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The prevalence of Listeria monocytogenes under refrigerated conditions is a concern for ready to eat meats like Frankfurters. The purpose of this study was to evaluate the bactericidal effect of potential antimicrobials, Bisulfate of Soda (SBS), nisin, and their combination on L. monocytogenes in frankfurters. Antimicrobial treatment concentrations of SBS and nisin were indicated by performing minimum inhibitory concentration (MIC) and minimum bactericidal concentration (MBC) test. Results of the MIC indicated the concentrations 0.75 and 1.5% SBS and 0.5, 1, and 2% nisin. Frankfurters were inoculated with L. monocytogenes (initial population: 6.65 log CFU/mL and treated with water, SBS (0.75 and 1.5%) nisin (0.5, 1, and 2%) and combinations (0.75% SBS+0.5% nisin, 0.75% SBS+1% nisin, 1.5% SBS+1% nisin, and 1.5% SBS+2% nisin). After treatment, frankfurters were removed, rinsed in neutralizing buffer, and plated on Oxford agar. Data were analyzed using One-Way ANOVA, linear contrasts and pairwise comparisons in JMP 14.0. Differences were determined using Tukey's protected HSD and considered significant when P ≤ 0.05. The treatment 1.5% SBS + 2% nisin exhibited the greatest reduction of L. monocytogenes (2.66 log CFU/mL; P < 0.001). Although the effectiveness of both SBS and nisin concentrations were similar when compared to (0.75% SBS-2.19 log CFU/mL; 1.5% SBS-2.29 log CFU/mL; 5% nisin-1.99 log CFU/mL; 1% nisin-2.47 log CFU/mL; 2% nisin-2.42 log CFU/mL), there was a linear effect shown by the SBS and nisin treatments compared to the tap water treatment (P < 0.0001; P < 0.0001). The effectiveness of 0.75% SBS compared to other treatments using Pairwise comparisons determined that frankfurters treated with 0.75% SBS and 0.75% SBS+1% nisin resulted in lower L. monocytogenes populations than tap water (TW), whereas 0.75% SBS+0.5% nisin was not different (P < 0.0001). Furthermore, when evaluating the efficacy of 1.5% SBS using Pairwise comparisons, 1.5% SBS, and 1.5% SBS combinations were all significantly different than TW (P < 0.0001). Together, both antimicrobials can reduce Listeria without diminishing the appearance of the frankfurter. The results suggest incorporating SBS and nisin as an alternative antimicrobials for frankfurters can be effective for decreasing L. monocytogenes.
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INTRODUCTION

Ready-to-Eat (RTE) products are those that are generally safe to consume without additional preparation or cooking. These products often include beef and poultry products such as deli meats, frankfurters, canned meats (tuna, chicken, and spam), as well as beef and another meat jerky (Seman et al., 2018). Due to the nature of RTE foods, there is an outstanding concern for the consumption of contaminated food (Yehia et al., 2016). One of the leading foodborne pathogens associated with RTE foods is Listeria monocytogenes (McLauchlin et al., 2004; Zhu et al., 2005). L. monocytogenes is ubiquitous in nature and able to grow in both aerobic and anaerobic environments, enabling it to persevere in several different conditions (Saha et al., 2015; Yehia et al., 2016). In addition, L. monocytogenes acts as a saprophytic organism with the capability to adapt to an ever-changing environment because it possess multiple stress response mechanisms such as overcoming varying temperatures (0–45°C), salt concentrations (up to 10% NaCl) and is non-extremophilic (pH 4.5–9.2) (Ryser et al., 1997; Ryser and Marth, 2007; Wang et al., 2017). Therefore, L. monocytogenes is a significant threat to consumer welfare and the RTE food industry.

As L. monocytogenes is distributed ubiquitously throughout the environment, it has emerged as a major foodborne pathogen. The ingestion of L. monocytogenes causes listeriosis, a foodborne disease, which is recognized as an important worldwide public health problem (Mateus et al., 2013). Listeriosis accounts for 1,600 cases of illness and Listeria is associated with ~$2.7 billion in monetary loss in the United States annually [Economic Research Service (ERS), 2014]. The major concern surrounding listeriosis is the severity of the disease. Listeriosis has been reported to have a mortality rate of 19–30% in immunocompromised patients in the United States (Swaminathan and Gerner-Smidt, 2007; Goulet et al., 2012; Center for Disease Control Prevention (CDC), 2019). Most listeriosis cases are caused by transmission through fresh produce and RTE food (Yehia et al., 2016; Zhu et al., 2017).

RTE meat is one of the most common food products associated with L. monocytogenes in the USA (United States Department of Agriculture, Food Safety and Inspection Service, 2017). Listeria transmission in RTE meat occurs through cross-contamination during post processing steps, and unlike most food products that require an initial cook process, RTE food products do not require thermal cooking in order to be consumed (Swaminathan and Gerner-Smidt, 2007; Martin et al., 2010; Goulet et al., 2012). Furthermore, Listeria have the ability to grow at 40–0°C, which increases the chance consumers will ingest L. monocytogenes (Ramaswamy et al., 2007). According to the FSIS Risk assessment in 2010, RTE meat products have the highest risk of deaths per serving and deaths per annum among all other food products (United States Department of Agriculture, Food Safety and Inspection Service, 2017). In 2018, there were two outbreaks associated with RTE meat products [Center for Disease Control Prevention (CDC), 2019]. The total cases of both outbreaks were 8 persons. Though a small number, one death was recorded bringing the mortality rate of 12.5% in 2018 for RTE meats. With L. monocytogenes being present in RTE foods and possessing the capability to survive in normal refrigeration temperatures, it is evident that additional action must be taken to ensure the safety of RTE meats.

A potential method to improve the shelf life of RTE meats and reduce the presence of foodborne pathogens such as L. monocytogenes is the introduction and use of novel antimicrobials (Geornaras et al., 2006). The application of antimicrobial compounds can be utilized after lethality steps, such as pasteurization and steaming, with the purpose of controlling and diminishing post-processing contamination (Koseki et al., 2007). Other lethality steps have demonstrated the potential to initially reduce L. monocytogenes population; however, as Listeria can grow at refrigerator temperatures, there is a concern for Listeria regrowth during cold storage (Chan and Wiedmann, 2008; Orsi and Wiedmann, 2016). In contrast, the use of antimicrobials has demonstrated the potential to control the growth of L. monocytogenes alone or when used in combination with other lethal and post-lethal steps (Thompson et al., 2008; Lourenco et al., 2016). Previously, Martin et al. (2009) studied combinations of lauric arginate and sodium lactate/potassium diacetate, which would produce an immediate lethality against L. monocytogenes on frankfurters (Martin et al., 2009). The combination of either potassium lactate/sodium diacetate with 22 ppm lauric arginate caused more than a 2-log reduction throughout its shelf life. Therefore, there is a legitimate need to investigate the application of alternative antimicrobials on RTE foods. Thus, the purpose of the current study was to evaluate the antimicrobial effect of an alternative acidifier bisulfate of soda (SBS) and the bacteriocin nisin used alone and in combination on the reduction of Listeria monocytogenes using commercial frankfurters as the model food matrix.

MATERIALS AND METHODS
 Frankfurter Procurement and Listeria Screening

Commercially available frankfurters (eight, uncured, no-nitrate or nitrite-added, no preservatives, no by-products, and two nitrite added controls) were obtained from commercial retail outlets and transported under refrigerated conditions to the University of Arkansas Center for Food Safety (Fayetteville, AR, USA) on four separate occasions (replications). Selection of frankfurters was based on sell by dates indicated on the package. Prior to the experiment, frankfurter from random packets were chosen and screened for the unintended presence of Listeria by rinsing in neutralizing buffered peptone water (nBPW; United States Food and Drug Administration, Food Safety Inspection Service, 2016) for 1 min, plating on Oxford agar, and aerobically incubating for 24 h at 37°C.

Inocula Preparation

Listeria monocytogenes strain EDG-e was used for this study because it is one of the more studied strains with its ecology, functionality, genetic, and biochemical data available and its genome is fully sequenced. L. moncytogenes EDG-e was grown on Oxford agar (Himedia Company, West Chester, Pennsylvania, USA) aerobically at 37°C for 24 h. After incubation, one colony was inoculated in 20 ml of Tryptic soy broth (TSB; Becton, Dickinson, and Company, Sparks, Maryland, USA), followed by incubation at 35°C with constant shaking at 100 RPM for 24 h. The pure L. monocytogenes culture was then washed twice with 20 mL of sterile 1 × Phosphate Buffered Saline (PBS; 8 g of NaCl, 0.2 g of KCl, 1.44 g of Na2HPO4, and 0.24 g of KH2PO4 per 1 L, with the pH adjusted to 7.4 with HCl) using centrifugation at 25,000 g's for 5 min. The final pellet was re-suspended in 20 mL of PBS and was utilized as the inoculum.

Minimum Inhibitory Concentration (MIC)

Listeria monocytogenes strain EDG-e was grown on Oxford agar at 37°C for 24 h. A 96 well microplate was subsequently filled with 100 μL of TSB. A single colony was selected and aseptically transferred into each well of 100 μL of TSB followed by growth overnight aerobically at 37°C for 24 h.

Antimicrobial treatments, SBS and nisin, were used as an indicator for the MIC in the current study. The antimicrobials were prepared in TSB, 20 mL of SBS at 25% and nisin at 25% weight to volume. Following, dilutions (1:2) were achieved by adding 100 μL of TSB to subsequent wells in a 96 well microplate. Listeria was pin replicated into treatment plates using a 96 pin replicator. Immediately following pin replication, the microplates were incubated for 18 h at 37°C in aerobic conditions. After incubation, the microplates were observed for bacterial growth. There were six plates in total utilized in the study (3 total replication of both SBS and nisin).

Minimum Bactericidal Concentration (MBC)

The observed MIC was subsequently plated on Oxford agar and incubated aerobically for 24 h at 37°C. Following, 10 μL of the MIC solution and two wells above and below the MIC concentration were plated in triplicate and incubated under previously mentioned conditions. MBC was defined as the concentration plated that demonstrated no growth after 24 h of incubation.

Inoculation and Treatment Application

Antimicrobial solutions were prepared with SBS [0.75 and 1.5% (w/v)] (Jones Hamilton Company, USA), nisin [0.50, 1.0, and 2% (w/v)] (Sigma-Aldrich), and the combination [0.75% SBS + 0.5% nisin, 0.75% SBS + 1.0% nisin, 1.5% SBS + 1% nisin, and 1.5% SBS + 2% nisin (w/v)] in 20 mL of tap water at room temperature. In the current study, only confirmed Listeria-free frankfurters were used. Commercial beef frankfurters were purchased and used throughout the study. There was one frankfurter per treatment, with four replications. Frankfurters were placed into sterile sample bags (VWR, Radnor, Pennsylvania, USA), where the inoculum was then administered. The frankfurters were spot inoculated by dispersing 1 mL of the inoculation solution (5.86 × 106 CFU/mL) per frankfurter. After frankfurters were inoculated, each group was stored at 4°C for an hour to allow for attachment.

Following inoculation, frankfurters were submerged in their respective antimicrobial treatments. Frankfurters were placed in sterile containers with 20 mL of antimicrobial solution. There was a sample size of 44 frankfurters, with 4 replications. Each frankfurter was manually agitated for 1 min and allowed to rest for 2 min. After frankfurters were aseptically removed from the container containing the respective antimicrobial treatments, frankfurters were placed into sterile sample bags. Following removal, frankfurters were stomached for 1 min in 100 mL of nBPW so that injured, viable bacteria and biofilm forming bacteria could be recovered, without the continued action of the antimicrobials (Bourassa et al., 2019). The resulting rinsates were diluted 10−1-10−6 and spread plated on Oxford agar in duplicates. Plates were inverted and aerobically incubated for 24 h in 37°C. A detection limit of 30–300 colonies per plate was used.

Statistical Analysis

From the frankfurter study, only Listeria monocytogenes colony counts between 30 and 300 were recorded and log transformed. Log transformed colonies were utilized to determine total log reduction of TW and treatments from the inoculated control. Therefore, only log reductions were analyzed using One-Way ANOVA, Linear contrasts and Pairwise comparison in JMP 14.0 (SAS Institute, City, State, US). Linear contrasts were performed to determine if there was an effect of increasing the dosage of SBS or nisin on mean log reduction of L. monocytogenes. Means were separated using Tukey's protected HSD with a significance level of P ≤ 0.05.

RESULTS

The goal of performing the MIC in the current study was to determine the range of antimicrobial concentration that would inhibit visible growth of Listeria monocytogenes. Therefore, the concentration of antimicrobials used in the current experiment with frankfurters was based on the clarity of the observed microtiterplate wells. The wells that were ruled clear were plated on Oxford agar to obtain the MBC. The MIC and MBC results indicated the use of concentrations 0.75 and 1.5% SBS and 0.5, 1, and 2%.

The results of the One-Way ANOVA suggest that there was a treatment effect (P < 0.0001, Table 1). All experimental treatments reduced the population of L. monocytogenes on frankfurters compared to the no treatment control (6.65 log CFU/mL). Reduction was calculated by subtracting the Log CFU/mL of treatment from the average Log CFU/mL of the No treatment (NT) frankfurters. The mean reduction of the individual treatments 0.5, 1, and 2% nisin (1.99, 2.47 and 2.42 log CFU/mL) and 0.75 and 1.5% SBS (2.19 and 2.29 CFU/mL) were not different from one another. All treatments except 0.5% nisin and TW (1.99 and 1.23 log CFU/mL) had a significant reduction of L. monocytogenes on frankfurters compared to the NT control (6.65 log CFU/mL, respectively). Overall, the greatest numerical reduction of L. monocytogenes compared to the NT control was demonstrated in the use of 1.5% SBS plus 1% nisin and 1.5% SBS plus 2% nisin as the use of both combinations resulted in 2.5 log CFU/mL reduction of L. monocytogenes (2.66 and 2.61 log CFU/mL). Although there was a numerical difference exhibited by treatments, there was no indicated statistical separation between experimental treatments except tap water. Therefore, further statistical analyses were utilized to determine differences between experimental treatments.


Table 1. One-way ANOVA test.
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The linear trends of two SBS concentrations, 0.75 and 1.5%, on reducing Listeria monocytogenes on frankfurters were investigated for the increasing concentrations of SBS within treatments (P < 0.0001, R2 = 0.84, Table 2). There was a linear difference between the TW and treatments. Both SBS treatments (0.75 and 1.5%) demonstrated a linear trend. However, there was no difference between the two treatments when compared to each other. The linear effects of the three nisin concentrations, 0.5, 1.0, and 2%, on reducing Listeria monocytogenes on frankfurters was also investigated (P < 0.0001, R2 = 0.70, Table 3). It was demonstrated that TW and nisin at 0.5% are similar, whereas nisin treatments 1 and 2% are similar to each other but statistically different from the other treatments.


Table 2. Linear Effect two SBS concentrations, 0.75 and 1.5%, on reducing Listeria monocytogenes on frankfurters.
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Table 3. The linear effects of three nisin concentrations, 0.5, 1, and 2%, on reducing Listeria monocytogenes on frankfurters.
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The effectiveness of the SBS treatments was further analyzed by conducting a Pairwise comparison. The effect of 0.75% of SBS used alone or in combination with varying concentrations of nisin was investigated (P < 0.0001, Table 4). Compared to TW, 0.75% SBS was statistically different. However, all other treatments were not different as 0.75% SBS demonstrated similar effects as 0.5, 1, 2% nisin and the combinations of 0.75% SBS with 0.5 and 1% nisin. The effects of 1.5% of SBS used alone or in combination with varying concentrations of nisin were also compared (P < 0.0001, Table 5). Although not statistically different, the results showed that 1.5% SBS and 1.5% SBS in combination with 2% nisin yielded the lowest population of L. monocytogenes per mL. All 1.5% SBS treatments were statistically different from the TW but, all 1.5% SBS treatments (1% nisin, 2% nisin, Combination with nisin 1 and 2%) were statistically the same. There were no visual changes observed among treated frankfurters.


Table 4. Pairwise comparison of 1.5% SBS on reducing L. monocytogenes on frankfurters.
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Table 5. Pairwise comparison of 0.75% SBS on reducing L. monocytogenes on frankfurters.
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DISCUSSION

In the current study, frankfurters were submerged into antimicrobial solutions and evaluated for the ability to diminish post-processing L. monocytogenes contamination. Therefore, only frankfurters made with no additives were obtained from a local supermarket and artificially inoculated with L. monocytogenes. Though there was potential for residual antimicrobials, the inoculation and use of controls minimized the influence these factors had on the results of the current study to be nominal.

The purpose of this study was to evaluate the effect of potential alternative antimicrobials of SBS and nisin on frankfurters. There were 11 treatments comprised of SBS and nisin utilized alone or in various combinations. The treatment of frankfurters with 1.5% SBS + 2% nisin exhibited the lowest population of L. monocytogenes. There was a 2–2.5 log reduction in all treatments compared to the NT. These results demonstrate that a bactericidal treatment such as SBS and nisin alone or in combination, at all concentrations, were able to reduce the growth and, thus, reduce the risk of L. monocytogenes on RTE meats such as frankfurters.

SBS was used to examine its potential antimicrobial effect against controlling Listeria in frankfurters. L. monocytogenes has been reported to be inhibited by lowering the pH, creating an adverse environment (Tienungoon et al., 2000). Similar to organic acids, SBS has the ability to reduce the pH level of surrounding materials once it is applied (Micciche et al., 2019). With a pKa of 1.96, SBS can be effective in reducing L. monocytogenes on frankfurters. Throughout this study, SBS treatments reduced the concentration of L. monocytogenes. Similar results have been demonstrated using organic acids to control Listeria. According to Martin et al. (2010), Lactic acid bacteria (LactiGuardTM), were able to reduce L. monocytogenes population by 2 log CFU/g2 on frankfurters formulated with lactate/diacetate. It has been reported that organic acids alleviate intracellular pH more effectively than inorganic acids, which can cause differences in reduction (Papatsiros and Billinis, 2012). However, L. monocytogenes responses vary between organic and inorganic acids to maintain pH homeostasis, which in turn causes some pathogenic strains of Listeria monocytogenes to be resistant (Cheng et al., 2015). Therefore, SBS could be considered a desired alternative because of antimicrobial resistance to organic acids.

Due to the growing concern surrounding the use of synthetic food additives in the US (Devcich et al., 2007), the addition of SBS could be a novel antimicrobial. It is Generally Recognized as Safe (GRAS) (United Stated Department of Agriculture, 2015), and gives off a slightly less salty taste than organic acids such as lactic and acetic acid (Kim et al., 2018). Furthermore, SBS has been declared as a safer alternative choice as an antimicrobial by the [United States Environmental Protection Agency (EPA), 2018; United States Food and Drug Administration, 2018]. Currently, there are no regulations for SBS used in RTE meat products. There is limited literature on the application of SBS on RTE meat but, SBS has been reported to be able to reduce microorganisms in multiple environments. According to Kim et al. (2018), SBS exhibits an antimicrobial effect on whole apples inoculated with Listeria innocua. Kim et al. (2018) observed a 3.66 log reduction of Listeria innocua to 30 min exposure with 3% SBS in combination with 60 ppm peracetic acid. Although reduction differences exist, the current study used lower concentration of SBS (1.5 and 0.75%). Different strains of Listeria could also potentially affect the antimicrobial activity of SBS. Therefore, more mechanistic studies must be conducted using SBS to understand its antimicrobial effect on Listeria fully.

Research has also demonstrated that the efficacy of nisin at reducing populations of Listeria in RTE meat (Leverentz et al., 2003). Results from Uesugi and Moraru (2009) support the findings in the current study that the treatment of frankfurters with nisin results in an initial log reduction in L. monocytogenes levels, as they reported a 2.35 log reduction in RTE sausage. According to Naas et al. (2013), nisin along with modified packaging possessed synergistic qualities for controlling the growth of Listeria on RTE turkey bologna. Ruiz et al. (2010) also observed a 4 log reduction in Listeria growth when nisin was applied on RTE turkey slices. Therefore, the authors of the current study investigated the potential synergistic effect between SBS and nisin for controlling populations of Listeria on artificially inoculated frankfurters.

Synergistic interaction has been defined as a 2 log CFU/mL decrease between the combinations of both antimicrobials compared to their individual antimicrobial effect (Dong et al., 2016; Wei et al., 2016). The combination treatments showed a greater decrease of Listeria population than all other treatments. Though both solutions demonstrated antimicrobial activity, there was no detected synergism between the combination of SBS and nisin. Furthermore, the quantities of both antimicrobials when combined appeared to be capable of reducing Listeria without any change in the visual appearance of the frankfurter.

CONCLUSION

The results suggest that incorporating SBS and nisin as an antimicrobial dip on frankfurters during post production has the capability to reduce L. monocytogenes populations on artificially inoculated frankfurters. In the current study, there was a significant difference between all treatments as Listeria population reduced 2.0–2.5 log CFU/mL, with the combination of 1% SBS and 2% nisin demonstrated the greatest log CFU/ml reduction compared to the NT control. Additionally, there were no synergistic effects demonstrated by combining SBS and nisin. These findings from the study suggest SBS or nisin alone, or in combination are effective antimicrobial agents for controlling L. monocytogenes on frankfurters and could be considered for alternative use to current antimicrobials used in the food industry today. Further research is necessary to determine the full efficacy of various concentrations of SBS on frankfurters on diminishing the populations of other Listeria strains. Furthermore, to elucidate the long-term effects of SBS, a shelf life study should be conducted to determine if SBS has the capability to not only reduce pathogens associated with RTE meats but to extend the shelf life of frankfurters. As a result, these findings will help further understand the antimicrobial efficiency of SBS for controlling Listeria in RTE food products.
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