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Abstract

Edible films and coatings have received incredible consideration over years in view of their preference over synthetic films in
diminishing environmental pollution. Edible films and coatings can also incorporate live microorganisms. One of the recent
advancements in this field is development of probiotic edible films and coatings that serve as a potential carrier for these
microorganisms by enhancing their survival. The potential utilization of edible films and coatings as stabilizing matrices for
holding probiotic microorganism is to counteract the disadvantage of their direct application and to enhance the functional
properties of edible coatings through the incorporation of probiotics. Probiotics incorporation into edible films and coatings
allows them to reach the consumers gut in sufficient amount, so as to exert any health advantages to the host, and thus adds
value to the food product. Microorganisms such as bacteria or yeast can be used as a biocontrol agent for extending the shelf
life of food products; one such way is their incorporation into edible films and coatings. The scope of this review is to provide
comprehensive information about the incorporation of probiotic microorganisms into edible films and coatings along with

discussing various future prospects, applications and associated concerns.
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Introduction

Edible films and coatings have received great attention over
years because of their various advantages over synthetic
films mainly concerning environmental pollution. The major
advantage associated with the use of these films over tradi-
tional synthetic polymer is that they are biodegradable and
can be consumed along with the product. Edible films and
coatings developed using biodegradable edible ingredients
can be easily degraded as compared to synthetic polymeric
materials [1]. Various components are used for the develop-
ment of edible films and coatings; these components are
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mainly categorized into three broad categories, i.e., hydro-
colloids (such as proteins, polysaccharides, and alginate),
lipids (such as fatty acids, acylglycerol, waxes) and com-
posites [2]. Apart from being an alternative to non-biode-
gradable films, these films can also contribute to enhancing
the organoleptic properties of packaged foods as they can
incorporate components such as flavorings, colorings, sweet-
eners, etc. But the one limiting factor associated with the use
of edible films is their poorer permeability and mechanical
properties over synthetic films [3]. Ample work or research
needs to be done for the development of new materials, films
formation procedures that enhance film properties and their
potential applications to various food products. One of the
major advantages associated with the use of these films is
that they serve as a potential carrier for various substances
such as flavors, antimicrobials, antioxidants, nutraceuti-
cals, etc. One of the most recent advances in this direction
is the incorporation of probiotic strains in edible films and
coatings that provide an efficient delivery alternative for
increased survival of these microorganisms.

Probiotics are live microorganisms which when adminis-
tered in adequate amount confers health benefit to the host
[4]. The most widely used probiotic strains belong to the
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genera Bifidobacterium and Lactobacillus. Furthermore,
yeast such as Saccharomyces boulardii is generally accepted
for use as probiotics. These probiotic microorganisms pos-
sess many health benefits such as production of vitamins [5,
6], cholesterol lowering [7-9], alleviation of lactose intol-
erance [10], cancer prevention [11, 12], stimulation of the
immune system [13, 14], enhancement of bowel movement
[15, 16], relief from constipation [17, 18], prevention from
rotavirus and reduction in antibiotic-associated diarrhea
[19]. Probiotics can be incorporated within edible polymer
matrices which serve as a potential carrier and can be used
by the food packaging industry for various applications as
an active/bioactive food packaging system for controlling the
growth of pathogenic microorganism [20]. This improves
food stability and safety and most importantly promotes
consumers’ health. Recently, probiotic incorporation in
edible films or coatings had gained a lot of attention from
the researchers and needs to be explored more. The pre-
sent review gives a comprehensive overview on this subject
highlighting the nature of probiotics, summarizes scientific
studies dealing with their incorporation in edible films and
coatings, and discusses their applications as well as associ-
ated concerns, future prospects and legislation aspects with
their use.

Probiotics in Active Edible Films
and Coatings

Food packaging provides convenience to the consumer dur-
ing handling of food products. The traditional packaging
fulfills the basic requirements such as containment, bar-
rier properties, enhancing shelf life, etc. Presently, with
the changing lifestyles, the consumer’s demands are also
changing. This had encouraged the development of innova-
tive packaging that is more advanced and more profound
than the ones that are currently offered. Development of an
active packaging system is the result of innovating think-
ing in packaging. Active packaging is a type of packaging
in which all the components of the packaging systems, the
packaging material, the food product, and the environment
interact. The main aim of this type of packaging system is
to enhance the performance of the packaging system. Bio-
active food packaging systems may provide health benefits
to consumers [21]. It is a recent approach based on the
concept of functional foods, which suggests that any food
that provides an additional health benefit besides the basic
nutrition is considered as functional. For the development
of improved functional products, the vehicles for efficient
delivery of probiotics play a major role in promoting human
health [22]. Issues that relates to the viability and survival of
probiotics in the finished product have been raised. Various
intrinsic and extrinsic factors can affect the behavior of a
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microorganism within a food environment such as the type of
culture used, the physical state of the cells, the food matrix,
the pH, the temperature, the manufacturing processes and
the storage conditions [23]. Apart from these parameters,
the another most important parameter is the viability of pro-
biotics during their passage through gastrointestinal tract,
where they come across with hurdles like low pH and bile.
To overcome these limitations and to enhance the viability
of the microorganism, an important strategy had been sug-
gested that involves the inclusion of probiotics into edible
films and coatings or their microencapsulation into poly-
meric matrices [22]. The bioactive packaging materials may
contain (bioactive) agents that are eventually released into
the food product [21]. In the particular case of edible coat-
ings containing probiotics, the release is not even required,
since the coating itself is supposed to be eaten with the food
[22]. A few studies had been conducted that involve incorpo-
ration of probiotic strain into edible films and coatings; one
study was conducted to show that application of probiotic
edible films to different food matrices acts as an effective
method for efficient delivery of probiotics to the consum-
ers as well as enhances the food stability and food safety
by controlling the growth of spoilage-causing microbes by
competing with them or through antimicrobial substances
produced by probiotics.

Incorporation Techniques

Use of probiotic bacteria for the development of functional
foods exerting beneficial health effects is gaining an interest
in the food industry. However, the stability of probiotics is
not always optimal. Microencapsulation is one such efficient
technique that perpetuates the survival of probiotic bacte-
ria during processing and storage of food products. A few
studies have been conducted that deal with incorporation of
probiotics in edible films and coatings. Use of edible matrix
as a probiotic carrier had shown better survival rates during
storage and consumption. Use of edible films or coatings for
entrapping cells makes incorporation of probiotics in foods
easier and less expensive. Microencapsulation uses differ-
ent ingredients (solid, liquid or gaseous) for entrapping sub-
stances providing a protective covering for control release
[24]. In case of probiotics, the main goal of encapsulation is
to protect these bacteria from the adverse effects of the low
pH and bile with which these bacteria came across during
their passage through the gastrointestinal tract [24, 25].
Additionally, microencapsulation techniques tend to
enhance the viability of the encapsulated probiotics during
food processing and storage conditions of the food prod-
ucts until their consumption. Low water activity or oxygen
exposures are some factors that can affect the efficacy of this
technique. Biodegradable polymers are mainly used as the
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materials for microencapsulation [24, 26]. A few microen-
capsulation techniques that are widely used includes prilling,
spraying, emulsification, etc. [27]. Microencapsulation is a
fast and cost-effective technique, but use of high tempera-
tures may impair the viability of the microorganism [26].
To negotiate this effect of high temperature on the survival
of microorganisms, an effective solution could be the use of
thermoprotectors or growth promoting factors that can be
added to the media before the spray drying or use of less-
destructive methods such as spray freeze-drying or electro-
spray [28, 29].

Materials for Probiotic Edible Films
and Coatings

Edible films and coatings can be produced from a variety of
materials exhibiting film-forming ability. These components
are generally characterized into three categories such as [1,
30]:

e Hydrocolloids (i.e., proteins, polysaccharides)
e Lipids
e Composites

Other important components of the film-forming solu-
tion are plasticizers and emulsifiers that are added to
enchance their mechanical properties or to enhance sta-
bility when lipids and hydrocolloids are combined [31].
Plasticizers are low-molecular-weight agents that are usu-
ally incorporated into film-forming materials to lower the
glass transition temperature. Some of the common exam-
ples are glycerol, sorbitol, sucrose and polyethylene glycol
[32]. Addition of plasticizers to the film-forming solution
enhances flexibility, toughness and the tear resistance of the
film. The hydrocolloids group used as a base for film devel-
opment mainly comprises of polysaccharides and proteins.
Polysaccharides used as edible films or coatings components
include cellulose and its derivatives, dextrans, alginate, car-
rageenan, starch, pectin, chitosan, galactomannans, etc., [1,
31, 33, 34]. Edible films and coatings based on polysac-
charides as a base material possess good barrier properties
against oxygen and odor along with good mechanical prop-
erties but has a major drawback of high moisture permeabil-
ity due to their hydrophilic nature [32]. Materials that serve
as a base for various protein-based edible films and coatings
include gelatin, corn zein, wheat gluten, soy protein, col-
lagen, and casein. Protein films are mainly developed by
evaporating solvent from the solutions or dispersions of the
protein. The solvent that is most commonly used is water,
ethanol or their mixture. Proteins should be denatured by
heat, acid, base or solvent so as to give a more extended
structure to the film [1]. Another important class of materials

used for development of these films is lipids (natural waxes,
vegetable oils, fatty acids, and resins) but these lipid com-
pounds exhibit certain limitations such as mechanical and
chemical instabilities as well as diminished organoleptic
properties [32]. Lipids are generally used in combination
with other film-forming materials such as polysaccharides
or proteins to increase their resistance to water penetration
[33]. Since each of these individual materials possesses
some unique, but limited functions, different materials are
used in combinations to give more effective properties to the
films and coatings [30].

Probiotic Strains for Edible Films
and Coatings

The efficacy of microorganism as a nutraceutical component
or antimicrobial agent can be affected by several factors that
had encouraged the development of newer and more effec-
tive strategies to enhance their functionality. One possible
solution to overcome these limitations is the use of edible
coatings or films as a possible carrier of these microorgan-
isms for maintaining a suitable concentration on the surface
of the food product and guaranteeing higher stability of the
microorganisms when entrapped in the film matrix. Possible
use of edible matrix as a carrier for viable probiotic strains
can enhance the survival rates during storage and con-
sumption and could also enhance sensorial characteristics,
control of probiotic dosage and their novel applications in
food products. The use of edible films or coatings to entrap
cells can make application of probiotics in foods easier and
less expensive. In fact, the use of edible films and coatings
appears as an alternative to encapsulation techniques. Lactic
acid bacteria (LAB) form a major group of probiotic bacte-
ria used in the food industry. LAB are indeed good candi-
dates to be used as probiotics, since several LAB strains are
native to the human oral cavity and intestinal tract and have a
positive influence, preventing the growth of harmful micro-
biota, and modulating mucosal immunity in these environ-
ments [35-37]. Some yeast had also shown to be associated
with probiotic properties for human consumption such as
Saccharomyces cerevisiae var. boulardii [38]. Some other
yeast species includes Debaryomyces hansenii, Torulaspora
delbrueckii, Kluyveromyces lactis, Yarrowia lipolytica, S.
cerevisiae, Kluyveromyces marxianus, and Kluyveromyces
lodderae that had shown to possess potential probiotic abil-
ity [39-42], but amongst, these only S. boulardii is consid-
ered to be most effective in terms of probiotic ability [43].
Yeasts possess certain advantages as compared to bacteria
as a probiotic as they are insensitive to antibiotics and hence,
serve as an effective treatment for diarrhea and intestinal
infections caused by the administration of antibiotics and
can also produce vitamins [38, 44, 45]. Effects of probiotics
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are strain specific; so genus, species, and strain of probiotic
need to be specified when proclaiming health benefits [46].

Effects of Edible Films on Probiotic Viability

One of the most important parameters of consideration for
development of probiotics-incorporated edible films and
coatings is the viability of the incorporated probiotic strains
till it reaches the gastrointestinal tract. The chemistry of the
film and the film-forming process are the two important
parameters affecting the survival and viability of the micro-
organism [47]. The most important effective factors on the
viability of probiotics are the temperature of distribution and
storage conditions [48]. Various studies had been conducted
to study the viability of probiotic strain post incorporation
into edible films and coatings.

A study was conducted to study the stability of films
incorporated with probiotic Lactobacillus rhamnosus GG of
different biopolymers with the addition of whey protein con-
centrate [47]. The results indicated that the population of the
strain after 1 h of inoculation was high indicating no acute
toxic effects of the biopolymer type or of the whey protein
concentrate on its cell viability; whereas, the composition
of the film-forming solution was found to be influential. The
films developed from pectin, low- and high-viscosity sodium
alginate, locust bean gum, and carrageenan had shown high
cell lethality as compared to the one that contains whey pro-
tein concentrate. The possible cause for this could be the low
pH film solution without addition of whey protein concen-
trate (pH 3.9-4.2) in case of pectin. Other intrinsic param-
eters may have affected the viability of the cells such as low
redox potential and the substrate surface tension [47]. Also,
it was concluded that the physical entrapment of probiotic
cells in hydrogel interspaces may enhance the viability of
L. rhamnosus GG cells by maintaining their physical cell
structure for better performance.

Another study was conducted to investigate the survival
of four probiotic strains such as Lactobacillus acidophi-
lus, L. casei, L. rhamnosus, and Bifidobacterium bifidum)
incorporated in carboxymethyl cellulose (CMC)-based
edible films [49]. Various physicochemical properties of
films were investigated during 42 days of storage at 4° and
25 °C and showed a significant decrease in the viability of
bacterial cells. However, the viability of L. acidophilus and
L. rhamnosus was in the range of recommended levels dur-
ing the storage at 4 °C (10’ CFU/g). Probiotic films caused
more water vapor permeability (WVP) and opacity, and less
tensile strength (TS) and elongation at break (EB) compared
to the control film. However, no prominent changes in the
physicochemical properties were observed in the probi-
otic films containing different strains. Hence, it could be
concluded that refrigeration temperatures are favorable for
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the survival of probiotic strains. Another similar study was
conducted to examine the survival rates of different probi-
otic strains of Lactobacillus plantarum and Lactobacillus
pentosus incorporated in sodium alginate-based edible films
in contact with ham slices throughout the storage period
(66 days at 4 °C, 47 days at 8 °C and 40 days at 12 °C) [50].
The storage temperature was found to have no effect on the
population of inoculated strains but was strain dependent.
Generally, the reduction in the probiotics population was
detected in the films at sampling point after their applica-
tion on ham for all temperatures, probably due to the dry-
ing process and the subsequent stress. However, this had a
limited effect on the probiotic survival at adequate levels
(>10° CFU/g).

Incorporation of prebiotic components is a promising
technology for increasing the efficiency of probiotic strains.
Only a few studies had been conducted that deals with the
incorporation of prebiotics in probiotic edible films as an
additional component to supplement and enhance the stabil-
ity and functionality of the entrapped probiotic bacteria [51].
A study was conducted to investigate the viability of the
probiotic Lactobacillus rhamnosus GG in gelatin films with
the addition of certain prebiotic components such as inulin,
polydextrose, wheat dextrin, and glucose-oligosaccharides
[23]. It was found that the presence of glucose-oligosaccha-
rides and polydextrose in the films had favored the survival
of the probiotic strain, whereas inulin and wheat dextrin had
shown to exert an adverse effect on cell viability. The inacti-
vation rates of L. rhamnosus GG were found to be higher in
the films stored at room temperature (25 °C) as compared to
the films stored under refrigerated conditions except for the
polydextrose edible films stored at 25 °C. The pure pullulan-
based film had retained 80% more cell viability even after
storage of 30 days under refrigerated conditions, the reason
for this could be the decreased bacterial metabolism.

Applications
Fruits and Vegetables

Consumer preferences for minimally processed foods have
encouraged researchers to focus on the development of an
innovative and alternative approach for enhancing the qual-
ity of products without compromising food safety [52].
Active packaging is one such method in which the packaging
material, the product, and the environment interact during
storage to enhance the shelf-life and quality of the products.
Advancement of bioactive food packaging systems contain-
ing bioactive agents that are released gradually (controlled
release) in the product is required to provide health benefits
to the consumers. In case of bioactive edible films and coat-
ings, this release of bioactive agent is not required as the
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film or coating itself is supposed to be eaten along with the
food [21]. Due to the sensitivity of probiotics to common
processing conditions such as heat treatment, acidic environ-
ment, high osmotic pressure, and high redox potential, it is
important to provide an efficient physicochemical barrier to
provide stability to the organisms [47]. A possible solution
to this problem was the incorporation of probiotic cultures
into an edible coating matrix. Use of probiotic edible films
was first proposed in 2007 for application on fresh fruits
[53]. Important barrier properties required in the case of
fruits and vegetables are the prevention of weight loss (retain
moisture), inhibition of microorganisms, slowing down
aerobic respiration and improving appearance by providing
gloss. Edible coatings for fresh fruits are useful for control-
ling ripeness by reducing oxygen penetration into the fruit,
thus reducing metabolic activity and softening changes [54].

Meat and Meat Products

Natural collagen casings from animal intestine represent
one of the earliest uses of edible protein packaging materi-
als [55]. Studies of collagen edible films have shown their
potential to reduce moisture loss, minimize lipid oxidation,
prevent discoloration, and reduce dripping of muscle foods
[56]. Different methods of application can be adopted for
application of edible films and coatings to meat and fish
products such as dipping, spraying, casting, rolling, brush-
ing, and foaming. Application of probiotic edible film in
meat and meat products needs to be explored. A study was
conducted to evaluate the efficiency of Na-alginate edible
films as vehicles for delivering probiotic bacteria applied to
sliced ham with or without pretreatment using high-pressure
processing (HPP) incorporated with three different strains
of probiotic bacteria in film-forming solution. Ham slices
pretreated with or without HPP at 500 MPa for 2 min were
packed with the films under vacuum and stored at 4°, 8°and
12 °C for 66, 47 and 40 days, respectively. Microbiological
analysis, pH and color analysis were also performed. Sen-
sory characteristics were also assessed for the relative abun-
dance of each probiotic strain during storage using pulsed
field gel electrophoresis. In case of ham slices without treat-
ment, probiotic bacteria were enumerated above 10° CFU/g
at all temperatures during storage. Similar results were
observed in cases of HPP-treated samples, but showed differ-
ence in pH in case of latter ones which exhibit higher values.
Sensory evaluation revealed that probiotic samples without
HPP treatment possess a more acidic taste and odor than
the control ones; whereas, these characteristics were mark-
edly compromised in samples treated with HPP. Overall, the
results of the study were promising since probiotic bacteria
were successfully delivered in the products by edible films
regardless of the HPP treatment [50].

Bakery Products

Edible films and coatings had appeared as an alternative
solution to plastic packaging for various food product
applications such as fruits and vegetables, dairy products,
nutritional products, meat and meat products, etc. Another
possible application of edible films and coatings could be
in bakery and confectionary products. The appearance of
baked products is an important quality attribute that greatly
affects the visual perceptions of the buyers and the potential
purchase of the product. One of the major contributors to the
appearance and appeal of the product is the packaging of the
product. The important characteristic of the package which
is intended to contain bakery products must be considered
for the following parameters:

Water vapor permeability of packages

Exchange of oxygen from within and outside a package
Aroma impermeability of packaging materials
Resistance to seepage of fats and oils

Protection from light

Provide physical, mechanical protection

Maintain adequate shelf-life

Run on automatic machinery

Strong and inexpensive

Edible films and coatings possessing properties compa-
rable to these parameters can be applied to various bakery
products. Nowadays, probiotic incorporation in edible films
or coatings had gained a tremendous popularity amongst
researchers as a potential area to be explored. Several stud-
ies had been conducted to study the effect of the application
of probiotic edible films and coatings on the shelf-life and
quality attributes of bakery products. The present review
summarizes some of those studies.

Composition of film-forming solution was a critical factor
affecting the viability of L. rhamnosus GG during prepara-
tion of air dried probiotic edible film as presence of whey
proteins in the film-forming solution reduced L. rhamnosus
GG viability during drying and storage whereas film based
specifically on sodium alginate showed good performance
under in vitro digestion, which could be due to an ionic set-
ting mechanism. Further, no significant difference was found
in organoleptic and thermo-physical properties of bread
crust samples in both conventional and probiotic breads [47].

Another study was undertaken to indicate the use of
triticale-based edible film coating on muffins to retard the
staling process. Various parameters such as measuring
weight, height, volume, density, color, texture and image
analysis of control and coated muffins were evaluated during
storage and showed reduction in hardness values in triticale-
coated muffins during storage and faster staling in control
muffins than coated ones. Descriptive parameters such as
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shape and size of crumb’s structure had shown that amount
of small pores and decreased solidity value of pores of con-
trol muffins increased significantly in case of control during
storage, while no significant difference was found in coated
muffins [57].

This idea might be expandable additionally to other
surface-contaminated foods as well. Since there are limited
studies in this area, the advancement of films and coatings
supplemented with probiotics still needs a considerable
research.

Related Concerns

Apart from the various advantages of these developed films
and coatings, there are certain concerns associated with
these films and coatings that need to be put across. One of
the most important criteria that are considered by a manu-
facturing company prior to commercial production of any
food product should be the regulatory status and the current
legislation [58]. It is important to note that, all the materi-
als used should be edible, all film-forming components, as
well as any additives should be food-grade, safe materials
and all processing facilities should meet high hygienic levels
[30]. The edible film or coating must meet these require-
ments to serve as food contact materials ensuring food safety
and must be labeled as an active packaging material [59,
60]. Another important issue is associated with the ingre-
dients that are used for the production of these films such
as milk proteins (whey/casein), wheat protein, soy protein
that may serve as possible allergens in the films or coatings
and hence, their presence must be clearly labeled. Success-
ful market applications in the future will be a result of the
combined academic and industrial focus, to confront the
numerous regulatory, scientific and economic issues [22,
61]. Incorporation of probiotic bacteria in free form in food
products can strongly affect their sensory characteristics
as extreme acidification or excessive proteolysis can occur
that may decrease the product acceptability by consumers.
Incorporation of probiotics in edible films or coatings may
contribute in eliminating or controlling undesirable altera-
tions that may result due to their addition in the free form
[62]. As edibility of these films and coatings is an important
parameter, they must have neutral organoleptic properties
[63]. In a recent study, the impact of probiotic-supplemented
sodium alginate films on the sensory properties of ham slices
was studied. Application of film had found to significantly
affect the sensory parameters such as aroma and taste of the
ham slices as well as the total organoleptic scores independ-
ent of the storage temperature tested (4°, 8° and 12 °C) [50].
Samples with probiotic film were found to have more acidic
taste than the control ones. Another important issue of con-
cern needed to be put forward includes study of the effect of
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probiotic incorporation on various mechanical and barrier
properties of these edible films and coatings.

Future Prospects

Edible films and coatings incorporated with probiotics
have attained immense popularity as an emerging technol-
ogy. The future applications of these films and coatings to
food product mainly rely upon few parameters. The first
most important parameter relates to the legislation frame
that should allow the makers to invest in developing new
technologies for compelling more effective probiotic produc-
tion. Many other aspects of edible film technology needs to
be explored; these may include evaluating current or other
media that have not yet been mechanically used, choosing
appropriate probiotic bacteria to be incorporated in each
sort of edible film, also evaluating the impact of distinct
edible films and coatings on different food products. It is
also of great concern to evaluate the various properties of
the current materials used for development of these edible
films, so as to determine whether they provide the suitable
environment for the incorporated probiotic microorganism to
survive or may hinder their growth and viability. In addition
to this, the other important aspect that needs to be explored
in this direction is the use of a combination of probiotic
and prebiotic for development of these active edible films
and coatings. Also, in vivo studies need to be carried out to
assess the viability of the incorporated probiotics under gas-
trointestinal conditions as well as to determine the level of
probiotics that is to be delivered all through these systems,
keeping in mind the ultimate goal to provide health benefits.

Conclusion

Edible films and coatings appeared to be an efficient car-
rier of live microorganisms leading to the improved viabil-
ity of probiotics during processing and storage of the food
products. Various factors such as the presence of a micro-
organism, type of plasticizer used as well as the base mate-
rial used may affect the mechanical and physicochemical
properties of these films and coatings. Different methods
can be used to incorporate microorganism into these edible
films and coatings. The method employed directly affect
the viability and effective delivery of the microorganism
within the polymer matrix. Moreover, various studies have
revealed that incorporation of microorganism with anti-
microbial properties limits the growth of pathogen when
used for food packaging. However, further studies need to
be conducted to explicate the influence of various process
variables involved in the development of these films and
coatings. A few new techniques have been developed that
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can potentiate the utilization of microorganisms in edible
films and coatings. One such example is the combination of
bio-control microorganisms with particular compounds that
can stimulate the secretion of antimicrobial metabolites or
combinations of microorganisms that can maintain probiotic
populations in sufficient numbers that can benefit the host.
Also, new formulations are being developed that combine
films and coatings with emulsions, micro- or nano-encap-
sulations or liposomes that give a homogenous distribution
and enhance the stability of microorganisms. Nevertheless,
extensive research is needed on the newer methods of films
and coatings formation and microorganism incorporation.
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