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ABSTRACT 

The produce safety research community came together at the eighth annual CPS 

Research Symposium to discuss how data can be used to build risk and science-based 

food safety programs for produce companies all along the supply chain. The 

interpretation of food safety research results and application to individual companies is 

most appropriately the undertaking of those that reside within those specific operations. 

With that in mind, we highlight these key learnings from the CPS Research Symposium to 

create awareness and stimulate thought. 

The latest CPS Symposium was special in that it 

marked the 10th anniversary of when CPS was 

founded in May 2007, and participants were 

able to look back over the last decade and reflect 

on just how far we have come as an industry in 

our pursuit of growing our produce safety 

knowledge base and turning that knowledge 

into effective, operational produce safety 

practices. Highlights of the 2017 program were: 

• Agricultural water continues to be an important

issue and focus area for research. While generic E. coli may be an effective indicator for

contamination in closed irrigation systems such as those employed in leafy greens

production in some areas of California, it has been shown to not be predictive of human

pathogen presence in many other irrigation or frost protection water systems.

• An important consideration in selecting indicator or surrogate organisms and determining

their survival in open water sources is the physical and chemical properties of the water

system itself.

• Increasing the sampling volume when testing irrigation water microbial quality increases

the opportunity to detect low level pathogen contamination.

• It is important to characterize your sources of irrigation or frost protection water. The

environment it resides in, runoff potential, pH, temperature and how the water is applied

to the crop and when can all impact contamination risk potential.
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• It might be time to concede that irrigation water sources can be contaminated with

pathogens periodically and our efforts might best be spent in developing methods to

remove pathogens prior to application.

• One size fits all approaches to determining pathogen die-off rates, while desirable, are likely

not going to be useful operationally. Pathogen die-off can be affected by many variables

present in the growing environment and more research to better understand how they can

be employed is necessary.

• Wash systems augmented with properly controlled disinfectants and some form of physical

agitation can significantly reduce pathogen levels in fresh mango fruits. There are

challenges to be sure regarding system design and sanitation and preservation of fruit

quality, but combination of produce safety research and reduction to practice via system

engineering can be leveraged to improve current systems.

• Produce safety is a supply chain activity. The selection of sanitizable materials from harvest

to retail is critical to reducing the opportunity for cross contamination.

• When designing validation studies to achieve FSMA compliance, it is important to design

your studies to account for the physiological state of the pathogen, surrogate or indicator

strain you use. The growth conditions and media employed can impact the ability of the

organism to resist and/or be more susceptible to the treatment you want to employ to

control the organisms.

• In its first decade, CPS has accomplished a great deal; but aside from building an impressive

knowledge base, its most important achievement may have been to create an environment

for open and frank discussions on produce safety science that has fostered collaborations

among scientists, facilitated partnerships with industry operators, and provided inspiration

to the next generation of produce safety researchers.

Highlights of the 2017 CPS Research Symposium: 

1. Measurement of agricultural water microbial quality continues to be an important
research topic for the produce industry. A recurrent theme in CPS research priorities
has been agricultural water quality, as well as the potential cross contamination hazards
posed by various sources of agricultural water and how to most effectively test those water
sources to determine if they should be used or how the water might be applied to reduce
pathogen contamination risks. Traditionally, the industry has tested irrigation or frost
protection water using a putative pathogen indicator, generic E. coli. This practice grew to
prominence when California leafy greens growers adopted specific irrigation water metrics
derived from EPA recreational water standards in 2007 following the outbreak of E.
coli O157:H7 related illnesses traced to spinach in 2006. While the measure of generic E.
coli as an indicator for irrigation water quality is still a cornerstone metric by California
and Arizona leafy greens growers as part of their marketing agreements, numerous other
commodity-based food safety programs and a requirement of the produce rule, further
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characterizations of irrigation water sources across diverse growing environments and 
commodities suggest that generic E. coli is not directly indicative of pathogen presence (see 
CPS Awards List for funded research on this topic). During the 2017 Symposium, additional 
data were added to the growing knowledge base. 

Research presented: 
• The search for water quality indicators and indexing organisms continues. Kelly Bright

(University of Arizona) described her efforts to identify novel indexing organisms to
determine the risks of fecal contamination in irrigation waters. Canals, reservoirs and
laterals in two Arizona counties with historically high and low levels of fecal contamination
were sampled. Physical characteristics of the irrigation systems were also measured to
determine how temperature, turbidity, pH and other factors might impact the microbial
populations in these waters and the survival of human pathogens (if present) and
organisms whose presence might be correlated with these pathogens.

Key learnings:  
The journey to replace or find alternative indicator organisms to augment generic E. coli 
testing or to find more reliable indexing organisms whose presence can be directly 

correlated to the presence of human 
pathogens in agricultural water continues. 
Currently, FDA is re-evaluating the 
measurement of generic E. coli within the 
context of the “produce rule,” and CPS has 
coordinated a colloquium to determine 
comparability for a number of microbial 
methods to measure generic E. coli as 
alternatives to FDA's testing requirement 
for using EPA method M1603 and 
research is ongoing to identify true 
indexing organisms. While the research 
presented by Dr. Bright is not complete, 

her approach of using next generation genomic sequencing (NGS) 
and comparing the results to culture results may permit the identification of location or 
water source-specific indexing organism(s) that are more directly correlated to human 
pathogens. NGS can be a powerful tool for generating more granular data on the microbial 
biome in various environmental samples. The notable component to Dr. Bright’s work 
aside from the use of NGS is that the search is water source-specific. A recurrent theme in 
the history of produce food safety is that “one size fits all” approaches do not seem to work 
well. While the measurement of generic E. coli seems well suited to leafy greens producers 
in California where irrigation water is sourced from deep wells and the presence of a 
human pathogen is highly unlikely, the detection of a fecal indicator like generic E. coli 
would signal a breach of the systems integrity. In other production areas with different 
commodities and alternative water delivery systems, generic E. coli has clearly shown itself 
not to be an appropriate indicator. In the immediate future, producers are faced with an 
incomplete set of tools to use in making water quality decisions. Absent true indexing 
organisms, growers must rely on defining and characterizing their irrigation or frost 
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protection water sources using generic E. coli measurements to monitor variations that 
might reflect changes in the water source quality (e.g. rainfall, animal intrusion, etc.), 
understanding the implications of the water delivery system being employed; i.e. method of 
application (sprinkler, furrow, drip, etc.) and exposure of edible portions of the product to 
irrigation water, and relying on the FDA “die-off” provisions which estimate a 0.5 log 
pathogen die-off rate per day to achieve compliance and manage cross contamination risks.  

Research presented: 
Sample volumes are critically important to detection. While the focus of irrigation water 
sampling is often on the choice of indicator and the method of detection; equally important 
are the sampling procedures employed. Typically, irrigation water samples are collected in 
1-liter volumes or "grab samples" at a determined frequency for analysis. Mia Mattioli
(Centers for Disease Control and Prevention) reported on her work to improve sampling
and testing methods for irrigation water. She used dead-end ultrafiltration or DEUF, a
collection method typically used to determine drinking water quality, which permits
filtration of higher volumes of water to detect low levels of pathogen contamination. After
collecting and analyzing 50-liter DEUF and 1-liter grab bag samples, DEUF was shown to
be more effective than grab samples in
detecting pathogens and indicators in low
concentrations. DEUF also proved valuable in
determining markers
for microbial source tracking (MST). Using DEUF
for sampling also permitted detection of low
levels of Salmonella, coliphages, Cryptosporidium
and Bacteroides. Indeed, the ability to analyze
larger samples of water with DEUF, permitted
correlations to be made between the detection
of potential indicators like enterococci and
coliphage with Salmonella. Ultimately, Dr.
Mattioli’s objective is to use this improved DEUF
sampling method to measure the impact of environmental conditions on irrigation water
quality. Following rain events, generic E. coli, enterococci and coliphage levels increased
but not Salmonella and while generic E. coli levels above the FSMA measure of 126
MPN/100 mL were observed, this detection was not associated with Salmonella detection.

Key learnings: 
This work confirms what we conceptually understand; i.e. using a larger sample size is 
important when trying to detect human pathogens that are present in very low 
concentrations. By increasing the sample size from 1-liter grab samples to 50-liter DEUF 
samples, the chances to find low level contamination events increase. For producers aiming 
at characterizing their irrigation water sources, DEUF represents an improvement and a 
challenge. Using DEUF means changing the more familiar and likely less expensive practice 
of taking grab samples. It also means that the chances of finding human pathogens (if they 
are there) are higher; meaning that growers must have a plan in place for when “positives” 
are found and be prepared to take corrective actions (e.g. use alternative water sources, 
adjust irrigation to permit use of the “die-off” provisions, implement alternative irrigation 
methods that limit product contact, etc.). The benefit is that irrigation contamination 

Photo credit: Mia Mattioli, CDC 

4

https://www.federalregister.gov/d/2015-28159/p-734
https://www.centerforproducesafety.org/researchproject/378/awards/Improved_sampling_and_analytical_methods_for_testing_agricultural_water_for_pathogens_surrogates_and_source_tracking_indicators.html
https://www.centerforproducesafety.org/researchproject/378/awards/Improved_sampling_and_analytical_methods_for_testing_agricultural_water_for_pathogens_surrogates_and_source_tracking_indicators.html


hazards can be proactively managed with better information and therefore the risk to the 
producer’s business and to customers can be managed more effectively. The observation 
that indicators like enterococci and coliphage can be correlated with Salmonella also offers 
opportunities for using these organisms as index organisms for the pathogen depending on 
water source and location. Lastly, using DEUF sampling, correlations between generic E. 
coli and Salmonella detection were not observed, further adding to the database suggesting 
generic E. coli is not an indicator for Salmonella (see above). 

Research presented: 
Characterize your water sources to best manage cross-contamination risks. In many 
growing areas around the world, water is a precious and sometimes scarce resource 
necessitating conservation and reuse wherever possible. For example, 
growers in California, under strict usage requirements questioned whether it might be 
possible to re-use irrigation water that has run off from fields and been collected in ponds; 
what is commonly known as tail water. Michael Cahn (University of California, Cooperative 
Extension) undertook a study to determine the microbial food safety risks of reusing tail 
water for leafy greens production. In his team's characterization of tail water 
ponds, microbiological, chemical and physical water parameters were measured routinely. 
E. coli levels exceeded the LGMA metric of 126 CFU/100 ml in 8% of the irrigation (wells
and on-farm ponds) water samples and 20% of the tail water pond samples. One sample

out of 96 was STEC positive and no 
samples were found positive for 
Salmonella. Chemically, tail water 
samples often exceeded pH 8.5 whereas 
the fresh water in the region typically 
measures around 7.5. Elevated pH 
negates the efficacy of chlorine-based 
disinfectants in water owing to 
limitations in the formation of free 
chlorine. When Salmonella or E. coli 
O157:H7 were used to inoculate tail 
water samples, survivability declined 3-5 
logs within 7 days. 

Key learnings: 
It is important to know the source and the surrounding environment of water sources used 
to irrigate fruits and vegetables. Cahn and his team found that site differences, e.g. climate, 
source water, and agricultural management practices strongly influence the chemistry and 
microbiology of tail water. Add to that, previous CPS-funded work regarding animal 
interactions with pond water and run-off from adjacent lands and the potential for 
microbial population changes within tail water ponds over the course of a growing season 
seems limitless. That human pathogens could be present in tail water collection ponds at 
various points in a growing season seems to be more of a likelihood than not, although the 
present work identified only one sample out of slightly less than a hundred in the Central 
Coast Region of California. Conventional thinking has always been that the open nature of 
tail water likely presents more of a risk than closed water sources like wells and the data 
presented here bear that out. In the end, any water source used needs to be well 

Photo credit: Michael Cahn, University of California 
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characterized microbiologically and chemically and cross contamination risks assessed 
based on when the water is used, how it is applied to the crop and the interval between 
application and harvest.  

Research presented: 
It might be time to admit that surface sources of irrigation can be contaminated, and 
our efforts are best spent developing water clean-up solutions. What happens 
if microbial quality testing indicates the water is inadequate for use on crops?  Today, if 
issues are identified, the water is generally treated with antimicrobial chemicals and these 
chemicals, when used over time, may adversely impact the environment and perhaps even 
human health. Ana Allende (CEBAS-CSIC, Spain) presented her work aimed at 
developing practical, effective and environmentally sustainable agricultural water 
treatments to "fix" or render irrigation water sources that exceed established microbial 
criteria useable on crops. The research demonstrates that chlorine dioxide can be used to 
treat agricultural water effectively while being protective of the environment when applied 
in open fields and in greenhouses. Pilot studies demonstrated that E. coli levels can be 
consistently controlled as a function of chlorine dioxide concentration and time of exposure 
and a mathematical model was developed for field-level treatments revealing that a 0.25 
ppm residual of chlorine dioxide was successful in maintaining E. coli levels below the 126 
CFU/100 ml level prescribed by the Produce Rule and other food safety schemes. However, 
a delicate balance must be achieved. The data indicate that while chlorine dioxide is 
effective in reducing microbial populations in irrigation water, the disinfection process also 
impacts the plant’s natural microbiota and can result in chlorate byproducts forming 
on leafy greens tissues. Control over the concentration of chlorine dioxide used in irrigation 
water disinfection can reduce chlorite residues and a key product of the research program 
is a mathematical model to assist growers in determining proper levels to use. 

Key learnings: 
Allende’s work is important in two ways: (1) it provides growers with a rudimentary tool 
to use a disinfectant to treat irrigation water if it is found to exceed the acceptance criteria 
stipulated by the FSMA Produce Rule or other food safety standards and (2) it tacitly 
accepts that irrigation water sources are going to exceed microbial criteria under certain 
conditions or in specific locations and that growers must have tools to help them comply 
with requirements. In the last decade, most irrigation water research has focused on the 
development of more selective and sensitive indicator detection methods, microbial 
characterization of potential water sources or water sheds, environmental impact on water 
source microbial quality, examining cross contamination potential of irrigation water 
application methods and searching for more correlative indexing organisms to replace the 
indicator, generic E. coli for determining microbial quality. Our body of knowledge today 
tells us that there are no “perfect” indicators or indexing organisms, that if you look hard 
enough you can find exceedances or even pathogens in many irrigation water sources, 
especially open water sources, and that while pathogens do die-off rapidly on the surfaces 
of fruits or vegetables, they likely do not diminish to zero. Therefore, it is imperative that 
we develop protocols for improving irrigation water quality to reduce cross contamination 
risks. Allende’s work provides growers a rudimentary tool to permit irrigation water 
control at the field or greenhouse level. Earlier work presented by Kniel using scrap iron 
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filings to filter and bind human pathogens in water is another method that has been shown, 
at a laboratory scale, to have the potential to eliminate human pathogens from irrigation 
water sources. Largely, the knowledge gap that exists is one of scaling; i.e. how do we move 
from the laboratory or a field trial to commercial scale?  How does one disinfect irrigation 
water at a rate that can irrigate a 20-acre planting block in a timely manner?  Clearly, this 
convergence of research and engineering is the next challenge in reducing cross 
contamination risks by irrigation water at the field level. 

2. Pathogen die-off rates: are they always a safe harbor or an area requiring more
research?  The Produce Safety Rule provides growers with an option that can be used
when generic E. coli levels in irrigation waters that are used in direct contact with the
edible portion of the crop fail to meet a rolling geometric mean of 126 MPN/100 ml and a
statistical threshold value of 410 CFU/100 ml of generic E. coli. The FDA regulation
provides a die-off rate of 0.5 log per day between the last irrigation and harvest over no
more than four days. This safe harbor is based on several research studies demonstrating
rapid human pathogen die-off when the organisms are exposed to the relatively harsh in-
field growing environments used for fruit and vegetable production. For example, early
experiments conducted in the California’s Salinas Valley using attenuated Salmonella and E.
coli O157:H7 strains yielded rapid die-off so that recovery of live bacteria was only possible
using enrichment methods after two-days .

Research presented: 
A one size fits all approach to die-off safe harbors may need further research. Eduardo 
Gutierrez-Rodriguez from North Carolina State University presented the results of his work 
examining the question of whether the 0.5 log per day die-off rate established by the 
produce rule are sufficient using two crops where postharvest treatments are not 
commonly available in North Carolina; strawberries and cilantro. With both crops, 
agricultural water can contact edible portions of the plant; overhead irrigation is 
commonly used with cilantro near harvest and when conditions warrant its application, 
water is also used on strawberries for frost 
protection.  The project also examined the efficacy 
of using chemical disinfectants on the plant surfaces 
to reduce inoculated pathogen and surrogate 
persistence pre-harvest. Strawberries and cilantro 
were inoculated in a greenhouse with E. coli O157, 
non-O157 STEC and putative STEC surrogate 
strains. Four days later, sodium hypochlorite 
(commonly called “chlorine” at 100 ppm), peracetic 
acid (generally called PAA at 40 ppm) and sterile 
water were applied, and pathogen presence 
measured. The data show that the chemical 
treatments had only marginal efficacy in reducing survival and persistence of E. coli 
O157:H7, Non-STEC O157, surrogates and generic E. coli on both crops at the 
concentrations used. The die-off rates for all pathogens and surrogates used in these 
experiments were both strain and concentration dependent. The die-off rates varied 
between 0.09 and 1.5 CFU per day and irrespective of the pathogen used, the die-off rates 
eight days post inoculation, did not adjust to the linear model proposed in the Produce 

Photo credit: Eduardo Gutierrez-Rodriguez, 
North Carolina State University 
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Rule. The researcher concludes that the die-off rates proposed by FDA (0.5 log/day over 
four days or 2.0 log total) needs further revision as it may not provide the protection 
necessary to protect public health should pathogen contamination occur via irrigation or 
frost protection applications within four days of harvest. 

Key Learnings: 
When developing the Produce Rule, FDA recognized that the microbial quality of irrigation 
water can be regionally and seasonally variable, and an exceedance of the 126 CFU/100 ml 
generic E. coli standard was both periodically likely and not necessarily a risk to public 
health. They also realized that application of irrigation or frost protection water close to 
harvest was not uncommon. Balancing these current realities with routinely reported rapid 
human pathogen die-off rates when these pathogens are exposed to fruit and vegetable 
production environments and the safe harbor of 0.5 log/day over no more than four days 
from application to harvest was born. The data presented here suggest that the die-off rate 
is not consistent, and that further research needs to be done to better understand pathogen 
die-off in production environments. The researcher offered during the question period at 
the CPS Symposium that the experiments were conducted in greenhouses owing to the use 
of human pathogens and the need to keep them isolated from the surrounding 
environment. Human pathogen die-off under field conditions is undoubtedly due to a 
combination of factors including temperature, desiccation and lack of readily available 
carbon or nitrogen sources for the microorganisms. Certainly, a greenhouse environment 
can be much different than a field production environment if for no other reason than the 
glass or plastic covering filters out some of the sun’s UV-containing rays, a natural enemy of 
bacterial survival. These experiments point out two critical lessons for fruit and vegetable 
producers: (1) a one-size-fits-all rule on die-off rates; however well-intended, is not likely 
to always be sufficient in guaranteeing either generic E. coli or human pathogen elimination 
given the multiple and diverse production conditions in which produce is grown and 
harvested and (2) experimental protocols are important to understand and consider when 
evaluating research data. To be clear, the research team executed their project well and 
followed institutionally mandated procedures designed to prevent the release of potential 
dangerous human pathogens into the growing environment. It’s just that in doing so, 
important sources that contribute to pathogen die-off were likely reduced; wind that 
contributes to desiccation and sunlight. Using food safety research to build effective 
programs can mean more than just reading research papers or listening to presentations; it 
takes engagement in the science and questioning the results to better understand how or if 
they apply to your operation. The questions raised by this work will undoubtedly fuel 
additional efforts to study the die-off rate rule and its application across diverse production 
systems.  

3. Points of cross contamination and pathogen persistence are no longer limited to the
production field. It seems that the majority of produce food safety research has been
focused on field level studies of pathogen persistence and movement in the production
environment, risk evaluations of ag inputs like soil amendment and irrigation water,
pathogen transfer from wild and domesticated animals and potential contamination points
during crop harvest. At the 2017 CPS Symposium, we saw a somewhat different approach
in that the research was focused further along the supply chain from packinghouses all the
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way to retail display. These studies serve to support the contention that food safety is a 
supply chain responsibility from field selection all the way to the consumer’s table. 

Research Presented: 
Trends are emerging in postharvest product handling that cut across any number of 
commodities or processed products. Michelle Danyluk (University of Florida) described 
aspects of her work on the introduction, fate and mitigations of foodborne pathogens on 
mangoes at various points in the supply chain. The Danyluk team investigated whether 
Salmonella can be “washed” off the mango fruit surfaces. In these experiments, whole 
mangoes were inoculated with Salmonella and spray washed with water or water 
containing sodium hypochlorite (100 ppm), peroxyacetic acid (80 ppm) and chlorine 
dioxide (5 ppm) on lines with PVC rollers or brushes. Like reports in other commodities, 
extended contact time (60 seconds) and mechanical scrubbing of the fruit surface with 
brushes resulted in the most effective reduction in Salmonella presence (>4 logs). The 
Danyluk team also examined Listeria monocytogenes, Salmonella and STEC survival and 
potential for growth on fresh-cut mangoes. Mango tissue was inoculated with pathogens 
and held at 40⁰F, 54⁰F and 68⁰F and monitored over time. At both 40° F and 54°F, L. 
monocytogenes populations were stable and slowly declined after 14 days. At 68°F, L. 
monocytogenes increased 0.6 log CFU/g by day 3 before beginning a slow decline. 

Salmonella (at 54F and 
68F) and STEC (at 68F) 
populations increased 
more significantly than L. 
monocytogenes with 
temperature abuse 
indicating these pathogens 
represent a higher risk for 
fresh-cut mangoes if the 
supply chain is not well-
controlled.  

Key Learnings: 
Physical agitation combined with sufficient contact time with disinfectants can significantly 
reduce Salmonella on whole mango surfaces. The use of some type of agitation to help 
dislodge pathogens from fruit surfaces has been reported in tomatoes previously. Freeing 
the bacteria from the fruit surfaces renders them more accessible to the disinfectant and 
improves wash system efficiency. Mary Anne Amalaradjou (University of Connecticut) also 
reported the results of her evaluations of wash water sanitizers in eliminating cross 
contamination in wash systems. Looking at both sodium hypochlorite and peroxyacetic 
acid, she found that 200 ppm chlorine and 80 ppm PAA were effective in preventing cross 
contamination in hot water fruit treatments, dump tanks and hydrocooling as long as 
organic loads in the water and proper contact times are managed. There were no 
differences based on mango genotype. So, supporting results were presented by both 
mango-focused research groups re-surfacing themes commonly reported for other 
commodities; proper sanitizer concentrations and contact times, agitation as a 
performance enhancement, control of organic load to prevent inactivation of disinfectants 
and the need for effective overall system management practices to reduce surface pathogen 

Photo credit: Michelle Danyluk,  
University of Florida 
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populations and prevent fruit to water and water to fruit cross contamination hazards. 
Research on wash systems in any commodity can only be reduced to commercial practice 
when lab or pilot-scale results are reproducible in commercial scale systems under 
common process conditions; and therein lies the challenge as we move forward. To 
implement a wash system that, for instance relies on brush agitation, is an engineering and 
operational challenge to create an integrated wash system that operates at commercial 
speeds, permits the brushes to be effective in dislodging surface microorganisms without 
damaging the fruit, guarantees proper sanitizer levels to kill these dislodged 
microorganisms so they do not pose a cross-contamination threat and provides for water 
quality management monitoring and remediation’s to preserve disinfectant efficacy. 
Clearly, there is a need to more universally make this connection between research on 
wash water with systems engineering moving into the future.  

The Danyluk pathogen inoculation experiments on fresh-cut mangoes highlight another 
key learning. The results re-affirm that temperature control is critical for food safety with 
fresh-cut fruits. The pathogens studied here all grew at elevated temperatures, but L. 
monocytogenes was much less robust than either Salmonella or STECs. The growth rate of 
Salmonella spp. in this work is consistent with the conclusion that Salmonella is a cross 
contamination hazard of more significance in fresh-cut mango than L. monocytogenes.  

Research Presented: 
It is important to consider all food contact surfaces as potential points of cross 
contamination from farm to retail. Laura Strawn (Virginia Tech University) discussed her 
work on potential sites of transference of Salmonella or Listeria monocytogenes to 
cantaloupes at various touch points when packing fruit in the field or when on display in 
retail stores. In general, shorter contact times and smooth surfaces resulted in less 
bacterial transference. Rubber gloves had higher rates of Salmonella transfer, regardless of 
contact time or pressure. Rubber gloves have been shown previously to facilitate pathogen 
transference in work by reported by Danyluk and 
MacLandsburough. In the retail 
environment, seven food contact surfaces were 
tested for Listeria spp., generic E. coli, coliforms, 
and total aerobic plate counts (APC) was used as a 
general measure for bacteria. Listeria spp. were 
present on five to seven contact surfaces tested 
(note: no touch point tested positive 
for L. monocytogenes) though foam padding on the 
retail display for cantaloupes was frequently 
contaminated with Listeria spp. APC counts 
increased on whole melon displays from the 
morning until store closing, perhaps reflective of 
consumer handling throughout the day.  

Key Learnings: 
Historically, produce food safety research has focused at the field, packing and processing 
level and really has not extended past the point after the truck leaves the production 
facility. We have always known that food safety is a supply chain responsibility as we 

Photo credit: Laura Strawn, 
Virginia Tech 
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intuitively know there are additional opportunities beyond production where raw produce 
items can become cross contaminated. The work described by Strawn supports our 
intuitive knowledge with data. More specifically, the results from this work speak to the 
importance of understanding the types of materials we use when transporting, sorting, 
packing or displaying raw or unpackaged produce. We have seen a movement of the 
industry toward stainless steel equipment and product contact surfaces, but there are 
those that still use materials that are difficult to clean and sanitize (e.g. wood, plastics, black 
steel and foam rubber) much to the risk of the safety of the product. Often this is legacy 
equipment and its use is simply a matter of user ignorance of food safety risks or the 
realities of the capital costs required to update old equipment. Sometimes, materials like 
foam rubber padding, as was observed in this work, is employed to protect delicate fruits 
from bruising; a practical solution that has likely outlived its uses given our current 
understanding of equipment sanitation and pathogen transference. 

4. How do you know if your preventive controls really work?  One of the key questions
facing companies implementing food safety preventive controls is; will these measures
work i.e. will they control the risk of microbial contamination? Whether it
is sanitizer efficacy, ensuring soil amendments are properly composted or if your wash
water disinfectant is effective; it is important (and a regulatory requirement) to validate
the treatment is effective and daily use of the
preventive control is verified.

Research Presented: 
Xiuping Jiang (Clemson University) presented her work 
focused on validating a heat-treatment process to 
reduce Salmonella Senftenberg in poultry litter, Bradley 
Marks (Michigan State University) described his work 
in validating a method to reduce Salmonella using a 
pasteurization process for pistachios and Qin Wang 
(University of Maryland) presented his work on 
validation of chlorine levels in wash water systems to 
reduce cross contamination events at the Symposium. 
The Jiang and Marks projects both used a surrogate 
bacterial strain (Enterococcus faecium), i.e. non-
pathogenic strain of bacteria that can be used by 
industry food safety experts and research scientists to demonstrate that the process they 
are using to kill Salmonella is effective. An addition project from Julie Meyer (University of 
Florida) described the development of an avirulent Salmonella surrogate where disabling 
specific amino acid and lipopolysaccharide genes limits the organism’s growth. The 
development and use of pathogen surrogates has been a frequent topic of discussion at CPS 
Symposia over the last few years as our focus has turned toward validation of preventive 
controls and the work presented in 2017 was a stark example of how surrogates can 
effectively be used to validate processes or treatments. The Wang project really takes a 
different angle on validation in that the work was performed in a lab so that a human 
pathogen; in this case E. coli O157:H7, could be safely employed and chemical measures 
(chlorine concentrations, pH, organic load, contact time, etc.) were defined that describe 
sufficient free chlorine concentrations (10 ppm for a 5-log kill in pure water) to ensure 
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destruction of live pathogen cells. Wang concluded organic load reduces free chlorine 
levels; a result achieved by several others, both of which together are necessary to prevent 
cross-contamination.  

Martin Wiedmann (Cornell University) discussed the importance of the physiological state 
of a pathogen or a surrogate when conducting validation studies. Results thus far on this 
extension of surrogate research indicate that physiological state may be at least as 
important as strain diversity in conducting validation studies. Growth conditions of 
pathogens, surrogates, indicators or indexing organisms influence their ability to survive 
treatments designed to kill them. For example, Dr. Wiedmann found that there was a 4-log 
difference in pathogen reduction using PAA when the growth media used to grow the 
organisms induced salt stress. Extrapolated back to the question of validation studies, the 
pre-treatment growth conditions have to be well-understood to ensure proper 
measurement of the effectiveness of the treatment.  

Key Learnings: 

The identification and characterization of surrogates for use in validation studies 
conducted in production environments remains an important research objective for our 
industry. Suitable surrogates for specific applications have been identified and the search 
continues for many others. Alternative approaches using more indirect measures such as 
aerobic plate count (APC), using authentic pathogens in controlled laboratory 
environments and mining the scientific literature can also be employed to some extent. 
Clearly the research presented at the 2017 CPS Symposium raised the point that the 
growth conditions of the organism used for validation studies prior to the control 
treatment are vital to consider. One can envision the development of a “guide” where 
specific surrogates, indicators or indexing organisms are listed along with growth 
conditions to aid in executing future validation studies. In the intervening time, it is 
important to know the relationship between the efficacy of preventive controls and the 
preparation of bacterial inoculum used for the experiments.  

5. We have come a long way in 10 years, but we still have some ways to go. It is
appropriate to look at the first 10 years of CPS’s existence and think about the progress
that has been made along the way. CPS was founded in 2007 because the industry
recognized that it simply did not have the scientific insights needed to understand how
human pathogens find their way into fruit and vegetable production environments, what
permitted them to persist in those environments and what might be done to reduce or
eliminate them. In 10 years, CPS has evolved into a focal point for the development of a
knowledge base that has fueled more informed food safety regulations and enabled the
construction of more sophisticated risk and science-based food safety programs by
industry stakeholders. A few observations from the 2017 CPS Symposium:

• We have a more informed and knowledgeable industry. Industry professionals from all
sectors of the industry; growers, packers, processors, retailers and foodservice providers
participated in panel discussions in panel discussions looking back at what has been
accomplished by CPS and the challenges that still remain in an open and frank discussion
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about the science of produce food safety and how it is and can be applied to everyday 
operations. Ten years ago, the discussion would have been nearly impossible because there 
was still an air of denial across many sectors of the industry and best practices were largely 
rooted in intuition as opposed to experimental evidence. 

• Collaboration improves the quality of our knowledge. Many of the research projects
presented were the result of collaborations between university researchers and the
produce industry all along the supply chain. For example, we heard about studies to detect
Lm in packinghouses in zones 1 and 2 with full support from packinghouse operators and
explorations of pathogen movements in the supply chain including studies conducted at the
retail level. To be sure, many
issues remain when
conducting experimentation
in actual produce
operations, but industry
need for that knowledge, the
relationships built by
researchers with industry
operators and the credibility
of CPS as an organization
that can connect participants
and define learning
objectives has facilitated
what could have only been
imagined a decade ago.

• The next generation of
scientists are poised to 
change our industry. The 
participation of 
undergraduates and graduate students has always been at the CPS Symposium has always 
been a point of pride. In 10 years, we have seen students that once held microphones for 
participants go on through CPS-funded research programs to obtain their graduate 
degrees, find jobs in universities and then apply and be awarded CPS research funding to 
further increase the industry food safety knowledge base. No doubt the experience they 
gain through exposure to produce industry professionals has shaped their development 
and informed their research efforts. The long term benefits to our industry will be 
profound. CPS has helped create a community of food safety research scientists with an 
understanding of our industry’s food safety challenges and opportunities that can help us 
address our future needs. 

• We ask better questions today because of what we now know. The roster of research
projects funded, completed and communicated in the last decade is impressive. These can
be found on the CPS website. The CPS Symposium is a great opportunity to learn about the
latest in produce safety research and a place where industry leaders can further discuss
how that science might be applied to everyday operations. But it goes deeper than that.
With every investment CPS makes in research and with every completed project that adds
to the produce safety knowledge base, our understanding and our ability to ask better
questions of the research community and ourselves grows. Some get frustrated that
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“research only leads to more research.”  They are right, but their frustration may be 
misplaced. For example, when CPS was founded in 2007 and research began in 2008, the 
common belief all along the supply chain was that washing produce removed 
contaminating pathogens from the surface of products. Indeed, in 2013, CPS conducted a 
special conference on wash water and the prevailing sentiment was that wash systems 
employing disinfectants destroyed contaminating pathogens. But did it?  CPS funded 
research addressing that question clearly demonstrated that that was not the case and that 
washing might reduce surface microbial populations by 1-2 logs (a result many operators 
have also reproduced). With that knowledge in hand, better questions could be asked of the 
research community; how can operators further reduce surface microbial populations, why 
are bacteria so hard to remove, how do wash water disinfectants really work, are there 
different chemistries that might be better, how do disinfectants effect the pathogens 
physiology, what are the physical and chemical measures we can use to monitor wash 
system efficacy, etc.?  Each question has become a line of research inquiry over the last 
several years and the results of these programs has broadened our understanding of wash 
water applications and provided stakeholders with the knowledge they need to improve 
their own operations. So, research often does beget further research, but as we learn more, 
we can focus research to better address the constantly evolving produce safety challenges 
we face to sustain and propel our businesses.  

Note: The author would like to thank the Bonnie Fernandez-Fenaroli, Executive Director of CPS, 

the CPS Board of Directors and the CPS technical committee for their commitment to produce 

safety, the scientists who participated in the seventh annual CSP Research Symposium and the 

industry representatives who volunteered their time to participate at the Symposium. Their 

presentation of research and discussion of what that research might mean to the produce 

industry certainly informs the content of this paper. More detail on these research projects can 

be found at www.centerforproducesafety.org. The author would also like to thank Susan 

Lehman and Diane Wetherington of IDS for their help in capturing notes during the 

presentations and preparing an original draft for this document. Lastly, I wish to thank Cyndi 

Neal, Content Manager for the Science and Technology team at PMA for her efforts in 

formatting this document and doing all the things it takes to publish this work. 

This work is meant to inform and provoke thought with an eye toward inspiring readers to 

examine their own food safety programs and use the research to make improvements. It is not 

meant as a directive on what must be done to produce safe food. As discussed in several places 

in this paper, produce safety needs to be determined on an operation by operation basis; there 

are no one-size-fits-all solutions. If you have additional questions, please feel free to contact Dr. 

Bob Whitaker, PMA Chief Science & Technology Officer (bwhitaker@pma.com).  

14

https://www.centerforproducesafety.org/amass/documents/document/118/Key%20Learnings%20from%20CPS%20Wash%20Water%20Symposium%20January%202013.pdf
http://www.centerforproducesafety.org/
mailto:bwhitaker@pma.com



