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ABSTRACT 

 
Antimicrobial substances incorporated into edible films can control microbial contamination of foods by 

reducing the growth rate and/or inactivating target microorganisms. The aim of this work is to evaluate the 
antimicrobial activity of plant-derived essential oils EOs embedded into whey protein isolate WPI edible films.  
The EOs of cinnamon, cumin and thyme were incorporated in various levels 1.0–5.0% (wt/vol) into the prepared 
films as antibacterial agents. Preliminary in-vitro screening of the antibacterial activity of the extracted EOs was 
evaluated against four pathogenic microorganisms of significant importance for food safety. Agar diffusion 
technique as well as minimum inhibitory concentration was used to determine the antimicrobial activities 
against Gram negative aerobic Escherichia coli O157:H7, Pseudomonas aeruginosa, Salmonella enteritidis and 
Gram positive aerobic Staphylococcus aureus. The essential oils of cinnamon, cumin as well as thyme were 
compatible with the WPI solutions to form edible films. The moisture content of EOs containing films differed 
significantly and can be ranked in descending order into cinnamon˃ thyme˃ cumin. Control films showed higher 
moisture content than that of films containing EOs. Generally, the screened EOs was most effective against 
gram-positive bacteria than gram-negative due to their different cell wall structures. Agar diffusion assay 
showed that thyme demonstrated the strongest antibacterial activity against the tested microorganisms followed 
by cinnamon whereas cumin showed the lowest antibacterial activity. Minimum inhibitory concentrations of the 
screened EOs varied significantly (P <0.05) where, EOs of thyme showed strong activity (inhibition zone > 40 
mm), followed by cinnamon exhibited moderate activity (inhibition zone 40–25 mm) and cumin showed low 
inhibition (inhibition zone <25 mm). Inhibitory effect of an elevated concentration of EOs was proportional to 
the increase in the zone of inhibition against the tested bacteria.  Whey protein isolate films containing EOs 
showed various antimicrobial activities against tested pathogens. The major effectiveness was achieved by the 
thyme EOs followed by cinnamon then cumin.  Increasing the concentration of EOs was proportional to the 
increase in the zone of inhibition against Escherichia coli O157:H7; Salmonella enteritidis; Staphylococcus 
aureus; and Pseudomonas aeruginosa. For all of the microorganisms assayed increasing the concentration of 
EOs led to improved antimicrobial effectiveness of the tested films. The vapors of EOs diffused from edible 
films can serve as an effective hurdle and the incorporation of EOs into WPI films led to retard or inhibit the 
growth of Escherichia coli O157:H7; Salmonella enteritidis; Staphylococcus aureus; and Pseudomonas 
aeruginosa pathogens. These results confirmed the potential use of cinnamon, cumin and thyme essential oils in 
food industry for the preservation of foodstuffs against bacteria and for increasing its shelf life. 
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Introduction 
 

The use of edible films and coatings in food protection and preservation has recently increased since they 
offer several advantages over synthetic materials, such as being biodegradable and environmentally friendly 
(Tharanathan, 2003). In addition edible films can serve as carrier for a wide range of food additives including 
various antimicrobials, which can extend product shelf-life and reduce the risk of pathogen growth on the 
surface of food products. Spices and herbs which are used as integral ingredients in prepared foods or added as 
flavoring agents to food, are present in insufficient quantities for their antimicrobial properties to be significant. 
On the other hand, essential oils, which often contain the principal aromatic and flavoring components of herbs 
and spices, even added into small quantity to foodstuffs, without affecting organoleptic properties, would retard 
bacterial contamination and therefore reduce the onset of spoilage (Bahk et al., 1981; Ting and Deibel, 1992).  

Essential oils are responsible for the odor, aroma, and flavor of spices and herbs. These compounds can be 
added to edible film to sensorial as well as antimicrobial properties. Films containing these compounds also 
showed activity against both Gram-negative and Gram-positive bacteria (Beuchat and Golden, 1989). Currently, 
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studies dealing with edible films with antimicrobial properties are on the increase. These films could prolong the 
shelf life and safety of foods by preventing growth of pathogenic and spoilage microorganisms as a result of 
their lag-phase extension and /or their growth rate reduction (Quintavalla and Vicini, 2002). Moreover, 
antimicrobials imbedded in films can be gradually released on the food surface, therefore, requiring smaller 
amounts to achieve the target shelf life (Min and Krochta, 2005). The ability of edible films to retard moisture, 
oxygen, aromas and solute transport may be improved by including additives such as antimicrobials, 
antioxidants, colorants, flavors, fortifying nutrients and spices in film  formulation (Pranoto et al., 2005). 

Given the fact that consumers demand less use of chemicals on foods, more attention has been paid to the 
search for naturally occurring substances able to act as alternative antimicrobials and antioxidants. Along these 
lines, (Botsoglou et al., 2002) indicated that the essential oils included in edible films could reduce water vapor 
permeability. The use of antimicrobial films could be more efficient than directly using antimicrobials in the 
food. Since the antimicrobials migrate selectively and gradually from film surface towards the surface of the 
food, maintaining the high concentrations and a continued antimicrobial effect at the food surface during 
extended exposure (Ponce, 2008). Antimicrobial substances incorporated into edible films can control microbial 
contamination of foods by reducing the growth rate of target microorganisms or by inactivating microorganisms 
through direct or indirect contact. 

Incorporation of antibacterial agents into packaging films to control food spoilage and pathogenic 
organisms has been researched for the last decades. Two methods have been commonly used to prepare 
packaging films with antibacterial agents. One is to incorporate antimicrobial agents directly into polymers, 
such as incorporation of essential oils into biodegradable protein films. The other method is to impregnate, 
dipping or spraying the surface of the films with the antimicrobial agents. Considering that antimicrobial edible 
packaging is a novel technology with the potential to help food preservation, the purpose of the present study is 
to prepare WPI films, then to incorporate EOs into prepared films and to determine the inhibitory effects of 
these films against Gram negative bacteria aerobic Escherichia coli O157:H7, Pseudomonas aeruginosa, 
Salmonella enteritidis and Gram positive aerobic Staphylococcus aureus. In this study the method of direct 
incorporation of antimicrobial agents into the film-forming solution was used.  
 
Materials: 
 
Whey protein isolate (WPI): 
 
       Whey protein isolate (WPI) was obtained from Davisco Foods International Inc. (BiPRO®, Le Sueur, MN, 
USA). Glycerol, NaOH, Brain Heart Infusion agar (BHI), Brain Heart Infusion broth (BHI) and Ringer solution 
were purchased from (Sigma Chemical Co., St. Louis, MO, USA). Plate count agar was purchased from (MO91, 
Himedia, India).  Cinnamon (Cinnamon casia) Cumin (Cuminum cyminum) and Thyme (Thymus vulgaris), 
powder were purchased from local market in Cairo, Egypt. 
 
Bacterial strains: 

 
The bacterial strains used in this study were Gram negative bacteria aerobic Escherichia coli O157:H7 

ATCC 25922, Pseudomonas aeruginosa ATCC 27953, Salmonella enteritidis and Gram positive aerobic 
Staphylococcus aureus ATCC 29213. Cultures were obtained from American Type Culture Collection on brain 
heart infusion (BHI) slants. All the strains were grown aerobically in BHI broth at 37°C. 
 
Methods: 
 
Essential oil extraction: 

 
Cinnamon, cumin and thyme essential oils were extracted by steam-distillation for 3h using a Clevenger-

type apparatus according to the method of (Dadalioglu and Evrendilek, 2004) and stored at 4°C until use. 
 
Film preparation: 
 
      The WPI films were prepared according to the method described by (Kim and Ustunol, 2001) with slight 
modification. Whey protein isolate (5% wt/vol) was dissolved in distilled water, then glycerol (5% wt/vol) was 
added and pH was adjusted to 8.0 with 2N NaOH. The solutions were heated to 90±2 °C while being stirred 
continuously for 30 minutes. Solutions were cooled to room temperature for 1.5h and vacuum was applied for 
30 min to remove dissolved air. The films forming solutions (30 ml) were casted on 18.5 cm circular glass 
surfaces, and then dried overnight at 35 °C and 45 ± 5% RH. 
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Incorporation of different concentrations of essential oils into WPI film: 
 
      Whey protein isolate film was prepared as described previously. Cinnamon, cumin and thyme essential oils 
in 1%, 2%, 3%, 4% and 5% concentrations were incorporated into the film solutions as essential oil 
concentrations per film. After homogenizing for 2 min, solutions were cooled to room temperature for 1.5h. 
Vacuum was applied for 30 min to remove dissolved air in the solutions. 30 ml of the films forming solutions 
were casted on 18.5 cm circular glass surfaces, and then dried overnight at 35 °C and 45 ± 5% RH. Dried films 
were peeled and stored at room temperature with 40 ± 5% RH (Seydim and Sarikus, 2006). 
 
Film pre-conditioning: 
 
       Protein films are affected by relative humidity (RH) and temperature thus preconditioning is necessary to 
standardize the tests.  All films were kept in an environmental chamber at 50 ± 3% RH and a temperature of 
23±2 °C for 48h before the tests were carried out (ASTM D618, 2000a).  
 
Moisture content of the film: 
 
       A film samples (0.2 g) of WPI only (control) and cinnamon, cumin and thyme EOs incorporated WPI films 
were weighed and dried at 105 °C in an oven for 24h. Moisture content was determined as percentage of initial 
film weight lost during drying and was reported as percentage.  
 
Determination of antibacterial activity of the essential oils: 
 
Disc diffusion method: 
    

The essential oils were screened for antibacterial activity using the agar diffusion technique (Rota et al., 
2007) against microorganisms of significant importance for food safety. Filter paper disks (Whatman No.1, with 
6mm diameter) containing 15 µl of each essential oil was applied to the surface of BHI agar plates that were 
previously seeded with the microorganisms (colony count of 1×108 CFU/mL) by spreading of 200 µl overnight 
culture. Fluclox disc (10µg) was used as a positive control. The plates were incubated at 37 °C for 24h and the 
diameter of the resulting zone of inhibition was measured in millimeters. The results represent the net zone of 
inhibition including the diameter (6 mm) of the paper disk. All the data collected for each assay are the averages 
of three determinations. (Rota et al., 2007) 
 
Well diffusion method;  
 
      The minimum inhibitory concentration (MIC) of cinnamon, cumin and thyme essential oils were determined 
using the agar well diffusion method on BHI agar plates that seeded with the test microorganism at inoculums 
1×108 CFU/plate by spreading of 200µl overnight culture. Wells (6 mm) were made with a sterile cork borer, 
and serial dilution were applied for the essential oils with ethanol 95% to obtain concentrations (0.1%, 0.3%, 
0.5%, 1%, 3%, 5%, 7%, and 10%) and 20µl of each concentrate were added to the wells and the same volume of 
ethanol was used as a control. The plates were incubated at 37 °C for 24 h and the radius of the zone of growth 
inhibition around the wells was measured with a digital calipers. Results were measured after subtracting the 
radius of the well. The experiment was performed in triplicate (Bagamboula et al., 2004). 
 
Determination of antibacterial effects of WPI films: 
 
     The zone of inhibition assay on solid media was used for determination of the antibacterial activity of films 
against the selected microorganisms. Twenty milliliters of molten BHI agar was inoculated by 200 µl of 
bacterial cultures (colony count of 1×108 CFU/mL). Circular discs were cut from the WPI edible films that 
prepared previously using a cutting well. Test discs were placed on the bacterial lawns and the plates were 
incubated at 37 °C for 24 h. The plates were examined for ‘‘zone of inhibition’’ of the film discs, and the 
diameter of the zone was measured with a digital caliper. The area of the whole zone was calculated then 
subtracted from the film disc area and this difference in area was reported as the zone of inhibition (Seydim and 
Sarikus, 2006). 
 
Results And Discussion 
 
Determination of films moisture content:  
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Minimum inhibitory concentration (MIC):     
 

Minimum inhibitory concentration (MIC) is the lowest concentration of an antimicrobial compound that 
will inhibit the visible growth of a microorganism after overnight incubation. Minimum inhibitory 
concentrations are important in diagnostic laboratories to confirm resistance of microorganisms to an 
antimicrobial agent and to monitor the activity of new antimicrobial agents. Quantitative analyses of the EOs to 
determine the best concentration that inhibits the growth of the four microorganisms under investigation or the 
minimum inhibitory concentration (MIC) for individual EOs was determined.   

Inhibitory effect of elevated concentrations of essential oils against the tested strains is illustrated in Fig. 2. 
Data showed that all screened EOs exhibited antibacterial activity however in different concentrations. In other 
words MIC values for cinnamon oil at 0.3% concentration can inhibit the growth of Pseudomonas aeruginosa, 
while 0.5% inhibits Salmonella enteritidis, 1% inhibit Escherichia coli O157:H7 and 3% inhibited the growth of 
Staphylococcus aureus. With respect to  MIC values for cumin, 0.5% of the oil can inhibit the growth of 
Salmonella enteritidis, 1% inhibit Staphylococcus aureus while 3% of the oil can inhibit both Escherichia coli 
O157:H7 and Pseudomonas aeruginosa. Figure 2 showed that thyme EOs has the highest activity against the test 
strain where 0.3% of the oil is the lower concentration that can inhibit the growth Escherichia coli O157:H7, 
Salmonella enteritidis and Staphylococcus aureus; while 0.5% of the oil can inhibit the growth of Pseudomonas 
aeruginosa. 

This coincide with previous studies reporting that , most of the antimicrobial activity in essential oils from 
spices appears to be associated with phenolic compounds, these results agree with those reported by other 
authors (Consention et al., 1999; Davidson and Naidu, 2000; Skocibusic et al., 2006). These results confirmed 
the potential use of essential oils in food industry for preservation  against bacteria and for increasing the shelf 
life. 
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Fig. 2: Minimum Inhibitory Concentration MIC values of essential oils against tested strains 
 

Antibacterial properties of whey protein isolate (WPI) films containing Eos: 
 
The antibacterial activity exhibited by cinnamon, cumin and thyme essential oil has been demonstrated by 

several researchers; however there are few quantitative data (minimal inhibitory concentration) related to the 
antibacterial activity of essential oil incorporated into edible films. Various ratios 1.0–5.0% (wt/vol) of 
cinnamon, cumin and thyme EOs were incorporated into WPI films and were tested against microorganisms for 
the zone of inhibition area Table 2. The results showed variation in the antibacterial activity of plant essential 
oils and showed strong activity (inhibition zone > 40 mm), moderate activity (inhibition zone 40–25 mm) and 
low inhibition (inhibition zone <25 mm).  

Attending to this, the major effectiveness was achieved by the essential oils from thyme then cinnamon 
followed by cumin.  Increasing the concentration of essential oils was proportional to the increase in the zone of 
inhibition against Escherichia coli O157:H7; Salmonella enteritidis; Staphylococcus aureus; and Pseudomonas 
aeruginosa. It is interesting to remark that, for all of the microorganisms assayed, an elevated concentration in 
this components lead to the improved antimicrobial effectiveness of the surveyed essential oils. 

Films containing 1% of cinnamon, cumin and thyme EOs was not effective against any tested 
microorganisms Escherichia coli O157:H7; Salmonella enteritidis; Staphylococcus aureus; and Pseudomonas 
aeruginosa. The minimum amount of cinnamon essential oil level that showed inhibition was 3% for all test 
microorganisms. The greatest zone of inhibition was observed at 5% level against Salmonella enteritidis. 
Incorporation of 3% cumin oil inhibited the activity of both Escherichia coli O157:H7 and Pseudomonas 
aeruginosa, while 2% of cumin essential oil can inhibit the growth of both Salmonella enteritidis and 
Staphylococcus aureus. The minimum amount of thyme essential oil level that showed inhibition was 2% for all 
test microorganisms, while the greatest zone of inhibition was observed at 5% level against Salmonella 
enteritidis. 

Hammer et al, (1999) reported a strong inhibitory effect by the direct application of thyme essential oil to E. 
coli O157:H7 and Staphylococcus aureus. They found that the inhibitory effect of thyme was due to the 
relatively high concentration of thymol and p-cymene. In the current study, this inhibitory effect was 
incorporated and expressed in protein-based film. Mode of action of thymol was explained by (Rota et al., 2007) 
that it disintegrates the outer membrane of gram-negative bacteria, releasing lipopolysaccharides and increasing 
the permeability of the cytoplasmic membrane. 

As reported by (Sema et al., 2007; Çon et al., 1998) cumin was shown to have an inhibitory effect against 
Staphylococcus aureus. However, a similar effect against Pseudomonas aeruginosa and E. coli O157:H7 was not 
found. In a similar investigation, (Akgül and Kıvanç, 1989) reported that cumin exhibited an inhibitory effect 
against Staphylococcus aureus and Pseudomonas aeruginosa. It can be suggested that the inhibitory effect of 
cumin might be due to carvone and carvacrol contained in its volatile oil as reported by (Ouattara et al., 1997). 

During incorporation of additives into a polymer, the polarity and molecular weight of the additive have to 
be taken into consideration. Since Whey Protein Isolate (WPI) itself is non polar, additives with a high 
molecular weight and low polarity are more compatible with this polymer.  Furthermore, the molecular weight, 
ionic charge and solubility of different additives affect their rates of diffusion in the polymer (Wong et al., 
1992).  
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Table 2: Antimicrobial activity of whey protein edible films containing EOs against tested strains using Minimum Inhibitory Concentration  
              MIC 

Microorganisms Inhibition zone diameter (mm) 
Cinnamon film Cumin film Thyme film 

1% 
Escherichia coli O157:H7 a n.i. b n.i. n.i. 

Salmonella enteritidis n.i. n.i. n.i. 
Staphylococcus aureus n.i. n.i. n.i. 

Pseudomonas aeruginosa n.i. n.i. n.i. 
2% 

Escherichia coli O157:H7 a 9.2 n.i. 10.4 
Salmonella enteritidis 10.7 9.3 13.1 
Staphylococcus aureus n.i. 10.1 11.6 

Pseudomonas aeruginosa 11.8 n.i. 9.8 
3% 

Escherichia coli O157:H7 a 14.5 9.4 16.6 
Salmonella enteritidis 16.2 14.2 20.9 
Staphylococcus aureus 8.2 14.3 17.3 

Pseudomonas aeruginosa 14.6 7.5 15.6 
4% 

Escherichia coli O157:H7 a 22.3 14.8 21.2 
Salmonella enteritidis 24.1 19.5 26.6 
Staphylococcus aureus 13.4 19.8 22.7 

Pseudomonas aeruginosa 19.5 10.1 22.7 
5% 

Escherichia coli O157:H7 a 34.6 20.7 27.8 
Salmonella enteritidis 35.5 25.6 33.2 
Staphylococcus aureus 19.6 24.0 31.4 

Pseudomonas aeruginosa 23.3 15.8 29.4 
a Inoculum level: 1 × 108 CFU/ml. 
b No zone of inhibition observed. 

 
Conclusion: 

 
In order to control undesirable microorganisms on food surfaces spices and herbs can be incorporated into 

polymers. Generally, the essential oils possessing the strongest antibacterial properties against food borne 
pathogens contain higher concentrations of phenolic compounds. These compounds exhibit a wide range of 
biological and antimicrobial properties. The mode of action is generally considered to be the disturbance of the 
cytoplasmic membrane, disrupting the proton motive force, electron flow, active transport, and/or coagulation of 
cell contents. 

Preliminary screening of the in-vitro antibacterial activity of the essential oils from cinnamon, cumin and 
thyme was studied against four pathogenic microorganisms using the agar diffusion technique. The results 
showed variation in the antibacterial activity of plant essential oils. The thyme EOs showed strong activity 
(inhibition zone > 40 mm), cinnamon EOs moderate activity (inhibition zone 40–25 mm) and cumin EOs low 
inhibition (inhibition zone <25 mm). Increasing the concentration of essential oils was proportional to the 
increase in the zone of inhibition against tested strains.  

To conclude, the addition of EOs in WPI films led to retard or inhibit the growth of Escherichia coli 
O157:H7; Salmonella enteritidis; Staphylococcus aureus; and Pseudomonas aeruginosa pathogens, thus the 
incorporation of antimicrobial agents to edible films may have supplementary applications in food packaging. 
Taking into account that the WPI films were rather flexible and transparent, WPI may be a reliable material for 
the elaboration of antimicrobial edible films because most organic acids frequently used as preservatives are 
more effective in an acidic environment. Therefore, these films may be useful to inactivate post-processing 
contaminants on ready-to-eat foods, attending to the compromise between the appearance and the activity of the 
antimicrobial-containing edible films. 
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