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ABSTRACT 

Components of plant essential oil (PEO) extracts are known to have antimicrobial 

properties. However, their antimicrobial efficacy in food systems is low due to their 

hydrophobic nature and association with other food components. Incorporation of PEO 

components into an appropriate carrier may offer a potential solution to improve their 

activity in food systems. This study was conducted to determine the effect of PEO 

components (thymol, eugenol, linalool, carvacrol, and cinnamaldehyde) incorporated into 

zein coating on inactivation of Listeria monocytogenes on a ready-to-eat meat model, 

frankfurters (hot dogs). Hot dogs were inoculated with 7 log CFU/sample and dipped into 

prepared PEO-zein coatings. Samples were vacuum packaged and stored at 10ºC for 9 

days or 4ºC for 4 weeks. Survival of L. monocytogenes was investigated by direct plating 

onto modified Oxford agar. Enrichment using UVM broth and Fraser broth was 

conducted when the pathogen was not detected by direct plating. Generally, results show 

that the PEO loaded coatings are effective against L. monocytogenes  at 10 and 4ºC. 

When compared to the coating control (zein coating without PEO) at 10ºC, coatings 

loaded with 10% cinnamaldehyde and 1% carvacrol showed the greatest inhibitory effect 

and suppressed growth of L. monocytogenes by 2.4 and 2.1 log CFU/sample, 

respectively, after 9 days of storage. At 4ºC, the coating loaded with carvacrol was most 

effective at suppressing growth of L. monocytogenes (1.54-log reduction). No or little 

dose-response association between PEO concentration and antimicrobial activity was 

observed in the study. While further research is still required, this study indicates that 

incorporation of PEOs in corn zein to be used as an edible coating has a high potential to 

enhance the safety in ready-to-eat meat.  
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1. INTRODUCTION 

Despite being generally safe products, ready-to-eat (RTE) meat products are 

subject to be contaminated with the bacterial pathogen Listeria monocytogenes. Surface 

contamination typically occurs post-processing but before packaging. L. monocytogenes 

cells, that are undetectable by direct plating procedures, in vacuum-packaged RTE meats 

could potentially increase to infective doses during a long refrigerated storage period, 

since the organism is capable of growth under refrigeration conditions. Several methods 

have been proposed or utilized with the objective of either reducing the chances for 

survival of L. monocytogenes on RTE meats in the package and/or preventing growth or 

inactivating the pathogen during storage of RTE meats, including in-package thermal 

pasteurization, high hydrostatic pressure treatment, etc. Currently, generally recognized 

as safe (GRAS) antimicrobials, such as sodium lactate and sodium diacetate, and/or 

antimicrobial food additives, such as nisin, propionic acid, and calcium sulfate are 

commonly used in the RTE meat industry in order to control growth of L. monocytogenes. 

While effective in some instances, many of the intervention procedures used have 

drawbacks such as practicality, adverse effects on sensory quality, or high cost. 

The most common natural compounds investigated for their antimicrobial 

efficacy include bacteriocins, such as nisin, natamycin, and pediocin, enzyme such as 

lysozyme, proteins such as lactoferrin, the polysaccharide chitosan, and essential oils and 

their constituents. Plant essential oils (PEOs) have been repeatedly shown to have 

antimicrobial activity. Many studies have determined that the antimicrobial effect of 

PEOs is mostly from their phenolic components. While those components are effective 
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antimicrobials, they are also generally amphiphilic, or partially hydrophobic and partially 

hydrophilic. They interact with or are solubilized by hydrophobic components of foods 

such as lipids or hydrophobic portions of proteins. This makes them unavailable to react 

with microorganisms that are either in the water phase or at interfaces, or often does not 

allow the concentrations necessary to produce significant antimicrobial activity. These 

challenges may be solved by incorporating antimicrobials such as PEOs in an appropriate 

carrier enabling a sustained release. Incorporation of PEO components into zein coatings 

could possibly reduce losses of active components and establish possibilities for 

prolonged antimicrobial action and improved safety of RTE meat products.  

The objectives of this research were to evaluate the antimicrobial effects of PEOs 

incorporated in zein edible coatings against food and clinical isolates of L. 

monocytogenes on a model RTE meat (hot dogs), and to determine whether storage 

temperature has an effect in controlling the growth of L. monocytogenes on hot dogs 

coated by zein loaded with PEO coatings. 
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2. LITERATURE REVIEW 

2.1 Listeria monocytogenes 

2.1.1 Characteristics and Sources of Contamination 

 L. monocytogenes is a Gram-positive, non-spore forming bacterium. Cells are  

pleomorphic ovoid to rod-shaped with round ends. Fresh isolates which are in the smooth, 

pathogenic form appear as short diphtheroid-like rods gauging 1.0-2.0 μm x 0.5 μm when 

observed through a microscope. However, after 3-5 days of incubation, long rods 

measuring 6-20 μm are generally found in rough strains (Ryser and Marth, 1991). 

Possessing peritrichous flagella, L. monocytogenes expresses typical tumbling motility at 

20-25ºC.  

L. monocytogenes is ubiquitous, widely distributed in the environment. Although 

L. monocytogenes is found in a relatively low number in most natural habits, it has been 

isolated from a variety of sources, including soil, vegetation, fecal material, sewage, and 

water, where conditions may facilitate higher numbers,.  

L. monocytogenes is a facultative anaerobe. It produces acid with no gas from 

glucose. The optimum temperatures for its growth are between 30- 37οC; nevertheless, it 

has ability to grow over a temperature range of 0οC and 42οC (Ralovich, 1992). Thus, it 

is classified as a mesophilic, psychrotrophic bacterium. The organism can grow at pH 

between 4.5 and 9.6 (Seeliger and Jones, 1986), although the optimal pH is around 

neutral (pH 7.0); optimal water activity is ≥ 0.92 with sodium chloride (NaCl) as the 

solute (Miller, 1992). In meats, this organism can grow well at pH 6.0 or above and 

poorly or not at all below pH 5.0 (Glass and Doyle, 1989). While L. monocytogenes can 
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grow well at higher water activities, it is unique in its ability to grow at water activities as 

low as 0.90. It is tolerant to salt and nitrite (McClure and others, 1997). It is capable of 

growth at up to 10% NaCl, survives at 20-30% NaCl, and is relatively resistant to CO2 

treatment and several food processing or preservation treatments such as freezing and 

drying (Harris, 2002; Linton, 1992). L. monocytogenes can survive under unfavorable 

environmental conditions better than most other non-spore forming foodborne pathogens. 

Therefore, it is a contaminant in a variety of food products and represents a serious 

problem to the food industry. 

2.1.2 Ready-to-eat Meat and Pathogen Relationship 

In the United States, L. monocytogenes is estimated to account for almost 3,000 

foodborne illness cases annually (USDA, Economic Research Service, 2007) at an 

approximate cost of more than $1 million per case (Cagri and others, 2004). Exposure to 

this organism by a pregnant woman may lead to stillbirth or miscarriage due to in utero 

exposure of the fetus. In non-pregnant adults, this organism can cause gastroenteritis and 

the more serious infectious disease, listeriosis, with the second highest mortality rate (20 

to 25%) among foodborne infectious diseases (Swaminathan, 2001; CFSAN, 2003).  

Despite being generally safe products, ready-to-eat (RTE) meat products are 

subject to contamination with L. monocytogenes on their surfaces after processing. Since 

L. monocytogenes is typically present in the environment, animals may be colonized by 

consuming contaminated feed or water (Husu and others, 1990). The organism may enter 

the food plant in the intestines of infected animals, and some strains may survive in 

biofilms and persist in the processing environment causing contamination of food 
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products (Giovannacci and others, 1999). L. monocytogenes is sensitive to heat and can 

easily be inactivated by heat treatment. Thus, prevention of recontamination after 

cooking, but before packaging, is a critical step that needs to be controlled. Due to the 

ability of L. monocytogenes to survive and grow at refrigeration temperatures and tolerate 

high salt concentrations and the fact that RTE products are designed to be consumed 

without further cooking or heating, these products can pose high risk to public health 

(Figure 1).  

The cumulative 10-year L. monocytogenes prevalences in seven different tested 

RTE meat and poultry products between 1990 and 1999 listed jerky, 0.52%; cooked, 

uncured poultry products, 2.12%; large-diameter cooked sausages, 1.31%; small-diameter 

cooked sausages, 3.56%; cooked beef, roast beef, and cooked corned beef, 3.09%; salads, 

spreads, and pates, 3.03%; and sliced ham and luncheon meat, 5.16%. The cumulative 

three-year L. monocytogenes prevalence for dry and semidry fermented sausages was 

3.25% (Levine and others 2001). As the United States has continued the zero tolerance 

policy for L. monocytogenes since 1985, product recalls due to potential contamination 

with this organism have been continuously issued. More than 350,000 pounds of RTE 

meat products, including hot dogs, luncheon meats, cold cuts, fermented and dry sausages, 

and other deli-style meat and poultry products, were recalled for possible Listeria 

contamination in 2005 (USDA-FSIS, 2005). Recently, approximately 7,000 pounds of 

RTE turkey products were recalled due to contamination with L. monocytogenes (USDA-

FSIS, 2007), while the largest product recall, 27.4 million pounds of fresh and frozen 

RTE poultry products, was issued in 2002 because of potential L. monocytogenes 

contamination (Teratanavat and Hooker, 2004).  
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Figure 1. Foods involved in Listeria recalls between 1996 and 1999 (Thongson, 2005). 

 

Data collected from published and unpublished outbreak-associated listeriosis 

cases between 1978 through 2000 emphasize that contaminated meat and dairy products 

were responsible for more than 90% of cases, and more than 60% of cases were 

associated with RTE meats (Thongson, 2005). In 1999, the Centers for Disease Control 

and Prevention (CDC, 1999) reported that 101 cases and 21 deaths caused by a multistate 

outbreak during 1998 and 1999 were associated to L. monocytogenes contamination in 

frankfurters and deli meats. A multistate outbreak in 2000 was linked to sliced deli turkey 

meat and resulted in 29 cases, four deaths, and three miscarriages or stillbirths (CDC, 

2000). More recently, there were 46 confirmed cases, seven deaths, and three stillbirths 

or miscarriages associated with a multistate outbreak of L. monocytogenes contaminated 

in the sliceable deli turkey meat (CDC, 2002).  

2.2 Plant Essential Oils  

Plant essential oils (PEOs), also called volatile or ethereal oils (Guenther, 1948), 

are aromatic compounds obtained from various parts of plant materials via a variety of 

processes. Steam distillation is the most commonly used for essential oil production; 
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expression, fermentation, enfleurage or extraction can also be employed to obtain 

essential oils (Van de Braak and Leijten, 1999). PEOs can comprise more than 60 

individual components (Senatore, 1996; Russo and others, 1998). Some of the main 

components of PEOs are alcohols, aldehydes, esters, ethers, ketones, phenols, and 

terpenes (Ouattara, 1997). Primarily, PEOs had been prepared and used in pharmaceutical 

and medical areas (Guenther, 1948; Bauer and others, 2001; Carson and Riley, 1993). 

Tea tree oil was used for medical purposes by native Australians at the end of the 18th 

century (Carson and Riley, 1993). However, during the 19th and 20th centuries, use of 

PEOs in medicine gradually became secondary to their use for flavor and aroma 

compounds (Guenther, 1948). Because of their pleasant fragrance, many PEOs have been 

used in cosmetic products. They have also been used for flavoring foods and beverages 

for hundreds of years.  

2.2.1 Antimicrobial Activities of PEOs 

It has long been known that some PEOs have antimicrobial properties (Guenther, 

1948; Boyle, 1955; Daferera and others, 2003; Ela and others, 1996; Elgayyar and others, 

2001; Reddy others, 1998; Tassou and others, 2000; Shelef, 1983; Nychas, 1995). In 

addition to antibacterial properties (Deans and Ritchie, 1987; Carson and others, 1995; 

Mourey and Canillac, 2002), PEOs or their components have shown evidence of antiviral 

(Bishop, 1995), antimycotic (Azzouz and Bullerman, 1982; Akgül and Kivanç, 1988; 

Jayashree and Subramanyam, 1999; Mari and others, 2003), antitoxigenic (Akgül and 

others, 1991; Ultee and Smid, 2001; Juglal and others, 2002), antiparasitic (Pandey and 

others, 2000; Pessoa and others, 2002), and insecticidal (Konstantopoulou and others, 
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1992; Karpouhtsis and others, 1998) properties. Many of the studies focused on the in 

vitro antimicrobial activity; however, since the interest of ‘green’ food consumerism 

desiring fewer synthetic food additives increases (Burt, 2004), the antimicrobial activity 

of these compounds on application in food products has been of more interest.  

Although the PEOs and their components exhibit a good antimicrobial activity in 

in vitro assays, it has generally been shown that a higher concentration of PEO or its 

component is required to achieve the equivalent effect in food systems (Shelef, 1983; 

Smid and Gorris, 1999). This is due to interactions between the phenolic compounds and 

the food matrix (Nychas and Tassou, 2000). Various PEOs derived from plants used as 

herbs, spices or infusions in foods have been studied for their inhibitory properties 

against important foodborne pathogens and food spoilage microorganisms. Oregano, 

thyme, clove, basil, and coriander oils have shown inhibitory activity against Escherichia 

coli, Salmonella Thyphimurium, Staphylococcus aureus, L. monocytogenes, Yersinia 

enterocolitica, Pseudomonas aeruginosa, Aspergillus niger, Geotrichum candidum and 

Rhodothorula (Conner and Buchat 1984; Ela and others, 1996; Elgayyar and others, 2001; 

Prudent and others, 1995; Hammer and others, 1999; Burt and Reinders, 2003 Farag and 

others, 1989; Smith-Palmer and others, 1998; Cosentino and others, 1999). However, 

some minor components of PEOs such as sage, certain species of thyme, and oregano, 

have been suggested to play a significant role in antibacterial activity, possibly by 

producing a synergistic effect between other components (Marino and others, 2001; 

Lattaoui and Tantaoui- Elaraki, 1994; Paster and others, 1995; Marino and others, 1999). 

The phenolics and terpenoids appear to be the major active compounds that are chiefly 

responsible for the antimicrobial properties of PEOs (Cosentino and others, 1999; 



 

 9

Davidson and Naidu, 2000). PEOs containing a high percentage of eugenol, thymol, 

carvacrol, cinnamaldehyde, and linalool (Figure 2) effectively limit growth of a variety of 

microorganisms, including L. monocytogenes, B.acillus cereus, and S. aureus (Lis-

Balchin and Deans, 1997; Lis-Balchin and others, 1998). Minimum inhibitory 

concentrations (MICs) of thymol and carvacrol against L. monocytogenes were 

determined to be in the range of 0.375-5 µl/ml (Cosentino and others, 1999).  

 

 

Figure 2. Structural formulae of essential oil components. 
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(A) Thymol 

Dorman and Deans (2000) tested seven individual PEO components against 25 

bacterial strains; thymol was shown to have the widest antimicrobial spectrum followed 

by carvacrol. Thymol at 0.5% concentration was observed to reduce shigellae in lettuce, 

and at 1.0%, shigellae could not be detected by direct plating (Bagamboula and others, 

2004). Thymol was also found to have a higher bactericidal effect on B. cereus at 30ºC 

with increasing concentrations in the range of 0.2-1.0 mmol/l. A synergistic effect was 

observed to be more inhibitory against microorganisms when thymol and cymene were 

combined (Delgado and others, 2004). Ettayebi and others (2000) demonstrated a 

synergism with 0.02% thymol and 40 IU/ml nisin against L. monocytogenens. In B. 

subtilis, a similar synergistic effect was also achieved by using a combination of 0.03% 

thymol and 75 IU/ml nisin. 

(B) Carvacrol 

Carvacrol was shown to have an antibacterial effect towards Salmonella in 

refrigerated pieces of fish (Hulin and others, 1998). Ultee and others (2000) monitored an 

obvious reduction of the toxin production by B. cereus in brain heart infusion broth with 

carvacrol. However, approximately 50-fold higher concentrations of carvacrol were 

required to achieve this same effect in soup. Karatzas and others (2001) investigated the 

combined antimicrobial action of carvacrol and high hydrostatic pressure (HHP) against 

L. monocytogenes Scott A in semi-skimmed milk at 1, 8, and 20ºC. Carvacrol and HHP 

acted synergistically and the antimicrobial effects of the combined treatment were greater 

at lower temperatures. The application of 1.0% carvacrol decreased the number of 

Shigella sp. in lettuce to be below the detection limit (Bagamboula and others, 2004). 
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(C) Eugenol 

Eugenol (a major clove oil component) had a significantly inhibited effect against 

L. monocytogenes in sliced roast beef (Hao and others, 1998a).  Hao and others (1998b) 

also reported a 1-2 log decrease of L. monocytogenes on cooked chicken breast treated 

with 20% eugenol at 5°C during seven days storage. Similarly, clove oil at concentrations 

of 0.5% and 1% restricted growth of L. monocytogenes with 1-3 log reduction in meat 

and cheese samples at 30 and 7°C (Vrinda Menon and Garg, 2001).  

(D) Linalool 

Linalool was shown to have an antibacterial activity towards Shigella flexneri, 

Shigella sonnei, and E. coli (Bagamboula and others, 2004). Kim and others (1995) 

reported that linalool exerted a potent inhibitory effect against E. coli, E. coli O157:H7, S. 

Typhimurium, Vibrio vulnificus, and L. monocytogenes on agar plates. Moreover, the 

minimum inhibitory concentration (MIC) and minimum bactericidal concentration (MBC) 

of this PEO constituent were determined. Growth of all the tested bacterial strains except 

L. monocytogenes was completely inhibited by 1000 µg/ml of linalool. Although linalool 

failed to kill L. monocytogenes at 1000 µg/ml, an inhibitory effect was observed.  

(E) Cinnamaldehyde 

Gill and Holley (2004) reported bactericidal activity of cinnamaldehyde against L. 

monocytogenes. Within one hour at 20ºC, L. monocytogenes numbers were decreased by 

greater than 1-log with 30 mM of cinnamaldehyde. The mechanism of action of 

cinnamaldehyde was investigated, and potentially found to be due to its ability to inhibit 

the membrane bound ATPase activity of L. monocytogenes resulting in bacterial growth 

limitation (Gill and Holley, 2006). 
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2.2.2 Mechanisms of Antimicrobial Activity  

Although the antimicrobial effects of PEOs are well recognized, the 

understanding of the mechanisms of activity of these substances is inadequate. Various 

mechanisms of their inhibitory effects against microorganisms have been continuously 

explored, including intracellular pH gradient, intracellular ATP, proton motive force, 

leakage of specific ion, alteration in nucleic acids and amino acids, and structural and 

functional damage of plasma membrane. Phenolic compounds in PEOs are known to be 

responsible for the antimicrobial activity against various types of organisms.  Such 

compounds have been suggested to inhibit DNA, RNA, protein, lipid, and polysaccharide 

synthesis, inhibition of the respiratory chain and electron transfer, and inhibition of 

substrate oxidation. Uncoupling of oxidative phosphorylation, inhibition of active 

transport, loss of pool metabolites might also occur (Nes and Eklund, 1983; Denyer, 1990; 

Nychas, 1995).  

The proposed mechanism of antimicrobial activity of phenolic compounds of 

PEOs is to disrupt the phospholipid cell membrane of bacteria because of their 

hydrophobic properties. Subsequently, the destabilizing of the membrane, loss of 

integrity, increase in permeability and leakage of cytoplasm are also possible (Kim and 

others, 1995; Sikkema and others, 1994, 1995; Weber and de Bont, 1996). Moreover, the 

interaction of phenolic compositions with enzymes located on the cell wall is also found 

to be another mechanism of PEOs for inhibiting growth of microorganisms (Farag and 

others, 1989; Wendakoon and Sakaguchi, 1995; Kreydiyyeh and others, 2000). 
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Figure 3. Scanning electron micrographs of non-treated and cinnamaldehyde-treated 

                   L. monocytogenes (Shan and others, 2007). 

 

Damage in membrane integrity could further affect pH homeostasis and 

equilibrium of ions of cells. Proton ion gradients are involved in the proton motive force, 

the pH gradient (ΔpH) and the electrical potential (Δ ψ) that are employed to generate 

ATP using ATPase at the membrane (Sikkema and others, 1995; Davidson, 1997). The 

interference of ion gradients, including H+, could possibly alter ATP generation, and the 

ΔpH is also relevant to intra- and extracellular enzyme functions. At bactericidal 

concentrations, cinnamaldehyde, eugenol, and carbonyl cyanide m-

chlorophenylhydrazone were found to prevent an increase in cellular ATP upon addition 

of glucose in non-energized L. monocytogenes (Gill and Holley, 2004). Similar results 

were observed by Helander and others (1998) in E. coli exposed to thymol or carvacrol. 

The possible mechanisms of inhibition of energy generation are inhibition of glucose 

uptake or utilization of glucose and effects on membrane permeability (Evans and Martin 

2000; Gill and Holley, 2004). Cells that lose the ability to generate energy are unable to 

Non-treated cells                       Cinnamaldehyde-treated cells  
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reproduce or alter their metabolism to adapt to antimicrobial challenge (Gill and Holley, 

2004).  

Observation of morphological changes of bacterial cells treated with PEO 

components, such as cinnamaldehyde (Figure 3), was also demonstrated (Shan and others, 

2007).  

2.3 Biodegradable Packaging 

Packaging is one of the key methods used to protect foods from outside 

contamination during distribution, transmission, and storage, and to maintain the quality 

of food products for storage, transportation, and end-use. As a consequence of rapid 

developments in food technology and the food industry, developments in the field of food 

packaging technology has been oriented towards processing food products more 

conveniently, more effectively, at less cost, and with higher quality and safety levels 

(Han, 2005). Among the many novel inventions, biodegradable coatings and films are 

notable. As concern for the environment increases, the importance of using biodegradable 

materials as an alternative to petrochemical-based plastic polymers has increased due to 

their functionality and environmental-friendly attributes. In addition to their inherent 

biodegradability and edibility, edible coating and film materials may simplify the total 

package structure due to their good protective functions (Krochta and De Mulder-

Johnston, 1997; Debeaufort and others, 1998). 

2.3.1 Edible Coatings and Films 

Edible coatings and films are produced from edible biopolymers and food-grade 

additives (Han, 2005) should be stable before, during and after application (Risch, 2000), 
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and should have good sensory qualities and good barrier and mechanical properties. 

Film-forming biopolymers can be proteins, polysaccharides or lipids (Gennadios and 

others, 1997). Additives, including plasticizers and other active agents, are incorporated 

with biopolymers in order to improve the physical properties and/or functionality of the 

final films, depending on the food product. One of the promising applications of active 

food packaging is the use of edible coatings and films as carriers of active compounds, 

such as antioxidants, preservatives, antimicrobials, colors, and flavors (Cuq and others, 

1995; Day, 1998; Han, 2000, 2001). Edible coatings are also found to provide a barrier 

against visible and/or UV light, which can alter food characteristics via oxidation 

reactions (Risch, 2000). Performing as a competent barrier against moisture, oxygen, 

light, and aroma, an edible coating/film may decrease packaging requirements and the 

use of multilayer synthetic polymers. 

2.3.2 Zein 

(A) Characteristics of Zein 

Zein is a class of proteins found in corn endosperm. It is non-toxic and white to 

yellow in color with no odor or taste (Laurila and Bohlen, 2007). Since zein contains a 

low content of polar amino acids and a high content of non-polar amino acids, prolamines, 

it is insoluble in water but soluble in aqueous aliphatic alcohol solutions. The prolamines 

are a group of globular proteins found in grasses, cereal crops such as corn (zein), wheat 

(gliadin), and oats (avenin). Prolamines contain a high amount of the amino acids proline 

and glutamine (Figure 4) with only small portions of the amino acids arginine, lysine and 

histidine (Laurila and Bohlen, 2007).  
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Figure 4. Structures of the amino acids proline and glutamine. 

 
Zein is commercially produced as a by-product of the corn wet-milling industry. 

A centrifugal separation process of starch from the endosperm slurry leaves corn gluten 

meal, a protein-rich mass, from which zein is extracted with aqueous alcohol (Padua and 

Wang, 2002). Based on solubility distinction, zein comprises three proteins fractions, α-

zein, β-zein, and γ-zein. The α-zein fraction is a chief component, accounting for 75-85% 

of total zein (Esen, 1987).  

(B) Zein in Coatings and Films 

Film-forming properties of zein have been documented for years and are the basis 

for most commercial utilization of zein (Padua and others, 2000; Andres, 1984). Films 

may be created by casting, drawing or extrusion techniques (Han, 1999; Lai and Padua, 

1997; Reiners and others, 1973). The produced coatings and films have been found to be 

brittle, thus plasticizers such as glycerin, fatty acids and acetylated monoglycerides 

(Reiners and others, 1973) are required in order to improve their flexibility. Zein-based 

films show great potential for uses in edible coatings and biobased packaging (Padua and 

others, 2000). 
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Since zein has GRAS (generally recognized as safe) status (Anonymous, 1995), it 

has been employed as edible coatings and films in medical, pharmaceutical and food 

industries. Protective coatings prepared from zein are commercially available for use on 

confectionery products, shelled nuts, and pharmaceutical tablets (Gennadios and others, 

1994). Park and others (1994) reported the effect of zein film on delaying ripening and 

color change in tomatoes during storage, depending on the thickness of film. The barrier 

properties of this edible material were additionally recognized (Torres and others., 1985a 

and b; Kester and Fennema 1986; Guilbert 1988; Vojdani and Torres 1989a and b, 1990). 

Zein coating alone showed a barrier effect against L. monocytogenes in cooked sweet 

corn. After eight days storage at 10°C, the number of L. monocytogenes on coated sweet 

corn was 10-fold lower than non-coated sweet corn (Carlin and others, 2001). Using zein 

film as a carrier of active agents can also create an efficient antimicrobial edible food 

packaging. Several studies have been conducted to investigate the inhibitory effects of 

zein-based coatings and films incorporated with active compounds. Lysozyme, nisin, 

EDTA, lauric acid, and/or calcium propionate incorporated in zein films demonstrated 

antimicrobial activity against Lactobacillus plantarum, E. coli, L. monocytogenes and 

Salmonella Enteritidis (Padgett and others, 1998; Hoffman and others, 2001; Janes and 

others, 2002). Janes and others (2002) incorporated nisin in edible zein film coating on 

chicken and reported a reduction of L. monocytogenes counts up to 3.2 log after 24 days 

at 4°C.  

  To develop an edible coating or film by incorporating an antimicrobial compound, 

there are some factors to be considered: (1) The safety of biopolymer and additive has to 

be approved since they directly contact the food surface; (2) the activity of the 
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incorporated antimicrobial substance may be affected by storage conditions (e.g., 

temperature, storing period), and characteristics of food (e.g., pH, water activity); (3) 

characteristics of the antimicrobial agent, including the solubility, molecular weight, 

polarity, and ionic strength, can affect the diffusion rate of such active compound from 

the coating/film into food; (4) characteristics of the biopolymer and film-forming process 

have an influence on adhesion between the coating and food surface; (5) physical 

properties of edible coating or film should match the packaging requirements depending 

on the applications (Min and Krochta, 2007). Because zein is GRAS and has the ability to 

act as a carrier of small molecules, a wide range of active agents have been applied into 

zein films and coatings to improve the functionality of edible food packaging.   

Incorporation of essential oils into the zein films and coatings may enhance their 

antimicrobial properties by creating an appropriate environment inside the food package 

and could possibly reduce losses of active components due to neutralization or diffusion 

into the bulk of food products, maintain adequate concentrations of preservatives, 

establish possibilities for prolonged antimicrobial action and improve the safety of food 

products. Many times, an antimicrobial process may be very effective in vitro and have 

much less efficacy when applied to food products. Using the model system to investigate 

the effects of certain PEO constituents with a certain application is required in order to 

expand the knowledge on usage of such naturally occurring additives and food coatings 

in industrial practices. 
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3. MATERIALS AND METHODS 

3.1 Bacteria Strains and Culture Maintenance 

Five strains of L. monocytogenes from the University of Tennessee Food 

Microbiology collection were used in this study: Scott A (clinical isolate), V7 (raw milk 

isolate), ATCC19115 (human isolate), 310 (goat cheese isolate associated with 

spontaneous abortion), and 108 (hard salami isolate). Test strains cultured into trypticase 

soy broth (TSB; Difco Becton Dickinson Microbiology Systems, Sparks, MD) containing 

0.6 % (w/v) yeast extract (Difco Becton Dickinson Microbiology Systems, Sparks, MD) 

at 35°C for 24 h. Cultures were maintained on trypticase soy agar (TSA) slants at 4°C 

until needed. 

3.2 Preparation of Bacterial Suspension 

Pure cultures (5 strains) of L. monocytogenes were taken from TSA slants and 

grown in 10 ml of TSB for 24 h at 35°C. Cultures were transferred a minimum of two 

times at 24 h intervals before use. The five test strains were combined to yield a mixed 

culture of equal proportions of each test strain immediately prior to use as an inoculum. 

The mixed culture was diluted in phosphate buffered saline (PBS; pH 7.2; Difco Becton 

Dickinson Microbiology Systems, Sparks, MD) to achieve a population of approximately 

7 log CFU/ml and the diluted culture suspension was used to inoculate hot dogs.  

3.3 Preparation and Inoculation of Hot Dog Samples 

 Commercially produced hot dogs made with mixed chicken and pork 

(approximately 45 g, 12 cm in length, and 2 cm in diameter per hot dog) were obtained 

from a local grocery store. Hot dogs were cut in half using a clean knife and tray. Each 
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piece of hot dog was surface inoculated with 10 spots of 10 µl inoculum biosafety level 2 

(BSL-2) safety cabinet. Inoculated hot dogs were covered and held at 4°C overnight to 

allow the inoculums to dry. 

3.4 Preparation of Zein-PEO Coating Solutions 

 Coating formulations tested on hot dog samples were prepared as stock solutions. 

Six grams of purified zein (Acros Organics, NJ) were dissolved in 58.5 ml of 85% (v/v) 

aqueous ethanol prepared in a sterile container at room temperature from 99.5% ethanol 

(Acros Organics, NJ); 1.5 ml of sterile propylene glycol (Acros Organics, NJ) was 

gradually added into the solutions. Each PEO component, including thymol (99% purity, 

Acros Organics, NJ), eugenol (99% purity, Acros Organics, NJ), carvacrol (Fluka 

Chemie, Sigma-Aldrich, Buchs, Switzerland), linalool (97% purity, Acros Organics, NJ), 

or trans-cinnamaldehyde (99% purity, Acros Organics, NJ), was then mixed thoroughly 

in the coating solutions at the desired concentration (0.5, 1.0, 1.5, 2.0, 5.0, and 10.0% w/v 

and v/v for thymol and other PEOs, respectively). The density of PEO components was 

assumed to be equivalent to the density of pure water. Percentage of PEO components in 

coating solutions are shown as molar concentrations in Table 1. Homogeneous zein-PEO 

coating solutions were formed by stirring using sterile magnetic stirrer at room 

temperature. 
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Molarity of PEO in Coating Solution for: PEO 
(Molecular Weight) 0.5%  1.0%  1.5%  2.0%  5.0%  10.0%  

Thymol (150.22) 0.0333 0.6657 0.9985 0.1331 0.3328 0.6657 

Eugenol (164.20) 0.0304 0.0609 0.09135 0.1218 0.3045 0.6090 

Carvacrol (150.22) 0.0333 0.6657 0.9985 0.1331 0.3328 0.6657 

Linalool (154.25) 0.0324 0.06483 0.09724 0.1297 0.3241 0.6483 

Cinnamaldehyde (132.16) 0.0378 0.07567 0.1135 0.1513 0.3783 0.7567 

 

Table 1. Molarity of PEO components in coating solutions. 

3.5 Coating Process and Storage Conditions 

 Dried, inoculated hot dogs were carefully dipped into the coating stock solutions 

for 5 sec to allow the solutions to coat the hot dog surface completely. Excess solutions 

were allowed to freely drip off the hot dogs surface. The samples were air-dried at 

ambient conditions inside a BSL-2 safety cabinet for 10 min prior to vacuum packaging 

with barrier film (Cryovac; Simpsonville, SC) using a Multivac vacuum packaging 

machine. Individually vacuum sealed hot dogs were stored at 10°C for 9 days and 4°C for 

up to 28 days, and analyzed at 3-day and 7-day intervals, respectively. 
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Figure 5. Vacuum packaged, inoculated hot dog with zein-PEO coating. 

3.6 Enumeration of Bacteria 

A modification of the USDA protocol (USDA protocol, 1998) for Listeria was 

utilized. Hot dogs were transferred into filter-stomacher bags and the package in which 

hot dogs have been vacuum packaged were rinsed with 100 ml of UVM Listeria 

enrichment broth (Difco Becton Dickinson Microbiology Systems, Sparks, MD), which 

then was added to stomacher bag. Hot dogs were pummeled in a stomacher blender at 

medium speed for two minutes. Serial dilutions were made using PBS and spiral plated 

onto duplicate modified Oxford agar (MOX; Difco Becton Dickinson Microbiology 

Systems, Sparks, MD) plates followed by incubation at 30°C for 48 h. Typical black 

colonies on MOX agar were counted and considered as L. monocytogenes without further 

confirmation. The UVM broth/meat packages were incubated for 22 ± 2 h at 30°C, mixed, 

and 0.1 ml was transferred to 9 ml of Fraser broth (Difco Becton Dickinson Microbiology 
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Systems, Sparks, MD). Inoculated Fraser broth was incubated for 27 ± 1 h at 35°C and 

streaked onto MOX agar. The presence of typical black colonies on MOX were 

considered as a positive test for L. monocytogenes. Since the results of the direct plating 

portion of each analysis time were available before enrichment procedures were complete, 

enrichment procedures for a given analysis time were not completed if direct plating 

already indicated a positive finding of L. monocytogenes. 

Throughout this study, aseptic technique was used at all times. All contaminated 

materials were contained and subsequently sterilized in an autoclave at121°C for 30 min. 

3.7 Statistical Analysis 

The inhibitory effects of zein film coatings with PEOs against growth of L. 

monocytogenes on the surface of hot dogs at refrigerator temperatures were statistically 

analyzed using the mixed models procedure (PROC MIXED) of SAS® 8.2 (SAS Institute 

Inc.; Cary, NC). Analysis of variance was used to determine statistical differences in 

survival of pathogens on different coating formulations. Statistical significance was set at 

P < 0.05. All experiments were replicated three times with two samples collected for each 

treatment per replication. 
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4. RESULTS AND DISCUSSION 

4.1 Overview 

The antilisterial activity of individual PEO constituent or antimicrobial packaging 

loaded PEO component in in vitro study has been reported by several earlier works 

(Guenther, 1948; Boyle, 1955; Daferera and others, 2003; Ela and others, 1996; Elgayyar 

and others, 2001; Reddy others, 1998; Tassou and others, 2000; Shelef, 1983; Nychas, 

1995). The present study revealed the action in controlling the growth of L. 

monocytogenes of zein film coating loaded PEO components in the RTE meat product 

model, hot dog. Although the pathogen was neither eliminated nor completely inhibited, 

selected PEO components restricted proliferation of L. monocytogenes on hot dogs. The 

effect was more pronounced with a higher concentration of PEOs as compared to a lower 

at both 10 and 4ºC. Survival of L. monocytogenes in hot dog model coated with zein 

loaded with various concentrations of PEO components stored at 10ºC and 4ºC is shown 

in Figures 5-14.  Typically, all the coating formulations exhibited an inhibitory effect 

against L. monocytogenes immediately after coating. For the following incubation days, 

the trends of bactericidal effect, bacteriostatic effect, and bacterial recovery were 

observed depending on the type and concentration of PEO components in the coating, 

and storage temperature. Extended storage period of 28 days was conducted in the 4ºC 

study since the low temperature itself is capable in limiting the growth of Listeria. 

Moreover, a possible synergistic antilisterial effect of zein coating loaded PEO 

components and lower storage temperature was also expected.  
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Based upon the dilution and plating scheme used for this study, the limit of 

detection for L. monocytogenes was 3.3 log CFU/hotdog. Therefore, if direct plating 

yielded no detection, but enrichment was positive, 3.2 log CFU/sample (as opposed to 

using zero) was used in the data set to make the statistical analysis possible. 

4.2 Growth of L. monocytogenes populations in Control 

 For 10 and 4ºC studies, the initial inoculums level on hot dogs was 6.54 and 6.09 

log CFU/sample (e.g., per hot dog), respectively. After dipping, L. monocytogenes 

populations on hot dogs treated with water control and coating control (without PEO 

components incorporated) were 5.79 and 5.15 log CFU/sample for 10ºC, and 5.54 and 

5.01 log CFU/sample for 4ºC, respectively. In the water control for both temperatures, of 

the reduction in bacterial numbers by 0.55-0.75 log CFU likely represents the proportion 

of cells washed off the hot dog surface by the dipping process. The L. monocytogenes 

populations on hot dogs immediately after dipping in zein coating solution alone were ca. 

0.53-0.64 log CFU lower than those dipped in sterile deionized water. Since little or no 

effect on L. monocytogenes growth suppression of zein with propylene glycol film 

coating was reported (Janes and others, 2002), this reduction in microbial populations 

was likely caused by the inhibitory effect of ethanol used in the coating formula. CDC 

(2008) revealed that 60-90% v/v of ethanol is effective against typical pathogens that 

cause gastroenteritis. Since the concentration of ethanol in all coating formulations in this 

study was about 82.88% v/v, the inhibitory effect observed is most likely due to the 

antimicrobial consequence of ethanol in the coating solutions.  
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 During nine days of storage of water control treated samples at 10ºC, L. 

monocytogenes populations increased by 0.85 log CFU/sample. The final bacterial count 

was observed to be 6.64 log CFU/sample. L. monocytogenes on hot dogs coated with the 

coating control increased by 0.5 log CFU, from 5.15 to 5.65 log CFU/sample, after 

storage at 10ºC for nine days. When the hot dogs coated with water control were stored at 

4ºC, L. monocytogenes exhibited slower growth compared to those stored at 10ºC 

(P<0.05). Throughout the study at 4ºC, the L. monocytogenes populations in hot dogs 

coated by water control and coating control did not change (P<0.05). These results 

indicated that L. monocytogenes was able to survive, but unable to grow significantly at 

4ºC (P<0.05). While L. monocytogenes is capable of growth at 4°C, the lack of growth on 

control hot dogs in this study is likely due to the antimicrobial components inherently 

present in commercial hot dogs. Hot dogs used in this study contained potassium lactate, 

sodium lactate, sodium diacetate, sodium erythorbate, sodium phosphate, and sodium 

nitrite. Use of preservative-free hot dogs in a separate study could confirm this theory. 

4.3 Inhibition of Pathogen on Hot Dogs by Zein-PEOs Coating Films at 10ºC 

In practice, the temperature of many domestic refrigerators is approximately 8ºC 

and abuse temperatures of up to 15ºC are not uncommon (Alzamora and others, 2000). 

The temperature 10ºC was chosen to use in this study as it is considered as “mild 

temperature abuse” at which the generation times of psychrotrophic bacteria are much 

shorter than those of mesophilic bacteria (Firstenberg-Eden and Tricarico, 1983). 

All coating formulations (Figures 6-10) containing selected PEO components 

used in this study (thymol, eugenol, linalool, carvacrol, and cinnamaldehyde) are 
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effective in inhibiting the growth of L. monocytogenes on tested hot dogs except the 

coatings loaded 0.5% and 1.0% eugenol (Figure 7). As expected, the antilisterial effect 

was stronger at the higher concentrations of PEOs.  

 

Figure 6. Survival of L. monocytogenes on hot dogs coated with zein loaded 

                          with 0.5-10.0% thymol at 10ºC.  
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Figure 7. Survival of L. monocytogenes on hot dogs coated with zein loaded 

                          with 0.5-10.0% eugenol at 10ºC. 

 

Figure 8. Survival of L. monocytogenes on hot dogs coated with zein loaded 

                          with 0.5-10.0% linalool at 10ºC.  
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Figure 9. Survival of L. monocytogenes on hot dogs coated with zein loaded 

                          with 0.5-10.0% carvacrol at 10ºC. 

 

Figure 10. Survival of L. monocytogenes on hot dogs coated with zein loaded 

                           with 0.5-10.0% cinnamaldehyde at 10ºC. 
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Figure 5 shows the antibacterial effect of thymol at concentrations of 0.5-2.0%, 

and greater inhibition was shown with 5.0 and 10.0%. Immediately after dipping, the 

initial decline in viable counts of L. monocytogenes by 0.2-1.2 log CFU compared with 

the zein coating with no thymol added was observed. After nine days, all concentrations 

of thymol significantly suppressed the bacterial populations by up to 0.5 log CFU 

additional to the populations on the day 0 of each treatment. The coatings loaded with 

thymol in the range of 0.5-5.0% seemingly exhibited the bactericidal action as the 

pathogen populations kept decreasing.  

Although 0.5 and 1.0% of eugenol incorporated in zein coatings limited the 

growth of L. monocytogenes, the effects were not significant (P<0.05) as compared with 

the coating with no PEO component loaded. As shown in Figure 7, eugenol at 0.5-1.5% 

did not exhibit an antilisterial activity instantaneously after the hot dogs were treated. 

After three days incubation, a 0.5-1.0 log CFU decrease in bacterial number was 

observed, depending on the initial number. Subsequently, slight growth of L. 

monocytogenes was observed with the 0.5% eugenol coating, and the number of bacteria 

was stable with other higher eugenol concentrations from day 3 through 9. The coatings 

loaded with eugenol in the range of concentration of 1.0-10.0% inhibited growth of L. 

monocytogenes without statistical significance (P<0.05.  

After six days storage, 1.5, 2.0, 5.0, and 10.0% linalool coatings showed 

significant bactericidal effects, as compared to coating control, against L. monocytogenes 

by reducing bacterial counts by up to 1.52 log CFU/sample (P<0.05) as shown in Figure 

8. The final listerial populations in hot dogs coated with such coatings were 4.00, 4.08, 

4.05, and 3.46 log CFU/hotdog, respectively. While the coatings containing 1.5, 2.0, 5.0, 
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and 10% linalool reduced the pathogen numbers throughout the study, it was observed 

that the listerial populations increased by up to 0.3 log CFU during 6 through 9 days 

storage on hot dogs coated with zein loaded 0.5 and 1.0% linalool.  

A similar listerial growth pattern as found in zein coatings loaded with 0.5 and 

1.0% linalool from day 6 to 9 was also observed with zein coatings loaded 0.5, 1.0, and 

1.5% carvacrol during day 3 to 9 (Figure 9). The trend of bacterial recovery is shown as 

the number of L. monocytogenes increased. After nine days incubation, the coatings 

loaded 5.0 and 10.0% carvacrol showed about a 2.1 log CFU reduction in bacterial counts. 

It is worth noting that the greatest suppression of L. monocytogenes growth 

among every treatment in the study was determined with the coating loaded 10% 

cinnamaldehyde at day 9, when L. monocytogenes populations decreased by 2.4 log CFU 

compared to the coating control. As can be seen in Figure 10, like some other PEO 

components, slight bacterial growth of 0.5 and 0.3 log CFU from day 3 to 9 was observed 

with the zein coatings with 0.5, and 1.0% cinnamaldehyde, respectively. A bacteriostatic 

effect was clearly shown when using 1.5, 2.0, and 5.0% cinnamaldehyde, although 

without significant differences (P<0.05), and a slight inhibitory effect was seen when the 

higher concentration was used. The coating loaded 10% cinnamaldehyde reduced the 

populations of L. monocytogenes continuously throughout the experiment; hence, the 

higher concentrations are suggested to be tested for their bactericidal activities.  

Our results demonstrated that coatings loaded with either cinnamaldehyde or 

carvacrol expressed the best antimicrobial action against L. monocytogenes among all 

tested coatings, following by thymol. The coating loaded with eugenol or linalool 

exhibited about the same activity in controlling the growth of L. monocytogenes, which is 
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less than the effect of cinnamaldehyde, carvacrol, and thymol. Voda and others (2004) 

investigated the anti-fungal properties of 22 PEO components. They theorized that a 

higher hydrophobic compound has a stronger antimicrobial activity. Among phenolic 

compounds, including thymol, carvcarol and eugenol, our results showed that zein 

coatings loaded with carvacrol, which is the most hydrophobic compound among the 

tested PEO components, showed the strongest antilisterial action against selected 5-strain 

mixture of L. monocytogenes on hot dog surfaces, while eugenol, which is less 

hydrophobic than carvacrol, expressed weaker antimicrobial effects in our experiment. 

Another hypothesis derived by Voda and others (2004) is that compounds with two or 

three oxygen-containing groups exhibit a weaker antimicrobial activity than compounds 

with only one oxygen-containing group in the aromatic ring. Concurrent with their 

hypothesis, eugenol loaded in zein coating was found to have only weak activity in 

limiting the growth of L. monocytogenes in this present study.  

Typically, the active compound incorporated in the biopolymer diffuses through 

the polymer matrix out to the environment until a thermodynamic equilibrium between 

the two phases is achieved. Del Nobile and others (2008) determined the release kinetics 

of thymol loaded in zein film coating in water solution buffered at pH 7.0. Their results 

showed that the amount of released thymol increased until equilibrium between thymol in 

film and outer water solution was reached. This phenomenon may indicate that the higher 

concentration of PEO incorporated into the film matrix would diffuse out to the surface 

of hot dog more than the lower concentration in order to maintain the equilibrium 

between active coating film and food product. Therefore, L. monocytogenes on the hot 

dog coated with high percentage of PEO component in coating was more likely to be 
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inactivated than the coating with low percentage of PEO component. Due to the large 

difference of PEO concentration in coating and on hot dog surface at the beginning of the 

storage, resulting in high diffusion rate of PEO, the substantial decline in Listeria 

populations was observed. Also, a considerably higher concentration of each PEO 

component was required to achieve a bactericidal effect than to obtain an inhibitory effect 

during the experiment. 

4.4 Inhibition of Pathogen on Hot Dogs by Zein-PEOs Coating Films at 4ºC 

 At 4ºC, the significant decline in L. monocytogenes growth was found instantly 

after tested bacteria on hot dogs exposed to each treatment of coatings, followed by a 

steady decrease in bacterial numbers (Figure 11-15). This reflects that each concentration 

of the PEO components in the coatings have a bactericidal effect against tested pathogen 

at the beginning of exposure. The stable number of survivors during longer incubation 

revealed that these bioactive coatings in combination with the refrigerated temperature 

(and the presence of other preservatives) provide a bacteriostatic effect at this storage 

temperature.  
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Figure 11. Survival of L. monocytogenes on hot dogs coated with zein loaded 

                           with 0.5-10.0% thymol at 4ºC. 

 

Figure 12. Survival of L. monocytogenes on hot dogs coated with zein loaded 

                           with 0.5-10.0% eugenol at 4ºC. 
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Figure 13. Survival of L. monocytogenes on hot dogs coated with zein loaded 

                           with 0.5-10.0% linalool at 4ºC. 

 

Figure 14. Survival of L. monocytogenes on hot dogs coated with zein loaded 

                           with 0.5-10.0% carvacrol at 4ºC. 



 

 36

 

Figure 15. Survival of L. monocytogenes on hot dogs coated with zein loaded 

                           with 0.5-10.0% cinnamaldehyde at 4ºC. 

 

Figure 11 shows that the coatings loaded with 5.0 and 10.0% thymol expressed a 

bactericidal effect against L. monocytogenes immediately after dipping. The L. 

monocytogenes population instantaneously decreased by 1.19 and 1.46 log CFU, as 

compared to coating control, and were observed to be 3.81 and 3.54 log CFU/sample 

once treated with 5.0 and 10.0% thymol coatings, respectively. Hot dogs coated with 

2.0% thymol coating tended to reduce the pathogen population, although the effect was 

insignificant (P<0.05). Throughout 28 days storage, bacterial counts on hot dogs coated 

with every tested concentration were unchanged (P<0.05). Similar antimicrobial effects 

and bacterial growth patterns as observed in hot dogs coated with each concentration of 

thymol coatings were also found in each concentration of eugenol (Figure 12).  



 

 37

Linalool, carvacrol, and cinnamaldehyde coatings also showed bactericidal 

actions at day 0 (Figure 13-15). Subsequently, a bacteriostatic effect was observed during 

the storage period. Although the tested concentrations of PEOs considerably 

demonstrated differences in the survival populations as compared to coating control, by 

comparing within each PEO, insignificant different antibacterial effects among individual 

concentration (2.0, 5.0, and 10.0%) were identified throughout 28 days storage (P<0.05).  

Based on the results of all tested antimicrobial coatings, even though almost 

identical curve patterns were observed, the present study showed that carvacrol coating 

seemed to have the best potential in inhibiting the growth of L. monocytogenes. The high 

hydrophobicity of this compound could be an explanation of the activity as mentioned in 

the 10ºC results.  

4.5 Effect of Storage Temperature  

  Our results revealed that L. monocytogenes can survive but grow at 4ºC on hot 

dogs used in this study. As can be seen from the results, listerial growth was inhibited 

more when samples were stored at 4ºC as compared to those stored at 10ºC. At the same 

2.0, 5.0, and 10.0% PEO concentrations incorporated in zein coatings for both incubation 

temperatures, the antimicrobial effect examined at 10ºC was observed to be dependent on 

the concentration of PEO components, where higher concentration showed the greater 

effect. On the other hand, the antimicrobial activity was evidently independent of the 

PEO concentration at 4ºC. It is well recognized that lower temperatures can cause 

sublethal damage to L. monocytogenes cells treated with nisin (Abee and others, 1994; 

De Martinis and others, 1997; Dykes, 1999; Dykes and Withers, 1999; Ter Steeg, 1999). 
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Dykes (1999) reported that long-term chill-storage of L. monocytogenes at 4°C for four 

weeks in nutrient-deprived buffers caused visible shrinkage of the cytoplasm and slight 

cell wall damage when examined by transmission electron microscopy. Solomakos and 

others (2007) found that minced beef treated with 0.6% of thyme essential oil, 500 or 

1000 IU/g of nisin, and their combination at 4ºC resulted in lower decline in L. 

monocytogenes populations than at 10ºC. While generally L. monocytogenes was more 

sensitive to antimicrobial treatment at 4ºC, its survival was not appreciably poorer than 

the treatment at 10ºC in our study. Synergistic antimicrobial activity of tested bioactive 

coatings and low storage temperature (4ºC) still remains unclear, and study in this aspect 

should be further determined, preferably using preservative-free hot dogs. 

4.6 Inactivation Mechanisms of PEOs 

The PEO components possess an antimicrobial activity against both Gram-

positive and Gram-negative bacteria, yet the inactivation mechanisms remain obscure. 

Several studies were conducted to investigate the mode of action of PEOs. The 

mechanisms of antimicrobial activity of essential oils have been proposed, including (a) 

the interference of active compounds of essential oils with the phospholipids bilayer of 

the cell membrane causing increased permeability and loss of cellular constituents 

(Lambert and others, 2001; Kim and others, 1995; Sikkema and others, 1994, 1995; 

Weber and de Bont, 1996); (b) dissipation of the proton motive force, the pH gradient, 

and the electrical potential (∆ψ) of cell (Sikkema and others, 1995; Davidson, 1997); (c) 

interruption of various enzyme systems, including those involved in the production of 

cellular energy and synthesis of structural components (Farag and others, 1989; 
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Wendakoon and Sakaguchi, 1995; Kreydiyyeh and others, 2000); and (d) damaging of 

genetic material (Kim and others, 1995).  

The proposed mechanism of antimicrobial activity of phenolic compounds of 

PEOs is in their attack on the phospholipid cell membrane due to their hydrophobic 

nature, which causes destabilization of the membrane, loss of integrity, increase in 

permeability and leakage of cytoplasm (Kim and others, 1995; Sikkema and others, 1994, 

1995; Weber and de Bont, 1996), or in their interaction with enzymes located on the cell 

wall (Farag and others, 1989; Wendakoon and Sakaguchi, 1995; Kreydiyyeh and others, 

2000). Thus, the bacterial cell wall plays a major role on the resistance of bacteria against 

the antimicrobial effect of PEOs. In Gram-positive bacteria, including L. monocytogenes, 

the differences of each strain in cell wall compositions and the thickness of peptidoglycan 

layer are expected to be associated with different protection. Likewise, the resistance of 

Gram-negative bacteria to the PEOs may lie in the protective role of their cell wall 

lipopolysaccharides.  

4.7 Ingredient Parameters 

The sodium and potassium salts of short-chain organic acids such as citric, acetic, 

lactic, or their combinations have shown antimicrobial properties (Buchanan et al., 1993; 

Schlyter et al., 1993; Shelef and Addala, 1994; Shelef et al., 1997; Stekelenburg and 

Kant-Muermans, 2001; Luchansky, 2005). Sodium, potassium, and calcium lactates are 

approved for use as flavoring agents, shelf-life extenders, and/or antimicrobials. RTE 

meat manufacturers commonly use these GRAS ingredients in their meat products as 

additional hurdles to control or prevent proliferation of L. monocytogenes or other 
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foodborne pathogens (Mbandi and Shelef, 2002). Our selected RTE meat model was a 

hot dog that contains potassium lactate, sodium lactate, sodium diacetate, sodium 

erythorbate, sodium phosphate, and sodium nitrite as its ingredients. Therefore, it is 

important to note that these sodium and potassium salts in our food model may affect the 

antimicrobial properties of tested antimicrobial coatings either synergistically or 

antagonistically. Thus, further investigation on an antilisterial effect of zein coating 

loaded with PEO components without and in combination with these individual salts is 

recommended.  
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5. SUMMARY 

The antimicrobial efficacy of PEO loaded zein coatings was tested against L. 

monocytogenes. Results showed that the tested antimicrobial coatings are effective 

against the investigated pathogenic microorganism, although only little in dose-response 

association between antilisterial effect and PEO concentration in the coating was found. 

Cinnamaldehyde- and carvacrol-zein coatings exhibited the strongest antimicrobial 

activity when comparing among tested PEO-zein coatings. However, the sodium and 

potassium salts in RTE meat model may play a role in inhibitory effect of zein-PEO 

coatings observed either synergistically or antagonistically. Thus, further research is 

needed in this area. Variation in microbial inactivation may be partially attributed to 

operational technique of the coating step, which can vary the number of L. 

monocytogenes washed off.  

With the recurring recalls of ready-to- eat meat and poultry products due to 

contamination with L. monocytogenes, there is an obvious need to develop additional 

methods to prevent the economic loss and possible deaths and illness from foodborne 

listeriosis infections. Zein coating loaded with PEOs seems to be a promising method to 

control the growth of L. monocytogenes on the surface of RTE meats and prolong the 

shelf-life of the products by overcoming the major limitation that currently prevents 

application of PEO components to foods. By combining this bioactive coating use with 

other antimicrobial treatments, the ability to obtain safe and wholesome RTE products 

may be improved. 
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