined for zone of inhibition after 24 h incubation at 37 °C.
The results showed that the kudzu starch–chitosan films inhibited the growth of the bacteria E. coli and S. aureus. [64]
studied film performance to prevent microbial contamination of a high water activity (aW) product. Sabouraud agar
with aw depressed to 0.98 by the addition of dextrose and the pH adjusted to 4.5 with 50% (w/w) citric acid solution
were formulated to resemble that kind of products. The inoculum of Lactobacillus spp. and Zygosaccharomyces bailii
(NRRL 7256) was prepared in Sabouraud broth and incubated until the early stationary phase was achieved (24 h). To
carry out the assay, the Lactobacillus spp. inoculum was added to temperate Sabouraud agar and after that, was poured
into 9 cm diameter plates. The plates were examined for clear zones around the wells (inhibition zones) after 24 h. The
zone diameters were measured in triplicate and the means were reported.
Chitosan films incorporated with propionic acid were assessed for the antimicrobial capacity of the active packaging
by using the agar diffusion method. The film disks (1 and 3 cm in diameter) were placed by pressing them to ensure
contact with the agar surface innoculated with suspension of 107CFU/ ml of Salmonella spp. and S. aureus. This
microorganisms were inhibited by the film studied [30].
Films based on whey protein isolate containing sodium lactate (NaL) and ԑ-polylysine (ԑ -PL) utilized such active
packaging on fresh beef. In this packaging, the counts of microrganisms such as the total viable count, Lactic Acid
Bacteria and Pseudomonas spp. were evaluated. The use of films containing antimicrobial resulted in a significant
reduction of the total flora and pseudomonads population, total viable count and Lactic Acid Bacteria were reduced
when compared with films without sodium lactate (NaL) and ԑ -polylysine (ԑ -PL) [21].
Effects of soy protein edible films containing oregano or thyme essential oils were tested on fresh ground beef during
refrigerated storage (at 4 °C). Films applied on ground beef patties reduced counts of coliform and Pseudomonas spp.
[43].
The enumeration by plate count of microbial population, at selected times, from inoculated surface agar plates in
contact with film disk containing the antimicrobial is a useful test to model wrapping of foods and obtained results may
suggest what can happen when the film enters in contact with a contaminated surface [10, 59]. The film surface
inoculation test is another frequently performed assay and consists in the enumeration by plate count of the microbial
population inoculated on the surface of a film disk in contact with a semisolid media such as agar that model a certain
food product [10]. This assay is useful to simulate surface contamination. Results obtained may suggest what happens
when microbial contamination occurs on coatings or films in contact with food and gives an idea of the barrier ability of
the film to prevent an external contamination [65-66].

5. Application of antimicrobial films for foods
Use of packaging films containing antimicrobial agents could be more than the direct addition of these compounds onto
the food. Antimicrobial packaging is a promising and rapidly emerging technology in which antimicrobial agents are
incorporated into or coated onto food packaging materials to prolong the shelf-life of the packed food. According to
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[67], the simple categorization of microorganisms may be very helpful to select specific antimicrobial agents. Such
categories may consist of oxygen requirement (aerobes and anaerobes), cell wall composition (Gram-positive and
Gram-negative), growth-stage (spores and vegetative cells), optimal growth temperature (thermophilic, mesophilic and
psychrotropic) and acid/osmosis resistance. Researchers such as [67], doing an overall comparison of the efficacy of
different antimicrobials, say that in the packaging films, combinations of antimicrobials provided better efficacy, and it
is likely that research will move in the direction of finding cost effective and highly active combinations of
antimicrobials. The inclusion of several antimicrobials possibly adds complexity and cost to the manufacturing process
of films, but in cases where it is feasible to replace some of an expensive antimicrobial with a cheaper one and still
achieve higher antimicrobial activity with this combination, costs for the film could possibly even decrease. Even when
antimicrobial films fail to completely remove higher numbers of unwanted microbes, they can act as an additional, postprocessing safety measure. Several antimicrobial packaging films should be able to provide antimicrobial activity even
during or after such processing steps as heat or pressure treatments, and can exert antimicrobial activity on the few
remaining microbes. It can also be imagined that antimicrobial films could allow processing to be done at lower
temperatures or pressures, thus reducing processing costs without compromising food safety. In the end, the acceptance
of particular antimicrobial films by the food industry will probably depend on the regulatory climate and the balance
between the cost of the antimicrobial film and the benefit of a second antimicrobial hurdle. However, the use of proper
packaging technology to minimize food losses and provide safe and sound food products has always been the focus of
food packaging [69]. Nanotechnology has potential to greatly influence the packaging sector. Nanoscale innovations in
the forms of pathogen detection, active packaging, antimicrobial packaging and barrier formation are poised to elevate
food packaging to new heights.
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