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ABSTRACT

Safety of fresh produce has been a perennial issue for the industry in the US despite tightening up regulations and implementing good
manufacturing practice. The diversity of crops and labor-intense operations in the fresh produce production created a unique set of
contamination routes that are not common in other food productions. New technologies and procedures have been developed to minimize
the occurrences of in-production and shipping/distribution contaminations; however, in order to be effective, these proactive measures
have to be implemented and practices consistently, which is not totally reassuring given the inevitability of human errors or occasional
incompetence. As a consequence, in recent years, many researchers have been looking into development of passive protection of fresh
produce from contamination through antimicrobial coatings of fresh produces or antimicrobial packaging materials that are used in fresh
produce packing. This review critically examines the current technologies and developments in antimicrobial coatings and antimicrobial

food packaging materials as a food safety tool for fresh produce producers.
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INTRODUCTION and handling is not always complete or even adequate. As

Recent outbreaks of microbiologically contaminated fresh
produces have heightened consumer concerns about safety
of fresh produces, which generally are not cooked prior to
consumption and sometimes not even thoroughly washed
after taking home by consumers. These concerns have from
time to time depressed the demand of a fresh produce that is
recalled due to suspected contamination. The economic toll
as a result of recall as well as human suffering as a result of
food poisoning is substantial. Current remedy to the prob-
lem focuses on sound management practices during grow-
ing season and during post-harvesting processing. This pro-
active remedy of fending off microbial contamination of
fresh produces works in theory and in most practical cases;
however, there are many post-harvesting processing steps
that could lead to contamination if the procedures of pro-
cessing and workers’ hygiene are not strictly followed (re-
view of approaches to improving shelf life of fresh pro-
duces can be found elsewhere; for example, a 1996 paper
by Ahvenainen). In the United States, majority of fresh pro-
duces are produced by a handful of states in the west region
of the country or imported from South America. Even in the
U.S., agricultural workers who tender crops and perform
post-harvesting processing are mainly migrant workers
(documented or undocumented) from Latin America with
high turnover rate. Their on-the-job training of food safety

such, there is always a potential danger that something
somewhere could go wrong with devastating consequence.

The vulnerability of fresh produces to microbial conta-
mination has generated a lot of interests in developing pas-
sive protection schemes against microbial contaminations
among researchers and food processors alike. At funda-
mental level, the safety issue of fresh produces is parallel to
the safety issue of automobiles. It is true that seatbelt has
saved countless lives but not all drivers and their passengers
wear them all the time. The advent of airbags provides a
passive means of protecting drivers and passengers in the
case that the seatbelts are not wore or not sufficient to coun-
ter the impact of car collisions. The equivalent of “airbags”
in cars to fresh produce safety is introduction of anti-mic-
robial agents for fresh produces, either directly coated onto
food or as a part of food packaging materials.

Unlike other food items, fresh produces continue to res-
pire and transpire after harvesting; oxygen is used and car-
bon dioxide and ethylene are produced as metabolism pro-
ducts when fresh produces are in storage (Hardenburg et al.
1986). Processing of fresh produces, even minimal pro-
cessing, could increase the respiration activity 1.2-7.0-fold
(Ahvenainen 1996). As are result, many fresh produces are
commonly packaged to provide effective physical barrier to
different environmental hazards such as oxygen, relative
humidity that could reduce the shelf life of a fresh produce
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product. These packaging materials of fresh produces can
also be used as the platform for incorporation of antimicro-
bial agents.

This paper provides a critical review of current research
and development of edible anti-microbial coatings and non-
edible anti-microbial packaging materials relevant to the
fresh produce industry in recent decades.

ANTIMICROBIAL FOOD PACKAGING MATERIALS

Food packaging materials provide more than just a barrier
that wraps a food item in a neat container that does not
interact with food itself; it also serves as barriers to unde-
sirable environmental parameters such as oxygen, moisture
and water vapor while maintaining mechanical integrity of
the package for transportation and visional presentation.
The most common packaging materials for foods and par-
ticularly fresh produces are plastics. Not all plastics are the
same in terms of providing barrier properties; different
materials function differently in terms of barrier properties.
For example, polyethylene is used mainly for sealing and as
a water vapor barrier; polypropylene provides good mecha-
nical properties and water vapor barrier; polyamide offers
aroma- and oxygen-barrier with stiffness; EVOH excels as
high oxygen barrier; EVA is excellent for sealing; while
mLLDPE presents good optical and mechanical properties.
In the case of preventing ethylene from accumulating
around fresh fruits, none of the above materials excels;
there are several commercial products that utilize either
ethylene adsorbing layer in a multi-layered packaging mate-
rial or ethylene-adsorbing sachet in the package to slow
down ripping of fresh fruits. Although polymers still domi-
nate food packaging material market, there is urgent push
for developing bio-based food packaging materials. The
benefit of uses of bio-based materials for food packaging is
two-fold: it reduces amount of plastics that end up in land-
fill or incinerators; it also reduces the use of petroleum pro-
ducts. The key to success of bio-based packaging materials
lies in the cost-structure and mechanical and barrier proper-
ties of the biodegradable materials. Majority of these bio-
based packaging materials suffer from deficiency either in
mechanical properties or properties of water vapor, oxygen
and chemical barrier. Current research on bio-based mate-
rials for food packaging has been expertly and succinctly
reviewed by Siracusa ef al. (2008).

However, as far as prevent fresh produces from micro-
bial contamination is concerned, none of these materials
themselves alone, whether plastics or bio-based materials
(with the exception of chitosan-based materials), can ac-
complish the task; antimicrobial agents or materials with
native antimicrobial properties have to be incorporated into
the packaging. Incorporating antimicrobial agents into food
package materials or development of antimicrobial pack-
aging films has been researched for a number of years. It is
a part of new packaging technology trend called Active
Packaging. Active packaging is designed to perform certain
beneficial functions other than merely an inert barrier
(Lopez-Rubio et al. 2004). These beneficial functions, as
was referred in the beginning of this paragraph, include
providing barriers to oxygen and moisture migrations and
scavenging of undesirable gases and fluids in the food
matrix as well as inhibiting microbial spoilages through
incorporation of antimicrobial agents that are either bound
or incorporated into packaging materials. The main thrust of
this technology is to deploy antimicrobial packaging mate-
rials to prevent microbial contamination of food in the
package (Ghosh et al. 1977; Vojdani and Torres 1990; Rico-
Pena and Torres 1991; Weng and Hotchkiss 1992, 1993;
Chen et al. 1996; Han and Floros 1998; Devlieghere et al.
2000; Han 2000; Ouattara et al. 2000; Cooksey 2001; Kim
et al. 2003; Chung et al. 2003; Sebti et al. 2003a, 2003b;
Lee et al. 2004a; Jofré et al. 2007; Lagaron et al. 2007,
Chawengkijwanich and Hayata 2008; Chollet et al. 2008;
Guiga et al. 2008; Rodriguez et al. 2008; Gutiérrez et al.
2009). The antimicrobial agents in the packaging materials
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are generally non-toxic; some are bio-based food-related
materials; they are approved for food or pharmaceutical
uses or considered as Generally Recognized As Safe
(GRAS) by U.S. FDA. The incorporation of non-toxic anti-
microbial agents into packaging materials can inhibit or
retard surface microbial growth on food as the agent is
leached or released from the packaging material into the
surface of the food product. The antimicrobial agent needs
to reach adequate concentration on the food surface to in-
hibit or retard microbial growth since microbial contamina-
tion of most foods occurs primarily at the surface due to
post-harvesting handling. These embedded agents work best
where the packaging material touches the surface of food
product. Thus, vacuum packaging of foods is ideal mode of
packaging for an antimicrobial packaging material as the
material is in intimate contact with the surface of the food
product. There are other possible ways of ensuring delivery
of adequate concentration of the antimicrobial agent on the
surface of the food or inner structures of food matrices such
as employment of a volatile solvent or other carrier media
as well as replying on Brownian motion or molecular dif-
fusion due to concentration gradient or structural peculiarity.

Although published results from the research efforts
have showed the technology to be promising, the actual ap-
plications of the modified packaging materials are lacking
outside of Japan. There are concerns about the safety and
efficacy of antimicrobial packaging materials for prolong-
ing shelf life of food. In order to make antimicrobial agents
incorporated into packaging materials effective, they need
to be coated on the surface of the packaging material that
directly contacts food and release slowly to ensure long-
lasting effect, or in the case of antimicrobial agent in the
matrix of the packaging material, the agent needs to be
easily released from the packaging material matrix and
preferably, the release kinetics of the antimicrobial agent
ensures long, steady release rate of the agent over time with
a dosage that inhibits pathogenic or spoiling microorga-
nisms. These are not easy tasks to accomplish with a food
packaging system like fresh produces that are not liquid or
of neat shape like a slab of beef steak.

The antimicrobial agents that are coated on or “incorpo-
rated” into polymeric or paper materials in many published
articles and patents are mainly food grade additives that has
been used for generations: sodium benzoate, benzoic acid,
propionic acid, potassium sorbate, sorbic acid, lacticin,
pediocin, ethylenediaminetetraacetic acid (EDTA), and en-
zymes (Chien et al. 2007; Coma 2008; Sivarooban et al.
2008). More newly emerging antimicrobial agents, pri-
marily from food sources, are getting increasing attention:
nisin (a bacteriocin), triclosan, fatty-acids, chitin, chitosan,
grape seed extract, spices/essential oils and certain compo-
nents of essential oils or spices (Chung et al. 2003; Kim et
al. 2003; Limjaroen et al. 2003; Sebti et al. 2003a; Srini-
vasa et al. 2003; Lee et al. 2004b; Salmieri and Lacroix
2006; Arfa et al. 2007; Jofré et al. 2007; Rodriguez et al.
2007; Lopez et al. 2007; Coma 2008; Chollet et al. 2008;
Guiga et al. 2008; Rodriguez et al. 2008; Gutiérrez et al.
2009; Mayachiew et al. 2009). Nanoparticles are also in-
creasingly tested for antimicrobial properties (Chawengkij-
wanich and Hayata 2008); silver nanoparticles have been
used commercially in food packaging and composite nano-
structured calcium silicate has been suggested to be used as
carrier for silver ion to inhibit microbial growth on foods
(Johnston ef al. 2008). Other possible antimicrobial agents
that potentially can be used for antimicrobial food pack-
aging are disinfectants. Disinfectants are widely used for in-
activating a wide array of harmful microorganisms in food
operations and they are used for disinfecting fresh produces.
The challenge will be how one can incorporate these disin-
fectants into food packaging materials with appropriate con-
centration without compromising the mechanical integrity
of the materials as well sensory attributes of fresh produces
these packaging materials contain. Titanium dioxide nano-
particle coated oriented-polypropylene film has been tested
and it showed that the film caused E. coli to inactivation on
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cut lettuce under UV light (Chawengkijwanich and Hayata
2008). It is an interesting development but more work needs
to be done to address efficacy issue. It should be empha-
sized that all these studies on novel antimicrobial agents
coated on or “incorporated” into plastic or paper packaging
materials were not aiming at fresh produces; it is safe to say
that most these technologies, if eventually commercialized,
will be difficult if not impossible to use on fresh produces,
particularly leafy vegetables as most of them require direct
contact between food surfaces and packaging materials
coated with antimicrobial agents. Volatile components from
essential oils may be exception to this generalization; how-
ever, there is reasonable concern of the odor from these
volatile components that may impart an undesirable sensory
attribute to some fresh produces. Furthermore, the cost
factor of these antimicrobial packaging materials may rele-
gate the use of them to limited fresh produces. In contrast,
edible antimicrobial coatings or films (see the following
sections of this article), either based on chitosan/chitin or
other food grade materials, may provide a better protection
to food safety of fresh produces.

EDIBLE FILMS OR COATINGS WITH INTRINSIC
ANTIMICROBIAL PROPERTY

Among all candidates of edible packaging films or coatings,
chitosan-based films are unique — they possess intrinsic
antimicrobial property. When applied to food surfaces,
chitosan-based films can be used directly or in conjunction
with other antimicrobial agents as edible antimicrobial
packaging materials. This distinctive versatility of chitosan-
based films, along with their favorable mechanical proper-
ties, increases their range of applications and antimicrobial
potency in food packaging. The prospective of chitosan-
based food-grade antimicrobial food packaging materials
presents an exciting opportunity for the fresh produce
industry. Chitosan is a bio-based material that has intrinsic
antimicrobial properties as well as the potential of being
used as platform materials for antimicrobial food packaging
or edible antimicrobial food coating due to its good film-
forming properties (Shahidi ef al. 1999). Chitosan is a poly-
saccharide derived from chitin found in shells of shrimp and
other shellfish and enjoys GRAS status. The positively
charged molecule is used in the U.S. as a dietary sup-
plement and is marketed for its claimed ability to increase
HDL cholesterol, enhance immune systems, and increase fat
elimination from the digestive tract. Chitosan is also widely
researched for biomedical science development including
drug delivery carriers and surface wound dressing materials
(Agnihotri et al. 2004). Chitosan, being cationic at neutral
or basic condition, is insoluble in water. In acidic condition,
the amino groups of chitosan undergo protonation and chi-
tosan becomes soluble. This unique property can be ex-
plored for controlled release and development of nano-scale
or microscale or even thin-film coating of chitosan systems.
Chitosan has been proven to be antimicrobial and can ab-
sorb heavy metals, thus making it an excellent candidate for
active packaging and edible antimicrobial coating of mini-
mally processed foods (Dutta et al. 2008).

There are several proposed mechanisms for intrinsic
antimicrobial properties of chitosan and its derivatives
(Rabea et al. 2003). Interactions between positively charged
chitosan molecules and negatively charged microbial cell
membranes leads to the leakage of proteinaceous and other
intracellular components of the cells (Fernandez-Saiz et al.
2009). Chitosan is also believed to function as a chelating
agent that selectively combines with trace metal (that is
why chitosan is also used in removing heavy metals from
wastewater) and thus inhibits the microbial growth and in
the case of fungal contamination, the production of myco-
toxins (Young et al. 1982; Cuero et al. 1991). Other pos-
sible mechanisms include chitosan binding water molecules
therefore denying activities of enzymes of pathogens and
chitosan binding DNA and inhibition of mRNA synthesis
by penetrating towards the nuclei of the microorganisms
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(Sudarshan et al. 1992). The bactericidal and fungicidal
properties of chitosan vary with the species of microorga-
nisms, the molecular structure and weight of chitosan, the
degree of polymerization, the chemical or nutritional com-
position of substrates as well as environmental conditions.
Chitosan is more effective in inhibiting fungal contamina-
tion in fresh produces; for example, El Ghaouth et al.
(1992a) has proven that strawberries coated with chitosan
had 60% reduced decay of the fruits by the fungi after 14
days of storage. Not all bacterial food pathogens can be in-
hibited by chitosan. Even among bacterial species that can
be inhibited by chitosan, the molecular weight of chitosan
has various effects on antimicrobial activity of chitosan
(Zheng and Zhu 2003). E. coli and other Gram-negative
bacteria are more susceptible to lower-molecular-weight
chitosan attacks while Gram positive bacteria are more in-
hibited by chitosan with high molecular weight. The range
of molecular weight of chitosan that is believed to be
effective in inhibiting fungal and bacterial contamination in
food is 10,000-100,000 (Dutta et al. 2008). The concentra-
tion of chitosan in inhibiting microorganisms varies with
microbial species and the minimal inhibitory concentrations
of chitosan and its derivatives for different bacterial culture
were tabulated by Shahidi ez al. (1999). However, the opti-
mal biocide property and film-forming conditions of chito-
san continue to be researched. Bordennave et al. (2007)
found that instead of forming a chitosan film, chitosan pen-
etrated deeply into paper; this may not be surprising since
both cellulose fibers of paper and chitosan are hydrophilic.
Hydrophilicity of chitosan depends on molecular weight
and acidity. The antimicrobial properties of chitosan are
also subject to the moisture and acidity of the environment.
For example, Beverlya et al. (2008) has demonstrated that
the acetic chitosan edible film is more effective in con-
trolling L. monocytogenes on the surface of ready-to-eat
roast beef than the lactic acid chitosan film. The biocide
groups of chitosan will lose as organic acid evaporation in a
wet condition (Lagaron et al. 2007). In a typical packaged
food matrix, presence of moisture on the surface of the food
will cause biocide groups to release rapidly — this may or
may not be desirable depending on type of food and desired
shelf life (Lagaron et al. 2007). It might not be an issue for
fresh produce since the point of microbial contamination is
believed to occur during the post-harvesting prior to pack-
aging. For packaged foods that require extended biocide
release, controlled migration of moisture from foods to chi-
tosan film is needed.

The antimicrobial properties of chitosan have not gone
unnoticed by the food industry. Chitosan has been proposed
to use as edible films and coatings for extending shelf life
of foods for many years (Shahidi et al. 1999; Dutta et al.
2008). They are mainly used as environmentally-friendly
and sometimes edible alternative or supplement to petro-
leum-based plastic films dominated in the food industry.
Chitosan can be either coated onto a common packaging
material or coated directly on food surfaces. The film-
forming property of chitosan and its derivatives is generally
good and their films are tough and durable. N,O-carboxy-
methylchitin film has been approved for use as food wraps
in North America (Davis et al. 1988).

Unlike plastics, chitosan-based films have moderate
water permeability thus they are excellent food packaging
materials for extending shelf life of fresh produce and foods
with higher water activity (Bordernave et al. 2007). It is
also observed that chitosan based films showed to be a very
good barrier to permeation of oxygen (Wong et al. 1992).
Earlier studies on extension of the storage life and better
control of decay of strawberries, peaches, pears, kiwifruits,
tomatoes, cucumbers, and bell peppers have proven the
effectiveness of chitosan films; the results are probably a
combination of inhibition of fungal attacks, reduction in
respiration rates, and slowing of ripening due to decrease in
ethylene and carbon dioxide evolution (El Ghaouth et al.
1991a, 1991b, 1992a, 1992b; Du et al. 1997; Durango et al.
2000).
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The chitosan-based antimicrobial film can be applied to
food surface as an edible protecting film by dipping and
spraying. The antimicrobial edible film can also reduce the
moisture loss, delay respiration, and slow discoloration due
to exposure to sunlight and/or oxygen. Chitosan sometimes
are combined with cellulose derivatives such as hydroxy
propyl methyl cellulose (HPMC), a promising edible anti-
microbial film carrier, to produce edible films with better
protection against microbial contamination and damages
caused by environmental conditions such as moisture, oxy-
gen, and respiration (Miller ez al. 2004).

In order to make chitosan-based edible films or food
packaging materials, plasticizers such as as polyols are
often added to the film form solution. Fatty acid and other
hydrophobic food-grade ingredients are sometimes used to
reduce the water vapor permeability of the film (Vargas et
al. 2006). Chemical modification such as cross-linking of
chitosan can also reduce water permeability (Min et al.
2006). These ingredients and plasticizers alter not only me-
chanical properties of the film but also barrier properties of
the film (Srinivasa et al. 2007). A number of studies on
chitosan-based coatings of sliced fresh produces have been
conducted showing varying degree of antimicrobial capa-
bilities (Durango et al. 2006; Vargas et al. 2006; Chien et al.
2007; Vargas et al. 2009).

Enhancing chitosan-based edible or non-edible food
packaging films or coatings are possible with additional
GRAS antimicrobial agents or chemically modification.
Pranoto et al. (2005a, 2005b) incorporated garlic oil, potas-
sium sorbate and nisin into the chitosan film and observed
increased antimicrobial activities with sacrificing mechani-
cal properties of chitosan films. Belalia et al. (2008) noticed
an increase in antimicrobial activities after chitosan was
chemically modified to produce quaternary ammonium salt.

As an edible material, chitosan has potentials to use as
base material for edible antimicrobial coatings or films for
fresh produce packaging; it can also be used as coating
material on the surface of paper or plastic. The only down-
side of application of chitosan and its derivatives is the
availability of the material (chitin) and thus relative high
price of purified material of chitosan.

EDIBLE FILMS OR COATINGS CONTAINING
ANTIMICROBIAL AGENTS

An edible film or coating is a thin layer of film prepared
from food or other food-grade materials that acts both a bar-
rier to environmental hazards and microbial contamination
or inhibition, thus protecting foods from contamination and
extending longer shelf life. Edible films or coatings have
been used for extending shelf life of foods since ancient
times. Beeswax has been used by Chinese to protect oran-
ges and apples since 12" or 13™ century (Park 1999); it is
still being used on fresh fruits despite the drawback of wax
as edible coating for apples or pears as it interfere with nor-
mal respiration of these fruits when ripening (Smock 1940).
Edible coatings of foods provide regulatory functions to
migrations of moisture, oxygen, carbon dioxide, lipid, and
aroma/flavor (Pena and Torres 1991; de Moura et al. 2009).
In the case of fresh produces, the permeabilities of oxygen,
carbon dioxide, and moisture in these edible films are the
most important factors to consider when developing an
edible films/coatings for fresh produces as living tissues of
fresh produces respirate in the packages. Edible films or
coatings can serves as carriers of food additives. Antioxi-
dants are sometimes are added to edible films to delay oxi-
dative damages to fresh produce. Common antioxidants are
used in edible films or coatings are ascorbic acid (vitamin
C), ascorbyl palmitate, butylated hydroxyanisole, butylated
hydroxytoluene, critic acid, propyl gallant, and tocopherols,
a.k.a., vitamin E (Cuppett 1994). N-acetylcysteine is used in
edible films as anti-browning additive (Rojas-Graii et al.
2007). Another important aspect of edible film development
is to incorporate antimicrobial agent into the edible films to
inhibit microbial growth on the surface of fruits and vege-
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tables, a predominant cause of food spoilage. The amount
of antimicrobials and antioxidant additives to edible films
or coatings is small as films or coatings impregnated with
these additives contact directly on the surface of fresh pro-
duces where microbial spoilage occurs. All additives used
in edible films or coatings are GRAS status or from food
components with chemical or biochemical modifications.
The most commonly used antimicrobials used in edible
films or coatings are sodium benzoate, benzoic acid, propi-
onic acid, potassium sorbate, sorbic acid, trisodium phos-
phate, lactic acid, lauric acid, benzoic acid, pediocin, nisin,
lacticin, ethylenediaminetetraacetic acid (EDTA), chitosan,
green tea powder, grape seed extract, spices/essential oils or
their components, thiosulfonates, imazali, conalbumin, iso-
thiocyannates, benomyl, silver, hyptylparaben, and enzymes
(Cutter 2006; Chien et al. 2007; Kang et al. 2007; Coma
2008; Sivarooban et al. 2008). Although these antimicrobial
agents are relatively small in quantity in edible films and
considered safe to consume, they should be sparsely used in
edible films or coatings as health-conscious consumers are
wary of any additive that is not considered “natural.” Pred-
iction and controlled release of additives in edible films or
coatings are strongly recommended (Guillard ez al. 2009).

Edible coatings or films are prepared by casting solu-
tions of carrier material(s), antimicrobial agents, plasticizer,
modifying agents in different combinations and composi-
tions. Coatings or films may consist of single or multiple
layers in either dry or wet form. The coatings or films are
formed by the following mechanisms: (1) simple coacerva-
tion, (2) complex coacervation, (3) gelation or thermal
coagulation, and drying of film-form solution (Gontard et al.
1992; Guilbert et al. 1996). All these formed films or coat-
ings need to meet a set of functional requirements in ad-
dition to antimicrobial activity; moisture barrier, gas barrier
(O, and CO,), color and appearance, and mechanical pro-
perties. Many edible films or coatings are rigid when dried
thus some sorts of plasticizers have to be added to improve
the film flexibility. It is possible that plasticizer or other
additives will alter the barrier properties of the film as well
release mechanism or capability of retention of the antimic-
robial agent.

Considerable efforts have to devote to studies of the
migration of antimicrobial agents in food packaging mate-
rials and foods, sometimes in model gel; these antimicrobial
agents are mostly organic acids such as sorbic acid, a popu-
lar model agent. Several studies have also tried to inves-
tigate controlled release of macromolecules from edible
films or coatings in food systems or in model systems,
which is far more challenging than describing release me-
chanisms of organic acids or ions. Mattisson et al. (2000)
studied diffusivities of antimicrobial lysozyme in gels and
in liquids using holographic laser interferometry. Hirota et
al. (2000)’s study was a more fundamental research on the
effect of charge on protein (myoglobin) diffusion in hydro-
gels. Both studies found that protein diffusion in the gels —
food simulants (agarose, a neutrally charged gel and k-Car-
rageenan, a negatively charged gel) is pH dependent. This
dependency is not unexpected as pH affects charges on
protein surface, which ultimately influences intermolecular
diffusion of the proteins in the gels or in liquids. Similarly,
Sebti et al. (2003b) conducted a study that used Fick’s
second law to determine the apparent diffusion coefficient
of nisin in agarose gel and found that the apparent diffusion
coefficient of nisin incorporated into a cellulose matrix in
the gel is smaller than that of free nisin in solution in the
same gel because of the desorption step of nisin from cel-
lulose matrix. This is not a new issue for antimicrobial food
packaging field, whether the underlying packaging material
is edible or not. Desorption of antimicrobial agent from a
substrate (bio-based or synthetic) may determine the ef-
ficacy of antimicrobial activity on food surfaces. It is no
doubt that incorporation of antimicrobial agents in pack-
aging substrates reduces the apparent diffusion coefficients
of these agents; this is not necessarily all negative — it can
be explored for controlled release for a long, more sus-
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taining antimicrobial activities. More researches on migra-
tion of antimicrobial agents in edible films or coatings are
urgently needed.

Sensory issues with edible packaging films or
coatings

The contribution of edible films with antimicrobial agents
to sensory profile of underlying fresh produces should not
be ignored. This is an issue that has received very little
attention from the researchers of edible antimicrobial films
or coatings; there are exceptions to this generalization (see
Roller and Seedhar 2002; Rojas-Graii et al. 2007). As fresh
produces are likely to be consumed fresh, the impact of
edible antimicrobial films or coatings could be a challenge
for the development of edible antimicrobial packaging for
fresh produces. Edible films or coatings used as antimicro-
bial agent carriers usually have little or taste or smell as a
lot of polysaccharides or proteins are bland and contain
little volatiles. Some naturally-derived essential oils, such
as garlic oil, however, have strong aromas that may or may
not go well with certain fresh produces given the low
threshold of our olfactory sense about these essential oils.
There are some anecdotes of evidence that the essential oils
used in edible films affects sensory profiles of some fresh
cut fruits (Rojas-Gratii ef al. 2007) although others claimed
that the added antimicrobial agents did not affect the sen-
sory profiles of foods (Eswaranandam et al. 2006; Rabaudi-
Massilia et al. 2008). Thus, sensory implications of deve-
lopment of edible antimicrobial films or coatings are
needed to be included in all research and development of
new edible food packaging materials.

Regulatory issues

Once an antimicrobial agent is added to edible films or
coatings, one or more issues immediately arise: is the anti-
microbial agent is of natural food or food additives?
Depending on the answer to this question, one or more
governmental regulatory agencies could get involved; there
could be certain limitation on quantity of these agents that
can be used in fresh produces. In general, since all compo-
nents of edible films or coatings are consumed along with
fresh produces, they should be at minimum of food grade
and do not have toxic effects. Different countries and regio-
nal single market such as European Community (EU) have
their own specific regulations on food manufacturing and
food additives used in food products. In the USA, federal
Food and Drug Administration (FDA) regulates almost all
final food products and food additives that used in food
matrices and U.S. Department of Agriculture regulates “or-
ganic” labeling of fresh produces, dairy products or others.
What would happen if edible antimicrobial film is applied
to organic produces? Can they still be claimed “organic”
even the edible film is not of “organic” origin or the anti-
microbial agent is not synthetic but neither is “organic” cer-
tified? Additionally, federal Centers for Disease Control and
Prevention (CDC) could get involved in food poising cases.
The Food Allergen Labeling and Consumer Protection Act
of 2004 (FALCPA) in the USA brings home another critical
issue in development of edible antimicrobial packaging
materials: food allergens. Many edible films or coatings
developed are derived from wheat and milk or peanut pro-
teins; they are allergic to many people. Some vegetables
such as those from the legume family also cause allergic
reaction in some people. Clearly, there is labeling require-
ment for these edible film-coated fresh produces to ensure
food safety.

CONCLUDING REMARKS

Traditional or novel food packaging materials coated with
non-toxic antimicrobial agents are promising active food
packaging materials for suppression of microbial growth on
food surfaces. There are many ways of incorporating anti-
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microbial agents into packaging materials. Several of these
researches have resulted in commercial products. It is ex-
pected that more researches will be conducted in this field
as researchers and companies are seeking food packaging
materials with antimicrobial properties thus rendering food
they contain longer shelf life.

Chitin and chitosan receive wide interests in food pack-
aging research both as bio-based packaging materials with
antimicrobial properties and antimicrobial agents incorpo-
rated into other packaging material substrates. They have a
strong presence in research topics of edible films or coating
for ensuring food quality and safety. It appears to be the
most promising bio-based food packaging materials that
provide good barrier and antimicrobial properties. However,
chitosan-based materials have limited availability due to
their source in the shell fish industry; worse, the potential
chitosan based food packaging materials will compete with
the biomedical industry, the environmental industry, and
nutritional supplement industry. Bacterial, fungal or insect
based chitin and chitosan, though potentially enormous, are
still in the laboratory stage. This will all hinder the com-
mercialization of chitosan-based food packaging in the mar-
ket.

Edible films or coatings have a unique place in preven-
ting microbial contamination of fresh produces. They have
already been used to some extend in fruits and certain fruit-
type vegetables; mostly these coatings/films are used as a
physical barrier to migration of gases that affect the quality
of and shelf life of fresh produces. Antimicrobial agents of
non-toxic nature can be ready to apply to many edible films
or coatings; however, how well these edible antimicrobial
films or coatings can inhibit microbial spoilage in real
world situation still is a grand challenge. There is anecdote
evidence that suggests some fresh produces can be easily
applied edible antimicrobial films or coatings; but most are
difficult to predict based on current research activities — it is
discouraging to know that there is lack of research on
incorporation of edible antimicrobial films or coatings into
packaging of leafy vegetable or other fresh produce with
rough surface morphology. Some “new” natural antimicro-
bial agents such as essential oils present a unique practical
problem for using on fresh produces due to its overwhel-
ming odor at very low threshold.

Like all new technologies, many issues related to food
safety, toxicity, sensory attributes, consumer preferences,
and regulatory considerations need to be carefully examined
before any of these technologies can be commercialized.
For example, there is a concern that those bio-based poly-
mers used for food packaging could interfere with physio-
logical functions or metabolism in the human body (Shahidi
et al. 1999). More research is needed to address these issues
before large scale adoption of edible food packaging based
on natural biopolymers.

DISCLAIMER

Mention of trade names or commercial products in this article is
solely for the purpose of providing specific information and does
not imply recommendation or endorsement by the U.S. Depart-
ment of Agriculture.
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