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Abstract


Microbial contamination of fresh berries poses a significant public health risk due to their delicate and porous structure. This study evaluated the antimicrobial efficacy of washing and coating with sodium dichloroisocyanurate (SDC) against Escherichia coli, Listeria monocytogenes, and Salmonella enterica on blackberries. Two treatment approaches were tested: washing in SDC solutions (500 ppm and 1000 ppm for 1, 4, and 8 min), and hemicellulose B-based coatings supplemented with SDC (1 and 4 min exposure). Our results demonstrated that microbial reduction was significantly influenced by SDC concentration and exposure duration; longer treatment times and higher SDC concentrations achieved greater reductions. Washing with 1000 ppm SDC for 8 min obtained reductions of 5.0 ± 0.22 Log CFU/mL for E. coli (p < 0.001), 3.6 ± 0.45 Log CFU/mL for L. monocytogenes (p < 0.01), and 4.5 ± 0.30 Log CFU/mL for S. enterica (p < 0.001). Coating treatments at 1000 ppm for 4 min achieved even greater reductions for S. enterica, reaching 6.8 ± 0.35 Log CFU/mL, which was statistically superior to the corresponding washing treatment (p < 0.001). These findings support SDC as a promising antimicrobial agent for blackberry decontamination using a washing or coating method, with potential applications in fresh produce safety.
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1. Introduction


The blackberry (Rubus fruticosus) constitutes one of the many widely distributed berries among the Rubus genus, which belongs to the Rosaceae family. The berries are made up of an agglomeration of drupes, each about 1–3 cm in diameter, which vary in color from green to crimson to black as they ripen. Blackberries have been savored for centuries, cherished for their delightful flavor [1]. Berries, notably blackberries, have recently garnered popularity as “superfoods” due to their high concentration of bioactive chemicals. These include vitamins A and C, sterols, carotenoids, terpenoids, and phenolic constituents, all of which provide significant health advantages while remaining low in calories [2,3]. Blackberries contain high concentrations of bioactive components such as anthocyanins, flavonols, ellagitannins, and phenolic acids [4,5,6]. These phenolic compounds are well known for their anti-inflammatory, antioxidant, antidiabetic, and antibacterial properties [7]. Furthermore, they are thought to play a role in the prevention of chronic oxidative stress, cancer, and cardiac illnesses such myocardial cardiac disease and a fatal stroke [8]. In addition to their nutritional and therapeutic value, blackberries are particularly vulnerable to microbial contamination due to their delicate uneven surface structure, high moisture content, and minimal postharvest processing. Their frequent consumption in raw form further elevates the risk of foodborne illness, as pathogens are not eliminated through cooking. Notably, blackberries have been implicated in past contamination events, including Salmonella outbreaks traced to fresh berries in the United States and Europe, reinforcing their relevance in food safety research [9,10].



Foodborne pathogens contribute significantly to global morbidity and mortality. Each year in the United States, 31 major foodborne pathogens cause roughly 9.4 million illnesses, 56,000 hospital stays, and 1300 fatalities [9]. The most common bacterial pathogens linked to foodborne diseases are L. monocytogenes, enterohemorrhagic E. coli and S. enterica [9,10]. Bacterial contamination may take place at any stage throughout the production chain, notably through contact with contaminated water and interactions with those handling food or gear throughout harvesting and post-harvest [11]. Safeguarding the microbiological integrity of blackberries is critical for lowering the risk of foodborne diseases and preserving consumer trust. Chemical interventions, radiation exposure, and biological measures have all been investigated as ways to decontaminate fresh food [12,13]. Several studies have demonstrated the effects of chemicals such as ozone [14], sodium hypochlorite [15], lactic acid [16], and chlorine dioxide [17], on reducing the bacterial populations in berries. However, these reductions have generally not been significant [15,16,17,18]. Consequently, there is a growing demand for antimicrobial treatments that are low-cost, safe for consumption and highly effective at controlling microbes including L. monocytogenes, E. coli, and S. enterica, all of which contribute significantly to foodborne illness.



Sodium dichloroisocyanurate (SDC), a member of the N-halamine group of compounds, is a recognized biocidal agent due to its broad-spectrum antibacterial properties. The N-halamine compounds are distinguished by the presence of nitrogen-halogen covalent bonds. The antibacterial activity of SDC is attributed to the +1 oxidation state of the halide atoms in its molecular structure [19]. SDC is the sodium salt of a chlorinated hydroxy triazine and is utilized as a source of free accessible chlorine in the form of hypochlorous acid. It is extensively used as a reliable source of chlorine for swimming pool disinfection and in the food industry. It is used to disinfect drinking water, particularly in crises, since it is a convenient source of free chlorine. More recently, it has been used as a source of chlorine for point-of-use water treatment in homes [20]. SDC is less corrosive than bleach, exhibits mild toxicity, and is cost-effective, safe for humans, and environmentally benign [21,22]. Prior research has demonstrated the efficacy of SDC against prevalent food-borne intestinal protozoa, including Giardia lamblia, Entamoeba histolytica, Cyclospora, Cryptosporidium, and Microsporidia, as well as food-borne bacteria such as L. monocytogenes, E. coli and S. enterica [19,23].



Hemicellulose B, a plant-derived biopolymer, has shown promise as edible coating material for food applications due to its excellent film-forming ability, and compatibility with antimicrobial agents [24,25]. In our previous research, we developed hemicellulose-based packaging films specifically for food safety enhancement [26,27]. These formulations demonstrated improved antimicrobial retention, with notable effectiveness in reducing food borne pathogen populations during short-duration treatments.



This study systematically evaluates both washing and coating strategies using SDC as an antimicrobial agent for microbial decontamination of blackberry surfaces. Specifically, it investigates the impact of SDC concentration and exposure duration on reducing populations of three foodborne pathogens (L. monocytogenes, E. coli and S. enterica).




2. Materials and Methods


2.1. Preparation of Bacterial Strains


Stock cultures of L. monocytogenes (strain 19111), E. coli (ATCC strain 20R2R, serotype O157:H7), and S. enterica (strain 53647, serotype Typhimurium) were sourced from the USDA-ARS ERRC collection in Wyndmoor, PA, USA. To preserve these bacterial strains, they were stored at −80 °C in tryptic soy broth (TSB; BBL, Sparks, MD, USA) containing 20% glycerol. To guarantee viability, each starting culture was grown for 24 h at 37 °C on tryptic soy agar (TSA; BBL) slants containing 0.6% yeast extract and stored at 4 °C for two to four weeks.



For experimental preparation, a loopful of each bacterial strain was transferred from TSA slants to individual tubes containing 20 mL TSB. The cultures were grown at 37 °C on the rotary shaker at 5.0× g for 18 h, reaching an estimated concentration of ∼9 log CFU/mL. After incubation, the bacterial cultures underwent centrifugation at 10,000× g for 10 min, after which the supernatant was removed. The resulting pellets were washed twice with 2 mL of 0.1% peptone water and subsequently reconstituted in a volume of 20 mL of 0.1% peptone water for further experimental applications. All experiments were performed in triplicate (n = 3) for each bacterial strain and treatment condition to ensure reproducibility and statistical robustness.




2.2. Preparation of Antimicrobial Solution


SDC, sourced from Sigma-Aldrich (St. Louis, MO, USA), was dissolved in sterile deionized (DI) water in precise quantities to reach the required concentrations for experimental use. The solutions were formulated at room temperature and left undisturbed for 24 h before being utilized in experiments.




2.3. Preparation of Coating Solution


Hemicellulose B was extracted from corn bran in our laboratory following the procedure detailed in our previous publications [24,26]. The coating solution was prepared by dispersing 1% (w/v) hemicellulose B into a 500 mL glass container containing sterilized deionized (DI) water supplemented with SDC at concentrations of either 500 ppm or 1000 ppm. The solution was mixed thoroughly to achieve homogeneity. For control treatments, sterilized DI water without SDC was used following the same protocol.




2.4. Disk Diffusion Assay


The disk diffusion assay was performed by inoculating TSA plates with ∼8 log CFU of individual strains of L. monocytogenes, E. coli, and S. enterica (Table 1). After inoculation, the plates were left to air dry for 5 min. A 6 mm paper disk was carefully placed on each plate, and 100 μL of SDC at concentrations of either 250 ppm or 1000 ppm was applied to the disks. The plates were then incubated for 24 to 48 h, after which the zones of inhibition surrounding the disks were measured in millimeters (mm).




2.5. Preparation of Blackberries and Inoculum


Fresh blackberries were purchased from neighborhood stores, refrigerated at 4 °C, and consumed within a week. Berries selected for analysis measured 1–2 cm in diameter and weighed around 7–8 g. A total of 80 blackberries underwent an initial rinse with water, followed by treatment with 70% ethyl alcohol spray to eliminate microorganisms. Afterward, the berries were placed inside a biosafety cabinet and allowed to dry for 2 h.



To inoculate the blackberries with microbial contaminants, they were submerged in 100 mL of an inoculum solution, which consisted of 2 mL of each foodborne pathogens thoroughly mixed with 98 mL of 0.1% peptone water (approximately 6–7 log CFU/mL) to ensure proper suspension and distribution. After a 1 min immersion, the berries were transferred back to the biosafety cabinet and left to dry at 22 ± 2 °C for an additional 2 h to facilitate microbial attachment.




2.6. Treatment of Blackberries and Microbiological Analysis


Two treatment strategies were applied to inoculated blackberry samples: washing in SDC solutions and application of a hemicellulose B-based coating.



For SDC solution treatments, twenty blackberries per group were immersed in 500 mL of sterilized deionized (DI) water containing SDC at concentrations of either 500 ppm or 1000 ppm. The samples were agitated at room temperature (22 °C) for exposure durations of 1, 4, or 8 min. Control groups were processed identically using sterile DI water without SDC.



Following treatment, ten blackberries from each group were transferred into individual Whirl-Pak® bags with 10 mL of 0.1% peptone water and homogenized for one minute using a stomacher. Serial dilutions were performed, and aliquots were plated onto selective media to identify three pathogens, PALCAM agar (BBL/Difco, Sparks, MD, USA) (with selective supplement) for L. monocytogenes, Xylose Lysine Tergitol-4 (XLT4) agar for S. enterica, Tryptic Soy Agar (TSA, BBL/Difco) for E. coli.



For coating treatments, 20 blackberries were treated with a coating solution composed of 1% (w/v) hemicellulose B dispersed in DI water containing either 500 ppm or 1000 ppm of SDC. Samples were agitated at room temperature for durations of 1 or 4 min only. Sterile DI water was used for controls.



Microbiological analysis for the coating treatment targeted S. enterica exclusively. Ten blackberries per group were homogenized as described above, followed by serial dilutions and plating on XLT4 agar. Plates were incubated at 37 °C for up to 48 h, after which the log colony-forming units (CFU) were determined. All microbiological assays were conducted in triplicate to ensure experimental reproducibility.




2.7. Statistical Analysis


The results from triplicate tests were expressed as the mean ± standard deviation. Statistical analysis was performed using GraphPad Prism 7.0 (GraphPad Software, Inc., San Diego, CA, USA), employing a one-way analysis of variance (ANOVA), followed by a post hoc Tukey’s test. Before applying ANOVA, the normality of the data was checked using the Shapiro–Wilk test. If the data did not meet the assumptions for normal distribution, appropriate adjustments or non-parametric methods were considered. Statistically significant differences between treatment means were indicated by asterisks (* p < 0.05; ** p < 0.01; *** p < 0.001).





3. Results and Discussions


To improve the microbiological safety of blackberries, which are highly prone to contamination due to their delicate surface, this study evaluated two post-inoculation treatments: SDC washing and coating. Washing treatments targeted L. monocytogenes, E. coli, and S. enterica over varied exposure times, while the coating approach focused solely on S. enterica at shorter durations. Pathogen reductions were assessed via selective media to compare treatment efficacy.



3.1. Disk Diffusion Assays and Selection of SDC Concentration


Disk diffusion assays were conducted to evaluate the antimicrobial effectiveness of SDC on different bacterial strains. When 250 ppm of SDC was applied to sample discs on TSA plates, no inhibition zones were observed across the tested strains. However, increasing the concentration to 1000 ppm yielded inhibition zones with average diameters reaching up to 9.25 mm for the tested strains, as shown in Table 1. Consequently, for subsequent experiments on blackberries application, the SDC concentration was adjusted to 500 ppm, under the assumption that 250 ppm would be insufficient. Furthermore, the concentration was raised to 500 ppm for experiments with blackberries to account for the fruit’s porous surface, which could potentially limit the antimicrobial’s effectiveness.




3.2. Treatment of Blackberry Surfaces with SDC Solutions


The effectiveness of SDC in lowering populations of L. monocytogenes, E. coli, and S. enterica was assessed at two doses (500 ppm and 1000 ppm) as well as across three exposure durations (1 min, 4 min, & 8 min). The results demonstrated that decline in bacterial population was impacted by both the treatment concentration and the length of exposure, with longer durations and higher concentrations leading to greater decreases in microbial load (Figure 1, Figure 2 and Figure 3).



For E. coli, microbial reduction at 500 ppm was recorded as 1.1, 2.9, and 4.0 Log CFU/mL at exposure times of 1, 4, and 8 min, respectively. When tested at a concentration of 1000 ppm, bacterial levels showed a notable decline, with reductions of 1.9, 3.5, and 5.0 Log CFU/mL (p < 0.001) (Figure 1) in comparison to control group (i.e., sterile deionized water). These results demonstrate that higher concentrations and longer exposure times contribute to a more pronounced reduction in E. coli populations on blackberry surfaces. However, upon analysis of the data across two concentrations and three duration intervals, it was observed that a 52.6% greater reduction in microbial loads on the surface of blackberries could be attained by increasing the exposure time from 1 to 4 min, necessitating a lower dosage of 500 ppm SDC rather than 1000 ppm (2.9 Log CFU/mL at 500 ppm in 4 min; 1.9 Log CFU/mL at 1000 ppm in 1 min). In a comparable manner, a further reduction of 14.2% could be achieved with a 500 ppm solution, necessitating an extension of the exposure time by 4 min (4 Log CFU/mL at 500 ppm in 8 min; 3.5 Log CFU/mL at 1000 ppm in 4 min).



For L. monocytogenes, microbial reduction at 500 ppm was observed at 1.1, 1.8, and 2.4 Log CFU/mL for exposure durations of 1, 4, and 8 min, respectively. At 1000 ppm concentration, microbial levels reduced through 1.5, 2.8, and 3.6 Log CFU/mL (p < 0.01) over the designated time intervals when compared to the control samples (Figure 2). These results highlight the effectiveness of higher concentrations in reducing bacterial presence. These findings illustrate that increasing concentration and extending the exposure duration led to more substantial microbial reduction. Analyzing the correlation between concentration and exposure time, it was noted that a 20% and 60% greater reduction in L. monocytogenes on blackberry surfaces could be attained with a 500 ppm solution (instead of 1000 ppm), necessitating an increase in exposure time from 1 to 4 min and from 1 to 8 min, respectively. (1.8 and 2.4 Log CFU/mL at 500 ppm in 4 and 8 min, respectively; 1.5 Log CFU/mL at 1000 ppm in 1 min).



For S. enterica, microbial reductions at 500 ppm were recorded as 1.3, 2.1, and 3.2 Log CFU/mL at exposure times of 1, 4, and 8 min, respectively. When tested at 1000 ppm, microbial reductions were 1.91, 3.3, & 4.5 Log CFU/mL (p < 0.001), showing a notable increase relative to the corresponding control samples (Figure 3). These results highlight the effectiveness of higher concentrations in reducing bacterial presence. This pattern highlights the direct correlation between higher concentrations and extended exposure durations in achieving greater microbial reduction.




3.3. Treatment of Blackberry Surfaces with Hemicellulose-Based Coating Approach


The effectiveness of the hemicellulose B-based coating formulation, supplemented with SDC, was assessed for its ability to reduce S. enterica populations on blackberry surfaces. Treatments were performed using two concentrations of SDC (500 ppm and 1000 ppm) and evaluated at exposure times of 1 and 4 min.



At 500 ppm, microbial reductions were 3.2 and 5.4 Log CFU/mL for the 1 min and 4 min exposures, respectively. When tested at 1000 ppm, reductions increased to 5.2 and 6.8 Log CFU/mL (p < 0.001), across the same time intervals, indicating a clear enhancement in antimicrobial activity with higher concentration and longer contact time (Figure 4). These results demonstrate a strong positive correlation between treatment intensity (concentration and duration) and microbial reduction. Notably, the coating approach yielded substantial decreases in S. enterica, outperforming washing treatments under comparable conditions (Table 2).



Overall, this intervention underscores the antimicrobial efficacy of SDC in reducing microbial contamination on blackberry surfaces through both washing and hemicellulose-based coating strategies. Across solution-based treatments, increased SDC concentration (from 500 ppm to 1000 ppm) and extended exposure times (up to 8 min) consistently improved microbial reductions for L. monocytogenes, E. coli, and S. enterica. These findings confirm that both concentration and contact time are key parameters for optimizing disinfection outcomes (Table 2), aligning with previous research highlighting the effectiveness of chlorine-based agents in fresh produce safety [28,29,30].



Interestingly, extended exposure of lower concentrations also yielded significant reductions (p < 0.05), suggesting operational flexibility depending on dosage availability and processing time constraints. For instance, the washing treatment with 500 ppm solution for 4 or 8 min could achieve comparable results, and in some cases superior reductions relative to shorter exposures at 1000 ppm. Such data offers practical insights for tailoring sanitization protocols across production environments, particularly where chemical minimization is desired without compromising efficacy [31,32].



Beyond solution washing, the hemicellulose B-based coating approach exhibited even greater efficacy, especially against S. enterica, with reductions reaching up to 6.8 Log CFU/mL at 1000 ppm within just 4 min (p < 0.001). This superior performance possibly stems from the polymer’s capacity to retain SDC on the fruit surface, promoting prolonged contact and targeted antimicrobial release. On porous produce like blackberries, such delivery systems enhance overall pathogen control and may contribute to shelf-life extension while minimizing risk of pathogen rebound.



The notable performance of hemicellulose coatings builds on previous work demonstrating their potential in food packaging and surface decontamination applications [24,25,26,27]. As a biodegradable, edible film-forming material, hemicellulose B can serve as both an antimicrobial agent and as a sustainable alternative to synthetic polymers. Although hemicellulose does not possess any antimicrobial activity, its ability to integrate with active agents like SDC enhances retention of antimicrobial activity, protects fragile surfaces, and supports post-harvest handling protocols. By integrating hemicellulose-based coating treatments, this research advances a safer, more efficient framework for fresh produce sanitation and sets the stage for developing targeted edible antimicrobial systems for commercial applications.



Despite its strengths, this study has its limitations. Microbial analyses were performed immediately post-treatment without monitoring long-term pathogen suppression, shelf-life stability, or residual activity during storage. Coating treatments were evaluated only against S. enterica, leaving efficacy against L. monocytogenes and E. coli unaddressed in that format. Additionally, parameters such as drying time, uniform coating application, and cost-effectiveness were not investigated. The absence of sensory testing [33,34], also restricts conclusions regarding consumer experience and market viability. Given that SDC is a strong oxidizing agent, future studies should assess its potential to alter fruit appearance, taste, aroma, and nutritional properties, especially at higher concentrations. Furthermore, the physical and chemical properties of the hemicellulose B-based coating, such as viscosity, thickness, homogeneity, adherence to fruit surfaces, and stability under storage conditions were not characterized in this study. We acknowledge that these attributes are essential for interpreting antimicrobial performance and assessing practical feasibility, especially in regulatory and scalability contexts. This omission limits the ability to fully evaluate the coating’s behavior in real-world applications. However, we note that this study was designed as a proof-of-concept, with a primary focus on demonstrating antimicrobial efficacy. The coating formulation was used to explore its potential as a delivery system for SDC. Although SDC is widely used and generally considered low in toxicity, its direct application to food surfaces warrants further safety evaluation to address potential risks such as skin irritation or respiratory effects at high exposure levels. The promising results observed here suggest that SDC-infused hemicellulose coatings could be integrated into commercial workflows, such as automated spray systems or edible film applications in modified atmosphere packaging. Such implementations may contribute to reducing microbial load during storage and distribution, extending shelf life, and offering a sustainable alternative to conventional antimicrobial interventions like chlorine rinses or ozone treatments. In addition, preliminary biodegradability testing confirmed that the hemicellulose-based coating is environmentally degradable, with full data to be presented in a forthcoming study. This supports its potential as a sustainable material for food safety applications.



To advance this work, future studies should explore broader pathogen coverage in coating systems, assess microbial stability under realistic storage conditions, and perform detailed sensory analyses across treated fruits. Comparative trials across different produce types, such as strawberries, grapes, or tomatoes would help verify transferability of findings. Optimization of formulation protocols, scale-up strategies, and regulatory compliance will be essential for industrial adoption. Specifically, it will be important to determine how long and at what concentration SDC remains on fruit surfaces after coating or washing, to assess the potential risk of ingesting harmful levels. Further research should also define optimal SDC concentrations and exposure durations to support practical application. As demonstrated in previous studies by Nazaruddin et al. [35], and Carpena et al. [36], integrating natural compounds into biodegradable matrices can enhance food safety through intelligent responsiveness and spoilage detection. Inspired by these approaches, combining SDC with natural antimicrobials or antioxidants may open new avenues for synergistic control and shelf-life enhancement in fresh produce management.





4. Conclusions


This study demonstrates the effectiveness of SDC in reducing microbial contamination on blackberries through two intervention strategies: washing and coatings. The antimicrobial activity of SDC was strongly influenced by concentration and contact time, with higher levels and longer exposures resulting in substantial reductions in L. monocytogenes, E. coli, and S. enterica. Notably, the hemicellulose-based coating approach achieved superior microbial reductions against S. enterica in shorter durations, suggesting enhanced retention and delivery of SDC on berry surfaces. This highlights the potential of coating-based systems for rapid and efficient pathogen control, particularly on delicate fruits like blackberries. SDC demonstrated promising antimicrobial efficacy under laboratory conditions, though its application in real-world produce safety requires further validation, including coating characterization, long-term stability, and comparative trials. The current study did not include sensory analysis, residue quantification, or simulation of commercial packaging and handling conditions. These limitations underscore the preliminary nature of the findings and highlight the need for future research to assess practical feasibility, safety, and scalability. Such efforts will be essential to determine whether SDC-infused coatings can serve as a sustainable and effective alternative to conventional antimicrobial interventions in fresh produce management.
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Figure 1. The inhibitory activity of SDC against E. coli is dependent on both time and concentration. The X-axis denotes treatment duration in minutes, while the Y-axis indicates the reduction in bacterial population, expressed in Log CFU/mL. The figure presents the average results from three experiments conducted in duplicate. Asterisks indicate statistically significant differences between the means of various treatments (* p < 0.05; ** p < 0.01; *** p < 0.001). 
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Figure 2. The inhibitory activity of SDC against L. monocytogenes is dependent on both time and concentration. The X-axis denotes treatment duration in minutes, while the Y-axis indicates the reduction in bacterial population, expressed in Log CFU/mL. The figure presents the average results from three experiments conducted in duplicate. Asterisks indicate statistically significant differences between the means of various treatments (* p < 0.05; ** p < 0.01; *** p < 0.001). 
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Figure 3. The inhibitory activity of SDC against S. enterica is dependent on both time and concentration. The X-axis denotes treatment duration in minutes, while the Y-axis indicates the reduction in bacterial population, expressed in Log CFU/mL. The figure presents the average results from three experiments conducted in duplicate. Asterisks indicate statistically significant differences between the means of various treatments (* p < 0.05; ** p < 0.01; *** p < 0.001). 
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Figure 4. The inhibitory activity of SDC hemicellulose-based coating against S. enterica is dependent on both time and concentration. The X-axis denotes treatment duration in minutes, while the Y-axis indicates the reduction in bacterial population, expressed in Log CFU/mL. The figure presents the average results from three experiments conducted in duplicate. Asterisks indicate statistically significant differences between the means of various treatments (* p < 0.05; ** p < 0.01; *** p < 0.001). 
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Table 1. Zones of inhibition for the different bacterial strains E. coli, L. monocytogenes, and S. enterica on TSA plates after treatment with SDC (1000 ppm). Each sample underwent testing in duplicate.






Table 1. Zones of inhibition for the different bacterial strains E. coli, L. monocytogenes, and S. enterica on TSA plates after treatment with SDC (1000 ppm). Each sample underwent testing in duplicate.





	
Zone of Inhibition (Diameter in mm)




	
Bacterial Pathogen

	
Trial 1

	
Trial 2

	
Average






	
E. coli

	
8

	
8.5

	
8.25




	
L. monocytogenes

	
9.5

	
9

	
9.25




	
S. enterica

	
8.5

	
8.25

	
8.37











 





Table 2. Demonstrates the best-performing SDC concentration and time for microbial reduction on blackberries. a Means are expressed as log CFU/mL ± SD. Asterisks to the left of the mean indicate a significant difference between treatment means. Significance was defined as * p < 0.05; ** p < 0.01; *** p < 0.001.
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	Bacterial Pathogen
	Best-Performing

SDC Concentration (ppm)
	Best-Performing Exposure Time (min)
	a Log Reduction (CFU/mL)





	E. coli
	1000 (Washing)
	8
	** 5.0 ± 0.21



	L. monocytogenes
	1000 (Washing)
	8
	* 3.6 ± 0.45



	S. enterica
	1000(Washing)
	8
	** 4.5 ± 0.11



	S. enterica
	1000 (Coating)
	4
	*** 6.8 ± 0.18
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