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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). 
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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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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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