
 25

MATERIALS AND METHODS 

A. Inoculum 

Listeria monocytogenes Scott A, LCDC, V7, and D43 were obtained from the 

Department of Food Science and Technology (FST), Virginia Polytechnic Institute and 

State University (VPI & SU), Blacksburg, Virginia.  The cultures were prepared by 

inoculating 100ml of brain heart infusion (BHI; Difco Laboratories, Detroit, MI) broth 

with one strain of L. monocytogenes, and incubating for 48 hours at 35ºC.  This 

procedure was done for each of the four strains being used.  One loop of this culture was 

then streaked onto Modified Oxford (MOX) Agar (Oxford Medium Base plus Modified 

Antimicrobic Supplement; Difco) to ensure isolation and incubated for 48 hours at 35ºC.  

A confirmed colony of L. monocytogenes from the MOX culture was transferred back 

into 100 ml of sterile BHI and incubated for 48 hours at 35ºC.  The samples were 

centrifuged at 12,000 x G at room temperature, for 10 minutes, and the pellet was re-

suspended into sterile 0.1% peptone water (Difco).  The samples were kept at -80ºC in 

50% Dimethyl Sulphoxide (DMSO) until ready for use.  Before use, cells were thawed 

from frozen culture and grown in BHI for 48 hours at 35ºC.  A cocktail of L. 

monocytogenes was prepared by mixing equal proportions of each of the four strains into 

a sterile container and diluting with sterile 0.1% peptone (Difco) water to obtain the 

desired level for inoculation. 

 

B. Frankfurter Inoculation and Antimicrobial Treatment   

 Turkey frankfurters were obtained from a commercial processing facility, and 

transported overnight in a cooler with ice packs directly to the Food Science Department 

at VPI&SU.  The frankfurters were immediately stored in a freezer until used.  

Frankfurters were thawed at 4ºC for 24 hours before use.  For inoculation, the 

frankfurters were aseptically immersed for 2 minutes in a peptone solution containing the 

culture cocktail to allow attachment of the cells, and to contaminate the frankfurters with 

a level of approximately 1.0 x 102.5 CFU/g.  The actual inoculum level was determined 

by direct plating onto MOX before and after inoculation of the frankfurters.  The turkey 

frankfurters were then aseptically drained for 2 minutes on sterile wire racks, dipped into 

an antimicrobial treatment or sterile peptone solution, and packaged.  Sterile containers 
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were used for both the inoculum dip and the antimicrobial dip and sterile tongs were used 

to transfer frankfurters into dips and packages.  The antimicrobial treatments used were 

sodium acetate (0%, 0.25%, 0.5% w/v), sodium diacetate (0%, 0.25%, 0.5% w/v), and 

sodium lactate (0%, 2.4%, 4.8% w/v).  A sterile 0.1% peptone solution dip was used for 

frankfurters packaged without any antimicrobial treatment.   

 

C. Packaging and Storage  

 After the addition of sodium acetate (Fisher Scientific), sodium diacetate 

(Spectrum Quality Products Inc., Gardena, CA), sodium lactate (60% w/w, Fisher 

Scientific), or 0.1% sterile peptone solution, the frankfurters were packaged and sealed 

with oxygen impermeable bags in one of two different atmospheres (vacuum or 100% 

CO2).  The designated atmosphere (vacuum or 100%CO2) and seal of the packages was 

achieved using an Ultravac vacuum sealer (Koch Packaging, Kansas City, MO).  The seal 

was visually inspected to ensure appropriate closure before refrigeration.  The packages 

used were 20 cm x 25 cm multi-layer high-barrier bags (O2 transmission rate:  3-

6cc/m2/24 h @ 4.4°C and 0% R.H.; CO2 transmission rate:  9-16 cc/m2/24 h @ 4.4°C  

and 0% R.H.; water vapor transmission rate:  0.5-0.6 g/6.45 sq.cm./24 h @ 37°C and 

100% R.H. (Cryovac Division, Sealed Air, Inc., Duncan, SC)).  After packaging, the 

frankfurters were stored at 4°C or 10ºC until the sampling day. 

           

D. Sampling and Enumeration  

 After 0, 3, 7, 14, 21, and 28 days of storage at 4°C or 10ºC, frankfurters for each 

treatment were sampled aseptically.  Each frankfurter was removed from the package, 

and placed into a 7 cm x 12 cm stomacher filter bag (Fisher Scientific) with 45ml sterile 

0.1% peptone water.  The frankfurters were then homogenized for 2 minutes in a 

Stomacher 400 laboratory blender (Tekmar Co., Cincinnati, OH).  An aliquot was 

removed, serially diluted (0.1% peptone water), and plated onto duplicate Modified 

Oxford (MOX) Agar (Oxford Medium Base plus Modified Antimicrobic Supplement; 

Difco), Lactobacillus MRS agar (MRS, Difco), and Plate Count agar (PCA, Difco) plates.  

The MOX plates were then incubated at 35ºC for 48 hours before being counted, while 

MRS and PCA plates were stored at 20°C for 72 hours before being counted.  
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Presumptive L. monocytogenes colonies exhibiting flat, dimpled colonies with a black 

halo indicating esculin hydrolysis on MOX were streaked onto Trypticase Soya Agar 

(TSA, Difco) and incubated for 24 hours at 30°C for confirmation tests.  Confirmation of 

L. monocytogenes from TSA plates was performed randomly on both typical and atypical 

colonies.  Catalase positive, gram positive rods that exhibited β-hemolysis on TSA plates 

containing 5% sheep blood and umbrella-like growth at room temperature using 7-day 

motility test medium (MTM, Difco) were presumed L. monocytogenes.  These colonies 

were finally confirmed as L. monocytogenes using API Listeria strips (Bio Mereiux).  

These tests were done randomly throughout the experiments or when any atypical 

colonies were discovered. 

 

E. pH, Product, and Headspace Analysis 

The pH of each frankfurter from every treatment was taken immediately after 

being stomached using an Accumet Model 610A pH meter with a combination electrode 

(Fisher Scientific).  The water activity (Aw; Decagon CX-1 water activity system, 

Decagon Devices, Inc., Pullman, WA), fat content (Foss-Let method), protein content 

(Macro-Kjeldahl method), salt content (Quantab Chloride Titration method), and 

moisture content (AOAC) of eight (8) randomly selected frankfurters was determined.  

Background L. monocytogenes counts were determined on 15 randomly selected 

frankfurters throughout the experiment.  The headspace gas composition (percent CO2) of 

each frankfurter packaged in a CO2 atmosphere was also taken immediately before 

opening the package for microbiological analysis using a Model 6600 Oxygen/Carbon 

Dioxide Analyzer (Accuracy CO2:  +/- 2%; Illinois Instruments, Inc., Ingleside, IL).      

 

F. Experimental Design and Analysis   

One turkey frankfurter was used per treatment, and each experiment was 

conducted in triplicate.  Microbial counts were converted to log10.  Data were analyzed 

statistically using  “Proc Mixed” in the SAS statistical programs (SAS Institute, Inc., 

Cary, NC).  The data from frankfurters held at 4°C were analyzed separately from those 

held at 10°C.  A Repeated Measures design was used to compare vacuum treatments to 

carbon dioxide treatments as well as to compare effectiveness of individual 
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antimicrobials and concentrations.  It was also used to determine any significant 

difference of growth between frankfurters packaged in CO2 and vacuum, as well as 

between different combinations of antimicrobials and atmosphere over time.   
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RESULTS 

A. Product Information 

Sampling of uninoculated turkey frankfurters indicated that there were no inherent 

Listeria monocytogenes present.  The frankfurters contained approximately 19% fat, 13% 

protein, 67% moisture, 2.2% salt, with a pH of 5.9 and a water activity of 0.97.  There 

was no significant difference (P > 0.05) in inherent lactic acid bacteria and aerobic plate 

count numbers on the uninoculated frankfurters prior to storage (Tables 1, 2, 3 and 4).  

The initial lactic acid bacteria and aerobic plate count numbers were approximately 2.0 

log10 CFU/g.     

 

B. Effect of Packaging Atmosphere and Antimicrobial Treatments on the 

Growth of Listeria monocytogenes at 4°°C. 

1.   Changes in microbial growth 

There was no significant difference (P > 0.05) in lactic acid bacteria or aerobic 

plate count growth between any of the treatments after 28 days of storage (Tables 1 and 

3).  For each treatment, lactic acid bacteria and aerobic plate counts increased 4-5 log10 

CFU/g in a 4-week storage period.  After 4 weeks at 4°C, there was no growth of L. 

monocytogenes in any treatment, including the controls (vacuum and CO2, no 

antimicrobial).  However, significant differences in L. monocytogenes occurred between 

the treatments over 28 days of storage (P ≤ 0.05) (Fig. 1, 2, and 3).  

 

2. Sodium Acetate 

There was no significant difference in L. monocytogenes survival between 

samples with no antimicrobial (both vacuum and 100%CO2) and samples treated with 

0.25% or 0.50% sodium acetate after 4 weeks of storage (P > 0.05) (Fig. 1).  However, 

the combination of 100% CO2 environment with 0.5% sodium acetate provided more 

inhibition of L. monocytogenes than the combination of a vacuum atmosphere with 0.5% 

sodium acetate after the 4-week storage period.  The 0.5% sodium acetate/100% CO2 

atmosphere treatment combination provided an additional ~0.5 log10 CFU/g reduction in 

L. monocytogenes (P ≤ 0.05), when compared to the control (vacuum, no antimicrobial).  
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Treatments using 0.5% sodium acetate exhibited more bacterial inhibition than those 

using 0.25% sodium acetate; however, the difference was not significant (P > 0.05) (Fig. 

1). 

 

3. Sodium Diacetate 

There was not a significant difference (P > 0.05) in L. monocytogenes survival 

between samples using no antimicrobial (both vacuum and CO2), and samples using 

0.25% sodium diacetate (Fig. 2).  However, the use of 0.5% sodium diacetate  (both 

vacuum and CO2) provided approximately a 0.5 log10 CFU/g decrease in L. 

monocytogenes when compared to samples with no antimicrobial (both vacuum and 

CO2).  The treatments using 0.5% sodium diacetate also exhibited significantly more 

bacterial inhibition than those using 0.25% sodium diacetate (P ≤ 0.05) (Fig. 2).  

However, there was no significant difference detected between the samples packaged in a 

vacuum atmosphere and those packaged in 100% CO2 (P > 0.05).  

 

4. Sodium Lactate   

There was no significant difference in survival of L. monocytogenes observed 

between either atmosphere when treated with 2.4% sodium lactate for 28 days (P >0.05) 

(Fig. 3). There was also no significant difference in survival between the controls (both 

vacuum and CO2) and the samples using 2.4% sodium lactate.  Furthermore, after 4 

weeks of storage, no significant difference of L. monocytogenes resulted between 

frankfurters treated with 2.4% sodium lactate and 4.8% sodium lactate, when stored in 

the same atmosphere (P > 0.05) (Fig. 3).   There was, however, 0.5 log10 CFU/g greater 

inhibition of L. monocytogenes on frankfurters treated with a combination of 4.8% 

sodium lactate and 100% CO2 than by those with no antimicrobial treatment (both 

vacuum and 100% CO2) after 4 weeks of storage (P ≤ 0.05).  The combination of 4.8% 

sodium lactate and 100% CO2 also provided more inhibition of L. monocytogenes than 

4.8% sodium lactate and a vacuum atmosphere (P ≤ 0.05).   
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5. Changes in pH and CO2 headspace   

There was a significant difference (P ≤ 0.001) in pH at 4°C between the vacuum-

packaged frankfurters and those packaged in 100% CO2 for each of the 6 sampling days 

(Fig. A-1, A-2, A-3).  The frankfurters packaged in CO2 had a pH of 0.1-0.2 lower than 

those that were vacuum-packaged for all 6 sampling days.  There was, however, no 

significant difference (P > 0.05) in pH among the different antimicrobial treatments.  

There was also no significant difference among treatments in mean percentage of CO2 in 

the package headspace (Fig. B-1) at each sampling time (P > 0.05).  Sample absorption 

probably caused a decrease in CO2 concentration at the 3-day sampling time.  Only slight 

increases in CO2 concentration were observed during storage, yet these were not found to 

be significant (P > 0.05) (Fig. B-1).    

 

C. Effect of Packaging Atmosphere and Antimicrobial Treatments on the 

Growth of Listeria monocytogenes at 10°°C 

1. Changes in microbial growth  

There was no significant difference (P > 0.05) of lactic acid bacteria or aerobic 

plate count growth between any of the treatments after 28 days of storage (Tables 2 and 

4).  There were significant differences (P ≤ 0.001) in L. monocytogenes growth between 

treatments (Fig 4, 5, and 6).  After 4 weeks at 10°C, growth of L. monocytogenes was 

approximately 1-1.5 log lower on the frankfurters packaged in CO2 than those packaged 

in a vacuum atmosphere.  Concurrently, there was at least a 1-log decrease of L. 

monocytogenes observed in all treatments after storage when compared to the control 

(vacuum, no antimicrobial) (Fig. 4, 5, and 6). 

 

2. Sodium Acetate   

After 28 days of storage, the use of 0.25% sodium acetate in combination with a 

100% CO2 atmosphere inhibited the growth of L. monocytogenes by 1 log10 CFU/g when 

compared to the vacuum-packaged frankfurters treated with 0.25% sodium acetate (P ≤ 

0.001) (Fig. 4).  Sodium acetate (0.5%) in combination with a 100% CO2 atmosphere 

reduced the numbers of L. monocytogenes by approximately 0.5 log10 CFU/g during 4 

weeks of storage, while a 0.5 log10 CFU/g increase in growth occurred in the vacuum-
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packaged frankfurters treated with 0.50% sodium acetate.  The use of 0.50% sodium 

acetate with a 100% CO2 also provided approximately a 2.5 log10 CFU/g reduction in L. 

monocytogenes when compared to the control (vacuum, no antimicrobial).  There was a 

significant difference (P ≤ 0.05) in L. monocytogenes between the frankfurters treated 

with 0.25% sodium acetate and those treated with 0.5% sodium acetate, packaged in the 

same atmosphere, and stored for 28 days 10°C (Fig. 4). 

 

3. Sodium Diacetate 

Sodium diacetate (0.25%) in combination with a 100% CO2 atmosphere reduced 

growth of L. monocytogenes approximately 1 log10 CFU/g when compared to the vacuum 

packaged samples treated with 0.25% sodium diacetate and stored for 28 days (P ≤ 0.001) 

(Fig. 5).  The use of 0.5% sodium diacetate in combination with a CO2 atmosphere at 

10°C for 28days inhibited growth and decreased the numbers of L. monocytogenes on the 

frankfurters by ~0.5 log10 CFU/g.  This was approximately 1.5 log10 CFU/g lower than 

the treatment involving of 0.5% sodium diacetate with vacuum packaging (P ≤ 0.001).  

There was also approximately a 2.5 log reduction in L. monocytogenes on frankfurters 

treated with 0.50% sodium diacetate when compared to the control samples (vacuum, no 

antimicrobial).  After 4 weeks of storage, 0.5% sodium diacetate reduced microbial 

numbers by approximately 0.5 log10 CFU/g more than 0.25% sodium diacetate, yet this 

observation was not found to be significant (P > 0.05) (Fig. 5). 

 

4. Sodium Lactate 

Sodium lactate (2.4%) in combination with a 100% CO2 atmosphere prevented 

any increase in growth of L. monocytogenes for up to 4 weeks (Fig. 6).  Sodium lactate 

(2.4%) in combination with a 100% CO2 atmosphere reduced growth of L. 

monocytogenes by approximately 1 log10 CFU/g when compared to the dual treatment of 

2.4% sodium lactate and vacuum packaging (P ≤ 0.05) after 4 weeks of storage.  Sodium 

lactate (4.8%) provided at least a 0.5 log10 CFU/g decrease in bacterial numbers after the 

4-week storage period when compared to 2.4% sodium lactate in corresponding 

atmospheres.  Sodium lactate (4.8%) in combination with a 100% CO2 atmosphere 

provided the most inhibitory action after 28 days of storage by decreasing the count of L. 
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monocytogenes by ~0.5 log10 CFU/g.  This was approximately 1 log10 CFU/g lower than 

the combination of 4.8% sodium lactate in a vacuum environment, and 3.0 log10 CFU/g 

lower than the vacuum-packaged control (P ≤ 0.001) (Fig. 6).  Sodium lactate (4.8%) and 

100% CO2 provided the best inhibition of L. monocytogenes of all the treatments 

examined. 

 

5. Changes in pH and CO2 headspace 

There was a significant difference (P ≤ 0.001) in pH between the vacuum-

packaged frankfurters and those packaged in 100% CO2 (Fig. A-4, A-5, A-6).  The 

frankfurters packaged in 100% CO2 had a pH at least 0.1-0.2 lower than those that were 

vacuum-packaged.  There was no significant (P > 0.05) difference in pH among the 

different antimicrobial treatments.  In addition, there was no significant difference among 

treatments in mean percentage of CO2 in the package headspace (Fig B-2).  Carbon 

dioxide concentrations observed over 4-weeks of storage were similar to those stored at 

4°C.  There was no significant difference observed between the two storage temperatures. 
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DISCUSSION 

This research suggests that combining a high CO2 atmosphere with antimicrobials 

can be effective at preventing growth of Listeria monocytogenes on ready-to-eat meat 

products in temperature abuse environments.  At 10°C, all antimicrobial treatments (0.25, 

0.50% sodium acetate, 0.25, 0.50% sodium diacetate, and 2.4, 4.8% sodium lactate) 

packaged in a 100% CO2 environment prevented the growth of L. monocytogenes during 

28 days of storage.  The treatments of 4.8% sodium lactate, 0.5% sodium diacetate, and 

0.5% sodium acetate in a 100% CO2 atmosphere provided the most inhibition after 4 

weeks of storage at 10°C.  At both temperatures (4°C and 10°C), the frankfurters stored 

in a high CO2 atmosphere (with and without antimicrobials) inhibited L. monocytogenes 

more than the vacuum-packaged frankfurters.  Similar results have been previously 

reported in a variety of food products.  Growth of this organism was prevented by 100% 

CO2 at 6°C on chicken breast meat (Hart et al., 1991).  Inhibition of L. monocytogenes 

Scott A was also observed in an atmosphere of 70% CO2 and 30% N2 at 4°C and 10°C in 

turkey roll slices (Farber and Daley, 1994).  Previous research has also shown that the 

combination of a high CO2 atmosphere with antimicrobials can have an increased 

inhibitory effect on L. monocytogenes.  A combination of nisin with a 100% CO2 

atmosphere provided an 8 day lag phase, while L. monocytogenes reached almost a 5-log 

increase in 8 days at 5°C on vacuum-packaged cold-smoked salmon (Nilsson et al., 

1997).  Inhibition of L. monocytogenes was also observed on poultry using a 90% CO2 / 

10% O2 atmosphere with a 10% lactate acid/sodium lactate buffer (Zeitoun and 

Debevere, 1991).  A combination of 2% lactic acid with a 74.8% CO2 / 10.4% O2 / 14.8% 

N2 atmosphere resulted in a 8-day extended lag phase compared to 2% lactic acid 

packaged under vacuum (Pothuri, et al., 1995).  In addition, an increase in inhibition was 

observed with increasing antimicrobial concentration.  This improvement of 

antimicrobial effectiveness with increasing concentration has been widely observed 

(Schlyter et al., 1993 (a); Schlyter et al., 1993 (b); Shelef and Addala, 1993; and Pelroy 

et al., 1993).   

At 4°C, no growth occurred for any of the treatments, including the control.  At 

10°C, growth only occurred in vacuum-packaged treatments.  The largest reduction in L. 
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monocytogenes occurred at 10°C with the combination of 100% CO2 and 4.8% sodium 

lactate or 0.5% sodium diacetate.  At 4°C, the combined use of antimicrobials and a 

100% CO2 atmosphere minimally impacted reduction of L. monocytogenes numbers.   

The above results indicate that temperature is the greatest inhibiting factor for 

growth of L. monocytogenes.  The optimum growth temperature of L. monocytogenes is 

30-37°C in an aerobic atmosphere, but has been known to grow at temperatures as low as 

1°C (Hitchens, 1998).  However, in an anaerobic atmosphere, L. monocytogenes’ 

minimum growth temperature is known to be higher.  At 4°C, there was no observable 

growth of L. monocytogenes for any treatment, including the control.  A lack of microbial 

growth by this organism at 4°C in an anaerobic atmosphere has recently been observed.  

Tsigarida et al. (2000), reported a lack of growth of L. monocytogenes on meat stored 

under vacuum at 5°C.  A lack of microbial growth was also observed in samples of 

vacuum-packaged, Canadian retail wieners stored at 5°C for 28 days of storage 

(McKellar et al., 1994).  In addition, no growth resulted from vacuum-packaged 

frankfurters stored at 4.4°C during 4 weeks of storage (Glass and Doyle, 1989).   

 Lactic acid bacteria growth was not affected by a 100% CO2 atmosphere or by the 

addition of antimicrobials.  The growth of these bacteria in a high CO2 environment has 

been widely observed.  Gram-negative bacteria (Pseudomonas and related bacteria), are 

the predominant spoilage organisms in meat products stored aerobically (Sharpe and 

Pettipher, 1983).  However, when stored under vacuum or within a high CO2 atmosphere, 

growth of these organisms is suppressed, and the growth of lactic acid baceria can 

proliferate (Sharpe and Pettipher, 1983; Roberts, 1981).  The frankfurters packaged in 

100% CO2 had a pH of 0.1-0.2 lower for all 6 sampling days than those that were 

vacuum-packaged, however, there was no significant difference in pH among the 

different antimicrobial treatments.  The difference in pH could be due to absorption of 

CO2 into frankfurter surface and ionization of the carbonic acid (Brody, 1989).   

 

Conclusions 

 

Strict temperature control is an important factor in preventing the growth of 

Listeria monocytogenes in contaminated ready-to-eat food products.  In this experiment, 
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growth of L. monocytogenes occurred in the control samples (vacuum, no antimicrobial) 

at the 10°C storage temperature, but not the 4°C storage temperature.  In the case of 

temperature abuse, the use of antimicrobials and high CO2 packaging atmospheres may 

assist in inhibiting growth of L. monocytogenes.  Sodium acetate (0.5%) and sodium 

lactate (2.4%) in combination with a high CO2 atmosphere can prevent any increase in L. 

monocytogenes numbers for up to 4 weeks.  The use of sodium lactate (4.8%) and sodium 

diacetate (0.5%) in combination with a high CO2 atmosphere provide the most inhibition 

and can reduce the numbers of L. monocytogenes on frankfurters. This environment may 

reduce the risk of listeriosis from contaminated products. Additional work involving the 

use of different antimicrobials in combination with a high CO2 atmosphere is needed to 

identify other options for inhibiting L. monocytogenes in ready-to-eat food products.  

 

 

 

 


