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Summary 

In recent years, the concept of “active food packaging” 
has begun to receive considerable attention. Examples of 
active food packaging are those that exhibit preferential 
permeability; temperature compensating attributes; oxygen, 
carbon dioxide, alcohol, or ethylene scavenging systems; 
moisture absorbers; antimicrobials incorporated directly 
into the packaging matrix; controlled release of minerals, 
antimicrobials, ethanol, or antioxidants; or the ability to 
absorb odors. Of these attributes, the incorporation of an-
timicrobials into packaging materials is being considered as 
a potential intervention for muscle foods. Researchers have 
demonstrated that a variety of antimicrobials, including 
antibiotics, antifungal compounds, bacteriocins, or organic 
acids could be added to edible films (ie., carageenan, cal-
cium alginate, chitosan) or polymers/resins (ie., polyethyl-
ene, polyethylene oxide) to reduce bacteria on red meat or 
poultry. Other studies have demonstrated that combinations 
of compounds (bacteriocins with chelators or lysozyme) in 
various packaging materials also could inhibit bacteria on 
red meat or poultry surfaces. This type of active food pack-
aging research highlights the potential for incorporating 
antimicrobial compounds with a wider and different range 
of inhibitory activity directly into packaging materials for 
use in controlling spoilage as well as enhancing microbial 
safety of meats and poultry.  

Packaging-A Brief History 

Food packaging can be considered the direct result of 
humans’ progression from hunter and forager to a producer 
and processor of foods (Sacharow and Griffin, 1970). Early 
on, humans ate food that was gathered on the spot, so there 
was no need for prolonged food storage and/or distribution. 
As humans learned to hunt more efficiently, to till the soil, 

and to specialize in the manufacture of weapons, tools, and 
household utensils, humans also invented methods to pro-
tect food products from dirt and damage (Kelsey, 1989). 
Early examples of natural containers to store and eat foods 
included tree trunks, gourds, shells, leaves, papyrus, woven 
twigs, animal hides, animal parts such as bladders or horns, 
and pieces of bark (Sacharow and Griffin, 1970; Kelsey, 
1989). Since most foods of the era were dried, smoked, 
salted, or fermented, these techniques worked reasonably 
well (Kelsey, 1989). However, there were limitations with 
these food vessels, which led to the development of textile, 
wood, glass, and ceramic containers. While an improve-
ment in storage, these materials did not protect foods from 
contamination by insects, rodents, bacteria, moisture, or air 
(Kelsey, 1989). Soon, humans learned to seal out contami-
nants by adding beeswax or pitch, pouring honey, lard, or 
oil directly over the food or plugging the openings to the 
containers (Sullivan, 1976). The discovery of cork lead to 
extensive use as a stopper in a wide variety of containers 
(Sullivan, 1976) and ultimately, the invention of tinplate 
lead to the fabrication of soldered metal boxes for storage 
(Sacharow and Griffin, 1970; Cutter, 2002).  

The manufacture of wood, paper, metal, ceramic, and 
glass packaging materials led to significant advancements in 
food preservation over the next seven centuries. The most 
significant of these included the invention of preserving 
foods in corked glass containers subjected to heating in a 
water bath by Appert (Kelsey, 1989). By the 1800’s, Pasteur 
had deduced that microorganisms were responsible for food 
spoilage and that heat and sterilization by steam could inac-
tivate these organisms (Cutter, 2002).  

During the early twentieth century, substantial improve-
ments were made to both rigid and flexible packaging mate-
rials: aluminum foil was manufactured and cellophane film 
was given heat sealability and resistance to moisture (Sa-
charow and Griffin, 1970); rubber and adhesive compo-
nents were made available; heat shrinkable polyvinyl chlo-
ride (PVC) was introduced; nylon was integrated into pack-
aging films; steel cans were modified with coatings; cans 
were developed with aluminum alloys; and improvements 
were made to the formation of cans used in food processing 
(Sacharow and Griffin, 1970). During the latter part of the 
twentieth century, plastic jars, bottles, tubs, and films from 
polyolefins, polyvinyl, polyethylene, vinylidene, vinyl chlo-
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ride, surlyn, and nylon became the packaging of choice for 
food manufacturers as well as consumers (Sacharow and 
Griffin, 1970; Cutter, 2002).  

From a historical perspective, humans have made a great 
effort to develop means to provide protection from the rav-
ages of time and environment for natural and manufactured 
products (Kelsey, 1989). The natural deterioration of fresh, 
fermented, or further processed foods is caused by the inter-
action of products with a variety of elements including wa-
ter or gases; by contamination with bacteria, yeast, or fungi; 
or by infestation by insects and rodents (Kelsey, 1989). Food 
packaging exists because it performs four basic functions: 
protection from contaminants, containment of product, in-
formation (nutritional, handling instructions), and utility of 
use (Kelsey, 1989). Of these functions, it is generally agreed 
that protection of foodstuffs from invasion of contaminants 
is considered the most crucial function of packaging (Cutter, 
2002). 

Types of Packaging 

One major safety and quality function of packaging is to 
act as a barrier between the food and the environment by 
preventing direct physical contact (Hotchkiss, 1995). Pack-
aging constitutes both flexible and rigid materials, alone or 
in combination with other preservation methods, to offer the 
necessary barrier, inactivation, and containment properties 
required for successful food packaging (Cutter, 2002). Ex-
amples of typical flexible packaging materials include poly-
ester, polypropylene, polyethylene, polyvinyl, polyolefins, 
vinylidene, vinyl chloride, surlyn, or nylon, which provide 
the characteristics needed for strength, permeability, and 
sealability in the food industry (Stollman et al., 1994). Addi-
tionally, flexible packaging materials can be combined with 
gaseous environments to extend the shelf life of many foods, 
including meat and poultry. Controlled atmosphere, vac-
uum, and modified atmosphere packaging use different 
gases and flushing systems to alter the headspace within a 
package. Besides synthetically derived packaging materials 
mentioned above, flexible packaging can encompass the 
use of edible films, gels, or coatings made from polysaccha-
rides, proteins, lipids, or composites of any or all three. The 
benefits of using edible films as packaging materials are 
threefold: these films may resist the migration of outer mois-
ture into the food during storage (Ooraikul, 1991); films 
may serve as gas and solute barriers; and films compliment 
other types of packaging by improving the quality and shelf 
life of foods (Ooraikul, 1991). And finally, the combination 
of rigid packaging materials made from metal, glass, or plas-
tic and combined with heat, provides the most effective and 
widely used method of food preservation.  

Active Packaging 

Of the types of packaging being investigated, active 
packaging has received considerable attention in recent 
years. Active packages perform a role other than acting as a 
barrier between the product and the outside environment in 

that interactions between the food and package occur that 
ultimately improve product quality and safety (Alvarez, 
2000). Examples of active packaging are those that exhibit: 
preferential permeability; temperature compensating attrib-
utes; oxygen, carbon dioxide, alcohol, or ethylene scaveng-
ing systems; moisture absorbers; antimicrobials incorpo-
rated directly into the packaging matrix; controlled release 
of colorants, flavors, spices, minerals, antimicrobials, etha-
nol, or antioxidants; or the ability to absorb odors (Labuza 
and Breene, 1989; Rooney, 1995). Active packaging in-
volves the application of specific packaging properties for 
specific foods; therefore, not all active packaging systems 
work the same with different foods or packaging materials 
(Rooney, 1995).  

Of the active packaging applications, the incorporation 
and/or slow release of antimicrobials is receiving consider-
able attention as a means of extending the bacterial lag 
phase, slowing the growth rate of microorganisms, prolong-
ing shelf life, and maintaining food safety. The general 
premise of antimicrobial packaging is a controlled migration 
of the compound to the food through diffusion or partition-
ing (Han, 2000), which not only allows for initial inhibition 
of undesirable microorganisms, but also residual activity 
over time.  

Antimicrobial Edible Gels, Films and Coatings 

Edible coatings and films offer a variety of advantages 
such as biodegradability, edibility, biocompatibility, aes-
thetic appearance, and barrier properties (Han, 2000). Re-
cent information suggests that edible gels, films, and coat-
ings made from lipid (fats, waxes, or oils), polysaccharide 
(starch, alginate, cellulose ethers, chitosan, carageenan, or 
pectin), or protein (casein, whey protein, gelatin/collagen, 
fibrinogen, soy protein, wheat gluten, corn zein, or egg al-
bumen) components not only enhance the quality of fabri-
cated muscle foods, but these packaging materials have 
been shown to improve the safety of a wide variety of fresh 
and processed muscle foods by reducing moisture loss, 
minimizing lipid oxidation, preventing discoloration, reduc-
ing drip, and controlling levels of spoilage or pathogenic 
microorganisms (Gennadios et al., 1997).  

The benefits of using edible films alone as packaging ma-
terials to minimize microbial growth are threefold. Since the 
water activity (aw) is critical for microbial, chemical, and 
enzymatic activities, edible films may resist the migration of 
outer moisture into the food during storage (Wong et al., 
1994). Edible films also may serve as gas and solute barriers 
and compliment other types of packaging by improving the 
quality and shelf life of foods (Wong et al., 1994). For ex-
ample, edible films may be formulated to reduce drip loss of 
meat products while also retarding microbial growth by 
lowering the aw within a package (Wong et al., 1994). With 
the incorporation of antimicrobials into the matrix, edible 
gels, films, or coatings can exhibit active packaging charac-
teristics, which are attributes necessary for controlling unde-
sirable microbes in muscle foods. 
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Numerous researchers have demonstrated that antim-
icrobial compounds such as organic acids (acetic propionic, 
benzoic, sorbic, lactic, lauric), potassium sorbate, bacterio-
cins (nisin, lacticin), grape seed extracts, spice extracts 
(thymol, p-cymene, cinnamaldehyde), thiosulfinates (al-
licin), enzymes (peroxidase, lysozyme), proteins (conalbu-
min), isothiocyanates (allylisothicyanate), antibiotics (ima-
zalil), fungicides (benomyl), chelating agents (EDTA), metals 
(silver), or parabens (heptylparaben) could be added to edi-
ble films to reduce bacteria in solution, on culture media, or 
on a variety of muscle foods (Han, 2000; Cutter, 2002). It is 
important to remember that the selection of incorporated 
antimicrobial agents should be limited to edible, food grade 
compounds since they have to be consumed along with the 
edible gels, films, or coatings (Han, 2002).  

Meyer et al. (1959) were among the first researchers to 
demonstrate that antibiotics and antifungal compounds 
could be added to a carageenan film to reduce bacteria by 
2 log10 on poultry. Antimycotic agents also have been in-
corporated into edible coatings from waxes and cellulose 
ethers (Hotchkiss, 1995). Siragusa and Dickson (1992, 
1993) demonstrated that organic acids were more effica-
cious for reducing levels of L. monocytogenes, S. typhi-
murium, and E. coli O157:H7 when immobilized in cal-
cium alginate and applied to beef carcass tissue than when 
these compounds were applied alone. Baron and Sumner 
(1994) demonstrated that potassium sorbate and lactic acid 
could be incorporated into an edible cornstarch film to in-
hibit S. typhimurium and E. coli O157:H7 on poultry. Cutter 
and Siragusa (1996, 1997) reported that immobilization of 
the bacteriocin nisin in calcium alginate gels not only re-
sulted in greater reductions of bacterial populations on lean 
and adipose beef surfaces, but also resulted in greater and 
sustained bacteriocin activity when the tissues were ground 
and stored under refrigerated conditions for up to 7 days, as 
compared to nisin-only controls. Fang and Lin (1995) ap-
plied calcium alginate containing nisin to pork and demon-
strated reductions in pathogen populations. Dawson et al. 
(1996) and Padgett et al (1997) demonstrated that nisin and 
lysozyme could be incorporated into edible heat-set and 
cast films made from corn zein or soy protein and exhibit 
activity against E. coli and Lactobacillus plantarum. Hoff-
man et al. (2001) demonstrated that corn zein films impreg-
nated with EDTA, lauric acid, nisin, and combinations of 
the three compounds resulted in significant reductions of 
Listeria monocytogenes in solution. Cutter and Siragusa 
(1998) demonstrated that addition of the bacteriocin nisin to 
a fibrinogen/thrombin based gel, known as Fibrimex, may 
provide an added antimicrobial advantage to restructured 
raw meat products that incorporate surface tissues into 
product interior or as a delivery system for antimicrobials to 
meat surfaces. Gill (2000) applied gelatin-based coatings 
containing lysozyme, nisin, and EDTA to ham and sausage 
to control spoilage and pathogenic organisms such as Lac-
tobacillus sake, Leuconostoc mesenteroides, Listeria mono-
cytogenes, and Salmonella Typhimurium. Other researchers 
have demonstrated the inhibition of microorganisms in cul-

ture media or fish treated with methyl cellulose, chitosan, 
and alginate impregnated with benzoic acid, sodium ben-
zoate, and glucose oxidase, respectively (Weng et al., 1999; 
Chen et al., 1996; Field et al., 1986). Since the 1990’s, the 
use of chitosan with various antimicrobials also has re-
ceived attention (Han, 2002). As evidenced by the informa-
tion presented above, the application of edible gels, films, 
or coatings incorporated with food preservatives and/or 
natural antimicrobial compounds are examples of active 
packaging that have the potential to be practical applica-
tions in the food industry.  

Antimicrobial Polymers 

The utilization of polymer-based vacuum or modified 
atmosphere packaging to improve stability and safety of 
fabricated or further processed muscle foods is well docu-
mented (Genigeorgis, 1985; Hintlian and Hotchkiss, 1986; 
Farber, 1991; Ooraikul and Stiles, 1991; Labuza et al., 
1992; Church and Parsons, 1995; Garcia et al., 1995). The 
use of polymer-based films as antimicrobial delivery sys-
tems to reduce undesirable bacteria in foodstuffs is not a 
novel concept. Various approaches have been proposed 
and demonstrated for the use of polymer films to deliver 
compounds to a variety of food surfaces, including muscle 
foods. Juhl et al. (1994) were issued a patent in which a 
thermoplastic polymer was blended with a 10% concentra-
tion of olefinic oxide polymer, and any of the following 
modifiers could be added: antioxidants (butylated hydroxy 
toluene, tocopherols, propyl gallate), fragrances (vanillin, 
clove, orange or citric extract), colorants or dyes, antimy-
cotic agents (glycerine, propylene glycol, potassium sorbate, 
benzoic acid), or biocides (nisin, lysozyme, enzymes; Cutter 
et al., 2001). Natrajan and Sheldon (1995, 2000a, 2000b) 
demonstrated a 4.3 and 4.6 log reduction of Salmonella 
Typhimurium on inoculated broiler skin exposed to nisin-
coated polyvinyl chloride film and agar coating, respec-
tively. In 1996, Wilhoit was issued a patent in which it was 
proposed using the bacteriocins nisin or pediocin, with or 
without a chelating agent, in conjunction with a food pack-
aging film to protect foodstuffs from harmful bacteria (Wil-
hoit 1996). Cutter (1999) demonstrated antimicrobial activ-
ity of triclosan-incorporated plastic (TIP) against bacterial 
cultures in antimicrobial plate assays, but bacterial popula-
tions on refrigerated, vacuum packaged meat surfaces were 
not significantly inhibited by the TIP. Siragusa et al. (1999) 
demonstrated that incorporation of nisin into polyethylene 
films not only retained nisin activity in plate overlay assays, 
but also effectively reduced the psychrotrophic, meat spoil-
age organism, B. thermosphacta, on vacuum packaged beef 
surfaces under long term, refrigerated storage (Siragusa et al. 
1999). A subsequent study also demonstrated that nisin and 
EDTA incorporated into a blend of polyethylene and poly-
ethylene oxide were more effective for reducing B. ther-
mosphacta than control films. Based on this information, the 
authors concluded that nisin-incorporated polymer films 
might provide a means of controlling the growth of undesir-
able bacteria, thereby extending the shelf life and possibly 
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enhancing the microbial safety of meats. Scannell et al. 
(2000) also demonstrated that lacticin and nisin incorpo-
rated into cellulose-based bioactive inserts and polyethyl-
ene pouches effectively reduced populations of Lactococcus 
lactis, Listeria innocua, and Staphylococcus aureus in cul-
ture media. Additional studies indicated that the system 
could effectively reduce microbes associated with ham and 
cheese surfaces (Scannell et al., 2000). Ha et al., (2001) 
incorporated grapefruit seed extract into a polyethylene film 
by co-extrusion or coating to inhibit E. coli, coliforms, and 
aerobic bacteria in ground beef. Other researchers have 
demonstrated that polyethylene could be impregnated with 
potassium sorbate (Devlieghere et al., 2000; Han and Flo-
ros, 1997), benzoic acid (Weng et al., 1999), sorbic acid 
anhydride (Weng and Chen, 1997; Weng and Hotchkiss, 
1997); and benzoic acid anhydride (Huang et al., 1997), to 
inhibit microorganisms on meat, poultry, or culture media. 
These examples demonstrate a promising form of active 
food packaging that has the potential to be used by the meat 
and poultry industry. 

Conclusions 

The purpose of packaging is not only to preserve the 
quality and safety of the product it contains from the time of 
manufacture, but also to the time it is used by the consumer 
(Dallyn and Shorten, 1988). An equally important function 
of packaging is to protect the product from damage due to 
physical, chemical, or biological hazards, which can be 
attained through different types of active packaging. Further 
research and development trends in the area of antimicro-
bial packaging may include: the incorporation of more 
natural ingredients, alone or in combination with other food 
grade compounds; the ability to extend activity into more 
porous foods or irregular food surfaces; allergenicity issues 
associated with edible components; organoleptic or sensory 
characteristics imparted to foods; consumer acceptance; as 
well as the effect of intrinsic food properties (pH, water ac-
tivity, microbial load) and environmental factors (tempera-
ture, gas) on the stability of packaging materials (Han, 
2002).  

As the food industry strives to reduce undesirable micro-
organisms in fresh and further processed meats and poultry, 
there is a greater need to find feasible methods to attain this 
goal. Therefore, the application of natural or food grade 
antimicrobials into edible-based or polymer-derived food 
packaging materials is a promising concept and one that is 
already finding practical applications in the food industry. 
However, as with all packaging developments to this point, 
organoleptic, consumer preference, safety, and regulatory 
considerations must be addressed if these types of technolo-
gies are to be adopted and implemented by the food indus-
try.  
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