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Attention: Mr. Dennis Colley  
 
Subject:  A Review of Sanitizer Efficacy on Salmonella Biofilms on Reusable Plastic Container 

Coupons  
 
Dear Mr. Colley: 
 
With fresh produce determined to be the source of many food-borne illnesses, concerns over the 
microbial cleanliness of containers used for the storage and transport of fresh produce has been raised 
by authoritative bodies in multiple geographies.  The U.S. FDA Guide to Minimize Microbial Food Safety 
Hazards for Fresh Fruits and Vegetables (1998) indicates that: “Containers used for ready-to-eat fresh 
produce should be cleaned and sanitized…” and further that “Operators should examine… and develop 
procedures to track individual containers from the farm, to the packer, distributor, and retailer, in as 
much detail as possible.”  Further, a technical guide from the United Nations (UN) indicates that, “Proper 
physical and hygienic management of plastic crates is equally important in order to safeguard against 
chemical, physical and microbiological risks.” (Raspusas and Rolle, 2009).  The UN Technical Guide also 
states that Reusable Plastic Containers (RPCs) must “…be appropriately managed and maintained in 
order to avert any risks associated with their use.  Once infected, disease can spread to healthy produce 
as well as to the contact surfaces of plastic crates.”  These documents indicate that both regulators and 
other authoritative bodies consider containers for the shipping and transport of fresh produce as 
potential contributors to food borne illnesses.  
 
Background 
 
A research program evaluating the microbial cleanliness of RPCs, incorporating the expertise from 
technical experts and researchers in both the U.S. and Canada, was initiated in 2011 and has included 
literature reviews, laboratory bench scale testing, and field testing.   
 
Bench scale testing performed by WBA Analytical Laboratories, an independent microbiological testing 
laboratory, confirmed that RPCs were able to support biofilms of Escherichia coli O-157, Listeria 
monocytogenes or Salmonella spp. (WBA, 2013a, 2013b, 2013c).  Biofilms have been shown to be more 
resistant to sanitizers, with biofilm formation likely to be relevant to the persistence of microorganisms 
on food contact surfaces (Mah, T; Corcoran et. al., 2014). 
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Field testing of RPCs in Canada and the United States (U.S.) on multi-use containers show that a large 
percentage (32-50%) of “clean” RPCs received at produce distribution centers failed to meet expected 
sanitization criteria by carrying a significant microbial load after processing (>1000 colony forming units 
(CFU)/container) (Suslow, 2014; Warner, 2013; Warner, 2014).  
 
IFCO, one of the largest RPC distributers, has noted in a recent technical publication that the sanitizers 
sodium hypochlorite or peracetic acid are used by IFCO to sanitize RPCs after cleaning and prior to 
submission to the produce distribution facilities.  IFCO has not specified the sanitizer concentration or 
the exposure time used, nor was other publicly available data identified on IFCO’s RPC sanitization 
process.  Although further details of the sanitization process have not been provided, IFCO has indicated 
that their process removes 99.5% of bacteria (IFCO, 2014). 
 
For chemical sanitizers used on food contact surfaces, the U.S. Environmental Protection Agency (EPA) 
and the U.S. Food Safety and Inspection Service (FSIS) both specify a 5-log reduction of disease-causing 
microorganisms of public health importance on food-contact surfaces should occur within 30 seconds 
(EPA, 1979).1   
 
Current Work 
 
This report summarizes the potential effectiveness of the sodium hypochlorite and peracetic acid on 
biofilms present on RPCs in the produce supply chain as evaluated in the recent work led by Dr. Steven 
Ricke, at the University of Arkansas’ Center for Food Safety and Department of Food Science 
(Attachment A).  The studies investigated the ability of these compounds to sanitize reusable plastic 
container (RPC) coupons with an established Salmonella spp. biofilm.  Salmonella biofilms have been 
shown to be more resistant to sanitizers, with biofilm formation likely to be relevant to the persistence 
of Salmonella on food contact surfaces. These Salmonella biofilms may act as a reservoir for recurrent 
bacterial contamination and food-borne outbreaks (Corcoran et. al., 2014).  Both sodium hypochlorite 
and peracetic acid are approved for food contact surface sanitization at up to 200 parts per million 
(ppm) by the EPA (EPA, 2014).   
  
The University of Arkansas conducted a series of five studies, the results of which are summarized in five 
reports and three appendices which can be found in Attachment A of this report.  The titles of the study 
reports and appendices are noted below:  
 

1. Studies: 

 STUDY 1: Evaluation of the effectiveness of 200 ppm sodium hypochlorite (NaClO) to 
sanitize reusable plastic containers (RPC);  

 STUDY 2: Evaluation of 200 ppm peracetic acid (PAA) on reusable plastic containers (RPC);  

1 The EPA specifies a 5-log reduction in the number of microorganisms within 30 seconds for non-chlorine 
sanitizers.  Although no specific log reduction is provided in regulatory guidance for chlorinated sanitizers by the 
EPA, the FSIS specifies that chemical sanitizers for use on food contact surfaces should ensure exposure times of at 
least 10 seconds for chlorine solutions or 30 seconds for other chemical sanitizer solutions.  
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 STUDY 3: Evaluation of 200,000 ppm sodium hypochlorite (NaClO) on reusable plastic 
containers (RPC);  

 STUDY 4: Evaluation of 60s exposure time to 200 ppm sodium hypochlorite (NaClO) 
sanitization; and  

 STUDY 5: Effects of organic load on biofilm attachment.  

2. Appendices: 

 APPENDIX 1: Reusable plastic container (RPC) pictures;  

 APPENDIX 2: Scanning Electron Microscopy (SEM) images of bacterial and organic load on 
reusable plastic containers (RPC); and 

 APPENDIX 3: Alternative methods for cleaning and sanitizing of reusable plastic containers 
(RPC). 

 
GOALS AND OBJECTIVES 
 
The studies conducted by the University of Arkansas were established to evaluate status of the RPCs 
used for the storage and transport of fresh produce and the ability of sodium hypochlorite and peracetic 
acid to effectively sanitize those RPCs.  The RPCs used in the studies were provided to the University of 
Arkansas’ Center for Food Safety and Department of Food Science from a produce distribution center 
following rejection due to a lack of visible cleanliness or physical defects (i.e., broken hinges). 
 
Sodium hypochlorite and peracetic acid are approved for use on non-porous food contact surfaces by 
the EPA at levels up to 200 ppm.  In support of EPA’s approval, the compounds have been shown to 
cause a 5-log reduction in organisms (including Salmonella) on food contact surfaces following standard 
microbial protocols, as required by the EPA.  Standard protocols specify that the food contact surfaces 
are clean prior to testing and that efficacy is evaluated on planktonic organisms.  It is important to note 
that organisms embedded in biofilms may be more resistant to sanitization than planktonic organisms, 
requiring as much as 1,000 times the concentration of sanitizer to result in sanitization.  The 
effectiveness of sanitizers under actual use conditions are dependent on various factors including, but 
not limited to: 
 

 Sanitizer concentration; 

 Exposure time; 

 Exposure temperature; 

 Cleanliness of surface prior to sanitization;  

 Status of organisms to be removed (i.e., planktonic or in a biofilm); and 

 ph. 
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The testing included: 
 

1. An evaluation of the status and cleanliness of the RPC surface prior to testing;  

2. An investigation on the organic load required to form a biofilm on the RPC coupons; and 

3. An investigation of the identified sanitizer’s ability to remove a Salmonella biofilm on the 
RPC coupons, to mirror worst-case conditions that may be present under actual RPC use. 

 
EXAMINATION OF RPCS 
 

Gross/Visible Contamination Evaluation: Attachment A, Appendix 1 
As insufficient cleaning prior to sanitization has been shown to decrease the effectiveness of 
sanitizers, the RPCs were first visibly examined for gross contamination.  Gross contamination on the 
received RPCs included visible dried residue, decaying plant material, and labels from prior use 
(Figure 1).  (Attachment A, Appendix 1) 
 
After the review for gross contamination, visibly clean RPCs were cut into 1 inch square coupons 
(coupons) for microscopic evaluation and/or further testing. 
 
Figure 1: Residues found on “clean” RPCs 

 
 
Microscopic Examination: Attachment A, Appendix 2 
Scanning Electron Microscopy (SEM) images (micrographs) of select RPCs did not show a smooth 
surface, but rather revealed variability in the surface structures including crevices and pitting (likely 
a result of aggressive cleaning) that may contribute to increased bacterial attachment, biofilm 
formation, and resistance to sanitization (Figure 2).  Over the course of the typical use life of a RPC, 
they are reused 39 times (Franklin Associates, 2013).  The environmental conditions during use as 
well as the alkaline cleaners and chlorinated sanitizers incorporated into the RPC 
cleaning/sanitization process between uses can result in the deterioration the plastic surface.  It is 
postulated that the state of the RPC surface results from both physical and chemical insults to the 
RPCs during their use and reuse.  Some SEM micrographs also revealed microorganisms embedded 
in biofilms on the surface of “clean” RPCs (Figure 3).   
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Figure 2: SEM images of uninoculated RPCs coupon 

 
 

Figure 3: SEM image (15000x magnification) of attached bacterial cells on a “clean” RPC surface 

 
 
 

Biofilm development - Attachment A, Study 5 
Biofilm formation on RPCs coupons was evaluated using “clean” RPC coupons that were sanitized 
with a 70% ethanol solution at room temperature for five minutes to remove existing microflora 
that may have been present on the RPCs at the time of receipt.  These sanitized coupons were then 
incubated for 18-24 hours at 37 °C with Salmonella enterica serovar Typhimurium (Salmonella) in 
Tryptic Soy Broth (TSB) to allow the organisms an opportunity to form biofilms on the surface.  After 
incubation, planktonic cells that may have been loosely attached to the RPC coupons were removed 
using a sterile deionized water rinse. 2  This rinsing process resulted in only organisms, which were 
attached within a biofilm, remaining on the RPC coupon surface. 
 
The testing showed that TSB, which contains 2% protein and 0.25% glucose, was sufficient to 
support Salmonella growth and facilitate biofilm development on the RPC coupons.  After 
incubation, biofilms averaging nearly 17,000,000 (7.23 log) CFU/coupon were observed. 

2 Planktonic cells are the same organism as those found in the attached biofilm; however, they are present in the 
broth or loosely attached to the RPC surface.  They are physiologically distinct from the cells growing in the biofilm. 
Organisms within biofilms have been shown to be more resistant to sanitization than planktonic cells (Corcoran, 
2014; Mah, 2001). 

 

                                                           



Corrugated Packaging Alliance 
14 September 2015  
Page 6 
 
 

In order to assess the effects of a higher organic load on biofilm development, 5% bovine serum 
albumin (BSA) was added to the TSB prior to incubation of the RPC coupons with Salmonella.3  The 
results show that the higher organic load (due to the addition of BSA) did not result in a biofilm with 
significantly higher numbers of organisms.  This provides evidence that biofilm development only 
requires a minimal organic load. 

 
SANITIZER EFFICACY 
 
The EPA has approved sodium hypochlorite or peracetic acid at levels up to 200 ppm as non-porous food 
contact surface sanitizers.  Further the EPA has specified that non-chlorine food contact sanitizers 
should result in a 5-log reduction of organisms with a contact time of 30 seconds at 25 °C.  Further, the 
food contact surfaces should be pre-cleaned prior to application of the sanitizer (EPA, 2015).  Too little 
sanitizer can result in insufficient organism removal, while too much sanitizer can corrode surfaces and 
result in residues that exceed FDA standards. 
 

Sodium hypochlorite: Attachment A, Studies 1, 3 and 4 
The efficacy of sodium hypochlorite on RPC coupons with an established Salmonella biofilm was 
evaluated in Attachment A, Studies 1, 3 and 4.4   

 
 Study 1 evaluated the efficacy of a 30 second exposure to 200 ppm sodium hypochlorite at 25°C 

on Salmonella biofilms on RPC coupons.   
 
The Salmonella biofilm was established on the coupons by incubating the organism and RPC 
coupons for 18-24 hours at 37 °C with Salmonella in TSB.  The resulting biofilms averaged 7.38 
CFU/coupon. 
  
The treatment resulted in an average reduction of 2.73% (99.724%) per sample.  Neither the 
average nor any individual samples resulted in the 5-log organism reduction.  After sanitization, 
20,400 to 123,000 Salmonella CFU remained on the RPC coupons. 

 
As 200 ppm sodium hypochlorite applied to the RPCs with a Salmonella biofilm at a 30-second 
exposure time did not result in a 5-log reduction in microorganisms, additional studies varying 
the level of sanitizer and the length of sanitization time were performed to determine if a higher 
concentration or longer exposure time would result in a 5-log reduction in organisms.  The 
results of those studies follow here. 

 
 Study 3 evaluated the efficacy of a 30 second exposure to a 200,000 ppm sodium hypochlorite 

solution at 25°C on Salmonella biofilms on RPC coupons; a level 1,000 times the allowable level 
for food contact. 
 

3 BSA is a low molecular weight protein commonly used in microbiological testing as a source of organic material. 
4 The experimental design resulted in a detection limit of 200 CFU/coupon.  Sanitized RPC coupons that did not 
result in organism detections were assumed to have a Salmonella load at the limit, or 200 CFU/coupon. 
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The Salmonella biofilm was established on the coupons by incubating the organism and RPC 
coupons for 18-24 hours at 37 °C with Salmonella in TSB.  The resulting biofilms averaged 6.85 
CFU/coupon. 
 
This treatment resulted in an average reduction of 3.77 log (99.527%) CFU per sample, lower 
than the average reduction of 200 ppm sodium hypochlorite; however three of the eight 
samples treated did show a 5-log reduction in organisms.  After sanitization, up to 32,400 
Salmonella CFU were present on the RPC coupons. 5 
 

 Study 4 evaluated the efficacy of a 200 ppm sodium hypochlorite solution at 60 seconds and 
25°C on Salmonella biofilms on RPC coupons.   
 
The Salmonella biofilm was established on RPC coupons by incubating the organism and RPC 
coupons for 18-24 hours at 37 °C with Salmonella in TSB.  The resulting biofilms averaged 7.03 
CFU/coupon. 
 
The treatment resulted in an average reduction of 2.11 log (97.32%) CFU per sample, similar to 
that resulting from a 30 second exposure to this sanitizer.  Neither the average reduction nor 
any individual sample met the 5-log reduction required by the EPA.  After sanitization with 
sodium hypochlorite for 60 seconds, a range of 2,690 to 501,000 Salmonella CFU were present 
on the RPC coupons.   

 
Although sodium hypochlorite is an approved food-contact surface sanitizer, the inconsistency in 
sanitization indicates that neither the approved concentration of 200 ppm, nor a solution with 
200,000 ppm are able to consistently result in a 5-log reduction in organisms when applied to RPCs 
with an established Salmonella based biofilm.   
 
Peracetic acid: Attachment A, Study 2 
This study evaluated the efficacy of a 30 second exposure to 200 ppm peracetic acid at 25°C on 
Salmonella biofilms on RPC coupons.   

 
The Salmonella biofilm was established on RPC coupons by incubating the organism and RPC 
coupons for 18-24 hours at 37 °C with Salmonella in TSB.  The resulting biofilms averaged 7.41 
CFU/coupon. 
 
Exposure of the RPC coupons with the Salmonella biofilm to a 200 ppm peracetic acid solution 
resulted in an average reduction of 2.73 log (99.724%) Salmonella CFU per sample, with no samples 
showing a 5-log reduction.  After sanitization, between 4,000 and 5.5 million Salmonella CFU 
remained on the RPC coupons.  

 

5 For purposes of this evaluation, samples that did not exhibit growth after sanitization were assessed to meet the 
EPA sanitization criteria of 5-log reduction.  
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After sanitization, the number of Salmonella CFUs on the individual coupons consistently exceeded the 
1000 organism limit expected on clean RPC surfaces.  None of the microbially contaminated RPC 
coupons treated with the EPA maximum allowable food-contact sanitizer concentrations resulted in a 
residual microbial count of <1000 CFU/coupon; further, only 4 of 8 coupons treated with sodium 
hypochlorite at 1,000 times the allowable level met this specification.   
 
The residual organism counts ranged from ≤200 to 5.5 million Salmonella CFU/RPC coupon after 
sanitization.  Table 1 summarizes the number of organisms remaining on the RPCs after sanitization by 
the sanitizers. 

 
Table 1: Recoverable Organisms on RPC Coupons after Sanitization 

 
Acceptable 
Limit 

200 ppm  
NaClO (30 s) 
(n=16) 

200 ppm  
peracetic acid (30 s) 
(n=6) 

200 ppm  
NaClO (60 s) 
(n=7) 

200,000 ppm  
NaClO (30 s) 
(n=8) 

Residual 
CFU (min) 

1,000 

20,400 4,070 2,700 <200 
Residual 
CFU (avg) 44,100 532,000 186,000 6,000 
Residual 
CFU (max) 123,000 5,130,000 501,000 32,400 

 
Figure 4: Residual Organisms on RPC coupons after Sanitization 

 
 
The efficacy of both sodium hypochlorite and peracetic acid was highly variable under the conditions of 
the studies.  This is not altogether unexpected and may be attributed to (1) the extent of pits or crevices 
on individual coupons which may lead to the inability of the sanitizer to reach organism embedded 
within those inclusions or (2) the robustness of the biofilm matrix on the individual coupon surface 
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which may limit the ability of the sanitizer to effect individual organisms embedded within it.  Table 2 
displays a summary of the log reductions achieved by the two sanitizers on RPCs with established 
biofilms under the conditions noted, while Figure 4 provides a visual representation of the data. 
 
Table 2: Percent Reductions in Recoverable Organisms from RPC Coupons after Sanitization 

 

EPA 
Specification 

200 ppm 
NaClO (30 sec) 
N=5 

200,000 ppm 
NaClO (30 sec) 
(n=8) 

200 ppm 
NaClO (60 sec) 
(n=7) 

200 ppm 
Peracetic acid 
(N=16) 

Average 
Percent 
Reduction 

5 

2.73 3.77 2.11 2.50 

Minimum 
Percent 
Reduction 

2.27 1.44 0.86 0.72 

Maximum 
Percent 
Reduction 

3.48 4.88  3.08 3.35 

 
Figure 5: Percent Reductions in Recoverable Organisms from RPC Coupons after Sanitization 

 
 
As noted in Table 1 above, the number of organisms recovered from the RPC coupons after sanitization 
varied from less than 200 CFU/coupon (Limit of Detection) to 5,500,000 CFU/coupon.  Although there 
are currently no regulatory specifications that stipulate the sanitization criteria applicable to RPCs, Dr. 
Keith Warriner proposed a 1000 CFU limit for RPCs; this level is also noted as the acceptable residual 
CFU level for food contact materials in multiple European Guidelines (FSAI, 2006; NSWFA, 2013; 
Warriner, 2013).  This 1000 CFU limit was used to access the sanitary status of the RPC coupons after 
sanitization.   
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ALTERNATIVE CLEANING METHODOLOGY: ATTACHMENT A, APPENDIX 3 
 
During the course these studies, four coupons exhibited growth inconsistent with Salmonella.6  It was 
hypothesized by the study authors that this contamination may have been due to either laboratory error 
or the presence of organisms in biofilms even after the pre-experimental coupon sanitization with 70% 
ethanol.  Biofilms have been shown to be more resistant to sanitizers, with biofilms likely supporting the 
persistence of organisms on food contact surfaces (Mah, 2001). 
 
To assess the effectiveness sanitization, cleaning plus sanitization or disinfection for the removal of 
residual organisms from “clean” RPC surfaces, alternative methods for preparing the RPC coupons prior 
to testing was evaluated.  The treatments evaluated were: 
 

 Sanitization: 70% ethanol rinse (five minute exposure); 

 Cleaning plus Sanitization: Detergent prewash followed by a 70% ethanol rinse; and  

 Disinfection: Autoclaving followed by a 70% ethanol rinse.7 
 
After each of these treatments, individual RPC coupons were placed into TSB and incubated at 37°C for 
24 hours.  Only the RPC coupons that underwent a sanitization plus disinfection procedure (autoclaving 
followed by a 70% ethanol rinse) remained clear, exhibiting no growth. Bacterial growth was assessed 
based on broth turbidity after incubation (Figure 5).  
 
Figure 5: Effectiveness of RPC Pre-cleaning  

   
 
Conclusion 
 
Biofilms incorporating an average of 7+ log of Salmonella CFU/coupon were established on used RPCs 
and subsequently exposed to either sodium hypochlorite or peracetic acid at levels at or above those 
approved for use on food contact surfaces.  No sanitizer treatments resulted in a 5-log reduction of 
organisms on RPCs under the conditions of these studies. 

6 These data were excluded from data analysis. 
7 The EPA defines sanitization as a reduction in microorganisms, while disinfection is the process of eliminating or 
inactivating human pathogens. 
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Specifically: 
 

 Sodium hypochlorite at 200 ppm at 25 °C averaged 2.73 or 2.11 log reduction in the number 
of Salmonella in a biofilm after a 30 or 60 seconds exposure, respectively.  

 Sodium hypochlorite at 200,000 ppm (1,000 times higher than EPA approved level) at 25 °C 
averaged a 3.77 log reduction in the number of Salmonella in a biofilm after a 30 second 
exposure. 

 A 200 ppm solution of peracetic acid at 25 °C averaged a 2.5 log reduction in the number of 
Salmonella in a biofilm after a 30 second exposure. 

 
Salmonella biofilms have been shown to be more resistant to sanitizers, with biofilm formation likely to 
be relevant to the persistence of Salmonella on food contact surfaces.  These Salmonella biofilms may 
act as a reservoir for recurrent bacterial contamination and food-borne outbreaks (Corcoran et. al., 
2014).  The sanitizer efficacy found in these studies as well as the efficacy claimed by the RPC industry 
(99.5% reduction) are both lower than the reduction that the EPA requires for the sanitization of food 
contact surfaces by chemical sanitizers of 5-log.  This supports the conclusion that biofilms, which may 
form on RPCs during normal conditions of use, are more resistant to removal by common food-contact 
surface sanitizers potentially leaving a residual microbial load on “clean” containers that is difficult to 
remove.  Residual microbial loads that may be present after the sanitization of RPC may then be 
available for transfer to fresh produce placed in the container, potentially resulting in produce spoilage 
and/or increasing the potential for food-borne illness for those consuming the produce. 
 
 
Sincerely yours, 
HALEY & ALDRICH, INC. 
 

      
Mark Jackson       Maryann Sanders 
Senior Toxicologist      Senior Regulatory Compliance Specialist 
Regulatory Compliance Specialist   Microbiologist 
 
 
Attachments: 

Attachment A: Efficacy of Sanitizers to Remove Attached Cells from Reusable Plastic Container 
Coupons, University of Arkansas – Center for Food Safety    
 

 
https://hank.haleyaldrich.com/sites/communities/ProductStewardship/Shared Documents/Client Folders/International Paper/41738 - Marketing (Endicott)/Final 
Deliverables/XXX_Deliverables/HAI Final Deliverables/2015_0914_CPA Salmonella Report_F.docx 
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Study Completion Date: 3/12/2015 

Report Completion Date: 7/8/2015 

 

 

STUDY 1: Evaluation of the effectiveness of 200 ppm sodium hypochlorite (NaClO) to 

sanitize reusable plastic containers (RPC) 
 

Reusable Plastic Containers (RPC) used in this study were received from the cleaning depot and 

rejected for the distribution/storage of fresh produce at the distribution center due to a lack of 

visible cleanliness or physical defects (i.e., broken hinges).  They were quarantined from RPCs 

to be used for the shipment of fresh produce and subsequently submitted to the University of 

Arkansas for testing purposes.  The RPCs were evaluated to determine the efficacy of 200 ppm 

sodium hypochlorite (NaClO) solution to remove attached bacterial cells from the surfaces of the 

RPCs.  For experimental purposes, the RPCs were disassembled and cut into approximately 1 in² 

pieces (referred to as coupons). 

 

The RPC coupons were incubated with Salmonella enterica serovar Typhimurium (ATCC 

14028) in Tryptic Soy Broth (TSB) to allow the organisms an opportunity to form biofilms on 

the surface of the RPC.  A subset of coupons was then exposed to the sodium hypochlorite 

solution (maximum level for use on food contact surfaces per the US Food and Drug 

Administration (FDA) (FDA, 2014).  The sanitizer solution was applied for 30 seconds to 

correlate with the RPC sanitization time specified by a large RPC supplier (IFCO, 2014).  After 

the sanitization process, the number of organisms on the RPC coupons pre- and post-sanitization 

was evaluated to assess the ability of the sodium hypochlorite solution to effectively sanitize the 

coupons. 

 

1. DISTINGUISHING FEATURES: 

 Organism: Salmonella enterica serovar Typhimurium (ATCC 14028) (Also referred to in 

this report as Salmonella Typhimurium) 

 RPC coupons: From fresh produce supply chain 

 Sanitizer: 200 ppm of sodium hypochlorite applied at room temperature 

 Effective time for sanitization: 30 seconds 

 

2. RATIONALE: 

 RPCs are commonly used for the storage of fresh fruits and vegetables and have been 

shown to be susceptible to Salmonella serovar cocktail attachment (Clayborn et al., 

2015). 

 Salmonella Typhimurium is a pathogenic organism that may be found on the surface of 

fresh fruits and vegetables and may result in food-borne illnesses (Hanning et al., 2009). 
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 200 ppm is the maximum concentration of sodium hypochlorite for the sanitization of 

food contact surfaces (FDA, 2014). 

 30 second sanitization time correlates with the time specified in publically available 

documentation from a large RPC supplier (IFCO, 2014). 

 

3. MATERIALS: 

 

 Reusable Plastic Containers (RPC) cut into approximately 1 in
2
 coupons 

 Sterile specimen cups 

 Forceps 

 Micropipettor 

 Pipette-Aid 

 Pipette tips 

 Inoculating Loops 

 Tryptic Soy Broth (TSB) 

 Tryptic Soy Agar (TSA) plates 

 Phosphate Buffer Saline (PBS) 

 Glass beads 

 50 mL centrifuge tubes 

 15 mL conical tubes 

 Salmonella enterica serovar Typhimurium (ATCC 14028) 

 Sodium hypochlorite sanitizer 

 37°C Shaking Incubator 

 Sterile deionized (DI) water  

 

4. METHODS: 

 

4.1 Inoculum preparation: 

 Streak Salmonella Typhimurium onto TSA plates for isolation and incubate at 37°C for 

18 hours. 

 After incubation, pick an isolated colony from each TSA plate to 5 mL of TSB broth in a 

15mL conical tube and incubate at 37°C for 18 hours. 

 

4.2 Sample preparation: 

 Prepare the RPC coupons by soaking coupons in 70% ethanol for a minimum of 5 

minutes as an initial sanitization step and drying for 2 minutes (min.). 

 Insert two alcohol sanitized coupons into each sterile 90 mL specimen cup. 

 For the two coupons within each test cup, one coupon will be sanitized with room 

temperature sodium hypochlorite after exposure to Salmonella Typhimurium and one 

coupon will not be sanitized and serve to determine the level of organism on the coupons 

pre-sanitization. 

 A total of 17 coupons will be used in the study; 8 coupons will undergo sanitization, 8 

will not be sanitized to assess the initial number of Salmonella Typhimurium present on 
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the RPC coupons, and 1 coupon will be placed into an uninoculated cup to serve as a 

negative control (NC). 

 Aseptically dispense 40 mL of TSB into each cup. 

 Aseptically dispense 0.5 mL of each Salmonella Typhimurium inoculum into appropriate 

cup containing coupons. 

 Place cups in a shaker incubator (110 rpm, 37°C) and incubate for 18-24 hours. 

 After incubation, remove all cups. 

 Individually and aseptically remove the coupons from the cup, discarding the cup 

afterwards. 

 Using a sterile 25 mL pipette, rinse the coupon with 40 mL of sterile DI water to remove 

any loose planktonic cells and dry for 2 minutes. 

Note: Planktonic cells are the same organism as those found in the biofilm.  However, 

instead of attaching to the RPC surface, they remain free to migrate within the liquid 

growth medium and are physiologically distinct from the cells growing in the biofilm. 

 Place the rinsed coupons into new sterile 90 mL specimen cups. 

 Once all coupons have been rinsed and placed into specimen cups, aseptically dispense 

40 mL of TSB broth into each cup. 

 Incubate the cups for 72 h (37°C 110 rpm). 

 

4.3 Treatment: 

 After 72h incubation: 

o For “unsanitized” coupons 

 Aseptically remove one coupon; 

 Rinse each coupon with sterile DI water; 

 Dry each coupon for 2 min.; and 

 Place each coupon into individual 50 mL centrifuge tubes. 

o For “sanitized” coupons 

 Aseptically remove remaining coupon from each cup; 

 Rinse with sterile DI water; 

 Dry each coupon for 2 min.; 

 Shake vigorously in 200 ppm sodium hypochlorite solution for 30 

seconds; 

 Dry each coupon for 2 min.; and  

 Place each coupon into individual 50 mL centrifuge tubes. 

 Add 3 g of glass beads and 20 mL of PBS to each 50 mL centrifuge tube and shake 

vigorously for 1 min to remove attached cells.  This process will create a rinsate with 

organisms removed from biofilms on the RPC surface. 

 Dilute and plate the rinsates to determine the number of organisms removed from the 

coupons. 
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5. RESULTS: 

 
   

Table 1. Sodium Hypochlorite Treatment for 30s Data

Sample Cup Sample Sanitizer
Salmonella 

CFU/RPC

Log 

Reduction

Percentage 

Reduction

1A None 7.02

1B 200 ppm NaClO 4.58

2A None 7.05

2B 200 ppm NaClO 4.61

3A None 7.47

3B 200 ppm NaClO Contaminated
a

4A None 7.63

4B 200 ppm NaClO Contaminated
a

5A None Contaminated
a

5B 200 ppm NaClO 4.31

6A None 7.34

6B 200 ppm NaClO 4.33

7A None 7.80

7B 200 ppm NaClO 4.32

8A None 7.36

8B 200 ppm NaClO 5.09
a
Plated results from Samples 3B, 4B, and 5A were contaminated with colony morphotypes that were not consistent

with the Salmonella strain. It was therefore not possible to calculate a log reduction or percent reduction for Samples

3, 4, or 5.  Contamination of the plates was due to operator error.

2.44

2.44

Not Available

Not Available

Not Available

99.97%

99.47%

1

2

3

4

5

6

7

8

99.64%

99.64%

Not Available

Not Available

Not Available

99.90%3.01

3.48

2.27
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Figure 3. Average log CFU per coupon cell counts with 30s treatment of sodium hypochlorite. 

 

Plastic coupons derived from RPCs used for the shipment of fresh produce were used to 

investigate the disruption of Salmonella Typhimurium biofilms on those containers.  Coupons 

were inoculated with overnight cultures of Salmonella Typhimurium with uninoculated coupons 

serving as a control.  After allowing the cells to attach for three days, application of a 200 ppm 

sodium hypochlorite solution for 30 seconds resulted in a 2.27 – 3.48 log CFU reduction of 

Salmonella Typhimurium with an average reduction of 2.73 log CFU per coupon.  Experimental 

data is shown in Table 1.  Figure 3 was constructed using averaged unsanitized (7 points) and 

averaged sanitized (6 points) CFU recovered per coupon data with each error bar constructed 

using 1 standard error from the mean. 
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6. DISCUSSION: 

 

The high number of Salmonella Typhimurium introduced into the initial inoculum was chosen to 

facilitate attachment saturation of the coupon.  Growing Salmonella Typhimurium in TSB with 

an initial inoculum of approximately 10
9
 CFU with RPC coupons for 72h resulted in 10

7
 to 10

8
 

CFU of Salmonella Typhimurium attaching to each of the coupons tested.  The application of the 

200 ppm sodium hypochlorite solution for 30 seconds resulted in an average reduction of 2.73 

log in Salmonella counts.  This resulted in between 10
4
 and 10

5
 of viable organisms remaining 

on the RPC coupons. 

 

All coupons, including the NC were treated with a 70% ethanol wash for a minimum of 5 

minutes prior to the experiment as an initial sanitization step.  The NC consisted of a coupon 

incubated with sterile growth medium (TSB) under the same conditions as the experimental 

coupons.  After incubation, the negative control exhibited growth and was plated to tryptic soy 

agar plates from coupon inoculum.  The TSA plates showed unknown types of organisms, 

indicating that the pre-experimental sanitization with ethanol was insufficient in removing 

background microbiota from the RPC coupons.  The presence of organisms attached to the RPC 

prior to inoculation with the Salmonella Typhimurium could affect the attachment of the 

Salmonella Typhimurium on the coupons and act as a confounding factor by skewing plate 

counts.  However, these organisms had different colony morphologies than those found on the 

plates from Salmonella Typhimurium inoculated coupons, which only showed a single 

morphology.  This suggests that the inoculated Salmonella Typhimurium masked the background 

microbiota that may have originally been present, with none of the background microbiota 

showing up when plated.  Three plates showed signs of contamination due to what was most 

likely operator error during plating. 

 

Next steps and observations: 

1. Molecular techniques such as PCR could be used to determine whether the unknown colonies 

on the NC plates were Salmonella Typhimurium or not while sequencing could be used to 

determine the microbiome present on NC coupons.  Alternatively, autoclaving the coupons 

will neutralize background bacteria (Appendix 3) and remove this issue. 

2. After sanitization there was approximately a 2 to 3 log reduction in the number of organisms 

per coupon, which correlates to a 99%-99.9% reduction in organisms present on the coupons.  

Although the initial Salmonella Typhimurium inoculum numbers (10
9
) are considerably 

greater than what can be expected to be found from real world usage of RPCs, the sanitizer 

effectiveness would be similar in terms of relative reduction. 

3. In this study 4 to 5 log CFU (10,000 to 100,000 CFU) of Salmonella Typhimurium remained 

on the coupons.  With lower initial presence, sanitization could leave very few cells 

remaining, in which case only at-risk populations such as immunocompromised and elderly 

people would be vulnerable. 
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7. SUMMARY: 

 

Strains Coupon Sanitizer Concentration Time (s) 

Salmonella 

Typhimurium 

(ATCC 14028) 

Produce RPC NaClO 200 30 

 

A Salmonella enterica serotype Typhimurium biofilm was formed over the course of three days 

on coupons derived from reusable plastic containers used for the storage and transport of fresh 

produce.  Treatment of these coupons with a 200 ppm sodium hypochlorite for 30 seconds 

resulted in a 2.27 – 3.48 log CFU reduction of attached cells with an average reduction of 2.73 

log CFU per coupon.  After sanitization, 4.31 – 5.09 log CFU remained on the RPC coupons. 
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Study Completion Date: 3/12/2015 

Report Completion Date: 7/8/2015 

 

 

STUDY 2: Evaluation of 200 ppm peracetic acid (PAA) on reusable plastic coupons (RPC) 

 

Reusable Plastic Containers (RPC) used in this study were received from the cleaning depot and 

rejected for the distribution/storage of fresh produce at the distribution center due to a lack of 

visible cleanliness or physical defects (i.e., broken hinges).  They were quarantined from RPCs 

to be used for the shipment of fresh produce and subsequently submitted to the University of 

Arkansas for testing purposes.  The RPCs were evaluated to determine the efficacy of a 200 ppm 

peracetic acid (PAA) solution to remove attached bacterial cells from the surfaces of the RPCs.  

For experimental purposes, the RPCs were disassembled and cut into approximately 1 in² pieces 

(referred to as coupons). 

 

The RPC coupons were incubated with Salmonella enterica serovar Typhimurium (ATCC 

14028) in Tryptic Soy Broth (TSB) to allow the organisms an opportunity to form biofilms on 

the surface of the RPC.  A subset of coupons was then exposed to the peracetic acid solution 

(maximum level for use on food contact surfaces per the US Food and Drug Administration 

(FDA) (FDA, 2014).  The sanitizer solution was applied for 30 seconds to correlate with the RPC 

sanitization time specified by a large RPC supplier (IFCO, 2014).  After the sanitization process, 

the number of organisms on the RPC coupons pre- and post-sanitization was evaluated to assess 

the ability of the peracetic acid solution to effectively sanitize the coupons. 

 

1. DISTINGUISHING FEATURES: 

 Organism: Salmonella enterica serovar Typhimurium (ATCC 14028) (Also referred to in 

this report as Salmonella Typhimurium) 

 RPC coupons: From fresh produce supply chain 

 Sanitizer: 200 ppm of peracetic acid applied at room temperature 

 Effective time for sanitization: 30 seconds 

 

2. RATIONALE: 

 RPCs are commonly used for the storage of fresh fruits and vegetables and have been 

shown to be susceptible to Salmonella serovar cocktail attachment (Clayborn et al., 

2015). 

 Salmonella Typhimurium is a pathogenic organism that may be found on the surface of 

fresh fruits and vegetables and may result in food-borne illnesses (Hanning et al., 2009). 

 200 ppm is the maximum concentration of peracetic acid for the sanitization of food 

contact surfaces (FDA, 2014). 
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 30 second sanitization time correlates with the time specified in publically available 

documentation from a large RPC supplier (IFCO, 2014). 

 

3. MATERIALS: 

 

 Reusable Plastic Containers (RPC) cut into approximately 1 in
2
 coupons 

 Sterile specimen cups 

 Forceps 

 Micropipettor 

 Pipette-Aid 

 Pipette tips 

 Inoculating Loops 

 Tryptic Soy Broth (TSB) 

 Tryptic Soy Agar (TSA) plates 

 Phosphate Buffer Saline (PBS) 

 Glass beads 

 50 mL centrifuge tubes 

 15 mL conical tubes 

 Salmonella enterica serovar Typhimurium (ATCC 14028) 

 Peracetic acid sanitizer 

 37°C Shaking Incubator 

 Sterile deionized (DI) water  

 

4. METHODS: 

 

1.1 Inoculum preparation: 

 Streak Salmonella Typhimurium onto TSA plates for isolation and incubate at 37°C for 

18 hours. 

 After incubation, pick an isolated colony from each TSA plate to 5 mL of TSB broth in a 

15mL conical tube and incubate at 37°C for 18 hours. 

 

1.2 Sample preparation: 

 Prepare the RPC coupons by soaking coupons in 70% ethanol for a minimum of 5 

minutes as an initial sanitization step and drying for 2 minutes (min.). 

 Insert two alcohol sanitized coupons into each sterile 90 mL specimen cup. 

 For the two coupons within each test cup, one coupon will be sanitized with room 

temperature peracetic acid after exposure to Salmonella Typhimurium and one coupon 

will not be sanitized and serve to determine the level of organism on the coupons pre-

sanitization. 

 A total of 34 coupons will be used in the study; 16 coupons will undergo sanitization, 16 

will not be sanitized to assess the initial number of Salmonella Typhimurium present on 

the RPC coupons, and 2 coupons will be placed into uninoculated cups to serve as 

negative controls (NC). 

 Aseptically dispense 40 mL of TSB into each cup. 
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 Aseptically dispense 0.5 mL of each Salmonella Typhimurium inoculum into appropriate 

cup containing coupons. 

 Place cups in a shaker incubator (110 rpm, 37°C) and incubate for 18-24 hours. 

 After incubation, remove all cups. 

 Individually and aseptically remove the coupons from the cup, discarding the cup 

afterwards. 

 Using a sterile 25 mL pipette, rinse the coupon with 40 mL of sterile DI water to remove 

any loose planktonic cells and dry for 2 minutes. 

Note: Planktonic cells are the same organism as those found in the biofilm.  However, 

instead of attaching to the RPC surface, they remain free to migrate within the liquid 

growth medium and are physiologically distinct from the cells growing in the biofilm. 

 Place the rinsed coupons into new sterile 90 mL specimen cups. 

 Once all coupons have been rinsed and placed into specimen cups, aseptically dispense 

40 mL of TSB broth into each cup. 

 Incubate the cups for 72 h (37°C 110 rpm). 

 

4.3 Treatment: 

 After 72h incubation: 

o For “unsanitized” coupons 

 Aseptically remove one coupon; 

 Rinse each coupon with sterile DI water; 

 Dry each coupon for 2 min.; and 

 Place each coupon into individual 50 mL centrifuge tubes. 

o For “sanitized” coupons 

 Aseptically remove remaining coupon from each cup; 

 Rinse with sterile DI water; 

 Dry each coupon for 2 min.; 

 Shake vigorously in 200 ppm peracetic acid solution for 30 seconds; 

 Dry each coupon for 2 min.; and  

 Place each coupon into individual 50 mL centrifuge tubes. 

 Add 3 g of glass beads and 20 mL of PBS to each 50 mL centrifuge tube and shake 

vigorously for 1 min to remove attached cells.  This process will create a rinsate with 

organisms removed from biofilms on the RPC surface. 

 Dilute and plate the rinsates to determine the number of organisms removed from the 

coupons. 
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5. RESULTS: 

 
  

Table 1. Peracetic Acid Treatment for 30s Data

Sample Cup Sample Sanitizer
Salmonella 

CFU/RPC

Log 

Reduction

Percentage 

Reduction

1A None 7.71

1B 200 ppm PAA 4.39

2A None 7.32

2B 200 ppm PAA 4.82

3A None 7.59

3B 200 ppm PAA 5.47

4A None 7.66

4B 200 ppm PAA 4.35

5A None 7.57

5B 200 ppm PAA 4.68

6A None 7.36

6B 200 ppm PAA 6.36

7A None 7.41

7B 200 ppm PAA 5.41

8A None 7.43

8B 200 ppm PAA 6.71

9A None 7.43

9B 200 ppm PAA 4.78

10A None 6.94

10B 200 ppm PAA 4.92

11A None 7.55

11B 200 ppm PAA 4.75

12A None 7.89

12B 200 ppm PAA 4.85

13A None 7.67

13B 200 ppm PAA 4.59

14A None 7.05

14B 200 ppm PAA 4.31

15A None 6.96

15B 200 ppm PAA 3.61

16A None 7.00

16B 200 ppm PAA 4.60

99.92%

99.82%

99.96%

99.60%

90.17%

99.00%

80.86%

99.84%

99.91%

99.95%

99.68%

99.24%

99.95%

99.87%

15
3.35

16
2.40

13
3.08

14
2.74

11
2.80

12
3.04

9
2.66 99.78%

10
2.03 99.06%

7
2.00

8
0.72

5
2.89

6
1.01

3
2.12

4
3.31

1
3.32

2
2.50
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Figure 3. Average log CFU per coupon cell counts with 30s treatment of peracetic acid. 

 

Plastic coupons derived from RPC used for the shipment of fresh produce were used to 

investigate the disruption of Salmonella Typhimurium biofilms on those containers.  Coupons 

were inoculated with overnight cultures of Salmonella Typhimurium with uninoculated coupons 

serving as a control.  After allowing the cells to attach for three days, application of a 200 ppm 

peracetic acid solution for 30 seconds resulted in a 0.72-3.35 log CFU reduction of Salmonella 

Typhimurium with an average reduction of 2.50 log CFU per coupon.  Experimental data is 

shown in Table 1.  Figure 3 was constructed using averaged unsanitized (16 points) and averaged 

sanitized (16 points) CFU recovered per coupon data with each error bar constructed using 1 

standard error from the mean. 
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6. DISCUSSION: 

 

The high number of Salmonella Typhimurium introduced into the initial inoculum was chosen to 

facilitate attachment saturation of the coupon.  Growing Salmonella Typhimurium in TSB with 

an initial inoculum of approximately 10
9
 CFU with RPC coupons for 72h resulted in 10

7
 to 10

8
 

CFU of Salmonella Typhimurium attaching to each of the coupons tested.  The application of the 

200 ppm peracetic acid solution for 30 seconds resulted in an average reduction of 2.50 log CFU 

in Salmonella counts with between 10
3
 and 10

7
 viable organisms remaining on the RPC coupons. 

 

All coupons, including the NC were treated with a 70% ethanol wash for a minimum of 5 

minutes prior to the experiment as an initial sanitization step.  The NC consisted of a coupon 

incubated with sterile growth medium (TSB) under the same conditions as the experimental 

coupons.  After incubation, the NC exhibited growth and was plated to tryptic soy agar plates 

from coupon inoculum.  The TSA plates showed unknown types of organisms, indicating that the 

pre-experimental sanitization with ethanol was insufficient in removing background microbiota 

from the RPC coupons.  The presence of organisms attached to the RPC prior to inoculation with 

the Salmonella Typhimurium could affect the attachment of the Salmonella Typhimurium on the 

coupons and act as a confounding factor by skewing plate counts.  However, these organisms 

had different colony morphologies than those found on the plates from Salmonella Typhimurium 

inoculated coupons, which only showed a single morphology.  This suggests that the inoculated 

Salmonella Typhimurium masked the background microbiota that may have originally been 

present, with none of the background microbiota showing up when plated. 

 

Next steps and observations: 

1. Molecular techniques such as PCR could be used to determine whether the unknown colonies 

on the negative control (NC) plates were Salmonella Typhimurium or not while sequencing 

could be used to determine the microbiome present on NC coupons.  Alternatively, 

autoclaving the coupons will neutralize background bacteria (Appendix 3) and remove this 

issue. 

2. After sanitization there was approximately a 0.75 to 3 log reduction in the number of 

organisms per coupon in most cases, which correlates to an 80%-99.9% reduction in 

organisms present on the coupons.  Although the initial Salmonella Typhimurium inoculum 

numbers (10
9
) are considerably greater than what can be expected to be found from real 

world usage of RPCs, the sanitizer effectiveness would be similar in terms of relative 

reduction. 

3. In this study 4 to 6 log CFU (10,000 to 1,000,000 CFU) of Salmonella Typhimurium 

remained on the coupons.  With lower initial presence, sanitization could leave very few cells 

remaining, in which case only at-risk populations such as immunocompromised and elderly 

people would be vulnerable. 
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7. SUMMARY: 

 

Strains Coupon Sanitizer Concentration Time (s) 

Salmonella 

Typhimurium 

(ATCC 14028) 

Produce RPC PAA 200 30 

 

A Salmonella enterica serotype Typhimurium biofilm was formed over the course of three days 

on coupons derived from reusable plastic containers used for the storage and transport of fresh 

produce.  Treatment of these coupons with a 200 ppm peracetic acid for 30 seconds caused a 

0.72-3.35 log CFU reduction of attached cells with an average reduction of 2.50 log CFU per 

coupon.  After sanitization, 3.61-6.71 log CFU remained on the RPC coupons. 

  



10 

 

REFERENCES 

 

Clayborn, J., Adams, J., Baker, C.A., Ricke, S.C. (2015). Assessment of Salmonella spp. 

attachment to reusable plastic containers based on scanning electron microscopy and BAX PCR. 

Journal of Food Research, 4(2), 166-175. 

 

Corcoran, M., Morris, D., De Lappe, N., O’Connor, J., Lalor, P., Dockery, P., Cormican, 

M. (2013). Commonly used disinfectants fail to eradicate Salmonella enterica biofilms from 

food contact surface materials, 80(4), 1507-1514. 

 

EPA. 1992. Reregistration Eligibility Document Sodium and Calcium Hypochlorite Salts. 

Available at: http://www.epa.gov/oppsrrd1/REDs/old_reds/case0029.pdf 

 

EPA. 1991. R.E.D. Facts. Sodium and Calcium Hypochlorite Salts. Available at: 

http://www.epa.gov/oppsrrd1/REDs/factsheets/0029fact.pdf 

 

FDA. 2014. Analysis & Evaluation of Preventive Control Measures for the Control & 

Reduction/Elimination of Microbial Hazards on Fresh & Fresh-Cut Produce. Available at: 

http://www.fda.gov/Food/FoodScienceResearch/SafePracticesforFoodProcesses/ucm091363.htm 

 

FDA. 2011. Code of Federal Regulations. 21 C.F.R. §178.1010. 

 

Hanning, I.B., Nutt, J.D., Ricke, S.C., 2009. Salmonellosis outbreaks in the United States 

due to fresh produce: sources and potential intervention measures. Foodborne Pathogens and 

Disease 6, 635-648. 

 

IFCO, 2014. IFCO RPCs and Food Safety. 5 Things You Need to Know.  Available at: 

http://rpcresource.hs-sites.com/foodsafety 

 

Park, S.H., and D.H. Kang. 2014. Inactivation of biofilm cells of foodborne pathogens by 

steam pasteurization, European Food Research and Technology, 238: 471-476, 2014. 

 

Steenackers, H., Hermans, K., Vanderleyden, J., De Keersmaecker, S.C.J. (2012). 

Salmonella biofilms: An overview on occurrence, structure, regulation and eradication. Food 

Research International, 45, 502-531. 

http://www.epa.gov/oppsrrd1/REDs/old_reds/case0029.pdf
http://www.epa.gov/oppsrrd1/REDs/factsheets/0029fact.pdf
http://www.fda.gov/Food/FoodScienceResearch/SafePracticesforFoodProcesses/ucm091363.htm
http://rpcresource.hs-sites.com/foodsafety


1 

 

 
Study Completion Date: 2/20/2015 

Report Completion Date: 7/8/2015 

 

 

STUDY 3: Evaluation of 200,000 ppm sodium hypochlorite (NaClO) on reusable plastic 

coupons (RPC) 

 

Reusable Plastic Containers (RPC) used in this study were received from the cleaning depot and 

rejected for the distribution/storage of fresh produce at the distribution center due to a lack of 

visible cleanliness or physical defects (i.e., broken hinges).  They were quarantined from RPCs 

to be used for the shipment of fresh produce and subsequently submitted to the University of 

Arkansas for testing purposes.  The RPCs were evaluated to determine the efficacy of a 200,000 

ppm sodium hypochlorite (NaClO) solution to remove attached bacterial cells from the surfaces 

of the RPCs.  This concentration is 1,000 times higher than the maximum allowable for the 

sanitization of food contact surfaces by the US Food and Drug Administration (FDA, 2014).  For 

experimental purposes, the RPCs were disassembled and cut into approximately 1 in² pieces 

(referred to as coupons). 

 

The RPC coupons were incubated with Salmonella enterica serovar Typhimurium (ATCC 

14028) in Tryptic Soy Broth (TSB) to allow the organisms an opportunity to form biofilms on 

the surface of the RPC.  A subset of coupons was then exposed to the 200,000 ppm sodium 

hypochlorite solution.  The sanitizer solution was applied for 30 seconds to correlate with the 

RPC sanitization time specified by a large RPC supplier (IFCO, 2014).  After the sanitization 

process, the number of organisms on the RPC coupons pre- and post-sanitization was evaluated 

to assess the ability of the sodium hypochlorite solution to effectively sanitize the coupons. 

 

1. DISTINGUISHING FEATURES: 

 Organism: Salmonella enterica serovar Typhimurium (ATCC 14028) (Also referred to in 

this report as Salmonella Typhimurium) 

 RPC coupons: From fresh produce supply chain 

 Sanitizer: 200,000 ppm of sodium hypochlorite applied at room temperature 

 Effective time for sanitization: 30 seconds 

 

2. RATIONALE: 

 RPCs are commonly used for the storage of fresh fruits and vegetables and have been 

shown to be susceptible to Salmonella serovar cocktail attachment (Clayborn et al., 

2015). 

 Salmonella Typhimurium is a pathogenic organism that may be found on the surface of 

fresh fruits and vegetables and may result in food-borne illnesses (Hanning et al., 2009). 
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 200 ppm is the maximum concentration of sodium hypochlorite for the sanitization of 

food contact surfaces (FDA, 2014). 

 200,000 ppm of sodium hypochlorite was selected to determine if this significantly 

increased concentration would remove all attached cells. 

 30 second sanitization time correlates with the time specified in publically available 

documentation from a large RPC supplier (IFCO, 2014). 

 

3. MATERIALS: 

 

 Reusable Plastic Containers (RPC) cut into approximately 1 in
2
 coupons 

 Sterile specimen cups 

 Forceps 

 Micropipettor 

 Pipette-Aid 

 Pipette tips 

 Inoculating Loops 

 Tryptic Soy Broth (TSB) 

 Tryptic Soy Agar (TSA) plates 

 Phosphate Buffer Saline (PBS) 

 Glass beads 

 50 mL centrifuge tubes 

 15 mL conical tubes 

 Salmonella enterica serovar Typhimurium (ATCC 14028) 

 Sodium hypochlorite sanitizer 

 37°C Shaking Incubator 

 Sterile deionized (DI) water 

 

4. METHODS: 

 

4.1 Inoculum preparation: 

 Streak Salmonella Typhimurium onto TSA plates for isolation and incubate at 37°C for 

18 hours. 

 After incubation, pick an isolated colony from each TSA plate to 5 mL of TSB broth in a 

15mL conical tube and incubate at 37°C for 18 hours. 

 

4.2 Sample preparation: 

 Prepare the RPC coupons by soaking coupons in 70% ethanol for a minimum of 5 

minutes as an initial sanitization step and drying for 2 minutes (min.). 

 Insert two alcohol sanitized coupons into each sterile 90 mL specimen cup. 

 For the two coupons within each test cup, one coupon will be sanitized with room 

temperature sodium hypochlorite after exposure to Salmonella Typhimurium and one 

coupon will not be sanitized and serve to determine the level of organism on the coupons 

pre-sanitization. 
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 A total of 17 coupons will be used in the study; 8 coupons will undergo sanitization, 8 

will not be sanitized to assess the initial number of Salmonella Typhimurium present on 

the RPC coupons, and 1 coupon will be placed into an uninoculated cup to serve as a 

negative control (NC). 

 Aseptically dispense 40 mL of TSB into each cup. 

 Aseptically dispense 0.5 mL of each Salmonella Typhimurium inoculum into appropriate 

cup containing coupons. 

 Place cups in a shaker incubator (110 rpm, 37°C) and incubate for 18-24 hours. 

 After incubation, remove all cups. 

 Individually and aseptically remove the coupons from the cup, discarding the cup 

afterwards. 

 Using a sterile 25 mL pipette, rinse the coupon with 40 mL of sterile DI water to remove 

any loose planktonic cells and dry for 2 minutes. 

Note: Planktonic cells are the same organism as those found in the biofilm.  However, 

instead of attaching to the RPC surface, they remain free to migrate within the liquid 

growth medium and are physiologically distinct from the cells growing in the biofilm. 

 Place the rinsed coupons into new sterile 90 mL specimen cups. 

 Once all coupons have been rinsed and placed into specimen cups, aseptically dispense 

40 mL of TSB broth into each cup. 

 Incubate the cups for 72 h (37°C 110 rpm). 

 

4.3 Treatment: 

 After 72h incubation: 

o For “unsanitized” coupons 

 Aseptically remove one coupon; 

 Rinse each coupon with sterile DI water; 

 Dry each coupon for 2 min.; and 

 Place each coupon into individual 50 mL centrifuge tubes. 

o For “sanitized” coupons 

 Aseptically remove remaining coupon from each cup; 

 Rinse with sterile DI water; 

 Dry each coupon for 2 min.; 

 Shake vigorously in 200,000 ppm sodium hypochlorite solution for 30 

seconds; 

 Dry each coupon for 2 min.; and  

 Place each coupon into individual 50 mL centrifuge tubes. 

 Add 3 g of glass beads and 20 mL of PBS to each 50 mL centrifuge tube and shake 

vigorously for 1 min to remove attached cells.  This process will create a rinsate with 

organisms removed from biofilms on the RPC surface. 

 Dilute and plate the rinsates to determine the number of organisms removed from the 

coupons. 
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5. RESULTS: 

  

Table 1. Sodium Hypochlorite Treatment for 30s Data

Sample Cup Sample Sanitizer
Salmonella 

CFU/RPC

Log 

Reduction

Percentage 

Reduction

1A None 7.18

1B 200,000 ppm NaClO Not Detected

2A None 7.32

2B 200,000 ppm NaClO 4.04

3A None 6.47

3B 200,000 ppm NaClO 3.11

4A None 6.09

4B 200,000 ppm NaClO Not Detected

5A None 5.94

5B 200,000 ppm NaClO 4.51

6A None 7.51

6B 200,000 ppm NaClO 2.85

7A None 7.37

7B 200,000 ppm NaClO 3.32

8A None 6.99

8B 200,000 ppm NaClO Not Detected
a
The log reductions and percent reductions for sample cups 1, 4, and 8 represent the minimum reduction that would have occurred 

using the limit of detection as the number of organisms present on the sanitized coupons (~200 CFU or 2.3 log).

4
3.79

a
99.984

a
%

5
1.44 96.341%

6
4.67 99.998%

7
4.05 99.991%

8
4.69

a
99.998

a
%

1
4.88

a
99.999

a
%

2
3.28 99.948%

3
3.36 99.956%
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Figure 3. Average log CFU per coupon cell counts with 30s treatment of 200,000 ppm sodium 

hypochlorite. 

 

Plastic coupons derived from RPC used for the shipment of fresh produce were used to 

investigate the disruption of Salmonella Typhimurium biofilms on those containers.  Coupons 

were inoculated with overnight cultures of Salmonella Typhimurium with uninoculated coupons 

serving as a control.  After allowing the cells to attach for three days, application of a 200,000 

ppm sodium hypochlorite solution for 30 seconds resulted in a 1.44 – 4.88 log CFU reduction of 

Salmonella Typhimurium with an average reduction of 3.77 log CFU per coupon.  Experimental 

data is shown in Table 1.  Figure 3 was constructed using averaged unsanitized (8 points) and 

averaged sanitized (8 points) CFU recovered per coupon data with each error bar constructed 

using 1 standard error from the mean.
1
 

  

                                                 
1
 For the sanitized coupon in sample cups 1, 4, and 8 the level of organisms on the coupons was assumed to be the 

detection limit. 
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6. DISCUSSION: 

 

The high number of Salmonella Typhimurium introduced into the initial inoculum was chosen to 

facilitate attachment saturation of the coupon.  Growing Salmonella Typhimurium in TSB with 

an initial inoculum of approximately 10
9
 CFU with RPC coupons for 72h resulted in 10

7
 to 10

8
 

CFU of Salmonella Typhimurium attaching to each of the coupons tested.  Even at 1,000x 

recommended concentrations, the sanitizer was unable to fully remove all bacteria from the 

coupons.  The application of the 200,000 ppm sodium hypochlorite solution for 30 seconds 

resulted in an average reduction of 3.77 log in Salmonella counts with between 10
2
 and 10

5
 of 

viable organisms remaining on the RPC coupons. 

 

All coupons, including the negative control were treated with a 70% ethanol wash for a 

minimum of 5 minutes prior to the experiment as an initial sanitization step.  The negative 

control consisted of a coupon incubated with sterile growth medium (TSB) under the same 

conditions as the experimental coupons.  After incubation, the negative control exhibited growth 

and was plated to tryptic soy agar plates from coupon inoculum.  The TSA plates showed 

unknown types of organisms, indicating that the pre-experimental sanitization with ethanol was 

insufficient in removing background microbiota from the RPC coupons.  The presence of 

organisms attached to the RPC prior to inoculation with the Salmonella Typhimurium could 

affect the attachment of the Salmonella Typhimurium on the coupons and act as a confounding 

factor by skewing plate counts.  However, these organisms had different colony morphologies 

than those found on the plates from Salmonella Typhimurium inoculated coupons, which only 

showed a single morphology.  This suggests that the inoculated Salmonella Typhimurium 

masked the background microbiota that may have originally been present, with none of the 

background microbiota showing up when plated. 

 

Next steps and observations: 

1. Molecular techniques such as PCR could be used to determine whether the unknown colonies 

on the negative control (NC) plates were Salmonella Typhimurium or not while sequencing 

could be used to determine the microbiome present on NC coupons.  Alternatively, 

autoclaving the coupons will neutralize background bacteria (Appendix 3) and remove this 

issue. 

2. After sanitization there was approximately a 1.5 to 5 log reduction in the number of 

organisms per coupon in most cases, which correlates to a 96%-99.99% reduction in 

organisms present on the coupons.  Although the initial Salmonella Typhimurium inoculated 

attached cell numbers (10
8
) are considerably greater than what can be expected to be found 

from real world usage of RPCs, the sanitizer effectiveness would be similar  in terms of 

relative reduction. 

3. A couple of the cups had after sanitization counts below the limit of detection of 200 CFU or 

2.3 log CFU.  It is unknown if the sanitizer was completely effective in those instances or if 

the coupons simply had CFU at numbers less than 200.  Repeating the experiment to get 

more data may help in determining what happened. 

4. In this study 2 to 5 log CFU (200 to 100,000 CFU) of Salmonella Typhimurium remained on 

the coupons.  With lower initial presence, sanitization could leave very few cells remaining, 

in which case only at-risk populations such as immunocompromised and elderly people 

would be vulnerable. 
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6. SUMMARY: 

 

Strains Coupon Sanitizer Concentration Time (s) 

Salmonella 

Typhimurium 

(ATCC 14028) 

Produce RPC NaClO 200,000 30 

 

 A Salmonella enterica serotype Typhimurium biofilm was formed over the course of 

three days on coupons derived from reusable plastic containers used for the storage and transport 

of fresh produce.  Treatment of these coupons with a 200,000 ppm sodium hypochlorite for 30 

seconds caused a 1.44-4.88 log CFU reduction of attached cells with an average reduction of 

3.77 log CFU per coupon. 

 

After sanitization, up to 4.51 log CFU of Salmonella Typhimurium remained on the RPC 

coupons with some coupons having organism counts below the limit of detection (2.30 log 

CFU). 
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Report Completion Date: 7/8/2015 

 

 

STUDY 4: Evaluation of 60s exposure time to 200 ppm sodium hypochlorite (NaClO) 

sanitization 
 

Reusable Plastic Containers (RPC) used in this study were received from the cleaning depot and 

rejected for the distribution/storage of fresh produce at the distribution center due to a lack of 

visible cleanliness or physical defects (i.e., broken hinges).  They were quarantined from RPCs 

to be used for the shipment of fresh produce and subsequently submitted to the University of 

Arkansas for testing purposes.  The RPCs were evaluated to determine the efficacy of 200 ppm 

sodium hypochlorite (NaClO) solution to remove attached bacterial cells from the surfaces of the 

RPCs.  For experimental purposes, the RPCs were disassembled and cut into approximately 1 in² 

pieces (referred to as coupons). 

 

The RPC coupons were incubated with Salmonella enterica serovar Typhimurium (ATCC 

14028) in Tryptic Soy Broth (TSB) to allow the organisms an opportunity to form biofilms on 

the surface of the RPC.  A subset of coupons was then exposed to a 200 ppm sodium 

hypochlorite solution (maximum level for use on food contact surfaces per the US Food and 

Drug Administration (FDA) (FDA, 2014).  The sanitizer solution was applied for 60 seconds to 

determine the effects of a longer sanitization exposure rather than the recommended 30 second 

sanitization time specified by a large RPC supplier (IFCO, 2014).  After the sanitization process, 

the number of organisms on the RPC coupons pre- and post-sanitization was evaluated to assess 

the ability of the sodium hypochlorite solution to effectively sanitize the coupons when exposed 

to the biofilm for 60 seconds. 

 

1. DISTINGUISHING FEATURES: 

 Organism: Salmonella enterica serovar Typhimurium (ATCC 14028) (Also referred to in 

this report as Salmonella Typhimurium) 

 RPC coupons: From fresh produce supply chain 

 Sanitizer: 200 ppm of sodium hypochlorite applied at room temperature 

 Effective time for sanitization: 60s 

 

2. RATIONALE: 

 RPCs are commonly used for the storage of fresh fruits and vegetables and have been 

shown to be susceptible to Salmonella serovar cocktail attachment (Clayborn et al., 

2015). 
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 Salmonella Typhimurium is a pathogenic organism that may be found on the surface of 

fresh fruits and vegetables and may result in food-borne illnesses (Hanning et al., 2009). 

 200 ppm is the maximum concentration of sodium hypochlorite for the sanitization of 

food contact surfaces (FDA, 2014). 

 30 second sanitization time correlates with the time specified in publically available 

documentation from a large RPC supplier (IFCO, 2014). 

 A 60s exposure time to the sanitizer was chosen to see if a longer exposure time would 

increase the number of attached cells removed. 

 

3. MATERIALS: 

 

 Reusable Plastic Containers (RPC) cut into approximately 1 in
2
 coupons 

 Sterile specimen cups 

 Forceps 

 Micropipettor 

 Pipette-Aid 

 Pipette tips 

 Inoculating Loops 

 Tryptic Soy Broth (TSB) 

 Tryptic Soy Agar (TSA) plates 

 Phosphate Buffer Saline (PBS) 

 Glass beads 

 50 mL centrifuge tubes 

 15 mL conical tubes 

 Salmonella enterica serovar Typhimurium (ATCC 14028) 

 Sodium hypochlorite sanitizer 

 37°C Shaking Incubator 

 Sterile deionized (DI) water 

 

4. METHODS: 

 

4.1 Inoculum preparation: 

 Streak Salmonella Typhimurium onto TSA plates for isolation and incubate at 37°C for 

18 hours. 

 After incubation, pick an isolated colony from each TSA plate to 5 mL of TSB broth in a 

15mL conical tube and incubate at 37°C for 18 hours. 

 

4.2 Sample preparation: 

 Prepare the RPC coupons by soaking coupons in 70% ethanol for a minimum of 5 

minutes as an initial sanitization step and drying for 2 minutes (min.). 

 Insert two alcohol sanitized coupons into each sterile 90 mL specimen cup. 

 For the two coupons within each test cup, one coupon will be sanitized with room 

temperature sodium hypochlorite after exposure to Salmonella Typhimurium and one 
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coupon will not be sanitized and serve to determine the level of organism on the coupons 

pre-sanitization. 

 A total of 17 coupons will be used in the study; 8 coupons will undergo sanitization, 8 

will not be sanitized to assess the initial number of Salmonella Typhimurium present on 

the RPC coupons, and 1 coupon will be placed into an uninoculated cup to serve as a 

negative control. 

 Aseptically dispense 40 mL of TSB into each cup. 

 Aseptically dispense 0.5 mL of each Salmonella Typhimurium inoculum into appropriate 

cup containing coupons. 

 Place cups in a shaker incubator (110 rpm, 37°C) and incubate for 18-24 hours. 

 After incubation, remove all cups. 

 Individually and aseptically remove the coupons from the cup, discarding the cup 

afterwards. 

 Using a sterile 25 mL pipette, rinse the coupon with 40 mL of sterile DI water to remove 

any loose planktonic cells and dry for 2 minutes. 

Note: Planktonic cells are the same organism as those found in the biofilm.  However, 

instead of attaching to the RPC surface, they remain free to migrate within the liquid 

growth medium and are physiologically distinct from the cells growing in the biofilm. 

 Place the rinsed coupons into new sterile 90 mL specimen cups. 

 Once all coupons have been rinsed and placed into specimen cups, aseptically dispense 

40 mL of TSB broth into each cup. 

 Incubate the cups for 72 h (37°C 110 rpm). 

 

4.3 Treatment: 

 After 72h incubation: 

o For “unsanitized” coupons 

 Aseptically remove one coupon; 

 Rinse each coupon with sterile DI water; 

 Dry each coupon for 2 min.; and 

 Place each coupon into individual 50 mL centrifuge tubes. 

o For “sanitized” coupons 

 Aseptically remove remaining coupon from each cup; 

 Rinse with sterile DI water; 

 Dry each coupon for 2 min.; 

 Shake vigorously in 200 ppm sodium hypochlorite solution for 30 or 60 

seconds; 

 Dry each coupon for 2 min.; and  

 Place each coupon into individual 50 mL centrifuge tubes. 

 Add 3 g of glass beads and 20 mL of PBS to each 50 mL centrifuge tube and shake 

vigorously for 1 min to remove attached cells.  This process will create a rinsate with 

organisms removed from biofilms on the RPC surface. 

 Dilute and plate the rinsates to determine the number of organisms removed from the 

coupons. 
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5. RESULTS: 

  

Table 2. Sodium Hypochlorite Treatment for 60s Data

Sample Cup Sample Sanitizer
Salmonella 

CFU/RPC

Log 

Reduction

Percentage 

Reduction

1A None 7.35

1B 200 ppm NaClO Contaminated
a

2A None 7.33

2B 200 ppm NaClO 5.61

3A None 6.56

3B 200 ppm NaClO 5.70

4A None 6.96

4B 200 ppm NaClO 5.25

5A None 7.16

5B 200 ppm NaClO 4.79

6A None 7.29

6B 200 ppm NaClO 4.21

7A None 6.14

7B 200 ppm NaClO 3.43

8A None 7.45

8B 200 ppm NaClO 5.13
a
Plated results from Sample 1B was contaminated with colony morphotypes that were not consistent with the Salmonella

strain.  It was therefore not possible to calculate a log reduction or percent reduction for Sample 1.

6
3.08 99.92%

7
2.71 99.81%

8
2.32 99.53%

3
0.86 86.24%

4
1.71 98.07%

5
2.38 99.58%

1
Not Available Not Available

2
1.72 98.09%
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Figure 3. Average log CFU per coupon cell counts with 60s treatment of sodium hypochlorite. 

 

Plastic coupons derived from RPC used for the shipment of fresh produce were used to 

investigate the disruption of Salmonella Typhimurium biofilms on those containers.  Coupons 

were inoculated with overnight cultures of Salmonella Typhimurium with uninoculated coupons 

serving as a control.  After allowing the cells to attach for three days, application of a 200 ppm 

sodium hypochlorite solution for 60s resulted in a 0.86-3.08 log CFU reduction of Salmonella 

Typhimurium with an average reduction of 2.11 log CFU per coupon.  Experimental data is 

shown in Table 1.  Figure 3 was constructed using averaged unsanitized (8 points) and averaged 

sanitized (7 points) CFU recovered per coupon data with each error bar constructed using 1 

standard error from the mean.  
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6. DISCUSSION: 

 

The high number of Salmonella Typhimurium introduced into the initial inoculum was chosen to 

facilitate attachment saturation of the coupon.  Growing Salmonella Typhimurium in TSB with 

an initial inoculum of approximately 10
9
 CFU with RPC coupons for 72h resulted in 10

7
 to 10

8
 

CFU of Salmonella Typhimurium attaching to each of the coupons tested.  The application of 

sanitizer for 60s resulted in an average reduction of 2.11 log in Salmonella counts.  This resulted 

in between 10
3
 and 10

6
 of viable organisms remaining on the RPC coupons. 

 

All coupons, including the negative control were treated with a 70% ethanol wash for a 

minimum of 5 minutes prior to the experiment as an initial sanitization step.  The NC consisted 

of a coupon incubated with sterile growth medium (TSB) under the same conditions as the 

experimental coupons.  After incubation, the negative control exhibited growth and was plated to 

tryptic soy agar plates from coupon inoculum.  The TSA plates showed unknown types of 

organisms, indicating that the pre-experimental sanitization with ethanol was insufficient in 

removing background microbiota from the RPC coupons.  The presence of organisms attached to 

the RPC prior to inoculation with the Salmonella Typhimurium could affect the attachment of 

the Salmonella Typhimurium on the coupons and act as a confounding factor by skewing plate 

counts.  However, these organisms had different colony morphologies than those found on the 

plates from Salmonella Typhimurium inoculated coupons, which only showed a single 

morphology.  This suggests that the inoculated Salmonella Typhimurium masked the background 

microbiota that may have originally been present, with none of the background microbiota 

showing up when plated.  One plate showed signs of contamination due to what was most likely 

operator error during plating. 

 

Next steps and observations: 

1. Molecular techniques such as PCR could be used to determine whether the unknown colonies 

on the negative control (NC) plates were Salmonella Typhimurium or not while sequencing 

could be used to determine the microbiome present on NC coupons.  Alternatively, 

autoclaving the coupons will neutralize background bacteria (Appendix 3) and remove this 

issue. 

2. After sanitization there was approximately a 1 to 3 log reduction in the number of organisms 

per coupon, which correlates to a 90%-99.9% reduction in organisms present on the coupons.  

Although the initial Salmonella Typhimurium inoculum numbers (10
9
) are considerably 

greater than what can be expected to be found from real world usage of RPCs, the sanitizer 

effectiveness would be similar in terms of relative reduction. 

3. In this study 3 to 6 log CFU (1,000 to 1,000,000 CFU) of Salmonella Typhimurium remained 

on the coupons.  With lower initial presence, sanitization could leave very few cells 

remaining, in which case only at-risk populations such as immunocompromised and elderly 

people would be vulnerable. 
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7. SUMMARY: 

 

Strains Coupon Sanitizer Concentration Time (s) 

Salmonella 

Typhimurium 

(ATCC 14028) 

Produce RPC NaClO 200 60s 

 

A Salmonella enterica serotype Typhimurium biofilm was formed over the course of three days 

on coupons derived from reusable plastic containers used for the storage and transport of fresh 

produce.  Treatment of these coupons with a 200 ppm sodium hypochlorite for 60 seconds 

resulted in a 0.86 – 3.08 log CFU reduction was observed with an average reduction of 2.11 log 

CFU per coupon and 3.43 – 5.70 log CFU remaining on coupons after sanitization.  
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Study Completion Date: 3/19/2015 

Report Completion Date: 7/8/2015 

 

 

STUDY 5: Effects of organic load on biofilm attachment 

 

Reusable Plastic Containers (RPC) used in this study were received from the cleaning depot and 

rejected for the distribution/storage of fresh produce at the distribution center due to a lack of 

visible cleanliness or physical defects (i.e., broken hinges).  They were quarantined from RPCs 

to be used for the shipment of fresh produce and subsequently submitted to the University of 

Arkansas for testing purposes.  For experimental purposes, the RPCs were disassembled and cut 

into approximately 1 in² pieces (referred to as coupons). 

 

The RPC coupons were incubated with Salmonella enterica serovar Typhimurium (ATCC 

14028) in Tryptic Soy Broth (TSB) to allow the organisms an opportunity to form biofilms on 

the surface of the RPC.  The RPCs were evaluated to determine the effect of the presence of 

organic load on the formation of biofilms.  Bovine serum albumin (BSA) was added to half of 

the cups to simulate organic load during the experiments with the other half not receiving BSA 

for comparison.  The impact of organic load was observed by comparing plate counts from 

coupons grown with and without the addition of BSA. 

 

1. DISTINGUISHING FEATURES: 

 Organism: Salmonella enterica serovar Typhimurium (ATCC 14028) (Also referred to in 

this report as Salmonella Typhimurium) 

 RPC coupons: From fresh produce supply chain 

 Data was collected during the previous studies for the comparison of CFU levels in media 

grown with and without added BSA 

 This study was conducted simultaneously with the other studies 

 

2. RATIONALE: 

 RPCs are commonly used for the storage of fresh fruits and vegetables and have been 

shown to be susceptible to Salmonella serovar cocktail attachment (Clayborn et al., 

2015). 

 Salmonella Typhimurium is a pathogenic organism that may be found on the surface of 

fresh fruits and vegetables and may result in food-borne illnesses (Hanning et al., 2009). 

 Organic loading may have an effect on biofilm formation when compared to coupons 

without this load. 

 

3. MATERIALS: 
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 Reusable Plastic Containers (RPC) cut into approximately 1 in
2
 coupons 

 Sterile specimen cups 

 Forceps 

 Micropipettor 

 Pipette-Aid 

 Pipette tips 

 Inoculating Loops 

 Tryptic Soy Broth (TSB) 

 Tryptic Soy Agar (TSA) plates 

 Phosphate Buffer Saline (PBS) 

 5% Bovine Serum Albumin (BSA) in TSB 

 Glass beads 

 50 mL centrifuge tubes 

 15 mL conical tubes 

 Salmonella enterica serovar Typhimurium (ATCC 14028) 

 37°C Shaking Incubator 

 Sterile deionized (DI) water  

 

4. METHODS: 

 

4.1 Inoculum preparation: 

 Streak Salmonella Typhimurium onto TSA plates for isolation and incubate at 37°C for 

18 hours. 

 After incubation, pick an isolated colony from each TSA plate to 5 mL of TSB broth in a 

15mL conical tube and incubate at 37°C for 18 hours. 

 

4.2 Sample preparation: 

 Prepare the RPC coupons by soaking coupons in 70% ethanol for a minimum of 5 

minutes as an initial sanitization step and drying for 2 minutes (min.). 

 Insert two alcohol sanitized coupons into each sterile 90 mL specimen cup. 

 For the two coupons within each test cup, one coupon will be sanitized and one coupon 

will not be sanitized and serve to determine the baseline level of organism on the coupons 

for comparing the effects of organic load. 

 Aseptically dispense 40 mL of TSB into each cup. 

 Aseptically dispense 0.5 mL of each Salmonella Typhimurium inoculum into appropriate 

cup containing coupons. 

 Place cups in a shaker incubator (110 rpm, 37°C) and incubate for 18-24 hours. 

 After incubation, remove all cups. 

 Individually and aseptically remove the coupons from the cup, discarding the cup 

afterwards. 

 Using a sterile 25 mL pipette, rinse the coupon with 40 mL of sterile DI water to remove 

any loose planktonic cells and dry for 2 minutes. 
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Note: Planktonic cells are the same organism as those found in the biofilm.  However, 

instead of attaching to the RPC surface, they remain free to migrate within the liquid 

growth medium and are physiologically distinct from the cells growing in the biofilm. 

 Place the rinsed coupons into new sterile 90 mL specimen cups. 

 Prepare separate solutions of TSB and TSB with 5% BSA; half the cups will receive TSB 

and half will receive TSB with BSA. 

 Once all coupons have been rinsed and placed into specimen cups, aseptically dispense 

40 mL of TSB or TSB with BSA into each cup. 

 Incubate the cups for 72 h (37°C 110 rpm). 

 

4.3 Ennumeration: 

 After 72h incubation: 

o Aseptically remove one coupon; 

o Rinse each coupon with sterile DI water; 

o Dry each coupon for 2 min.; and 

o Place each coupon into individual 50 mL centrifuge tubes. 

 Add 3 g of glass beads and 20 mL of PBS to each 50 mL centrifuge tube and shake 

vigorously for 1 min to remove attached cells.  This process will create a rinsate with 

organisms removed from biofilms on the RPC surface. 

 Dilute and plate the rinsates to determine the number of organisms removed from the 

coupons. 
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5. RESULTS: 

 
  

Table 1. No BSA vs. BSA Comparison

Study Sample Sanitizer
Log CFU/Coupon 

(no BSA)

Log CFU/Coupon 

(BSA)
Log Difference

Percentage 

Difference

1|5 200 ppm NaClO 7.02 Cont
a Not Available Not Available

2|6 200 ppm NaClO 7.05 7.34 -0.29 4.0%

3|7 200 ppm NaClO 7.47 7.80 -0.34 4.3%

4|8 200 ppm NaClO 7.63 7.36 0.26 -3.6%

Average 7.29 7.50 -0.21 2.8%

1|5 200 ppm PAA 7.71 7.57 0.14 -1.8%

2|6 200 ppm PAA 7.32 7.36 -0.04 0.5%

3|7 200 ppm PAA 7.59 7.41 0.18 -2.4%

4|8 200 ppm PAA 7.66 7.43 0.23 -3.1%

Average 7.57 7.44 0.13 -1.7%

9|13 200 ppm PAA 7.43 7.67 -0.23 3.1%

10|14 200 ppm PAA 6.94 7.05 -0.11 1.5%

11|15 200 ppm PAA 7.55 6.96 0.59 -8.4%

12|16 200 ppm PAA 7.89 7.00 0.89 -12.7%

Average 7.46 7.17 0.28 -4.0%

1|5 200,000 ppm NaClO 7.18 5.94 1.23 -20.8%

2|6 200,000 ppm NaClO 7.32 7.51 -0.19 2.5%

3|7 200,000 ppm NaClO 6.47 7.37 -0.90 12.2%

4|8 200,000 ppm NaClO 6.09 6.99 -0.90 12.9%

Average 6.76 6.95 -0.19 2.7%

1|5 200 ppm NaClO 7.35 7.16 0.19 -2.7%

2|6 200 ppm NaClO 7.33 7.29 0.04 -0.6%

3|7 200 ppm NaClO 6.56 6.14 0.42 -6.8%

4|8 200 ppm NaClO 6.96 7.45 -0.50 6.7%

Average 7.05 7.01 0.04 -0.6%

Average All 7.23 7.22 0.01 -0.1%

1

2

2

3

4

a
Plated results from Samples 5 was contaminated with colony morphotypes that were not consistent with the Salmonella strain. It was therefore not

possible to calculate a log reduction or percent reduction for Sample 5.  Contamination of the plates was due to operator error.
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Figure 3. Average log CFU per coupon after growth in media with and without BSA. 

 

Plastic coupons derived from RPCs used for the shipment of fresh produce were used to 

investigate the effects of the presence of organic load on the attachment of Salmonella 

Typhimurium biofilms on those containers.  Coupons were inoculated with overnight cultures of 

Salmonella Typhimurium with uninoculated coupons serving as a control.  After allowing the 

cells to attach for three days in media with and without BSA an average of 7.23 log CFU was 

recovered from coupons grown without BSA and an average of 7.22 log CFU was recovered 

from coupons grown with BSA added to the growth media for a difference of 0.01 log CFU or 

0.1% between the two.  Looking at the data from individual studies, the difference was generally 

around or below 0.25 log or less than 5%. 
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6. DISCUSSION: 

 

The impact of the additional organic load on biofilm formation was investigated in this study.  

Bovine serum albumin (BSA), a non-microbial protein derived from cow blood, was added the 

media used in half of all the studied coupons to act in simulating natural organic load that may be 

present on used RPCs.  Comparisons between coupons grown with and without added BSA 

showed an average of 0.01 CFU/coupon difference or an average difference of 0.1%.  This 

would suggest that the presence of a large amount of organic load did not significantly impact 

the ability of the organisms to attach to the coupons. 

 

All coupons, including the negative control were treated with a 70% ethanol wash for a 

minimum of 5 minutes prior to the experiment as an initial sanitization step.  The negative 

control consisted of a coupon incubated with sterile growth medium (TSB) under the same 

conditions as the experimental coupons.  After incubation, the negative control exhibited growth 

and was plated to tryptic soy agar plates from coupon inoculum.  The TSA plates showed 

unknown types of organisms, indicating that the pre-experimental sanitization with ethanol was 

insufficient in removing background microbiota from the RPC coupons.  The presence of these 

organisms attached to the RPC prior to inoculation with the Salmonella Typhimurium could 

affect the attachment of the Salmonella Typhimurium on the coupons and act as a confounding 

factor by also serving as a source of organic load. 

 

Next steps and observations: 

1. There was little difference in the number of attached cell numbers between coupons grown 

with or without BSA added to the media.  As BSA and the tryptic soy broth used to grow the 

organism may supply a source of organic load, the results indicate that a high level of organic 

load may not be necessary to result in biofilm attachment. 
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7. SUMMARY: 

 

Strains Coupon Organic Load 

Salmonella Typhimurium 

(ATCC 14028) 

Produce RPC BSA, possibly background 

microbiota  

 

A Salmonella enterica serotype Typhimurium biofilm was formed over the course of three days 

on coupons derived from reusable plastic containers used for the storage and transport of fresh 

produce.  These biofilms were formed with and without BSA added to the growth media to act in 

simulating organic load.  There was no significant difference with an average of only a 0.01 log 

difference in CFU counts between coupons. These results indicate that a high level of organic 

load may not be necessary to result in biofilm attachment   
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Appendix 1: Reusable plastic container (RPC) pictures 
 

Reusable Plastic Containers (RPC) rejected for the distribution/storage of fresh produce at the 

distribution center due to a lack of visible cleanliness or physical defects (i.e., broken hinges) 

were submitted to the University of Arkansas for testing purposes.  This appendix shows pictures 

of the received state of the RPCs. 
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Figure 1. Many of the RPCs were superficially unclean with visible dirt (left) or dried residues 

(right). 
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Figure 2. Other RPCs were superficially unclean with dried vegetable remains. 
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Figure 3. Stickers were observed on many RPCs, which may support bacterial adherence and 

contamination. 
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Figure 4. Sticker residues were also observed on RPCs, which may support bacterial adherence 

and contamination. 
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APPENDIX 2: Scanning electron microscopy (SEM) images of bacterial and organic load 

on reusable plastic containers (RPC) 
 

Reusable Plastic Containers (RPC) used in this study were received from the cleaning depot and 

rejected for the distribution/storage of fresh produce at the distribution center due to a lack of 

visible cleanliness or physical defects (i.e., broken hinges).  They were quarantined from RPCs 

to be used for the shipment of fresh produce and subsequently submitted to the University of 

Arkansas for testing purposes.  For experimental purposes, the RPCs were disassembled and cut 

into approximately 1 in² pieces (referred to as coupons). 

 

The RPC coupons were incubated with Salmonella enterica serovar Typhimurium (ATCC 

14028) in Tryptic Soy Broth (TSB) to allow the organisms an opportunity to form biofilms on 

the surface of the RPC.  A subset of coupons was then exposed to sanitizers (sodium 

hypochlorite or peracetic acid) to neutralize attached cells.  Scanning electron microscopy (SEM) 

images of the RPC coupons (from studies 1-5) were taken to observe the RPC surface and the 

bacterial and organic loads present on unsanitized and sanitized RPC coupons before and after 

the sanitization process. 

 

1. DISTINGUISHING FEATURES: 

 Organism: Salmonella enterica serovar Typhimurium (ATCC 14028) (Also referred to in 

this report as Salmonella Typhimurium) 

 RPC coupons: From fresh produce supply chain 

 Coupons were examined with scanning electron microscopy to observe coupon surfaces 

and bacterial attachment. 

 

2. RATIONALE: 

 RPCs are commonly used for the storage of fresh fruits and vegetables and have been 

shown to be susceptible to Salmonella serovar cocktail attachment (Clayborn et al., 

2015). 

 Salmonella Typhimurium is a pathogenic organism that may be found on the surface of 

fresh fruits and vegetables and may result in food-borne illnesses (Hanning et al., 2009). 

 SEM pictures allow for a close up look of the coupon surface. 
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3. SEM IMAGES 

 

 
Figure 1. Scanning electron microscopy image (500x magnification) of an uninoculated RPC 

coupon.  
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Figure 2. Scanning electron microscopy image (5000x magnification) of Salmonella 

Typhimurium attached cells on RPC coupon following a thorough rinse with deionized water. 
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Figure 3 (above). Scanning electron microscopy image (5000x) of unsanitized coupon after 

removal of cells with vigorous shaking with beads. 

Figure 4 (below). Scanning electron microscopy image (5000x) of sanitized coupon after 

removal of cells with vigorous shaking with beads. 
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Figure 5. Scanning electron microscopy image (2500x) of attached bacterial cells prior to 

sanitization. 
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Figure 6. Scanning electron microscopy image (15000x magnification) showing a more close-up 

image of attached bacterial cells prior to sanitization. 
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4. SUMMARY: 

 

A Salmonella enterica serotype Typhimurium biofilm was formed over the course of three days 

on coupons derived from reusable plastic containers used for the storage and transport of fresh 

produce.  These coupons, along with uninoculated coupons were viewed under a scanning 

electron microscope to observe cell attachment and coupon surfaces.  Figure 1 shows the surface 

structure of an average coupon from the recycling stream with bumps, ridges, and scratches that 

may aid in biofilm attachment.  Figure 2, 5, and 6 show attached bacterial cells.  Figure 3 and 4 

show coupons after removal of cells with vigorous shaking with beads and the high amount of 

residue and potential organic load that is present on the unsanitized coupons.  These images 

show that the conditions present on coupons could be favorable for the formation of biofilms. 
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APPENDIX 3: Alternative methods for cleaning and sanitizing of reusable plastic 

containers (RPC) 
 

Reusable Plastic Containers (RPC) used in this study were received from the cleaning depot and 

rejected for the distribution/storage of fresh produce at the distribution center due to a lack of 

visible cleanliness or physical defects (i.e., broken hinges).  They were quarantined from RPCs 

to be used for the shipment of fresh produce and subsequently submitted to the University of 

Arkansas for testing purposes.  As sanitization with 70% ethanol (EtOH) for 5 minutes was often 

insufficient to remove background microbiota from the RPCs, this study evaluated two 

additional pre-cleaning steps: (1) a detergent wash in conjunction with a 70% ethanol wash and 

(2) autoclaving followed by a 5 minute 70% ethanol wash.  These cleaning methods were 

evaluated to determine the effectiveness of these additional steps at removing background 

microbiota.  For experimental purposes, the RPCs were disassembled and cut into approximately 

1 in² pieces (referred to as coupons). 

 

1. DISTINGUISHING FEATURES: 

 No bacterial inoculum (only background microbiota present) 

 RPC coupons: From fresh produce supply chain 

 Sanitization methods: 70% Ethanol, 2% Detergent (Micro-90
®
), or Steam Autoclave 

 Effective time for sanitization: Varied 

 Small study (only two cups per method with one coupon per cup) 

 

2. RATIONALE: 

 RPCs are commonly used for the storage of fresh fruits and vegetables and have been 

shown to be susceptible to attachment of bacterial cells (Clayborn et al., 2015). 

 Previous studies performed at the University of Arkansas found background microbiota 

on negative control coupons even after a 70% ethanol soak for 5 minutes. 

 Background microbiota may act as a confounding factor for the attachment of additional 

organisms to an existing biofilm cells, either hindering attachment by competing for sites 

or helping attachment by priming the sites for attachment 

 Additional methods could be more effective in removing background microbiota – a 

detergent could be used during washing to aid in removal of cells or coupons could be 

autoclaved to kill background microbiota with high pressures and temperatures. 

 

3. MATERIALS: 

 

 Reusable Plastic Containers (RPC) cut into approximately 1 in
2
 coupons 
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 Sterile specimen cups 

 Forceps 

 Micropipettor 

 Pipette-Aid 

 Pipette tips 

 Inoculating Loops 

 Tryptic Soy Broth (TSB) 

 15 mL conical tubes 

 Ethanol (70%) 

 Detergent approved for food contact use (Micro-90®) 

 37°C Shaking Incubator 

 Autoclave 

 

4. METHODS: 

 

4.1 Standard procedure (70% Ethanol): 

 Rinse coupons off in DI water under the sink 

 Place coupons in beaker containing 70% EtOH with magnetic stir bar 

 Stir on magnetic stir plate to sanitize coupon with agitation provided by the stir bar 

 Aseptically place in cup and add 40mL TSB 

 Place in 37°C shaking incubator for 24h 

 Observe growth of cultures in cups 

 

4.2 Detergent (Micro-90
®
) and 70% Ethanol: 

 Rinse coupons off with DI water in sink 

 Place coupons in 2% detergent wash with magnetic stir bar 

 Stir on magnetic stir plate to sanitize coupon with agitation provided by the stir bar 

 Rinse detergent off coupons with DI water in sink 

 Place coupons in beaker containing 70% EtOH with magnetic stir bar 

 Stir on magnetic stir plate to sanitize coupon with agitation 

 Aseptically place in cup and add 40mL TSB 

 Place in 37°C shaking incubator for 24h 

 Observe growth of cultures in cups 

 

4.3 Autoclave and 70% Ethanol: 

 Rinse coupons of with DI water in sink 

 Place coupons in beaker with foil over top 

 Autoclave on gravity cycle 

 After autoclaving, place coupons in beaker containing 70% EtOH with magnetic stir bar 

 Stir on magnetic stir plate to sanitize coupon with agitation 

 Aseptically place in cup and add 40mL TSB 

 Place in 37°C shaking incubator for 24h 

 Observe growth of cultures in cups 
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5. RESULTS: 

 

 
Figure 1. Coupons were grown in TSB after being subjected to an initial sanitization step 

consisting of an a 70% ethanol soak (A), a detergent wash followed by an ethanol soak 

(B), or steam autoclave followed by an ethanol soak (C). 

 

Plastic coupons derived from reusable plastic containers (RPC) used for the shipment of fresh 

produce were used to investigate the effectiveness of three different procedures for the removal 

of background microbiota.  Uninoculated coupons were grown in TSB media for 24 hours.  The 

testing showed that neither the ethanol wash alone nor the detergent prewash followed by a 70% 

ethanol wash was sufficient in removing the microbiota on the coupons; however the coupons 

that were autoclaved followed by a 70% ethanol wash did not exhibit growth (media remained 

clear). 

  

C B A 
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6. DISCUSSION: 

 

Two additional methods of sanitization were looked at in conjunction with a 5 minute ethanol 

wash to observe the effectiveness of those processes for removing background microbiota.  A 

total of 6 coupons were used in this study with one coupon per sample cup and two sample cups 

per method.  All coupons were subjected to a 5 minute ethanol wash with a subset of those 

coupons exposed to a either a 2% solution of an approved food-contact surface detergent for one 

hour or to a steam autoclave gravity cycle with a 20 minute exposure at 121C with 15 psi 

pressure.  Between the three methods evaluated: (1) 70% ethanol alone, (2) detergent followed 

by 70% ethanol and (3) autoclaving followed by 70% ethanol, only the autoclaving method fully 

neutralized the background microbiota.   

 

Next steps and observations: 

1. Although autoclaving eliminated the microbiota present on the coupons, the use of this 

process is not practical based on cost and the large volume of RPCs processed on a daily 

basis.  In addition the process may degrade the RPCs due to high heat and pressure. 

 

 

7. SUMMARY: 

 

Strains Coupon Sanitizer Time (s) 

Background 

microbiota 

Produce RPC 70% Ethanol, 

2% Detergent plus 

70% ethanol, or 

Steam autoclave plus 

70% ethanol 

Varied 

 

The removal of background microbiota from RPC coupons was examined with the use three 

methods of initial cleaning and sanitization.  Both the standard 70% wash and the detergent wash 

were insufficient in removing all pre-existing bacterial cells from the coupons.  Autoclaving the 

coupons did neutralize all microbiota. However, considering the time, potential effects on the 

RPCs and cost associated with autoclaving RPCs prior to reuse, this method would not likely be 

a reasonable alternative to current sanitization methods. 
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